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ABSTRACT 

This document describes a cascade impactor data reduction 
system written in the FORTRAN IV language. The overall system 
incorporates six programs: MPPROG, SPLINl, GRAPH, STATIS, 
PENTRA, and PENLOG. Impactor design, particulate catch infor
mation, and sampling conditions from single impactor runs are 
used to calculate particle size distributions. MPPROG and 
SPLINl perform data analyses and make curve fits, while GRAPH 
is totally devoted to various forms of graphical presentation 
of the calculatec distributions. The particle size distributions 
can be output in several forms. STATIS averages data from mul
tiple impactor runs under a common condition and PENTRA or 
PENLOG calculate the control device penetration and/or effi
ciency. The plotting routines have been written for a PDPlS/76 
computer and are not compatible with other computing systems 
without modification. 
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SECTION 1 

INTRODUCTION 

Cascade impactors have gained wide acceptance as a practical 

means of making particle size distribution measurements. These 

devices are regularly used in a wide variety of environments, 

ranging from ambient conditions to flue gas streams at 400°C 

(752°F). Specially fabricated impactors can be used for more 

extreme conditions. 

Because of their usefulness, the U.S. Environmental Protection 

Agency has funded research which has explored the theoretical and 

practical aspects of impactor operation. As part of this research, 

an effort has been made to design a comprehensive data reduction 

system which will make full use of cascade impactor measurements. 

This publication describes a cascade impactor data reduction 

system designed to automatically reduce data taken with any one of 

four commercially available round jet cascade impactors: The 

Andersen Mark III Stack Sampler, the Brink Model BMS-11 (as sup

plied and with extra stages), the University of Washington Mark III 

Source Test Cascade Impactor, and the Meteorology Research Incor

porated Model 1502 Inertial Cascade Impactor. Provision is not 

made in this system for reducing data taken with slotted jet 

impactors. With modification the computer programs can accomodate 

any round jet impactor with an arbitrary number of stages and with 

more extensive revision data can be reduced for slotted jet 

impactors. 
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The computer programs which comprise this data reduction 

system are written in the FORTRAN IV language. The plotting sub

routines used were written specifically for the Digital Equipment 

Corporation (DEC) PDP-15/76 computer and these programs are not 

compatible with other ·plotting systems. However, these programs 

can be used as a guide when revision is made for use with another 

operating system. 

The data reduction system is made up of six major (mainline) 

programs and 34 subroutines. Section 2 contains a broad outline 

of the functioning of each mainline program along with an explana

tion of the rationale for their design. The mainline programs and 

subroutines are discussed in detail in Section 3. Section 4 is a 

user's guide for each of the mainline programs. Detailed instruc

tions for the input to each of the mainline programs is given in 

this section. Section 5 is a set of example calculations which 

are meant to be used in program checkout. An example of each 

kind of output that can be produced by this system is provided. 

Section 6 contains a complete program listing along with simpli

fied flowcharts for the mainline programs. In an Appendix, a 

description is given of the plotter software used with the DEC 

PDP-15/76 computer system. 
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SECTION 2 

GENERAL PROGRAM OUTLINE 

In this section a broad outline of the program fundamentals 

is given with sufficient detail for anyone without a specialized 

knowledge of computers to understand the methods and rationale of 

the program. The program comprises two major blocks. The 

first block treats data from individual impactor runs while the 

second treats data from groups of runs, providing averages, sta

tistical information and fractional penetration (efficiency) 

results. The overall program flow is shown in Table 1. For 

programming details, see Section 3 of this report. 

INDIVIDUAL RUN DATA ANALYSIS 

This portion of the impactor data reduction package utilizes 

impactor hardware information, particulate catch information, and 

sampling conditions'from single impactor runs to calculate size 

distributions. The overall distributions are available in 

several forms. The run analysis and output presentation are 

accomplished by three main programs, MPPROG, SPLINl, and GRAPH. 

MPPROG and SPLINl perform analysis and manipulation while GRAPH 

is totally devoted to various forms of graphical presentation of 

the calculated distributions. The routines used in GRAPH are 

specifically for use on a PDP-15/76 computer and are not compatible 

with most other computers without modification. However, the 

general structure of GRAPH should serve as a useful base for 

programming to achieve similar graphical output from other 

computing systems. 
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TABLE 1. PROGRAM FLOW 

I. Impactor Program {MPPROG) 

Takes testing conditions and stage weights to produce stage 
Dso's, cumulative and cumulative% mass concentrations <D 50 , 

geometric mean diameters, and mass number size distributions. 
Executed for each run. 

II. Fitting Program (SPLINl) 

Uses modified spline technique to fit cumulative mass loading 
points for each plot. Stores fitting coefficients and boundary 
points on file. Executed for each run. 

III. Graphing Program {GRAPH) 

Produces individual 
and impactor D50 's. 
if desired. Graphs 
% mass loading, and 
executed as desired 

IV. 

run graphs with points based on stage weights 
Also superimposes plot based on fitted data, 

include cumulative mass loading, cumulative 
mass and number size distributions. Can be 
for each run. 

Statistical Program (STATIS) 

Recalls cumulative mass loading fitting coefficients to produce 
average cumulative mass loading, average % cumulative mass load
ing, average mass size distribution, and average number size dis
tribution plots each with 50% or 90% confidence bars. Executed 
for each group or data to be averaged. 

Programs I-IV are used for both inlet and outlet data sets. 

V. Efficiency Program {PENTRA} or (PENLOG) 

Recalls average mass size distribution values along with 50% 
confidence limits for inlet and outlet to plot percent penetration 
and efficiency with 50% confidence bars. Executed once for each 
pair or group and used to define a fractional efficiency curve. 

4 



MPPROG 

In MPPROG, sampling hardware information, sampling condi

tions and particulate catch information are used to determine the 

effective cut sizes of the various impactor stages and the con

centrations of particles caught on these stages. The output is 

organized into several tabular forms and stored on a disk file 

for later use. 

Input Data to MPPROG--

Because individual impactors, even of the same type, do not 

necessarily have precisely the same operational characteristics, 

the program calculates stage cut diameters on an impactor specific 

basis. Hardware data are stored within the program which include, 

for each impactor to be used, the number of stages, the number of 

jets per stage, the jet diameters, the stage calibration constants, 

and flow-pressure drop relations for each stage. Run specific 

input data to MPPROG are listed in Table 2. 

Stage Cut Diameter {Ds 0 )--

The effective stage cut diameter is assumed to be equal to 

the particle diameter for which the stage collection efficiency 

is 50%. This diameter, D50 , is calculated from an equation of 

the form 

where Dso 

k s 
µ 

a 
pp 

c 

=effective cut size (micrometers), 

= stage calibration constant, 

=gas viscosity (poise), 

= jet diameter (centimeters), 

(1) 

=particle density (grams per cubic centimeter), 

=Cunningham slip correction factor, and 

v =jet velocity (centimeter per second). 
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TABLE 2. INPUT DATA TO MPPROG 

1. Impactor identification (required to call up hardware 
information) 

2. Fractional gas composition (C02, CO, N2, 0 2 , H20) 

3. Impactor flow rate (ACFM at stack conditions) 

4. Stack pressure (inches of mercury) 

5. Stack temperature (degrees Fahrenheit) 

6. Gas temperature within impactor (degrees Fahrenheit) 

7. Duration of sampling (minutes) 

8. True density of particles (grams per cubic centimeter) 

9. Maximum particle diameter present in sample (micrometers) 

10. Masses of catches by stage (milligrams) 

6 



If the particle density, pp' is set equal to the true density 

of the particles, the resulting diameter calculated from Equa

tion 1 is the Stokes diameter, D5 . If pp is set equal to 1.0 

the resulting diamete~ is the aerodynamic diameter DA as de

fined by the Task Group on Lung Dynamics. 1 If both Pp and C 

are set equal to 1.0, the resulting diameter is the aerodynamic 

impaction diameter, DAI' as defined by Mercer. 2 Unless otherwise 

specified, MPPROG will automatically provide parallel out-

put in terms of D5 and DA. Parallel results in terms of n5 
and DAI or in terms of DA and DAI are available if called for. 

Solution of equation 1 for n5 and DA is executed in an 

iterative loop because the Cunningham slip factor, c, contains 

the particle diameter as part of its argument. The equations 

used for calculating µ and c are given below. These equations 

are adopted from J. A. Brink. 3 

c = 1 + ZL [l.23 + 0.41 EXP (-.44 Dso x 10- 4 /L)J (2) 
Ds o x 10- 4 

Dso = particle diameter in micrometers 

L = mean free path in cm 

where µ = gas viscosity, poise, 
p = gas pressure, atmospheres, 

T = gas temperature, oK, 

MG = f144.10 + f228.0l + f328.02 

6. 02 x 10 2 3 T ] ~ 

+ f432.00 + fslB.02, 

= wet mean molecular weight of gas. 

where 

f 1 _ 5 =wet gas fractions of C0 2 , CO, N2 , 02, and H20. The 

values of f 1-4 are input to the program as dry gas 

composition fractions. Then f. = f. (1.0 - f 5 ) to 
1. 1. 

get wet fractions. 

7 
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The gas viscosity, µ, is calculated in poise using an equa

tion given by c. R. Wilke4 from the gas composition and the vis

cosities of the individual pure gas components. The pure gas 

viscosities are calculated from polynomial fits to data in the 

Handbook of Chemistry and Physics {Forty-first Edition, Charles 

D. Hodgman, ed. Chemical Rubber Publishing Co., Cleveland, Ohio, 

1959. pp. 2188-2192). 

5 u. 
µ = r: l. x 10-6 

(4) i=l 1 
1 + f. r: {f. ~ .. ) 

l. j=l J l.J 

jfi 

1 1 

[l + 2 . it 2 (u./u.) {w./w.) ] 
l. J J l. 

where ~ .. = {5) 
l.J 

4//2 t [l + {w./w.)] 
l. J 

u 1-s = pure gas viscosities (gm/cm-sec) 

U1 = gas viscosity of C02 (6) 

138.494 + 0.499 TCI - 0.267 x 10- 3 
TCI 

2 = 
+ 0.972 x 10- 7 

TCI 
3 

U2 = gas viscosity of co 
165.763 + 0.442 TCI - 0.213 x 10- 3 

TCI 
2 {7) = 

U3 = gas viscosity of N2 

167.086 + 0.417 TCI 0.139 x 10- 3 
TCI 

2 (8) = -
U4 = gas viscosity of 02 

= 190.187 + 0.558 TCI - 0.336 x 10- 3 TCI2 (9) 

+ 0.139 x 10- 6 
TCI 

3 

Us = gas viscosity of H20 

= 87.800 + 0.374 TCI - 0.238 10- 4 
TCI 

2 (10) x 

where TCI = temperature ( oc) 

f 1-s = wet gas fractions of C02, co, N2, 02, 

and H20, respectively 

W1-s = molecular weights of C02, co, N2, 02, and 

H20, respectively. 
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The local pressure at the inlet of each stage of the impactor 

is calculated by subtraction of the cumulative pressure drop 

through the impactor to the stage in question from the inlet 

pressure to the impactor proper. 

p = p - (F.) ~p 
s 0 l 

Ps = stage pressure (atmospheres) 

P = impactor inlet pressure (atmospheres) 
0 

F. = fraction of the total impactor pressure drop to 
l 

the stage in question 

(11) 

6P = total ~ressure drop through the impactor stages {atmospheres) 

The total pressure drop is assumed to be divided among the 

various stages in the same relative fashion for all impactors 

of a particular type, i.e., Brink. (This assumption ignores 

minor differences in jet diameters for a given stage among im-

pactors of the same type.) The impactor is assumed to have a 

flow-pressure drop relation of the following form for a simple 

sharp edged orifice: 5 

KI = 
Q = 
p = 

(12) 

empirically determined constant for each impactor type, 

flowrate through impactor (cm 3 /sec), 

gas density (gm/cm 3
) at the impactor inlet. 

Particulate Loading and Loading Breakdown Calculations--

This discussion is based on Table 3 which was generated 

by the computer program. In the example shown, the data were 

reduced using a particle density of 1.35 gm/cm 3
; thus, the 

diameters reported are Stokes diameters. 

Input information for each run is printed at the top of 

Table 3. The maximum particle diameter must be measured by 

examining the particles collected on the first stage (or first 

cyclone) with the aid of a microscope. Gas analyses must be 
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made at the same time the impactor is run. The mass loading is 

calculated from the total mass of particles collected by the 

impactor and the total gas volume sampled, and it is listed in four 

different units after the heading CALC. MASS LOADING. The units 

are defined as: 

GR/ACF - grains per actual cubic foot of gas at stack 

conditions of temperature, pressure, and water content. 

GR/DSCF - grains per dry standard cubic foot of gas at engineering 

standard conditions of the gas. Engineering dry 

standard conditions in the English system are defined 

as 0% water content, 70°F, and 29.92 inches of Hg. 

MG/ACM - milligrams per actual cubic meter of gas at stack 

conditions of temperature, pressure, and water content. 

MG/DNCM - milligrams per dry normal cubic meter of gas at 

engineering normal conditions of the gas. Engineering 

dry normal conditions in the metric system are defined 

as 0% water content, 21°C and 760 mm of Hg (Torr). 

Below these data the information pertinent to each stage is 

summarized in columnar form in order of decreasing particle size 

from left to right. Thus Sl is the first stage, S8 is the last 

stage, and FILTER is the back-up filter. If a precollector 

cyclone was used, a column labeled CYC would appear to the left 

of the Sl column and information relevant to the cyclone would 

be listed in this column. Beneath each impactor stage number is 

listed the corresponding stage index number, which also serves as 

identification for the stage. Directly beneath these listings 

are the stage cut diameters which were calculated as described 

previously. They are stage D50 values and are given in units of 

micrometers. The stage weights are likewise listed for the 

respective stages, labeled MASS, and are in units of milligrams. 

The mass loadings from each stage are labeled MG/DNCM/STAGE and 

are written in milligrams per dry normal cubic meter. They are 

calculated for each particular stage, j, by the formula 
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MASS. 

MG/DNCM/STAGEj = SAMPLING DURATION (minutes) 

35.31 cubic feet/cubic meter Absolute Stack Temperature 
x FLOWRATE (ACFM) x Absolute Standard Temperature 

Absolute Standard Pressure 1 
x Absolute Stack Pressure x (1-Fraction of H20) 

(13) 

where absolute means the temperature and pressure are in absolute 

units-degrees Rankin or degrees Kelvin for temperature, and 

atmosphere, inches or millimeters of mercury for pressure, as 

appropriate. For Sl, 

MG/DNCM/STAGE = .72 ~g x 35.31 cubic feet/cubic meter 
1 20 min 0.500 ACFM 

(400 + 460) 0 R 29.92 in. Hg 1 
x (70 + 460) 0 R x 26.50 in. Hg x (1.0 - 0.01) = 4 · 71 rng/DNCM. 

The subscripts indicate stage index numbers. 

The percentage of the total mass sampled contained in 

particles with diameters smaller than a particular DsG is called 

the CUMULATIVE PERCENT OF MASS SMALLER THAN Dso. It is the 

cumulative mass accumulated to the stage j divided by the total 

mass collected on all the stages, and converted to a percentage: 

9 
l: MASS . 

. ·+1 l l=J 
CUM %j = Total Mass x lOO 

For example, for 56, the cumulative percent is given by 

MASS 7 + MASS 8 + MASS 9 x lOO CUM %6 = 
Total Mass 

= 1.25 mg+ 0.04 mg + 0.39 mg x 100 = 32. 12% 
5.23 mg 

(14) 

For SS, the mass of the particulate matter collected on the filter 

is used, 

CU:-1 % 8 

MASS9 
= Total Mass x lOO = 0. 39 mg x 100 = 7.46% s.23 mg 
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The apparent errors in the least significant figures of the 
i 

calculated percentages above as compared to those in Table 3 

are due to using masses from the computer printout which have 

been rounded to two decimal places before printing. 

The cumulative mass loading of particles smaller in diameter 

than the corresponding Dso in milligrams per actual cubic meter 

(CUM. (MG/ACM) SMALLER THAN D50 )) for a particular stage j is 

given by the formula 

CUM. (MG/ACM) . = 
J 

9 
L: MASS. 
. . 1 l. 
l.=J+ x 

sampling duration(min) 

35.31 cubic feet/cubic meter 
FLOWRATE (ACFM) 

(15) 

From the information at the top of the computer print-out sheet, 

the flowrate is 0.500 actual cubic feet per minute (ACFM) and the 

sampling duration is 20.00 minutes. Therefore, for S4, 

CUM.(MG/ACM)~ = MASSs + MASSG + MASS1 + MASSa + MASS 9 

20 minutes 

35.31 cubic feet/cubic meter = 
x 0.500 ACFM 12. 3 mg/ACM 

For SS, the mass of the particulate collected on the filter is 

again used, 

CUM. (MG/ ACM) a 
MASS9 35.31 cubic feet/cubic meter 

= 20 minutes x 0.500 ACFM 

= 0.39 mg 
20 minutes 

= 1. 38 mg/ACM 

35.31 cubic feet/cubic meter 
x 0.500 ACFM 

The cumulative mass loading of particles smaller in diameter 

than the corresponding Dso in grains per actual cubic foot (CUM. 

(GR/ACF) SMALLER THAN Dso)) for a particular stage j is given by 

the formula 
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CUM. (MG/ACM) . 
CUM. (GR/ACF) J' = 

2.288 grams/cubic meter x 1000 mg/gram 
grains/cubic foot 

For S7, 

CUM. (GR/ACF} = 
1.52 mg/ACM 

grams/cubic meter 1 I 2 · 288 grains/cubic foot x OOO mg gram 

= 6.64 x 10- 4 grains/ACF 

The cumulative mass loading of particles smaller in diameter 

than the corresponding Dso in grains per dry normal cubic foot 

(CUM. (GR/DNCF} SM~LER THAN Dso} is calculated to show what the 

above cumulative would be for one cubic foot of dry gas at 70°F 

and at a pressure of 29.92 inches of mercury. For a particular 

stage j, 

CUM. (GR/DNCF} . = CUM. (GR/ACF} . 
J J 

Absolute Stack Temperature Absolute Standard Pressure 
x Absolute Standard Temperature x Absolute Stack Pressure 

1 
x(l-Fraction of H20} 

where absolute means the temperature and pressure are in absolute 

units-degrees Rankin or degrees Kelvin for temperature, and 

atmospheres, inches or millimeters of mercury for pressure. 

For Sl. 

CUM. (GR/DNCF} = 6.96 x 10- 3 GR/ACF 

(400 + 460) 0 R 29.92 in. Hg 1 10-2 
x (70 + 460) 0 R x 26.50 in. Hg x (1.00-0.01) = 1 · 29 x GR/DNCF 

The particle-size distribution may be presented on a dif

ferential basis which is the slope of the cumulative curve. 

Differential size distributions may be derived two ways: 

1. Curves may be fitted to the cumulative mass distribution 

from which the differential curves (slope} for each test can be 

calculated. This method is described later. 
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2. Alternatively, finite difference methods may be used 

based on the Dso's (abscissa) and the particulate masses on each 

stage (ordinate) . This technique was used to generate the dif

ferential size distribution data in Table 3, and is described 

in detail in the following paragraphs. 

If we define the terms: 

~M. = MG/DNCM/STAGE. and 
J J 

(lilog D). = log 1o (Dso. 1 > -
J J-

log1 o 

MG/DNCM/STAGE. 

(D s a . ) then 
J 

= J 
log1J (Dso. 1 ) - log10 (D 5 o .) 

J- J 
(16) 

Because the computer printer does not contain Greek letters, 

the computer print-out sheet reads DM/DLOGD instead of 

liM/liLOG D. For S6 

( 
liM ~\ 9. 35 mg/DSCM I 

liLOGD)6 = log10 (2.21) - log 10 (1.28) = 39 · 4 mg DNCM 

Note that liM/liLOGD has the dimensions of the numerator since 

the denominator is dimensionless. In the calculation for Sl, 

a maximum particle diameter is used. For this example, MAX. 

PARTICLE DIAMETER= 100.0 microns. 

4.71 mg/DNCM = 4.86 mg/DNCM log10(100) - log10Cl0.72) 

For the filter stage, the Dso is arbitrarily chosen to 

be one-half of the Dso for stage eight {SB). For this example, 

it is chosen to be (0.33 micrometers)/2 = 0.165 micrometers. 

Thus, 

~~~GD), = 
2.55 mg/DNCM = 8.47 rng/DNCM log 1o(0.33) - log 1 o (O .165) 
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The geometric mean diameter in micrometers (GEO. MEAN DIA. 

(MICROMETERS)) for a particular stage j is given by the formula 

GEO. MEAN DIA .. = IDs o . x Ds o . l (17) 
J J J-

For 58, 

GEO. MEAN DIA. 8 = lo. 33 x 0.67 micrometers 

= 0.47 micrometers 

As in the LlLOGD calculation, we again use the maximum particle 

diameter for the stage one calculation and one-half the D50 

of stage eight for the filter stage calculation. 

For Sl, 

GEO. MEAN DIA. 1 = /10.72 x 100.0 micrometers 

= 32.7 micrometers 

For the filter, 

GEO. MEAN DIA. 9 = /O .165 x 0. 33 micrometers 

= 0.23 micrometers 

The finite difference methods used here result in values of 

~M/DLOGD for the first stage of the collector and the backup 

filter which can have little physical meaning because of the 

large size intervals in LOGD covered by them. 

A differential number distribution can also be derived. 

Since ~M. = MG/DNCM/STAGE. is the mass per unit volume for stage j 
J J 

then we can define LlNj = NUMBER OF PARTICLES/DNCM/STAGEj 

or the number of particles per unit volume for stage j. Now 

jM. and LlN. are related by the equation M. = N. x m, where m 
J J J J p p 

is the average mass of the particles collected on one stage. 

Dividing both sides of the equation by m x LlLOGD yields p 

(LlM/ LlLOGD) 

m p 

16 
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Now m = p V where p is the assumed particle density and v p pp p p 
is the average volume of one particle on one stage. To obtain 

mp in milligram units when pp is in grams per cubic centimeter 

and V is in cubic micrometers, certain conversion factors must p 

be used. The complete formula, using the correct conversion 

factors and the expression (4/3) (nJ (d/2) 3 for v , where dis the 
p 

geometric mean diameter in micrometers, is: 

( 
10-

12 
cm 3 

) 

.1 cubic micrometer 

(19) 

Therefore, 

(liM/liLOGD)j 
= 5.23599 x 10-10 P d3' 

p 
(20) 

where liM/liLOGD is in units of mg/DNCM, p is in gm/cm 3
, dis 

p 
in micrometers, and ~N/~LOGD is in number of particles/DNCM. 

For 83, 

1 7 • 8 mg/DNCM = (5.23599 x 10-1°) x (1.35 gm/cc) x (7.94 microns) 3 

= 5.03 x 10 7 particles/DNCM. 

For the filter stage 

( 
liN ) 8.47 mg/DNCM 

~LOGD 9 = (5.23599 x l0- 10 ) x (1.35 gm/cc) x (0.231 rnicrons) 3 

= 9.12 x 10 11 particles/DNCM 
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SPLINl 

In many, if not most, sampling programs, a number of 

impactor runs will be made. Frequently, these runs will be made 

using several impactors, having different performance charac

teristics. The latter may be true even if the same type of 

impactor is used throughout a sampling program. This behavior 

results from manufacturing variations which cause calibration 

differences as well as run-to-run variations in sampling rates, 

which cause shifts in the D50 's. Averaging results from such 

testing to obtain a representative composite size distribution 

requires that the distributions be broken down into like size 

intervals for all the runs to be averaged. The same require

ment for like size intervals also holds for using inlet and out

let data from control device sampling programs to obtain frac

tional efficiencies. The program "SPLINl" provides the ability 

to perform this required breakdown of the size distributions 

obtained from each impactor run into preselected uniform size 

intervals. 

Before making the final selection of the spline technique, 

consideration was given to a number of alternate fitting methods, 

and several of them were tried. It was concluded that any 

attempt to fit a predetermined functional form (e.g. log-normal) to 

the data was generally not proper. Multimodal size distributions 

based on real data do not conform faithfully to the sum of these 

functional forms. Other non-linear forms were found unsatisfactory 

due to the high number of parameters needed to specify the fitting 

equation, especially those used on multirnodal distributions. Be

cause the slope of the cumulative distribution curve, the differ

ential distribution, is the required quantity for calculating frac

tional efficiencies, consideration was also given to curve fitting 

the ~M/~logD approximations of the true differential distribution, 

which was estimated directly from the stage loadings and Dso's. 

However, the magnitude of the steps in Dso are large enough in 

most impactors as to frequently make nM/nlogD a poor approximation 
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to dM/DlogD. Moreover, the boundary conditions are more difficult 

to handle in fitting curves to 6M/6logD than in fitting to the cum

ulative distributions. 

SPLINl operates by fitting a curve which is continuous 

in X and Y and the first derivative of Y with respect to X to 

the cumulative mass concentration size distribution data. The 

resulting fitted curve is similar to that which one would draw 

through the data points using a "French curve" or mechanical 

spline. This fitted curve invokes no a priori assumptions as 

to the shape of the distribution (~.e., power law, log-normal, 

etc.) . 

Generation of Interpolated Points - -

The technique used to fit the set of points defining the 

cumulative distribution curve is a modified spline procedure. 

The set of cumulative distribution points are used to define a 

set of interpolated points between each D50 value. A spline 

fitting procedure is then followed for the new set of original 

plus interpolated points. Initial attempts at using this tech

nique on the set of points defining the cumulative distribution 

curve obtained directly from the D50 's were not satisfactory. 

The difficulty occurred as a result of the inability of the method 

to generate sufficiently rapid changes in curvature when the 

curve to be generated was defined by a small number of points. 

A satisfactory fit could be obtained by adding a set of inter

polated points between the original data points of the measured 

cumulative curve. These points are generated by means of a 

series of parabolas through consecutive sets of three adjacent 

data points of the actual cumulative curve defined at the D50 's. 

The fitting is done using log (concentration) and log (particle 

diameter) as variables and begins with the segment containing 

the smallest 0 50 in the data set. 
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The sequence of operations by which the interpolated points 

are generated is shown in Figures 1. A series of parabolas are 

fitted through consecutive sets of 3 data points beginning at 

the smallest Dso as shown in Figures la and lb. Three inter

polation points are located along this parabola, between the lower 

pair of the three points used to generate the parabola. The 

three interpolated points are spaced evenly in log diameter 

between the pair of original points. A similar process is used 

to generate interpolated points between consecutive pairs of 

D50 's up to the segment which terminates at the 0 50 of the first 

collection stage as illustrated in Figures le to le. A slightly 

different procedure which will be described later, is used for 

segments which include the first collection stage 0 50 • 

Since the fitting is for a cumulative curve, a check is made 

for negative first derivatives of the interpolation parabola at 

the bounds of each segment within which the interpolated points 

are to be generated. If a negative derivative is found in any 

segment other than the first (the segment including the smallest 

0 50 ) a straight line interpolation between the segment bounds is 

used rather than parabolic interpolation. If a negative first 

derivative is found in the first segment to be fitted, a ficti

tous point is generated and used to form a parabola which has no 

negative derivatives in this segment. This fictitious point has 

the same concentration value as that of the first point on the 

cumulative curve and has a diameter defined by 

0 _ (Ds o of last stage) 2 

fictitious - (Dso of next to last stage) (21) 

The interpolated values for the segment between the last two 

Dso's on the cumulative curve are then generated from the parab

ola which passes through this fictitious point, and the points 

for the last two stages on the cumulative distribution curve. 
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In the region about the first stage D50 , three sets of inter

polated points are generated. The first are generated by para

bolic interpolation using a parabola through DMA.X, Dso (stage 1), 

and Dso (stage 2) as was done in the case of the previous segments. 

However, in addition to these, three more points are generated 

along the parabola above the first stage D50 • These additional 

points are spaced evenly in log (diameter) at the same intervals 

in log (diameter) as the interpolated points between D50 (stage 1) 

and Dso (stage 2) as shown in Figure le. These points are used 

in generating the final curve fit up to the point on the cumula

tive distribution curve defined by the first stage 0 50 • The 

third set of points is illustrated in Figure lf. 

Note that the cumulative mass distribution used in the illus

trations of Figure 1 is one in which a large step in concentration 

occurs between 0 50 (stage 1) and DMAX. This is typical of a cumu

lative curve for a bimodal distribution in which one mode has a 

median diameter substantially greater than first stage D50 • The 

interpolation parabola through DMAX, 0 50 (stage 1) and D50 (stage 

2) does not properly represent the shape of the true distribution 

curve in this region. In particular, the true curve must have 

zero slope at DMAX. It was empirically determined that a 

hyperbolic interpolation equation fit in terms of linear concen

tration and linear diameter between DMAX and Dso (stage 1) with 

the hyperbola asymptotic to the total loading at infinite 

particle size resulted in very acceptable results in the 

final spline fits. Therefore a seven point hyperbolic inter

polation is used in addition to the previously described 

parabolic interpolation over this segment of the curve. This 

hyperbolic interpolation is illustrated in Figure lf. The use 

of the two sets of interpolated points in the final interval 

will be discussed later. 

24 



Generation of the Final Spline Fit--

The original data points, together with the interpolated 

points just generated, form a set of points along a continuous 

curve (if one disregards the two sets of points in the final 

segment) which has no negative slopes. However, the derivative 

of the curve in most cases will not be continuous at the D50 

points. The spline fit to be described is a smoothing technique 

which generates a series of parabolic segments that approximates 

a continuous curve through the complete set of points defining 

the cumulative distribution. The segments to be generated now 

will pass near or through those points and will have forced con

tinuity in both coordinates and first derivatives. The technique 

is applied first to cover the interval between the first and last 

D50 's and then a second time to cover the interval between the 

first stage D50 and DMAX. From this point on, no distinction is 

made between the original points defined by the D50 's and the 

interpolated values located between them. 

The spline fit is generated by joining successive parabolas 

at points located by the x (or log diameter) coordinates of the 

points which now represent the cumulative distribution curve 

(original points at the D5 o's plus the interpolated points). 

These parabolas have continuity in slope forced by the fitting 

procedure and are generated in such a fashion as to pass near 

or through the points on the cumulative distribution curve. 

The procedure is illustrated in Figures 2. The spline fit 

is begun at the lowest point on the distribution curve (at the 

Dso of the last stage). The parabola used to generate the 

interpolated points between the last two stages is assumed to be 

the fitted curve up to the first interpolated point. (Point 1 

in Figure 2a.) This parabola, a, is followed until the x-coordi

nate at point 1 is reached. At the point A, located on this 

parabola by the x-coordinate of point 1, a new parabola is fitted 

as shown in Figure 2b. This parabola, b, is forced to pass 
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Figure 2a. Start of the curve fitting procedure. Cumulative mass loadings 
derived from stage catches are represented by solid circles. 
Interpolated values are shown with open circles. 
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through point A with the same slope at A as the parabola used to 

define point A, and is forced to ~ass through the third point 

above point 1 in the set of points defining the cumulative curve, 

i.e., point 4. The parabola, b, is followed to the point defined 

by the x-coordinate of point 2, thus locating a point B. At B a 

new parabola is fit with forced slope continuity with b passing 

through the third point ahead of point 2, i.e., point 5, as shown 

in Figure 2c. From C this process is repeated using point c and 

6 to generate a new parabola, d, and termination point D, e, and 

E, etc., until a termination point at the 0 50 of the first collec

tion stage is reached. The last three points obtained by para

bolic interpolation are used in generating the spline fit parabo

las up to the first collection stage 0 50 • The coefficients of 

the fitting spline fit parabolas for the segments a, b, c, d, ... 

etc., are saved for future use. These now represent the smoothed 

curve and will be used henceforth to define the cumulative curve 

for that run. 

The final spline fit starts by picking up at the point on 

the fitting parabola which terminated at the D50 of the first 

stage. The same procedure as before is followed, except that the 

third point ahead determined by the hyperbolic interpolation is 

now used for fitting, and the fitting parabolas are followed to 

x-coordinates defined by the hyperbolic interpolation points. 

The curve generated in this second zone of the spline fit (~.e., 

between Dso (stage 1) and DMAX) is an extrapolation, but one 

which has been found to be quite good to diameters equal to about 

2 to 3 times the first stage 0 50 for unimodal distributions. 

The cumulative concentration and slope of the cumulative 

curve, dm/d log D, can be calculated for any arbitrary particle 

size by locating the fitting coefficients for the spline segment 

containing that size. The boundary locations of each of the 

parabolic segments, O, A, B, C, •.. ,and the fitting coefficients 

for each segment are stored in a disk file for subsequent use by 

other programs (e.~., GRAPH, STATIS, etc.). 
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Figure 2c. Third step in the curve fitting procedure. Cumulative mass 
loadings derived from stage catches are represented by solid 
circles. Interpolated values are shown with open circles. 
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Problems Resulting from Extremely Close Stage Cut 

Diameters (Dso's)--

In the case of certain impactors (Andersen, University of 

Washington, and MRI), calibration data indicate that the first 

two stages have effective D50 's which are very nearly equal. 

When two stages are used which differ only slightly in D50 , the 

second of the two will collect too much material because of the 

finite slope of real impactor stage collection characteristics. 

The simplest example of this effect would be obtained if two 

identical stages are used sequentially. If that were the case, 

in an ideal impactor the second stage should collect no material; 

however, because of the finite slope of the real stage collection 

efficiency curve, it will. This could lead to the formation of a 

step increase (infinite slope) in the cumulative concentration 

curve. The severity of the effect is reduced as the spacing 

between the D50 's increases but can be sufficiently severe so 

as to cause significant errors in the size distribution curves 

if it is not properly accounted for. The program MPPROG, because 

of this problem, ignores the presence of the second stage of 

Andersen, MRI, and University of Washington impactors in generat

ing the cumulative mass concentration data from which the fitted 

curves will be made by SPLINl. This procedure effectively nulli

fies the problem. However, if calibrations of future versions of 

these impactors do not show the small spacing in Dso, MPPROG 

should be modified appropriately so as not to lose good informa

tion when the curve fits are made. 

GRAPH 

Program GRAPH is dedicated entirely to presenting data from 

single impactor runs. The output forms available on call are 

cumulative mass loading versus D50 and ~M/~logD versus geometric 

mean diameter as calculated in MPPROG. The latter are available 

on both Stokes, aerodynamic and aerodynamic impaction diameter 

bases. As an option, up to ten runs can be superimposed on a 
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single plot. Plots and tabular output of the fitted curves from 

SPLINl are also available. The fitted curves from SPLINl are 

plotted superimposed on the data points from MPPROG, but only as 

single run plots. The plots are all made on log-log grids. 

The tabular output includes only dM/dlogD versus particle 

diameter generated by differentiation of the SPLINl fitted curves. 

ANALYSIS OF GROUPED DATA 

STAT IS 

STATIS is a program for combining data from multiple impac

tor runs under a common condition. The program tests data from 

a series of runs specified by the user for outliers, flags and 

removes outliers from the set, and then provides output in the 

form of averaged size distributions with 50% confidence intervals 

as desired in both tabular and graphical form. The program is 

set up to provide 50% confidence intervals; however, changes 

can be made for the calculation of 90% confidence intervals. 

These changes are documented in the explanation of STATIS. 

The input data to STATIS are the fitted polynomial segments 

generated from MPPROG by SPLINl which now define the cumulative 

mass loadings for each run. The individual runs to be included 

in the averages and the particle diameter basis <!.e., aerody

namic, aerodynamic impaction, Stokes) are user specified on con

trol cards used to execute STATIS. 

The fitting equations from SPLINl are differentiated at pre

selected particle diameters to obtain the quantity (dM/dlogo.). 
1 ] 

where i refers to particle diameter and j refers to the sequence 

number of a particular run in the set to be averaged. The values, 

at each particle diameter, D., are subjected to an outlier 
1 
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analysis based on the deviations of the values of dM/d log D for 

individual runs from the mean for all runs. 

The outlier test used is that for the "Upper 5% Significance 

Level" as given in Quality Assurance Handbook for Air Pollution 

Measurement Systems, Vol. 1. Principles. (EPA-600/9-76-005, 

January 1976, Section No. F, pp. 5-9). A curve fitted to the 

tabular list at critical values for excluding an outlier is 

used to generate the table. 

>C n 

c 
n = critical value = 

x. = 
i 

individual value 

A tested value X. is an outlier if 
i 

. (22) 

function of the number of points in 
the data set 

X = mean of all values 

S = standard deviation at the data set. 

The application of this test requires that there be three 

or more runs in the sequence to be averaged. This outlier test 

is repeated after discarding any outliers already identified, 

provided there are at least three runs remaining in the set of 

retained points. 

After discarding outliers for each (dM/dlogD) ., a final 
1 

average, standard deviation, and 50% confidence interval are 

calculated. These values are output on the line printer and are 

plotted on demand by the user. 

Cumulative size distributions on a mass basis or percentage 

basis are derived from the averaged dM/dlogD values by integra

tion of these values. The choice of integrating the dM/dlogD 

curve rather than direct computation of the cumulative averages 

from the individual cumulative distributions was based on the 

32 



fact that an error in a single stage weight is propagated forward 

throughout the cumulative curve for all stages subsequent to the 

one on which the error occurred. This would cause substantial 

quantities of good data from other stages to be discarded by the 

outlier analysis. Integration of the averaged differential dis

tribution, on the other hand, allows the data from the remaining, 

error free, stages to have their proper influence on the averaged 

cumulative distributions. These cumulative distributions are 

again output in tabular form and, on call, in graphical form. 

The cumulative distributions can be obtained either includ

ing or excluding particles smaller than 0.25 µm in diameter. The 

option of excluding the particles smaller than 0.25 µm results 

from the fact that in a significant percentage of sampling situa

tions, impactor back up filter catches can be dominated by over

size particles because of bounce and/or reentrainment. This 

results in a filter weight gain which can be many times higher 

than the weight of the fine particles which, ideally, should be 

the only material present. In those cases, omission of the 

material which is nominally smaller than 0.25 µm from the cumula

tive distributions will make the result a much better representa

tion of the true size distribution. 

Standard deviations and confidence limits for the cumulative 

distributions are calculated from the approximation that the 

variance (and square of a confidence interval) for a sum, A + B, 

is given by the sums of the variances (and squares of the confi

dence intervals) for A and B separately, i.e., 

VarianceA + B = VarianceA + VarianceB (23) 

and (confidence interval)~ + B = (confidence interval)~ 
+ (confidence interval)~ (24) 
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The averaged differential size distributions generated by 

STATIS are stored in a disc file for use by the programs PENTRA 

or PENLOG in calculating control device fractional efficiency 

curves. 

Tabular and graphical output from STATIS includes cumulative 

mass loading versus diameter, cumulative percentage on a mass 

base versus diameter, dM/dlogD versus diameter, and dN/dlogD 

versus diameter. The graphical presentations are made on log-log 

grids with the exception of the cumulative percentage plot which 

is made on a log-probability grid. All output forms, graphical 

and tabular, include confidence limits. The choice of diameter 

definition used is left to the user. An index of runs which were 

rejected through the outlier analysis before averaging is also 

printed. Rejection at any one particle size does not result in 

the run being excluded at all particle sizes. 

Programs PENTRA/PENLOG 

These two programs are virtually identical and provide 

tabular and graphical output of control device penetration and/ 

or efficiency versus particle size for a preselected series of 

particle sizes from about 0.25 to 20 µm. The only difference 

between the two programs is in the form of the graphical output. 

In the case of PENTRA, the fractional efficiency curves are 

presented on a log-probability grid while in PENLOG they are 

presented on a log-log grid. 

The calculations are made from averaged sets of inlet and 

outlet data developed by STATIS. The user identifies the pair 

of averaged data sets from which the efficiency is to be calcu

lated together with the diameter basis required (i.e., Stokes, 
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aerodynamic, aerodynamic impaction). The program retrieves the 

appropriate averaged data sets and calculates the fractional 

efficiency as 

[ 
1 

_ (dm/dlogDi) outlet]· 
efficiency. (%) = ( I ) x 100 i dM DlogD .. l t i in e 

(2 5) 

· f th .th · 1 d' t · h 1 a where i re ers to e i partic e iame er in t e prese ecte 

diameter sequence. Simultaneously, if both the inlet and outlet 

data sets included two or more runs, confidence limits are· calcu

lated based on a method described by Y. Beers. 6 The confidence 

level associated with the limits generated by the program are 50% 

levels in the program as provided; however, other levels can be 

generated by simply changing values of three constants used to 

generate the appropriate t-table. 
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SECTION 3 

PROGRAMMING DETAILS 

This section provides detailed breakdowns on the programs 

and subprograms used in CIDRS. The description of the programs 

given here are keyed to the line sequence numbers of the program 

listings which make up Section 5 of this manual. 

PROGRAM MPPROG 

The purpose of program MPPROG is to calculate all of the 

necessary variables (viscosity, mean free path, slip correction 

factor, etc.) in order to obtain stage D50 's or cut point diam

eters, cumulative mass loadings, and differential size distribu

tions on both a mass and number basis for cascade impactors. The 

program handles data collected by the Andersen Mark III Stack 

Sampler, the modified Brink Cascade Impactor, the University of 

Washington Mark III Source Test Cascade Impactor, or the Meteor

ology Research Incorporated Cascade Impactor. This is the first 

of a series of four programs which together yield a complete pro

file of a particulate loading at the tested point. This may be 

either at the inlet or outlet of the gas cleaning device. 

A fifth program compares inlet and outlet testing to yield the 

devices penetration-efficiency. 

All input for MPPROG is received by card reader. The cut 

point diameters, cumulative mass loadings, and a preliminary view 

of the differential size distributions are output on a line 

printer. Much of this information is also output on a disk file. 

This file serves as input data for later programs in the series. 
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Breakdown of Program MPPROG 

032-112: Read input data from cards. 

Set the value of NMASS which is the number of 

masses to be read: 

NMASS = 9 if using the Andersen Mark III Stack 

Sampler 

= 9 if using the modified Brink Cascade 

Impactor 

= 8 if using the University of Washington 

Mark III Source Test Cascade Impactor 

= 8 if using the Meteorology Research 

Incorporated Cascade Impactor 

Set the value of NCUM which is the number of 

cumulative mass loadings less than stage D50 : 

NCUM = 8 if using the Andersen Impactor 

= 7 if using the Brink Impactor, the Uni

versity of Washin~ton Impactor, or the 

MRI Impactor 

The only calculation here is a conversion of the 

units of mass on each stage {including the filter) 

to grams using the mass on each stage in milli

grams as input. 

MASSI = MASSI /1000.0, I = 1,9 

The order here is from mass on the back-up filter 

(I=l) to mass on the first stage (I = NMASS=8 or 9) 

or cyclone (if used) . 

113-116: Increment the index NRUN for each set of data read 

in here. 

117-125: If D50 's, cumulative mass loadings, etc., are 

desired using both the classic definition and 

Mercer's definition of aerodynamic diameter, 

the input density RHO will be 1.0 (rather than a 

physical density). In this case, the index which 

signals the definition of aerodynamic diameter 

to be used, NAERO, is set equal to 0 so that Dso's, 
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126-131: 

132-135: 

136-139: 

140-143: 

144-147: 

cumulative mass loadings, etc., are calculated 

based on the TGLD definition for the first 

computation. {Dso's, mass loadings, etc., are 

calculated based on Mercer's definition of aero

dynamic diameter for the second computation.) 

Calculate the wet fractional gas composition, 

FGI, I= 1,4, for carbon dioxide {I=l), carbon 

monoxide (I=2), nitrogen (I=3), and oxygen (I=4) 

using the input dry fractional gas compositions, 

FG1 , I = 1,4 in the formula: 

FGI = FG1 (1.0 - FG 5 ), where (26) 

FG 5 is the fractional water content. 

Define the average molecular weight of air to be 

RA = 28.97 atomic mass units. 

Calculate the av:rage molecular weight of the 

flue gas in atomic mass units, MM, using the wet 

gas composition fractions, FG1 , I = 1,5, (for car

bon dioxide, carbon monoxide, nitrogen, oxygen, 

and water, respectively) by the formula: 

+(18.02 FGs) 

Calculate the temperature of the gas in the 

impactor in degrees centigrade, TCI, using the 

input temperature of the gas in the impactor in 

degrees Fahrenheit, TFI, by the formula: 

TCI = ( 5/9) (TFI-32. 0) 

Calculate the temperature of the gas in the 

impactor in degrees Kelvin, TKI, using the input 

temperature of gas in the impactor in degrees 

Fahrenheit, TFI, by the formula: 

T KI = 2 7 3 . 0 + [ ( 5 / 9 ) ( TF I - 3 2 . 0 ) ) 
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148-151: 

152-155: 

156-159: 

160-163: 

164-167: 

168-175: 

Calculate the temperature of the gas in the 

impactor in degrees Rankine, TRI, using the 

input temperature of gas in the impactor in 

degrees Fahrenheit, TFI, by the formula: 

TRI = TFI + 460.0 

Calculate the temperature of gas in the stack in 

degrees centigrade, TCS, using the input tempera

ture of gas in the stack in degrees Fahrenheit, 

TFS, by the formula: 

TCS = ( 5/9) (TFS-32. 0) 

Calculate the temperature of gas in the stack in 

degrees Kelvin, TKS, using the input temperature 

of gas in the stack in degrees Fahrenheit, TFS, 

by the formula: 

TKS = 273.0 + [(5/9) (TFS-32.0)] 

Calculate the gas flow rate for impactor condi

tions in actual cubic feet per minute, Q, using 

the input gas flow rate for stack conditions in 

actual cubic feet per minute, F, the temperature 

of gas in the impactor in degrees Kelvin, TKI, 

and the temperature of gas in the stack in degrees 

Kelvin, TKS: 

Q = F(TKI/TKS) 

Calculate the gas pressure at the impactor inlet 

in atmospheres, POA, using the input gas pressure 

at the impactor inlet in inches of mercury, PO: 

POA = P0/29.92 

Calculate the drop in pressure across the impac-

tor in inches of mercury, DP. From the ideal gas law: 

PV = NkT 
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176-179: 

180-183: 

where P = pressure, inches of mercury 

V = volume, cubic meters 

N = total number of molecules in volume v 
k = Boltzmann's constant 

T = temperature, degrees Kelvin 

and the ideal orifice equation (Eq. 12), the fol

lowing relationship is easity derived: 

tJ.p = (DPCONJ) (Q 2 PO/TRI) (MM} (35) 

where DPCONJ = a constant determined imperically 
for each impactor type 

Q = gas flow rate for impactor condi
tions, actual cubic feet per minute 

PO = gas pressure at impactor inlet, 
inches of mercury 

TRI = temperature of gas in the impactor, 
degrees Rankine 

MM = average molecular weight of the 
flue gas, atomic mass units. 

The values of DPCONJ for each impactor (given in 

the data statement at card 029} as empirically 

determined are: 
J DPCONJ 

1 1.287 

2 3.783 x 10 2 

3 

4 

5 

3.928 
3 1.093 x 10 

9.375 

Impactor 

Andersen 

Brink (last stage = 
stage 5} 

Univ. of Washington 

Brink (last stage = 
stage 6) 

MRI 

Calculate the drop in pressure across the impac

tor in atmospheres, DPA, using the drop in 

pressure across the impactor in inches of mercury, 

DP: 

DPA = DP/29.92 (36) 

Call subroutine STAGE to calculate the local 

pressure at each impactor stage in atmospheres, 

PSI' I = 1, NCUM. 
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184-187: 

188-191: 

192: 

193-196: 

Call subroutine VIS to calculate the gas viscos

ity in poise, MU. 

Call subroutine MEAN to calculate the molecular 

mean free path at each impactor stage in centi

meters, L1 , I = 1, NCUM. 

RHOl is the input particle density. The initial 

value is the aerodynamic density, 1.0 gram per 

cubic centimeter. Note that density is read in 

as RHO, but this value is saved as RHOl, if RHO 

is input as physical density. If RHO is input as 

aerodynamic density, both RHO and RHOl are 1.0 

gram per cubic centimeter. 

The program comes to this continue statement 2010 

(card 193) twice for each input set of data. The 

first calculations are made for assumed physical 

density if density is input as a value greater 

than 1.0 gram per cubic centimeter. The first 

calculations are made for assumed unit density 

using the classic definition of aerodynamic 

diameter as defined by the Task Group on Lung 

Dynamics (TGLD) 1 if density is input as 1.0 gram 

per cubic centimeter. (In this second case, NAERO= 

MAERO is overridden. It is set equal to 1 to get 

second calculations for D5 o, cumulative mass load

ings, etc., based on Mercer's definition 2 of aero

dynamic density.) The record number, IS, of file 

KMCOOl (file 10) is odd where the Dso values, cum

ulative mass loadings, etc., are stored for these 

first calculations. Each time the program passes 

this continue statement 2010, the record number, 

IS, is incremented by one. Thus, on the second 

traverse for a given set of data, IS is even. 

Here the assumed density, RHO, is unit density = 

1.0 gram per cubic centimeter. The definition of 

aerodynamic density used for these second calcula-
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197-200: 

201-205: 

tions is dependent on the input code value MAERO. 

If calculations for the TGLD aerodynamic diameter 

have been made on the first traverse (RHO input 

as 1.0), NAERO is set equal to 1 and this second 

traverse yields Dso's cumulative mass loadings 

based on Mercer's definition. If calculations 

for physical density have been made on the first 

traverse, these aerodynamic values may be calcul

ated according to the TGLD (MAERO input as O) or 

Mercer's definition (MAERO input as 1). Also, the 

input maximum particle diameter in micrometers 
I 

DMAX, is modified for assumed aerodynamic diameter 

DMAX = (RHOl)~ DMAX 

where RHOl is the input density in grams per cubic 

centimeter. 

Call subroutine CUT to calculate the lower size 

limit of 0 50 of each stage in micrometers, DPC
1

, 

I = l,NCUM, where NCUM = 8 for the Andersen 

impactor or NCUM = 7 for the Brink, University of 

Washington, or MRI impactor. Also, this subrou

tine calculates the cut point of the cyclone in 

micrometers, CYC3, if the Brink impactor is used. 

Call subroutine CUM to calculate the cumulative 

mass distribution in grams, CUMM1 , I = l,NMASS, 

and the cumulative percent mass distribution 

value, PERCUI, I = l,NMASS. NMASS = 9 for the 

Andersen or Brink impactor or NMASS = 8 for the 

University of Washington or MRI impactor. These 

distributions are ordered such that the least 

cumulative mass value is CUMMl. It represents 

the mass on the filter only; CUMM2 is the sum of 

the masses on both the filter and the last stage; 

cu~MASS is the sum of all masses through the 

first or coarsest stage (or the cyclone if 
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206-211: 

212-222: 

applicable). The cumulative percent mass distri

bution, PERCU, is ordered in the same manner. 

This subroutine also finds the total mass loading 

in grains per actual cubic foot, GRNA, in grains 

per normal dry cubic foot, GRNS, in milligrams 

per actual cubic meter, GRNAM, and in milligrams 

per normal dry cubic meter, GRNSM. 

This loop changes the fractional flue gas compo

sition, FG1 , I = 1,5, to percent flue gas compo

sition 

FG1 = FG1 x 100.0, I = 1,5 (37) 

(Recall that these percentages represent C02 , co, 
N2, 02, and H20, respectively.) 

Define new variables for the mass captured on 

each stage in grams, IMASS
1

, I = l,NMASS, which 

are the same as MASS
1

, I = l,NMASS, except that 

the ordering is reversed. For example: 

IMASS1 = MAFSNMASS . 
IMASSs = MASS . ( NMAS S + 1 - 6) . . 
IMASSNMASS = MASS1 

Likewise define new variables for cumulative mass 

captured at each stage, ICUMM
1

, I = NMASS, and 

new variables for cumulative percent mass captured 

at each stage, PRCU
1

, I = l,NMASS. These are the 

same as CUMMI, I= l,NMASS and PRCUI' I = l,NMASS, 

respectively, except that the ordering has been 

reversed. For example: 

ICU!™1 = cu~MASS 
. 

ICU!'™s = cu~(NMASS + 1 - 6) 
. . 

ICUMMNMASS = CUMM1 

and 
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223-229: 

230-249: 

PRCU1 = PERCUNMASS 

PRCU& = PERCU~(NMASS 

PRCUNMASS = PERCU1 

+ 1 - 6) 

NMASS is the nwnber of stage catches. NMASS = 9 

for the Andersen or Brink impactor; NMASS = 8 for 

the University of Washington or MRI impactor. 

This loop converts the mass collected on each 

stage in grams, IMASS
1

, I = l,NMASS, and the cumu

lative mass at each stage in grams, ICUMM
1

, 

I = l,NMASS, to milligrams: 

IMASSI = !MASSI x 1000.0, I = l,NMASS (38) 

ICUMM1 = ICUMMI x 1000.0, I = l,NMASS (39) 

Again, NMASS is the number of stage catches. 

NMASS = 9 for the Andersen or Brink impactor; 

NMASS = 8 for the University of Washington or MRI 

impactor. 

For each stage: 

Calculate the mass loading of particulate with 

diameters less than the 0 50 of the given stage 

in milligrams per actual cubic foot, CUMG
1

, 

I = l,MLS, using the total loading in milligrams 

per actual cubic meter, GRNAM, and the cumulative 

percent of total mass up to and including the 

stage having the next smaller Dso1 PRCU1 + MMM' 

I = 1,MLS 

CUMG1 = GRNAM (PRCU 1 + MMM/100. 0) ( 40) 

Calculate the mass loading for particulate 

diameters less than the Dso of the given stage in 

grains per dry normal cubic foot, CUMM(I), 

I = l,MLS, using the total loading in grains per 

actual cubic foot, GRNA, and PRCU1 + MMM' as 
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described above: 

CUMH1 = GRNA (PRCU1 + MMM/100.0) (41) 

Calculate the mass loading of particulate with 

diameters less than the D50 of the given stage 

in grains per day normal cubic foot, CUMI
1

, 

I = l,MLS, using the total loading in grains per 

dry normal cubic foot, GRNS, and PRCU1 + MMM as 

described above: 

CUMI 1 = GRNS (PRCUI + MMM/100.0) (42) 

Calculate the mass loading of particulate with 

diameters less than the D50 of the given stage in 

milligrams per dry normal cubic meter, CUMJ1 , 

I = l,MLS, using the total loading in milligrams 

per dry normal cubic meter, GRNSM, and PRCU1 + MMM 

as described above: 

CUMJ1 = GRNSM (PRCU1 + MMM/100.0) (43) 

The total number of cumulative mass loadings less 

than stage Dso,MLS, and the value added to the 

PRCU index, MMM, are dependent on the impactor 

used and its configuration. For the Andersen, 

the University of Washington, or the MRI impactor, 

the number of cumulative mass loading values, MLS, 

is the same as the number of stages (excluding 

the filter), NCUM. NCUM = 8 for the Andersen 

impactor; NCUM = 7 for the University of Washing

ton or the MRI impactor. Also, in these three 

cases, the cumulative percent mass used to find 

the mass loading of a given stage is the cumula

tive percent mass up to the next stage. There

fore, MMM = 1. For the Brink impactor the values 

of MLS and MMM are dependent on the impactor 

configuration used: 
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250-257: 

258-274: 

MLS = MC3 + MOO + 6 

MMM = 3 - (MC3 + MOO) 

(44) 

(45) 

Recall that MC3 is the code variable for use of 

the cyclone. It is 1, when the cyclone is used; 

0, when not used. Likewise, MOO is the code 

variable for use of stage 0. 

Calculate the mass loading in milligrams per dry 

normal cubic meter, GGRNS1 , I l,NMASS, using 

the mass collected on the given stage in grams, 

IMASS
1

, I = l,NMASS, the temperature of the 

stack in degrees Kelvin, TKS, the flow rate under 

stack conditions in actual cubic feet per minute, 

F, the sampling duration in minutes, DUR; the 

pressure at the impactor inlet in atmospheres, 

POA, and the percent water content of the gas, 

FG 5 , by the formula: 

_ IMASSr 15.4324 TKS 2288.34 
GGRNSI - F DUR 294.o [l.O-FGs/100.0)] POA 1000.0 

where I = l,NMASS. 

Regardless of the impactor used, this section out

puts the following information by line printer: 

ID - general identification label 

F - impactor flow rate under stack conditions 

in actual cubic feet per minute 

TFI - impactor temperature in degrees Fahrenheit 

TCI - impactor temperature in degrees centigrade 

DUR - sampling duration in minutes 

DP - drop in pressure across the impactor in 

inches of mercury 

TFS - stack temperature in degrees Fahrenheit 

TCS - stack temperature in degrees centigrade 

RHO - assumed density (physical or unit) in 

grams per cubic centimeter 
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275-535: 

PO - gas pressure at impactor inlet in inches 

of mercury 

DMAX - maximum particle diameter in micrometers 

FG1-s - wet percent flue gas composition (C0 2 , 

CO, N2, 02, and H2 0, respectively) 

GRNA - total mass loading in grains per actual 

cubic foot 

GRNAM - total mass loading in milligrams per 

actual cubic meter 

GRNSM - total mass loading in milligrams per 

normal dry cubic meter 

This large section outputs the following informa

tion on the line printer: 

Impactor Stage - column headings showing the 

stage name as imprinted on 

the metal 

Stage Index Number - column headings correspond

ing to the "Impactor Stage" 

as above, but numbered 

1 to NMASS where NMASS is the 

number of captured masses 

CYC3,DPC - if the Brink impactor is 

used with the cyclone, its 

lower size limit in microm

eters, CYC3, is printed; 

the lower size limits of 

the stages, DPC, are (then) 

listed 

IMASS - masses captured on each 

stage and on the filter, 

(and in the cyclone, if 

applicable) in milligrams 
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GGRNS ~ the mass loading per stage 

and at the filter (and 

cyclone, if applicable) in 

milligrams per normal dry 

cubic meter 

PRCU - percent of total mass on each 

stage and on the filter (and 

in the cyclone, if applica-

ble) 

CUMG - cumulative mass loading less 

than each stage D50 in milli

grams per actual cubic meter 

CUMJ - as above in milligrams per 

dry normal cubic meter 

CUMH - as above in grain9 per actual 
,' 

cubic foot 

CUMI - as above in grains per dry 

normal cubic foot 

The format that is used to print out the informa

tion listed above depends on the type of impactor. 

If the Brink impactor is used, the format also 

depends on its configuration (cyclone, number of 

stages, etc.). 

Andersen - begins at statement 3001; 

uses cards 281-304 

Brink - begins at statement 3100; cards 

used are dependent on configura

tion: 

Conf i9uration Cards 
cyc.,stage o, ... ,stage 5 or 6 312-377 

stage O,stage l, .. ,stage 5 or 6 379-445 

stage !,stage 2, .. ,stage 5 or 6 446-511 

Univ. of wash.-begins at statement 3200: 
or MRI uses cards 512-535. 
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536-539: 

540-543: 

544-553: 

Call subroutine DMDNGD to calculate and print out 

the values of the geometric mean diameter at each 

stage in micrometers, GEOMD, the values of mass 

size concentration at each of these mean sizes 

in milligrams per normal dry cubic meter, DMDLD, 

and the value of number size concentration at 

each of these mean sizes in number of particles 

per normal dry cubic meter, DNDLD. 

Write a footnote defining normal or engineering 

standard conditions - "NORMAL (ENGINEERING STAN

DARD) CONDITIONS ARE 21 DEG C and 760 MM HG." 

If calculations have been made here for assumed 

aerodynamic diameter, a footnote is also written 

here indicating the definition used to find aero

dynamic diameter. It states "AERODYNAMIC DIAMETERS 

ARE CALCULATED HERE ACCORDING TO THE TASK GROUP ON 

LUNG DYNAMICS" if code variable MAERO is input as a 

nonpositive integer, or if the first calculations 

of D50 's, cumulative mass loadings, etc., are 

being made and the density was input as 1.0 gram 

per cubic centimeter regardless of input value of 

MAERO. It states "AERODYNAMIC DIAMETERS ARE CAL

CULATED HERE ACCORDING TO MERCER" if code vari

able MAERO is input as a positive integer and 

this is the second calculation of D50 's, cumula

tive mass loadings, etc., for this set of data. 

Note: The programming on cards 554-616 is executed to find maximums 

and minimums of all plotted variables for this single run at the 

indicated assumed density. These values are later compared to 

maximums and minimums of all other runs at the indicated assumed 

density to find overall maximum and minimum values (see calcula

tions on cards 751-781). This enables one to make "data regu

lated" graphs if desired, i.e., the number and range of cycles 

may be regulated according to the span of data. 
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554-573: Search the values of cumulative mass loading in 

milligrams per actual cubic meter, CUMGI, 

I = l,NC, for the minimum value. Express it as 

an element in the run-indexed array, CUMGFIS" 

Since the values in array CUMGI are decreasing 

with higher index, the search consists of finding 

the last nonzero value of CUMGI. For example, 

unless the last cumulative mass loading value, 

CUMGNC' is zero: 

CUMGFIS = CUMGNC 

If this value is zero and CUMGNC- 2 is not zero: 

CUMGFIS = CUMGNC-l 

The number of cumulative mass loadings less than 

Dso which must be searched for a given run, NC, 

is the same as the number of stage Dso values + 1 

for the cyclone (if applicable). This value is 

NCUM = 8 for the Andersen impactor or NCUM = 7 

for the University of Washington or the MRI 

impactor. For the Brink· impactor, the configura

tion may vary. Therefore, NC = MS + MOO + MC3 

where MS= index of last stage(S or 6); MOO= 1 

if stage 0 is included, or MOO = 0 if stage 0 is 

not included; and MC3 = 0 if the cyclone is 

included or MC3 = 1 if the cyclone is not 

included. 

574: Express the total mass loading in milligrams per 

actual cubic meter, GRNAM, as an element in the 

run indexed array, CUMGlrs= 

CUMG115 = GRNAM (47) 
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575-579: 

580: 

581-591: 

592: 

Search the values of the stage D50 's in microm

eters, DPC1 , I = l,ND, to find the minimum nonzero 

value. Express it as an element in the run-in

dexed array, DPCFrs· As with CUMGI, I = l,NC, the 

values are decreasing with higher index. Thus, 

unless DPCND is zero: 

(48) 

The number of D50 values to be searched for a 

given run, ND, is NCUM as defined above for the 

Andersen, the University of Washington, or the 

MRI impactor. If the Brink impactor is used, the 

configuration determines the value of ND. 

ND= MS +MOO, where MS and MOO are defined above 

in determining NC. 

Express the diameter of the maximum captured 

particle in micrometers, DMAX, as an element in 

the run indexed array, DMAXX18 : 

DMAXXIS = DMAX (49) 

Search the values of the geometric mean diameter 

at each stage in micrometers, GEOMD
1

, I = l,NMASS, 

to find minimum nonzero value. Express it as an 

element in the run-indexed array, GDMIN18 . Again, 

the values are decreasing with higher index. 

Thus, unless GEOMDNMASS is zero: 

GDMINIS = GEOMDNMASS (50) 

Express the maximum geometric mean diameter in 

micrometers, GEOMD 1 as an element in the run

indexed array, GDMAX18 . GEOMD 1 must be the value 

of maximum geometric mean diameter since the 
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values of GEOMDI' I = l,NMASS are decreasing with 

increasing I. Thus: 

GDMAXIS = GEOMD1 (51) 

593-600: Search the values of ~M/~LogD size distribution 

in milligrams per dry normal cubic meter, DMDLDI' 

I = l,NMASS, to find the minimum nonzero value. 

Express it as an element in the run-indexed array, 

DMMN
18

• Note that unlike the previous "searches" 

for minimums and maximums, this value may be any 

one of the values between DMDLD1 and DMDLDNMAss· 

601-604: Search the values of the ~M/~LogD size distribu

tion in milligrams per dry normal cubic meter, 

DMDLD
1

, I = l,NMASS, to find the maximum value. 

Express it as an element in the run-indexed array, 

DMMXrs· 

605-612: Search the values of ~N/~LogD size distribution 

in number per dry normal cubic meter, DNDLDI, 

I = l,NMASS, to find the minimum nonzero value. 

Express it as an element in the run-indexed array, 

DNMNrs· 

613-616: Search the values of the ~N/~LogD size distribu

tion in number per dry normal cubic meter, DNDLDI, 

I = l,NMASS, to find the maximum value. Express 

it as an element in the run-indexed array, DNMXrs· 

617-626: VARD is a one-dimensional array consisting of the 

maximum particle diameter, DMAX, the cut point of 

the cyclone, CYC3, (if Brink impactor with cyclone 

is used), 0 50 of the first stage, ... ,D 50 of the 

last stage all in micrometers in this order. The 

first VARD value is defined here: 

VARD1 = DMAX (52) 
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VARC is a one-dimensional array consisting of 

the total mass loading, GRNAM, mass loading < cut 

point of the cyclone (if Brink impactor with 

cyclone is used); mass loading < Dso (first 

stage), ... , mass loading< D50 (last stage) all 

milligrams per actual cubic meter. The first 

VARC value is defined here: 

VARC1 = GRNAM ( 53) 

627: The VARC and VARD arrays are being defined in 

order to define the XNDPEN and YO arrays which 

will be used by program SPLINl for curve fitting. 

The remainder of the VARD and VARC arrays is 

dependent on the impactor used and its configura

tion. This statement sends the program to state

ment 6300 {card 634) if the Andersen impactor is 

being used (MPACTY=l), to statement 6350 (card 

642), if the Brink impactor is being used 

(MPACTY=2); or to statement 6375 (card 663), if 

the University 0£ Washington or MRI impactor is 

628-641: 

being used (MPACTY=3 or MPACTY=4, respectively). 

The program comes to this section to define the 

remaining VARD and VARC values, if the Andersen 

impactor is being used. There are eight stage 

0 50 values, DPC, and eight associated cumulative 

mass loading values, CUMG, with which to complete 

the VARD and VARC arrays, respectively. However, 

the cut points of the first and second stages 

are so nearly the same that a more realistic 

view of mass distribution can be obtained by 

ignoring the Dso and associated cumulative mass 

loading of the second stage. Thus, only seven 

more values are added to the VARD and VARC arrays: 
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642-662: 

VARD2 = DPC1; VARC2 = CUMG1 

VARD3 = DPC3; VARCs = CUMGs 

VARD4 = DPC4; VARC4 = CU~G4 
' 

VARDe = DPCe; VARCe = CUMGe 

VV is the total number of VARD and VARC values. 

For the Andersen impactor, VV = 8. The program 

then skips to statement 6400 (card 675) to set up 

the XNDPEN and YO arrays which program SPLINl 

uses for fitting cumulative mass loading vs. DsG· 

The program comes to this section to define the 

remaining VARD and VARC values if the Brink 

impactor is being used. In this case the impactor 

configuration also determines the values of the 

two arrays. If the cyclone is used, its cut 

point, CYC3, becomes the second value of the VARD 

array VARD 2 • If stage 0 is the first stage (with

out the cyclone), then its cut point DPC1 = VARD 2 . 

If neither the cyclone nor stage 0 is included, 

the cut point of stage 1, DPC2 = VARD 2 . (What

ever the configuration here, the first cumulative 

mass loading value, CUMG 1 , is the cumulative mass 

loading of the first "stage" whether this be the 

cyclone, stage 0, or stage 1). Therefore, 

VARC 2 = CUMG 1 • The VARD and VARC values are 

defined consecutively after this with the values 

of DPC and CUMG. The total number of values in 

the VARD and VARC arrays VV = 1 + MC3 + MOO + MS 

where MC3 = 1 when the cyclone is used or 0 when 

it is not, MOO = 1 when stage 0 is used or 0 when 

it is not, and MS = last stage of the Brink 

impactor = 5 or 6. After defining all VARD and 

VARC values, the program skips to statement 6400 
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663-669: 

670-685: 

(card 675) to define the XNDPEN and YO arrays 

used for fitting in program SPLINl. 

The program comes to this section to define the 

remaining VARD and VARC values if the University 

of Washington or the MRI impactor is being used. 

In this case there are seven stage D50 's, DPC, 

with seven associated cumulative mass loadings, 

CUMG. However, as with the Andersen impactor, 

the cut points of the first and second stages of 

the University of Washington and MRI impactors 

are so nearly the same that a more realistic view 

of mass distribution can be obtained by ignoring 

the 0 50 and associated cumulative mass loading of 

the second stage. The VARD and VARC arrays, 

therefore, are completed with these values: 

The total number of VARD and VARC values, VV, is 

then 7. 

The fitting arrays XNDPEN and YO are defined 

here. The values are the same as the VARD and 

VARC arrays, respectively, except that any pair 

of values (VARD, VARC)J where either VARDJ or 

VARCJ is zero is excluded from the XNDPEN an~ YO 

arrays. For example, since the values of VARD 

represent maximum particle diameter, cut points 

of the cyclone (this value is included only if 

the Brink is used with the cyclone), and stage 

cut points, there are no VARD values equal to 

zero. However, if no mass is collected on the 

filter, VARCVV = 0.0 where VV is the total 
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686-697: 

698-716: 

717-720: 

number of VARD and VARC values. In this case 

the XNDPEN and YO arrays have one less value in 

them than the VARD and VARC arrays. This number 

of values in the XNDPEN and YO arrays is then 

NFIT = VV - 1. 

Here the VARD and VARC arrays are redefined as the 

XNDPEN and YO arrays, respectively, with inverted 

order. Using the newly ordered VARD and VARC 

arrays, the XNDPEN and YO arrays are also reor

dered; i.e., (XNDPEN, Y0) 1 is the point represent

ing the last (smallest) stage cut point diameter 

c.nd cumulative mass loading less than this stage 

cut point (where the mass loading is nonzero); 

and (XNDPEN, YO)NFIT is the point representing 

the maximum particle diameter and total mass load

ing. Values of XNDPEN are in micrometers. Values 

of YO are in grams per actual cubic meter. 

The order of XNDPENI' I = l,NFIT and YOI' 

I = l,NFIT should be such that both are increas

ing with I. However, it has been found empiri

cally by Southern Research Institute that the cut 

point of the first stage of the University of 

Washington impactor may actually be less than 

that of the second stage. The program SPLINl can

not make a proper fit to the (XNDPEN, YO) points 

in such a case. This loop, therefore, checks the 

XNDPEN array and orders it. The values of Y0
1

, 

I= l,NFIT are reordered to follow XNDPEN, ~.e., 

the pairing of (XNDPEN, YO) is not changed. 

The smallest stage Dso for this run XNDPEN 1 is 

given the name DSMA. This value will be the 

starting diameter for plotting the curve fit 

through cumulative mass loading vs. 0 50 points in 

the program GRAPH. 

56 



721-726: 

727-734: 

735-740: 

741-750: 

Define the total number of points to be plotted 

for the plot of cumulative mass loading vs. 

Dso, JV. This does not exclude any points with 

zero cumulative mass loading. It does exclude 

the total mass loading vs. maximum particle diam

eter. 

Write on file any variable values from this single 

run which will be needed in later programs SPLINl, 

GRAPH, and STATIS. 

This loop changes the percent flue gas composition 

values, FGI' I = 1,5, back to fractional flue gas 

composition: 

FGI = FGI/100.0, I = 1,5 

(Recall that these fractions represent C0 2 , CO, 

N2, 0 2 , and H20, respectively. 

Check the record number, IS, for the calculations 

above. If IS is odd ((IS+l)/2-IS/2=1), these are 

the first calculations of D50 's, cumulative mass 

loadinqs, etc., for this set of data (may be based 

on physical density or unit density). In this 

case the program goes to statement 2020 {card 

748) to save the input density values as RHOl, 

define density RHO as the unit value 1.0 gram 

per cubic centimeter, and return to statement 

2010 (card 193) to make similar calculations 

based on this unit density. These new Dso values, 

cumulative mass loading values, etc., are found 

based on the TGLD definition 1 of aerodynamic 

diameter if NAERO is 0 or based on Mercer's def

inition2 if NAERO is 1. If IS is even [(IS+l) 

/2-IS/2=0], these second calculations have just 

been made and the program returns to statement 

12 (card 76) to read a new set of data. 
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751-781: If data for all runs has been read in and appro

priate calculations made on each for both densi

ties, the program returns to statement 93 (card 

758) to calculate the overall (for all runs) maxi

mum and minimum values of every plotted variable 

for each of the two densities. As discussed in 

the note preceeding explanation at card 554, the 

maximum and minimum values will allow for data 

regulated plots, if desired. The variables which 

are searched for are defined below. Although not 

indicated here, each is dimensioned two; one 

value for each of the two densities. 

DPMIN - minimum stage D50 in micrometers; to be 

found in the DPCF18 array. 

DPMAX - maximum particle diameter in micrometers; 

to be .found in the DMAxx15 array 

CUMIN - minimum cumulative mass loading value 

in milligrams per actual cubic meter; to 

be found in the CUMGF15 array 

CUMAX - maximum cumulative mass loading or maxi

mum total mass loading in milligrams per 

actual cubic meter; to be found in the 

CUMGlIS array 

GEMIN - minimum geometric mean diameter in microm

eters; to be found in the GDMIN15 array 

GEMAX - maximum geometric mean diameter in microm

eters; to be found in the GDMAX15 array 

DMMIN - minimum value of the AM/6LogD size dis

tribution in milligrams per dry normal 

cubic meter; to be found in the DMMIN15 
array 

DMMAX - maximum value of the ~M/ALogD size 

distribution in milligrams per dry 
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782-788: 

789: 

normal cubic meter; to be found in the 

DMMXIS array 

DNMIN - minimum value of the ~N/~LogD size distri

bution in number of particles per dry 

normal cubic meter; to be found in the 

DNMNIS array 

DNMAX - maximum value of the 6N/6LogD size distri

bution in number of particles per dry 

normal cubic meter; in the DNMX18 array. 

For example, the DPMIN
1 

value is found by arbi

trarily setting it equal to DPCF 1 • This is the 

minimum D50 value of the first odd record. This 

temporary DPMIN 1 is compared with all the other 

DPCFIS values where IS is odd. Each time a 

smaller DPCFIS value is found, that DPCFIS value 

becomes the new DPMIN 1 • This process is continued 

until all values have been checked to arrive at 

the absolute minimum D50 value for all physical 

density runs. All other minimum values are found 

in this manner. A similar "bubble up" method 

is used to find the maximums. 

Write variable values on file which may be needed 

in later programs. These include the minimum and 

maximum values just found. 

Stop. 

Functions of the Called Subprograms 

Subroutine STAGE--

This subroutine consists of a simple DO loop at cards 010-

012. It calculates the local pressure at each stage of the 
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impactor in atmospheres PSI, I = l,NCUM as a function of the 

pressure at the impactor orifice in atmospheres, POA; the cumula

tive fraction of pressure drop at stage I (depending on the 

impactor used as indicated by code value MPACTY), DELPI,MPACTY; 

and the total drop in pressure across the impactor in atmospheres, 

DPA: 

PSI = POA - DELPI,MPACTY.DPA 

POA and DPA are brought into the subroutine as calculated in the 

calling mainline program MPPROG. The values of the DELP matrix 

are initialized in the block data subprogram COMBKl. 

Subroutine VIS--

This subroutine calculates the viscosity of the gas in poise, 

MU, by a method proposed by C. R. Wilke. 4 

017-024: Calculate the pure gas viscosities of the gases 

composing the flue gas in poise, VSI, I = 1,5, 

where these gases are C02 , CO, N2 , 0 2 , and H2 0 

for I = 1,5, respectively. These viscosities are 

functions of the impactor temperature in degrees 

centigrade, TC!: 

025-026: 

027: 

028-031: 

where KIJ' I = 1,5 (gas index), J = 1,4 are 

constants (see discussion of gas viscosities in Sec. 1). 

A small DO loop converts the pure gas viscosities, 

vs1 , I = 1,5, from micropoise to poise so that the 

final gas viscosity, MU, is in poise: 

V Vs 10-6 
SI = I x 

The gas viscosity MU is initialized as 0.0 poise. 

The pure gas fractional contributions, FG
1

, 

I= 1,5, (for C02, CO, N2, 02, and H20, respec

tively) are examined here in a DO loop. Any pure 

gas which has zero contribution to the flue gas 
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032-045: 

composition has its fractional contribution FG 
I 

set equal to an arbitrary extremely small number 

to prevent division by zero in succeeding calcu
lations: 

FG1 = 1.0 x 10- 20 (56) 

where previously FG
1 

= 0.0. 

The flue gas viscosity MU is calculated in poise 

here. MU is calculated as a function of the pure 

gas viscosities in poise vs1 , I = 1,5 as calcu~ 

lated at cards 017-027, the pure gas molecular 

weights in atomic mass units WT
1

, I = 1,5 for co 2 , 

CO, N2, 02, and H20, respectively, as given in a 

data statement at card 016, and these pure gas 

fractional contributions FG
1

, I = 1,5 as brought 

from mainline program MPPROG (with exception of 

FG1 = 0.0 as altered at cards 028-030): 

5 VSI 
= 2: MU 5 ( 5 7) 

I=l 1. 0 + (l/FG1 ) L: (FGJ) (X¢IJ) 

J=l 
J:jI 

where X¢IJ { 1.0 + (VS /VS ) 1 / 2 (WT /WT ) 11 4 }
2 

= I J J I 

(4/1.414) [1.0+(WTI/WTJ)] 1
/

2 
( 58) 

Subroutine MEAN--

This subroutine consists of a simple DO-loop at cards 012-014 

which calculates the molecular mean free path at each stage jet, 

LI, I= l,NCUM, by a method proposed by J. A. Brink, Jr., 3 as a 

function of the gas viscosity in poise, MU, the local pressure at 

this stage I in atmospheres, PSI, the impactor temperature in 

degrees Kelvin, TKI (as brought from the mainline program MPPROG), 

and the mean molecular weight in atomic mass units, MM (as brought 

from the mainline program MPPROG) : 
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tz TI<I 602.3 x io
2
)" (59) L = 1.01325 10 6 PSI 8 MM I 

where BZ = 1.38 x 10- 16 x 3.14159 

= Boltzmann's constant (erg/.°K) x 1T 

Subroutine CUT--

This subroutine consists of an iterative loop at cards 033-

046 which calculates the stage cut points or Dso's in micrometers, 

DPC
1

, I = l,NCUM, based on equations developed by Ranz and Wong. 7 

Each DPC
1 

is calculated as a function of the calibration constants, 

SRPSII,MPACNO,MPACTY' the gas viscosity in poise, MU, the number 

of jets per stage, xI,MPACTY' and the stage jet diameter, 

DCI,MPACNO,MPACTY' the local pressure at stage I in atmospheres, 

Ps
1

, the assumed density in grams per cubic centimeter, RHO, gas 

flow rate under impactor conditions in actual cubic feet per 

minute, Q, the pressure at the impactor orifice in atmospheres, 

POA, and the slip correction factor, C (see below): 

[
1.43 x 10.. ] 

DPCI = 0.38 SRPSII,MPACNO,MPACTY x 

[
MU x!,MPACTY (oc!,MPACNO,MPACTY)

3 Psrl~ 
RHO Q 472.0 POA C J (60) 

The square root of psi calibration constants, SRPSII,MPACNO,MPACTY' 

are empirical constants measured for each impactor. These con

constants were determined according to the published procedures of 

S-eymour Calvert,8 et al, and of Kenneth M. Cushing,9 et al. These 

values are shown in Tables 4, 5, 6, and 7. (The user should in

sert his own calibration constants.) The index I-1,NCUM is the 

stage index. The index MPACTY is impactor type coding where 

MPACTY = 1 indicates that the Andersen impactor is used, MPACTY = 
2 indicates the Brink, MPACTY = 3 indicates the University of 

Washington, or MPACTY = 4 indicates the MRI. MPACNO is coding 

for the impactor number within a type. 
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TABLE 4. I~ CALIBRATION CONSTANTS FOR EACH STAGE 
OF SIX ANDERSEN IMPACTORSa 

Impactor no.: 229 231 583 619 620 627 

Stage no. I SRPSII 
1 1 

SRPSI 1 2 l 
SRPSII 

3 l 
SRPSI 1 i. l 

SRPSII 
5 l 

SRPSII 
6 l 

0 1 0.305 0.305 0.305 0.305 0.305 0.305 

1 2 0.430 0.430 0.430 0.430 0.430 0.430 

2 3 0.410 0.410 0.410 0.410 0.410 0.410 

°' 
3 4 0.385 0.385 0.385 0.385 0.385 0.385 

w 4 5 0.328 0.332 0.341 0.342 0.337 0.344 

5 6 0.319 0.313 0.320 0.370 0.331 0.335 

6 7 0.364 0.365 0.331 0.352 0.350 0.339 

7 8 0.283 0.280 0.274 0.272 0.277 0.278 

a. A maximum of 6 impactors of this type can be used. 



TABLE 5. lij}" CALIBRATION CONSTANTS FOR EACH STAGE 
OF FOUR BRINK IMPACTORSa 

Impact.or no.: A B c D none none 
Stage no. I SRPSII 

l 2 
SRPSI

1 22 
SRPSII 

3 2 
SRPSI

142 
SRPSI

1 52 
SRPSI

162 

0 1 0.322 0.322 0.322 0.322 0.000 0.000 
1 2 0.322 0.322 0.322 0.322 0.000 o.ooo 
2 3 0.338 0.349 0.351 0.346 0.000 0.000 

O"I 3 4 0.345 0.330 0.388 0.354 0.000 o.ooo 
.i::.. 

4 5 0.258 0.302 0.330 0.297 0.000 0.000 

5 6 0.317 0.345 0.350 0.337 o.ooo o.ooo 
6 7 0.229 0.175 0.273 0.226 0.000 0.000 

none 8 0.000 0.000 0.000 0.000 0.000 0.000 

a. A maximum of 6 impactors of this type can be used. 



TABLE 6. ~CALIBRATION CONSTANTS FOR EACH STAGE OF FOUR 
UNIVERSITY OF WASHINGTON MARK III IMPACTORSa 

Impactor no.: A B c D none none 

Stage no. I SRPSII 
l 3 

SRPSII 
2 3 

SRPSI 1 3 3 
SRPSII 

I+ 3 
SRPSII 

5 3 
SRPSI 1 6 3 

1 1 0.144 0.144 0.144 0.144 0.000 o.ooo 
2 2 0.330 0.330 0.330 0.330 0.000 0.000 

3 3 0.371 0.371 0.371 0.371 0.000 o.ooo 
4 4 0. 271 0.322 0.320 0.319 0.000 o.ooo 

O'I 
V1 5 5 0.308 0.313 0.295 0.321 o.ooo o.ooo 

6 6 0.373 0.340 0.363 0.389 0.000 o.ooo 
7 7 0.349 3.337 0.312 0.354 0.000 o.ooo 

none 8 o.ooo 0.000 0.000 0.000 0.000 0.000 

a. A maximum of 6 impactors of this type can be used. 



TABLE 7. ~ CALIBRATION CONSTANTS FOR EACH STAGE OF ONE 
METEOROLOGY RESEARCH INCORPORATED IMPACTORa 

Impac.tor no.: A none none none none none 
Stage no. I SRPSII SRPSII SRPSII SRPSII SRPSII SRPSII 1 .. 2 .. 3 It .... 5 It 6 It 

1 1 0.11 0.00 0.00 0.00 0.00 o.oo 
2 2 0.25 0.00 0.00 o.oo 0.00 o.oo 
3 3 0.35 o.oo o.oo o.oo 0.00 o.oo 

°' 
4 4 0.34 o.oo 0.00 o.oo o.oo o.oo 

°' 5 5 0.29 0.00 0.00 0.00 o.oo 0.00 
6 6 0.35 0.00 o.oo o.oo o.oo o.oo 
7 7 0.40 O·. 00 o.oo o.oo 0.00 o.oo 
8 none o.oo 0.00 0.00 0.00 0.00 o.oo 

a. A maximum of 6 impactors of this type can be used. 



The value of the slip correction factor C depends on the 

definition of the cut point diameter being calculated. It may be 

a function of DPCI or it may be given the value 1.0, i.e., c may 

be a factor. 

If physical density is assumed {RHO>l.0) or where the classi

cally defined (TGLD) aerodynamic diameter is assumed (NAERO = 0 and 

RHO=l.O), an iterative process is necessary to find each of the 

DPC values, since C is defined as a function of DPC
1 

and also as 

a function of the mean free path at this stage in centimeters, LI: 

c = 1 + DPCI
2

~\o-• [i.23 + 0.41 exp(-o.44 DPCixl0- 4 /Lr)] (61) 

In this case, each DPCI must be given an initial value SUBI,MPACTY 

in order to begin the iterative process. Each value of DPCI is 

compared to DPCI which is the previously calculated value of DPC
1

. 

If the two values are within 0.1% of each other (as checked at 

card 044), the iterative calculation of DPCI is said to have con

verged, and the program returns to the beginning of this loop to 

calculate the D50 of the next stage. 

If aerodynamic diameter by Mercer's definition is assumed 

(NAERO=l and RHO=l.O), the slip correction factor is essentially 

not used. Rather than being a functional quantity, it is the 

constant 1.0. In this case the first calculation of DPCI is 

the same as the second calculation, and iteration is not neces

sary. 

If the Brink impactor is used (MPACTY=2) , the lower cut 

point for the cyclone, CYC3, is calculated in micrometers as a 

functio~ of the gas viscosity is poise, MU, the assumed density 

in grams per cubic centimeter, RHO, and the gas flow rate under 

impactor conditions in actual cubic feet per minute, Q: 

CYC = 199.5 (MU/RHO Q) 1 / 2 
(62) 
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Note that the slip correction factor is not a factor here for any 

assumed density. This is due to the fact that C becomes very 

nearly 1.0 for large diameters. For example, assuming a mean free 

path of 6.53 x 10- 6 centimeters, the following values of C for 

given cut points are:* 

Particle diameter (µm) c 
10 1.0164 

20 1.0082 

30 1.0055 

50 1.0033 

100 1.0016 

Subroutine CUM--

This subroutine calculates the cumulative mass less than the 

0 50 of the previous stage in grams, CUMM
1

, I = l,NMASS (CU~MASS = 
SUM = total mass) and the cumulative percent mass less than the 

Dso of the previous stage, PERCU1 , I = l,NMASS (PERCUNMASS = 
100.0%). Also calculated are the total mass loading in grains per 

actual cubic foot, GRNA, in grains per normal dry cubic foot, 

GRNS, in milligrams per actual cubic meter, GRNAM, and in milli

grams per normal dry cubic meter, GRNSM.· Note that normal (or 

engineering standard) conditions here are 21 degrees centigrade 

and 760 millimeters of mercury. 

013-016: After initializing the sum of masses, SUM, as 0.0 

grams, the "DO 50" loop here finds the cumulative 

mass at each stage in grams, CUMMI, I = l,NMASS, 

by summing the masses MASSI on all stages up to 

and including the Ith stage: 

CUMMJ = 

where J = l,NMASS 

J 
1: 
I=l 

( 62) 

* These values are taken from the chart "Tables for Use in 
Aerosol Physics" printed by BGI Incorporated, copyright 1971. 
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017-019: 

020-023: 

024-027: 

After NMASS traverses of the loop: 

NMASS 
SUM = L (MASS1 ) 

I=l 
( 63) 

which is the sum of all masses or the total mass 

captured in the impactor in grams 

This loop converts the cumulative mass at each 

stage in grams CUMM
1 

I = l,NMASS to cumulative 

percent of total mass captured (SUM), PERCU
1

, 

I = l,NMASS: 

J 
PERCUJ = E [(CUMM1/SUM) 100.0] (64) 

I=l 

The total mass loading in grains per actual cubic 

foot, GRNA, is calculated here as a function of 

the total captured mass in grams, SUM, gas flow 

rate under stack conditions in actual cubic feet 

per minute, F, and the duration of sampling time 

in minutes, DUR. 

GRNA = SUM 15.4324/F DUR 

The constant 15.4324 = grains/gram 

The total mass loading in grains per normal dry 

cubic foot, GRNS, is calculated here as a function 

of the total mass captured in grams, SUM, the gas 

flow rate under stack conditions in actual cubic 

feet per minute, F, the duration of sampling in 

minutes, DUR, the pressure at the impactor inlet 

in atmospheres, POA, the stack temperature in 

degrees Kelvin, TKS, and the fractional water 

co·ntent, FG 5 : 

SUM 15.4324 GRNS = (65) F DUR ( 294. O/TKS) (POA/l. 0) ( 1. 0-FGs) 
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028-032: 

033-037: 

The units of constants here are: 

15.4324 = grains/gram 

294.0 = degrees Kelvin = 21 degrees Centigrade 

1.0 = 1 atmosphere 

The total mass loading in milligrams per actual 

cubic meter, GRNAM, is calculated here as a func

tion of the total mass loading in grains per 

actual cubic foot, GRNA: 

GRNA = 2288.34 GRNA (66) 

The constant 2288.34 = milligrams/grain 
cubic meters/cubic foot 

The total mass loading in milligrams per normal dry 

cubic meter, GRNSM, is calculated here as a func

tion of the total mass loading in grains per 

normal dry cubic foot, GRNS: 

GRNSM = 2288.34 GRNS (67) 

The constant 2288.34 has units as given above. 

Subroutine DMDNGD--

This subroutine calculates and prints out the set of stage 

geometric mean diameters in micrometers, GEOMD, the nM/nlogD 

values in milligrams per dry normal cubic meter, DMDLD, and the 

~N/nlogD values in number of particles per dry normal cubic meter, 

DNDLD. The technique for finding these values and the printout 

format varies only slightly depending on the type of impactor 

and, if using the Brink impactor, also on the impactor configura

tion. The statement at card 037 sends the program to the proper 

section of the subroutine depending on the impactor used (con

trolled by coding MPACTY = 1 for Andersen, 2 for Brink, 3 for 

University of Washington, and 4 for MRI). Cards 038-137 comprise 

a long section which calculates the GEOMD, DMDLD, and DNDLD 

values for the Brink impactor of any configuration and prints out 

these values. If the cyclone, stage 0, stage 1, •.. , stage 5, or 
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stage 6 and filter are used in the Brink, cards 043-081 are 

executed. If stage 0, stage 1, stage 2, ... , stage 5, or stage 6, 

and filter are used in the Brink, cards 082-110 are used. If 

stage 1, stage 2, stage 3, stage 4, stage 5, or stage 6, and filter 

configuration are used in the Brink, cards 111-138 are executed. 

There is only one configuration for the Andersen impactor, i.e., 

stage 0, stage 1, stage 2, ... , stage 7, and filter. Also, there 

is only one configuration for the University of Washington or MRI, 

i.e., stage 1, stage 2, stage 3, ... , stage 7, and filter. Cards 

139-162 comprise the section which calculates and prints out the 

GEOMD, DMDLD, and DNDLD values for the Andersen, the University 

of Washington, or the MRI impactor. For each of these six con

figurations, there are five sets of values found. 

The value DIFFI is defined in a loop for each stage as being 

the difference in the common logs of the cut point diameter of 

the previous stage I - 1 and this stage I. DIFF 1 , however, must 

be calculated outside this loop since there is no "cut point 

diameter of the previous stage". Here the common log of the max

imum particle diameter DMAX is used instead. If the Brink impac

tor is used with the cyclone, DIFF2 must also be calculated out

side this loop. In this case, DIFF 2 = log 10 {CYC3 - log 10 (DPC 

(1)), i.e., the name for the cut point of the cyclone is CYC3 

and is not part of the ordinary D5 o array DPC. Also, for each 

configuration, the final value of DIFFNS must be given outside 

the loop since there is no lower cut point for this "stage" 

{actually the filter). For each configuration, DIFFNS is defined 

as log 10 2 = 0.3010. This is a somewhat arbirary asigned value; 

however, it has been found that the log 10 difference of consecu

tive D50 's is within this range. 

The next set of values calculated for each configuration is 

the 6M/6logD value at each stage in milligrams per normal dry 

cubic meter, DMDLD1 , as a function of the common log difference 
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in lower cut point diameters DIFF1 (as found above) and the mass 

loading for this stage in milligrams per actual cubic meter 

GGRNS
1 

as brought from the mainline program MPPROG: 

(68) 

The geometric mean diameter in micrometers, GEOMD1 , is then 

found for each stage (including the cyclone if used and the 

filter). This is the average of the logs of the maximum and min

imum particle sizes found on the stage. It is calculated here as 

the square root of the minimum cut point particle size of this 

stage times the minimum cut point particle size of the previous 

stage I - 1 (this latter particle size being an upper limit of 

particle size for stage I). As in calculating the DIFF values, 

there is no "lower cut point diameter of the previous stage" 

when finding GEOMD 1 • Therefore, GEOMD 1 =the square root of the 

maximum particle diameter in micrometers, DMAX, times the lower 

cut point particle size of this first stage (or cyclone if used) • 

Also, as in finding the last value of DIFF, the GEOMD of the 

filter must be found in a different manner since there is no lower 

cut point diameter for the filter. It is found by multiplying 

the lower cut point diameter of the previous stage by 

l/.ri-= 0.707107. (This is again the result of defining the differ

ence in the log of the last stage Dso and the log of the "filter 

Dso" as log 2.) 

The next set of values calculated for each configuration is 

the ~N/~logD value at each stage in number of particles per 

normal dry cubic meter, DNDLD1 , as a function of the ~M/~logD 

value at the stage in milligrams per dry normal cubic meter, 

DMDLD1 , the assume~ density in grams per cubic centimeter, RHO, 

and the geometric mean diameter of the stage in micrometers 

GEOMD 1 . To show the development of this function for DNDLD, 

note that ~M/~logD may be written as: 

72 



~M/~logD = ~(Nm)/~logD 
= m(~N)/~logD 

(69) 

where m = mass of a single particle 

~N/~logD = change in number concentration 

due to particles caught on this 

stage 

Then ~N/~logD may be expressed as: 

~N/~logD = (~M/~logD)/m (70) 

Also the single particle mass m ma.y be expressed as: 

( 71) 

where p = particle density in grams per cubic 

centimeter 

'ITD 3 
volume in cubic micrometers of -6- = a 

particle with diameter D in microm-

eters 

10 3 = milligrams/gram 

10- 4 = centimeter/micrometer 

Therefore: 

~N/~logD = (~M/~logD) [6/(p7rD 3 ) ]10 9 (72) 

In terms of the program: 

DNDLD = DMDLD[6/(RHO 'IT GEOMD 3 )]10 9 ( 7 3) 

The final part of each configuration section is the printing 

of the GEOMD, DMDLD, and DNDLD values. Each of the six configu

rations has its own format. The subroutine then returns to the 

calling mainline program MPPROG. 
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Block Data Subprogram COMBKl--

COMBKl is a block data subprogram. It is used to define 

the values of the cumulative fraction of pressure drop DELP.* 

DELP is a two dimensional real array with elements DELPI,J" The 

first dimension I specifies the stage of the impactor. The 

second dimension J specifies the type of impactor (same as code 

variable MPACTY where 1 indicates the use of the Andersen impac

tor, 2 indicates the use of the Brink impactor, 3 indicates the 

use of the University of Washington impactor, and 4 indicates the 

use of the MRI impactor). The values of fractional pressure drop 

used in this subprogram are empirically determined and are listed 

in Table 8. Not~ that even though there are only 7 stages for the 

Brink, University of Washington, and MRI impactors, a dummy value 

of 0.0 for DELP 8 , 2 , DELP 8 , 3 , and DELPe,~ must be used to keep 

proper ordering in the 8x4 DELP array. 

Block Data Subprogram COMBK2--

COMBK2 is a block data subprogram. It is used to define the 

number of jets per stage, X, and to define the diameter of the 

jets at each stage in centimeters, DC.** 

X is a two dimensional integer array with elements x
1
,J. 

The first dimension I indicates the stage of the impactor. The 

second dimension J indicates the type of impactor. The number of 

jets per stage as specified in COMBK2 are given in Table 9. Note 

that even though there are only 7 stages for the Brink, University 

of Washington, and MRI impactors, a dummy value of 0 for X8 , 2 , 

*The DELP values are used as a part of common block BLOCK!. 
Variable values in a data statement must be initialized in a 
block data subprogram for any information to be carried in the 
specified common block as required by the DEC PDP 15/76 com
puter system used by Southern Research Institute. 

**The X and DC values are used as a part of common block BLOCK2. 
Variable values in a data statement must be initialized in a 
block data subprogram for any information to be carried in the 
specified common block as required by the DEC PDP 15/76 com
puter system used by Southern Research Institute. 
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TABLE 8. VALUES OF FRACTIONAL PRESSURE DROP USED IN COMBKl 

Andersen Brink Univ. of Wash. MRI 
Stage 

DELPI,l 
Stage DELP

112 
Stage 

DELPI, 3 
Stage DELP

214 I no. no. no. no. 

1 0 0.000 0 0.000 1 0.000 1 0.000 

2 1 0.000 1 0.004 2 0.000 2 0.000 

3 2 0.000 2 0.008 3 0.000 3 0.000 
-..J 
U1 4 3 0.000 3 0.014 4 0.000 4 0.000 

5 4 0.000 4 0.045 5 0.057 5 0.045 

6 5 0.176 5 0.143 6 0.566 6 0.216 

7 6 0.294 6 1.000 7 1.000 7 1.000 

8 7 1.000 none 0.000 none 0.000 none 0.000 



TABLE 9. NUMBER OF JETS PER STAGE FOR ANDERSEN, BRINK, 
UNIVERSITY OF WASHINGTON, AND MRI IMPACTORS 

Andersen Brink Univ. of Wash. MRI 
Stage 

XI,l 
Stage 

XI,2 
Stage 

XI,3 
Stage 

XI,4 I no. no. no. no. 

1 0 264 0 1 1 1 1 8 
-...] 2 1 264 1 1 2 6 2 12 
"' 3 2 264 2 1 3 12 3 24 

4 3 264 3 1 4 90 4 24 

5 4 264 4 1 5 110 5 24 

6 5 264 5 1 6 110 6 24 
7 6 264 6 1 7 90 7 12 

8 7 156 none 0 none 0 none 0 



X81 3, and Xa,q must be used to keep proper ordering in this 

8x4 array. 

DC is a three dimensional real array with elements DCIJK" 

The first dimension I indicates the stage of the impactor. The 

second dimension J indicates the impactor number (same as code 

variable MPACNO used to distinguish between impactors of the same 

type). The third dimension K indicates the type of impactor. 

The diameter of the jets at each stage in centimeters as specified 

in COMBK2 are in Tables 10, 11, 12, and 13. Note that even though 

there are only four Brink impactors, three University of Washing

ton impactors, and one MRI impactor used, a dummy value of 0.0 is 

used for DCis2' DCI62' DCI~3' DC!s3' DCI63' and DCI2~-DCr6q jet 
diameters, also for DC 82 K, DC 83K, and DC 8qK (even though there are 

only 7 stages for the Brink, University of Washington, and MRI 

impactors). Again, the dtunrny value 0.0 is used in these positions 

to keep the proper ordering of this 8x6x4 array. The user should 

use his own measured jet diameters in this array. 

Input to Program MPPROG 

Card Input--

Card A--The type of impactor used to obtain data is indicated 

by coding on this card. Also, if physical density is input {card 

D, columns 18-21), this card contains the coding which indicates 

whether the definition according to the Task Group on Lung Dyn

arnics 1 or Mercer's definition2 of aerodynamic diameter is to be 

used on the second calculation of Dso's cumulative mass loadings, 

etc., for a given.run. 

column 1: Punch a "l" here if the Andersen Mark III Stack 

Sampler is used to obtain data. Punch "2" here 

if the modified Brink Cascade Impactor is used. 

Punch "3" here if the University of Washington 

Mark III Source Test Cascade Impactor is used. 

Punch "4" here if the Meteorology Research, Inc., 

Cascade Impactor is used. 
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TABLE 10. AVERAGE DIAMETER MEASURED FOR EACH STAGE 
OF SIX ANDERSEN IMPACTORsa 

Impactor no. : 

Stage no. I 

0 1 

1 2 

2 3 

3 4 

4 5 

5 6 

6 7 

7 a 

a. A maximum 

229 
DCI 

l 1 

0.1632 

0.1233 

0.0954 

0.0742 

0.0577 

0.0368 

0.0254 

0.0255 

231 
DCI21 

0.1632 

0.1253 

0.0949 

0.0749 

0.0569 

0.0369 

0.0254 

0.0257 

of 6 impactors of 

583 
DCI31 

0.1671 

0.1281 

0.0953 

0.0780 

0.0547 

0.0359 

0.0269 

0.0253 

this type 

619 
DCI1+1 

0.1621 

0.1263 

0.0946 

0.0757 

0.0581 

0.0355 

0.0258 

0.0245 

620 
DCis 1 

0.1621 

0.1249 

0.0935 

0.0751 

0.0563 

0.0359 

0.0264 

0.0250 

can be used. 

627 
OCI6l 

0.1651 

0.1240 

0.0951 

0.0774 

0.0565 

0.0346 

0.0266 

0.0245 



TABLE 11. MEASURED JET DIAMETER FOR EACH STAGE 
OF FOUR BRINK IMPACTORSa 

Impactor no.: A B c D none none 

Stage no. I DCI12 DCI22 DCI32 DCI1+2 DCis2 DCis2 

0 1 0.3554 0.3618 0.3658 0.3560 0.0000 0.0000 

1 2 0.2422 0.2414 0.2460 0.2461 0.0000 0.0000 

2 3 0.1779 0.1737 0.1724 0.1778 0.0000 0.0000 

-...J 3 4 0.1364 0.1366 0.1360 0.1368 0.0000 0.0000 
\0 

4 5 0.0884 0.0918 0.0896 0.0937 0.0000 0.0000 

5 6 0.0705 0.0719 0.0719 0.0730 0.0000 0.0000 

6 7 0.0556 0.0532 0.0589 0.0550 0.0000 0.0000 

none 8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

a. A maximum of 6 impactors of this type can be used. 



TABLE 12. AVERAGE JET DIAMETER MEASURED FOR EACH STAGE 
OF FOUR UNIVERSITY OF WASHINGTON MARK III IMPACTORS a 

Impactor no . : A B c D none none 
Stage no. I DCI 1 3 DCI 2 3 DCI 3 3 DCI4 3 DCI 

5 3 
DCI 6 3 

1 1 1.82372 1.82372 1.82372 1.82372 0.0000 0.0000 
2 2 0.5768 0.5822 0.5874 0.5743 0.0000 0.0000 
3 3 0.2501 0.2458 0.2459 0.2512 0.0000 0.0000 

co 4 4 0.0808 0.0802 0.0807 0.0793 0.0000 0.0000 0 

5 5 0.0524 0.0504 0.0532 0.0495 0.0000 0.0000 
6 6 0.0333 0.0340 0.0376 0.0330 0.0000 0.0000 
7 7 0.0245 0.0323 0.0260 0.0229 0.0000 0.0000 

none 8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

a. A maximum of 6 impactors of this type can be used. 



TABLE 13. AVERAGE JET DIAMETER MEASURED FOR EACH STAGE 
OF ONE METEOROLOGY RESEARCH INCORPORATED IMPACTORa 

Impactor no: A none none none none none 

Stage no. I DCI 1 I+ DCI 2 I+ DCI 3 I+ DCI I+ I+ DCI 5 I+ 
DCI 

6 I+ 

1 1 0.870 0.0000 0.0000 0.0000 0.0000 0.0000 

2 2 0.476 0.0000 0.0000 0.0000 0.0000 0.0000 

3 3 0.205 0.0000 0.0000 0.0000 0.0000 0.0000 
co 4 4 0.118 0.0000 0.0000 0.0000 0.0000 0.0000 ...... 

5 5 0.084 0.0000 0.0000 0.0000 0.0000 0.0000 

6 6 0.052 0.0000 0.0000 0.0000 0.0000 0.0000 

7 7 0.052 0.0000 0.0000 0.0000 0.0000 0.0000 

8 none 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 

a. A maximum of 6 impactors of this type can be used. 



Column 2: Punch a "0" here or leave blank if the density 

(on card D, columns 18-21) is physical density 

and if the classic definition of aerodynamic 

diameter is to be used for the second calculation 

of D50 's, ~.e., Cunningham correction factor as 

function of cut point diameter in an iterative 

evaluation. Punch a "l" here if the density {on 

Card D, columns 18-2l)is physical density and if 

Mercer's definition of aerodynamic diameter is to 

be used for the second calculation of D50 's, ~.e., 

Cunningham correction factor is 1 with no itera

tion. The value punched here is overridden if 

unit density is punched on card D, columns 18-21 

(see below) . 

Card B--The general identification label is punched on this 

card. Everything punched on this card will appear on any line 

printer output and on any statistical graphs which pertain to 

averaged data for all impactor runs using this impactor. See 

mainline program STATIS. This label usually includes testing 

site, date, and run numbers included in this job. The card is 

read using 80Al format. Therefore, any combination of letters, 

numbers, or symbols is acceptable. 

Columns 1-80: Punch the general identification label. 

Card c--Coding to indicate the number of the impactor used 

is punched on this card. This value together with the impactor 

type coding punched in the first column of Card A indicates the 

specific impactor. Impactor identification is given here for the 

impactors available at Southern Research Institute, and only 

serve as an example to the program user. 

Column 2: If the Andersen impactor is used, the following 

listing shows the number punched for the indicated 

impactor used: 

82 



Punch ... if this Andersen im12actor used 
II 1 II #229 
II 2 It #231 
II 3 It #583 
II 4 It #619 
It 5 It #620 
It 6 It #627 

If the Brink impactor is used, the following list

ing shows the number punched for the indicated 

impactor used: 

Punch ... if this --- Brink impactor used 

"l" A 
It 2 It B 

"3 It c 
"4" D 

If the University of Washington impactor is used, 

the following listing shows the number punched for 

the indicated impactor used: 

Punch 
"1 It 

"2" 
II 3 II 

"4" 

... if this U. of W. impactor used 

A 

B 

c 
D 

If the Meteorology Research, Inc., impactor is 

used, punch "l" in Column 1. 

Card C is the first of 6 cards read for each input data set. 

The program will continue to read data sets until a card contain

ing a nonpositive integer in Column 1 is read in this position. 

The reading of a new data set can, therefore, be stopped by plac

ing a blank card in this card position. This is then the last 

data card. 
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Card D--This card contains the impactor pressure and temper

ature conditions, the stack temperature, the assumed particle 

density, the duration of sampling, maximum particle size, config

uration constants (applicable if the Brink impactor is being 

used{, and coding to indicate whether the back-up filter is used. 

Columns 1-5: Punch the gas pressure at the impactor inlet 

in inches of mercury using an FS.2 format. 

Columns 6-11: Punch the temperature of the stack in degrees 

Fahrenheit using an FG.l format. 

Columns 12-17: Punch the temperature of the impactor in 

degrees Fahrenheit using an F6.l format. 

Columns 18-21: Punch the assumed density of the particle in 

grams per cubic centimeter to be used for the 

first calculation of Dse's using an F4.2 

format. If the assumed physical density 

(>1.0) is punched, it is used for the first 

calculation of D50 's, and the second calcu

lation of D50 's is based on assumed unit den

sity where the definition according to the 

Task Group on Lung Dynamics (TGLD) 1 or Mercer's 

definition2 of aerodynamic diameter is used 

(dependent on coding punched on card A, column 

2). If unit density is punched here, the TGLD 

definition of aerodynamic diameter is used 

for the first calculation of D50 's; Mercer's 

definition of aerodynamic diameter is used 

for the second calculation of D50 's regard

less of value punched on card A, column 2. 

Columns 22-26: Punch the duration of impactor sampling in 

minutes using an F5.l format. 

Columns 27-31: Punch the maximum particle diameter of 

material collected in micrometers using an 

F5.l format. 
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Column 32: 

Column 33: 

Column 34: 

Column 35: 

Punch a "l" here if the Brink impactor is 

used with cyclone. Otherwise punch "O" or 

leave blank. 

Punch a "l" here if the Brink impactor is 

used with stage 0. Otherwise punch "O" or 

leave blank. 

Punch the index of the last stage if the 

Brink impactor is used. This is either "S" 

or 11 6 11
• If the Andersen impactor, University 

of Washington, or MRI impactor is used, 

punch "O" or leave blank. 

Punch a "l" here if the back-up filter is 

used in the impactor. Punch "O" here or 

leave blank if the filter is not used. 

Card E--This card contains the fractional gas composition. 

The composing gases are carbon dioxide (dry), carbon momoxide 

(dry), nitrogen (dry), oxygen (dry), and water. All fractions 

are read using F6.2 format. 

Columns 1-6: Punch the dry gas fraction of carbon dioxide. 

Columns 7-12: Punch the dry gas fraction of carbon 

monoxide. 

Columns 13-18: Punch the dry gas fraction of nitrogen. 

Columns 19-24: Punch the dry gas fraction of oxygen. 

Columns 25-30: Punch the fraction of water-steam. 

Card F--This card contains the particulate masses captured 

at each stage of the cascade impactor. All masses are read using 

F6.2 format. 

Columns 1-6: Punch the mass captured on the back-up filter 

in milligrams. 

Columns 7-12: Punch the mass captured on the last (finest 

0 50 ) stage in milligrams. 

Columns 13-18: Punch the mass captured on the next to the 

last stage in milligrams. 
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Continue this list using Columns 19-24, 25-30, etc., punching the 

masses captured on each stage in milligrams. Note that the order 

is by descending order of stage numbers so that the final number 

punched on the card is the mass captured on the first (coarsest} 

stage in milligrams or in the cyclone if the Brink impactor is 

used. If a stage weight is zero, the field allocated to that 

stage may be left blank or punched as "0". 

Card G--This card contains the impactor sampling flow rate. 

The number is read using an F7.4 format. 

Columns 1-7: Punch the impactor sampling flow rate in 

actual cubic feet per minute. 

Card H--This card contains the individual run identification 

label. Everything punched on this card will appear verbatim at 

the top of line printer output pertaining to that run, and also 

above any graph plotted {see mainline program GRAPH} pertaining 

to this one run. This label usually includes the name of the 

testing site, whether inlet or outlet data, the run number, test

ing date, and location of testing port. The card is read using 

an 80Al format. Therefore, any combination of letters, numbers, 

or symbols is acceptable. 

Columns 1-80: Punch the individual run identification 

label. 

Cards C through Hare repeated for each new data set {i.e., 

for each run of the impactor). The final card (which would be in 

card position C of the next set of data, had there been more runs 

of the impactor to process} is left blank to end reading and 

processing of further data. 

File Input--

There are no variable values input to program MPPROG by 

means of file reading. 
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Output from Program MPPROG 

Line Printer Output--

Each impactor run data set will cause two output forms of 

the type discussed here. The first output for the given run is 

the result of calculations made with density of the particles 

taken as their physical density. Identical calculations are 

made with density of the particles taken as unit density = 1.0 

gram/cubic centimeter (aerodynamic diameter). Of course, output 

values for the two differ where calculations are dependent on 

this density. Two choices are available for unit density calcu

lations. D50 values can be calculated using the Task Group on 

Lung Dynamics definition (TLGD), or the aerodynamic impaction 

diameter definition of Mercer. 

The individual identification label as input on Card B is 

printed at the top of the page. 

Line 1: The individual run identification label. 

The next five lines give information on running conditions, 

gas composition, and general characteristics of the particulate 

content. 

Line 2: 

Line 

a. Impactor flow rate in actual cubic feet per minute 

(as input) 

b. Impactor temperature in degrees Fahrenheit (as 

input) 

c. 

d. 

3: 

a. 

b 

c. 

Impactor temperature in degrees centigrade 

Sampling duration in minutes (as input) 

Impactor pressure drop in inches of mercury 

Stack temperature in degrees Fahrenheit (as input) 

Stack temperature in degrees centigrade 
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Line 4: 

a. Particle density in grams per cubic centimeter. 

This is as input for the first calculations of 

D50 's cumulative mass loadings, etc. This is 1.0 

gram/cubic centimeter for the second calculation 

of these same values. 

b. Stack pressure (pressure at impactor inlet) in 

inches of mercury (as input) 

c. Maximum particle diameter in micrometers (as input} 

Line 5: 

a. Wet percent gas content of carbon dioxide 

b. Wet percent gas content of carbon monoxide 

c. Wet percent gas content of nitrogen 

d. Wet percent gas content of oxygen 

e. Percent gas content of water 

Line 6: 

a. Calculated total mass loading in grains per actual 

cubic foot 

b. Calculated total mass loading in grains per dry 

normal cubic foot. 

c. Calculated total mass loading in milligrams per 

actual cubic meter. 

d. Calculated total mass loading in milligrams per 

dry normal cubic meter 

The remainder of line printer output shows the particle con

centration and distribution according to particle size in the form 

of a chart. 

Line 7: "IMPACTOR STAGE" followed by the column headings 

for each stage,~-~., "Sl", "S2", "S3", "S4", "SS", 

"S6", "S7", "S8", and "FILTER" for the Andersen 

impactor. 
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Line 8: "STAGE INDEX NUMBER" followed by the column headings, 

e . g_. I II 1 II I II 2 II , II 3 II , II 4 II , II 5 II , II 6 II , II 7 II , II 8 II , and 

"9" for the Andersen impactor. The last number is 

the stage index number for the back-up filter. Each 

of the index numbers is aligned with its proper 

"IMPACTOR STAGE" column heading. There are NMASS 

such "IMPACTOR STAGE" and "STAGE INDEX NUMBER" 

column headings. 

Line 9: "DSO" (MICROMETERS) " is followed by the particle 

diameter lower size limit for each stage in 

micrometers. There is no such "lower limit" given 

for the all-capturing back-up filter, and, therefore, 

there are only NMASS-1 diameter sizes listed here. 

Line 10: "MASS (MILLIGRAMS)" is followed by the mass captured 

at each stage in milligrams as input. There are 

NMASS values listed here. 

Line 11: "MG/DNM3/STAGE" is followed by the equivalent mass 

loading at each stage in milligrams per dry normal 

cubic meter. There are NMASS values listed here. 

Line 12: "CUM. PERCENT OF MASS SMALLER THAN DSO" is followed 

by this cumulative percent value at each stage. 

There are only NMASS-1 percent values listed here, 

since there is no lower size limit for the back-up 

filter and no mass loading which escapes this filter. 

Line 13: "CUM. (MG/ACM) SMALLER THAN DSO" is followed by the 

cumulative particulate mass loading with diam

eters less than the lower size limit of the given 

stage. The units here are milligrams per actual 

cubic meter. There are only NMASS-2 values since 

there is no mass loading which escapes the back-up 

filter. 

Line 14: "CUM. (MG/DNCM) SMALLER THAN DSO" as described 

above but in units of milligrams per dry normal 

cubic meter. 
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Line 15: "CUM. (GR/ACF) SMALLER THAN 050" as described above 

but in units of grains per actual cubic foot. 

Line 16: "CUM. (GR/DNCF) SMALLER THAN DSO" as described 

above but in units of grains per dry normal cubic 

foot. 

Line 17: "GEO. MEAN DIAMETER" is followed by the geometric 

mean diameter in micrometers of all particles which 

may be captured at each stage obtained by taking 

the mid-point diameter of the natural log difference 

of the D50 of the given stage and the Dso of the 

previous stage. 

Line 18: "DM/DLOGD (MG/DNCM)" is followed by the change in 

mass concentration at each stage in milligrams per 

dry normal cubic meter. These are also known as 

the values of the size distribution on a mass basis. 

There are NMASS values. 
Line 19: "DN/DLOGD {NO. PARTICLES/DNCM)" is followed by the 

change in number concentration at each stage in 

number of particles per dry normal cubic meter. 

These are also known as the values of the size dis

tribution on a number basis. There are NMASS 

dN/dlogD values. 

Line 20: A footnote is given here for the definition of 

"normal conditions" by engineering standards. It 

states, "NORMAL (ENGINEERING STANDARD) CONDITIONS 

ARE 21 DEG C AND 760 MM HG." 

Line 21: A footnote is given here if the figures on this 

output page have been made for assumed aerodynamic 

diameter, density= 1.0 gram/cubic centimeter. The 

definition used for aerodynamic diameter is speci

fied by writing either "AERODYNAMIC DIAMETERS ARE 

CALCULATED HERE ACCORDING TO THE TASK GROUP ON LUNG 

DYNAMICS" or "AERODYNAMIC DIAMETERS ARE CALCULATED 

HERE ACCORDING TO MERCER" . 

90 



Graph Output--

There are no graphs plotted by program MPPROG 

File Output--

There is one random access file used for output in the pro

gram MPPROG. It is referenced as "FILNAM" under the file name 

"KMC 001". The file is referred to as file number 10 (decimally) 

in all written statements for this file. File 10 has 101 records 

each with 251 words. For each run of the impactor, 2 records are 

used to store compiled data. If the first or odd numbered record 

stores data compiled while assuming a physical density, the 

second or even numbered record stores data compiled while assum

ing unit density of 1.0 gram per cubic centimeter, using either 

the TGDL or Mercer's definition of aerodynamic diameter. If 

the first or odd numbered records store data compiled while 

asswning unit density, the TGLD definition of aerodynamic diameter 

is used to get these values. In this case, the second or even 

numbered records also store data compiled while assuming unit 

density, but Mercer's definition of aerodynamic diameter is used. 

The last record, record 101, is used to store general information 

which applies to all impactor runs. 

For records 1-100, below is listed the variable names, their 

dimension and total number of words (integer variable values 

requiring one word, real variable values two words) and a descrip

tion of the variable. These records contain information referring 

to an individual impactor run. 

IS: This is a one-dimensional integer requiring one word. 

It is the record index number. 

NFIT: This is a one-dimensional integer requiring one word. 

It is the total number of points which may be used in 

making the cwnulative mass loading curve fit in program 

SPLINl. This number of points comes from taking the 
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nonzero values for cumulative mass loading of particu

late less than the D50 of the given stage vs. the stage 

D50 plus one point for the total grain loading vs. the 

maximum particle diameter. 

GRNAM: This is a one-dimensional real variable requiring two 

words. It is the value of the total mass loading in 

milligrams per actual cubic meter. 

ID: This is a one-dimensional integer variable array with 

80 elements requiring 80 words. It is the individual 

run identification label giving such information as 

name of testing site, whether it is inlet or outlet data, 

the run number (not the same as IS), testing data, and 

location of testing port. 

RHO: This is a one-dimensional real variable requiring two 

words. It is the value of the assumed density. This 

is the physical density if IS is odd or unit density if 

IS is even. The density is given in grams per cubic 

centimeter. 

TKS: This is a one-dimensional real variable requiring two 

words. It is the temperature of the stack in degrees 

Kelvin. 

POA: This is a one-dimensional real variable requiring two 

words. It is the pressure at the impactor inlet in 

atmospheres. 

FGs: This is one value of a five element, one-dimensional real 

variable array. This one value requires two words. It is 

the percent water content of the flue gas. 

DSMA: This is a one-dimensional real variable requiring two 

words. It is the smallest stage D50 value in micro

meters, i.e., the D50 of the last (finest) stage. 

DMAX: This is a one-dimensional real variable requiring two 

words. It is the diameter in micrometers of the larg

est particle captured. 
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DPC: This is a one-dimensional real variable array with 8 

elements requiring 16 words. These are the Dso values 

or lower size limit values in micrometers for the stages 

of the impactor. 

CUMG: This is a one-dimensional real variable array with 8 ele-

ments requiring 16 words. These are the cumulative par

ticulate mass loading values with diameters less than 

the lower size limit of the given stage in milligrams 

per actual cubic meter. 

DMDLD: This is a one-dimensional real variable array with 9 ele

ments requiring 18 words. These are the values at each 

stage {including the back-up filter) of the size distribu

tion on a mass basis in milligrams per dry normal cubic 

meter. These values are also referred to as the change 

in mass concentration at each stage. 

GEOMD: This is a one-dimensional real variable array with 9 ele

ments requiring 18 words. These values are the geometric 

mean diameter of all particles at each stage {including 

the back-up filter) in micrometers. 

DNDLD: This is a one-dimensional real variable array with 9 ele

ments requiring 18 words. These are the values at each 

stage {including back-up filter of the size distribution 

on a number basis in number of particles per dry normal 
cubic meter. These values are also referred to as the 

change in number concentration at each stage. 

CYC3: This is a one-dimensional real variable requiring two 

words. It is the lower size limit of the cyclone in 

micrometers. The value written here is 0.0 unless the 

Brink impactor is used with the cyclone. 

MC3: This is a one-dimensional integer variable requiring 

one word. It is the code variable to indicate use of 

the cyclone with the Brink impactor. If the cyclone is 

used with the Brink impactor, 1 is entered here. Other

wise, the MC3 value is entered as 0. 

MOO: This is a one-dimensional integer variable requiring 

one word. It is the code variable to indicate use of 

93 



stage 0 with the Brink impactor. If this stage 0 is 

used with the Brink impactor, 1 is entered here. Other

wise, the MOO value is entered as 0. 

MS: This is a one-dimensional integer variable requiring one 

word. It is the code variable to indicate the last 

stage of the Brink impactor. The figure entered here 

is then 5 or 6 depending on the configuration used for 

the Brink impactor. If the Andersen, University of 

Washington, or MRI impactor is used, 0 is entered here 

as the value of MS. 

JV: This is a one-dimensional integer variable requiring 

one word. It is the number of stage Dso values. If 

the Brink impactor is used, one is added for the cyclone 

(whether it is used or not). 

XNDPENI' I=l, NFIT: This is a one-dimensional real variable array 

with NFIT elements requiring (2xNFIT) words. 

These are the values of the independent variable 

used for fitting in program SPLINl. These 

are the Dso values of each stage of the 

impactor and the maximum captured particle 

diameter in micrometers (excluding the Dso 

of stage 2 if the Andersen impactor is 

used) . 

Y01 , I=l, NFIT: This is a one-dimensional real variable array 

with NFIT elements requiring (2xNFIT) words. 

These are the values of the dependent variable 

used for fitting in program SPLINl. These 

are the nonzero cumulative mass loading 

values less than the stage Dso and the 

total mass loading in milligrams per 

actual cubic meter (excluding the mass 

loading less than D5 o of stage 2, if the 

Andersen, University of Washington, or MRI 

impactor is used). 
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PROGRAM SPLINl 

Program SPLINl uses a series of overlapping, second degree 

polynomials to fit each specified set of log 10 (cumulative mass 

loading) vs. log1o(D50) values such that both the polynomials 

and their first derivatives are continuous at the points of over

lap. It is executed as the second program in the cascade iRpact

or data reduction system. Impactor program MPPROG must first be 

executed in order to store values to be used for fitting on the 

random access file KMCOOl (file 10). These stored values are the 

set of cumulative mass loadings and total mass loading YOI, I 

=l, NFIT, in milligrams per actual cubic meter and the set of 

stage diameter cut points and maximum particle diameter, XNDPEN 

{I), I= 1, NFIT, in micrometers. 

After fits are made, the following information is stored for 

each data set in file FILSPL (file 11) for use in all subsequent 

programs of the system: 

NPT - the number of points us.ed in making the fit 

(X
1

,Y
1
), I = 1, NPT - the boundary point values 

for each of these intervals. These include log1 0 

(XNDPEN
1

,Yo1 ), I = 1, NFIT in addition to inter-

polated points. COEI JI I = 1, INT, J = 1, 3 -
' 

the spline curve fit second degree polynomial 

coefficients for each interval. Here INT = number 

of intervals = NPT -1. 

Breakdown of Program SPLINl 

028-029: Record 101 contains general information pertain

ing to all runs. There are two records for each 

run. ISFIN is the last record containing indiv

idual run data in file 10. 

034: The code variable KREAD is read to specify whether 

all sets of data are to be fitted (KREAD = 0) or 

whether only certain specified sets are to be 

fitted (KREAD = 1). 
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041-044: 

045: 

046-065: 

Each pair of log1o(Dso} values has its range 

divided into equal subintervals (N = 4). R is 

the real number equivalent, 4.0. The interval 

between log1o(Dso) of the largest Dso stage and 

the log10 (maximum particle diameter) is divided 

into NN equal subintervals (NN = 8). RR is the 

real number equivalent, 8.0. 

The loop begins here which on each pass reads a 

set of cumulative mass loadings plus total mass 

loading,YOI, I= 1, NFIT, and the corresponding 

set of Dso values plus maximum particle diameter, 

XNDPENI, I = 1, NFIT. A new set of points (X,Y) 

are defined based on the set of points, log10 

(XNDPEN, YO), and points interpolated in between. 

A series of overlapping, second degree polynom

ials are fitted to these values such that the 

polynomials and their first derivatives are 

continuous for each contiguous set of data points. 

The number of points NPT used to made the fits, 

the point values (X, Y)I' I = 1, NPT (which are 

the inverval boundary points), and the second 

degree polynomial curve fit coefficients for the 

intervals, COEIJ; I = 1, INT and J = 1, INT 

where INT = NPT -1, are stored on a record of 

file FILSPL (file 11). Each traverse of the loop 

produces a polynomial fit to a new set of cumula

tive mass loading vs. Dso values and stores the 

results. 

A record of file KMCOOl (file 10) is read here to 

obtain the following: 

NFIT = the number of cumulative mass loading 

vs. Dso points (+l for total mass 

loading vs. maximum particle diameter). 

This is less than the number of stages 

+1 if a cumulative mass loading is to 
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066-074: 

075-105: 

be ignored as for stage 2 of the Ander

sen, University of Washington, or MRI 

impactors. 

XNDPEN
1

, I = 1, NFIT - the set of Dso values 

and maximum particle diameter (with 

possible exclusions as noted above) . 

Y01 , I = 1, NFIT - the set of cumulative 

mass loading values and total mass 

loading (with possible exclusions 

as noted above). 

The other variables read from the record are not 

used. The number of the record read, IAV, is the 

same as the loop index, INDEX, if all sets of data 

are to be fitted (KREAD = 0). If only specified 

sets are to be fitted,(KREAD i 0), the specific 

record number to be read, IAV, is read by card 

input. A blank card stops the program for KREAD 

i o. 
Some constants used in the loop to follow are 

defined here. NFIT is the number of original 

points to be 

NF I Tl = 
NFIT2 = 

NPT = 

fitted. 

NFIT - 1 (74) 

NFIT - 2 (75) 

total number of points used for 

fitting between (and including) the 

Dso of the last stage and maximurn 

particle diameter = (NFIT2 x 4) + 9 (76) 

The loop begins here which defines the set of 

points to be fitted from log10 (Dso) of the last 

stage to log10 (Dso) of the first stage plus two 

more extrapolated points beyond log1o(Dso) of the 

first stage. These are the (Xl,Yl) points or 

(X,Y) points. The two sets are equivalenced to 

each other. On each traverse of this loop, four 
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more points are defined, except when I = NFIT2, 

when seven more points are defined. The first 

of these, (XlM,YlM), is a function of cumulative 

mass loading vs. Dso: 

XlM = log (XNDPEN1 ) (77) 

YlM = log (Y01 ) ( 78) 

where M = (I-1) x 4 + 1, !.. . e. , M increases 

by 4 on each traverse so that: 

(Xl,Yl)1 = log1 o (XNDPEN 1, Y01) 

(Xl, Yl) s = log1 o (XNDPEN2 Y02) 

(Xl,Yl}9 = log1 o (XNDPEN 3, Y03) 

(Xl,Yl)MM = 10910 (XNDPEN,YO)NFIT2 

where MM = (NFIT2-l) x 4 + 1 

We will occasionally adopt the convention of writ

ing log 10 (XNDPEN1Y01 ) as log1 0 (XNDPEN,YO)I 

for ease of presentation. Thus: 

(Xl, Yl) 1 = log1 o (XNDPEN, YO) 1 

(Xl,Yl)s = log10 (XNDPEN,Y0)2 

(Xl,Yl)g = 10910 (XNDPEN,Y0)3 

(Xl,Yl)MM = log10 (XNDPEN,YO)NFIT2 

The additional number of (Xl,Yl) points to be 

defined in traversing the "DO 100" loop is JJ = 

3. These points are equally spaced on a common 

log scale between log10 (XNDPEN) 1 and log10 

(XNDPEN)I+l" On the last traverse where I= 

NFIT2, six more points are defined since JJ = 6. 

The first three are equally spaced on a common 

log scale as before. The fourth= log1 0 (XNDPEN, 
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106-134: 

135--139: 

YO)NFITl where NFITl = NFIT - 1. The last two 

points are extrapolated beyond logia (XNDPEN, 

YO}NFITl and are spaced by the same logia incre

ment as the previous four points. This logio 

increment between points, XINC, is defined as: 

XINC = [logia(XNDPEN)I+l - logia(XNDPEN)I]/4. (79) 

The range is divided by 4 here so that the log 10 

interval of each pair of cumulative mass loading 

vs. Dsa points is divided into 4 equal subintervals 

with 3 interval boundary points to be interpolated. 

The "DO 1100" loop here prepares the input for 

subroutine SIMQ (A, B, 3, KS). SIMQ is one of the 

IBM 360 Scientific Subroutine Package-Version III 

programs. SIMQ solves three.simultaneous equations 

here to fit a second degree polynomial to the fol

lowing points: 

10910 (XNDPEN,YO)I 

If 

or if 

log10 {XNDPEN,YO)I+l 

10910 (XNDPEN,YO)I+ 2 

(80) 

(81) 

( ~2) 

., 83)' 

SLOPE= B2 + 2B3[log10 (XNDPEN)I+l] < 0, (84) 

the original second degree polynomial coefficients 

vector B found by SIMQ is replaced with the 

coefficients defining a straight line fit between 

log10 (XNDPEN,YO)I and log10 (XNDPEN,YO)I+l: 

Bi= log1o(YO)I - B2 log10 (XNDPEN) 1 (85) 

B2 = log10 (YOI+l/Y01 )/log 10 (XNDPENI+l/XNDPENI) (86) 

B3 = 0.0 (87) 

The three interpolated points between log1 0 

(XNDPEN,YO)I and log 10 (XNDPEN,YOI+l) (or 
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six points if I = NFIT2) are defined here using 

the appropriate fitting coefficients as described 

at cards 106-134: 

XlK = log i o (XNDPEN
1

) + (J) (XINC) ( 88) 

(89) 

Here K = M + J. Mis the index of the (Xl,Yl) 

point which is the same as log 10 (XNDPEN,Y0) 1 , 

!-~· M = (I-1) x 4 + 1 {see discussion of cards 

075-105). J is the index of this small nested 

"DO 100" loop which defines the three (six if 

I = NFIT2) interpolated points. 

At this location in the program, all (Xl, Yl) points to be 

used for curve fitting over the range of the Dso's have been 

defined. Any curve fitting up to this point has been only for 

the purpose of defining the (Xl, Yl) points to be used for the 

actual final fitting of log 10 (cumulative mass loading) vs. log 10 

(Dso) in the section to follow. Note that (Xl, Yl) points have 

not been defined over the range of log1o(Ds 0 ) of the first stage, 

= log1o(XNDPEN)NFITl to log 10 (maximum particle diameter) = 
log1o(XNDPEN)NFIT) except for two extrapolated points beyond 

log1o(XNDPEN)NFITl' which will be replaced. The interpolated 

(Xl, Yl) points for this last range are to be defined by a 

hyperbolic fit to log10 (XNDPEN,YO)NFITl and log1o(XNDPEN,YO)NFIT 

as opposed to the parabolic fit used previously. Also, the (Xl,Yl) 

points used previously are now referred to as (X, Y) points. 

These two sets are made the same by the equivalence statement at 

card 018 as are the curve fitting coefficients COE and COEl. 

140-154: The first three (X,Y) points, (X 1 ,Yi), (X 2 ,Y 2 ), 

and (X 3 ,Y3), are fitted here with a second degree 

polynomial in order to define the slope at (X 1 ,Y 1 ). 

As above we will ~ccasionally adopt the convention 
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155-179: 

of writing (X1,Y1) as (X,Y) 1 , etc., for ease of 

presentation. The coefficients found here do not 

define the final curve fit over the first interval 

but are used only to define the slope at (X,Y) 1 = 

log1o{XNDPEN,Y0) 1 • The matrix equation AX= B 

must be solved for X. The coefficient matrix A 

is defined as: 

( ~: ~: ~:) = (~ :: ~:: ~ :) 
A3 AG Ag 1 X3 (X3) 2 

( 9 0) 

The constant vector B is defined as: 

( 91) 

Subroutine SIMQ replaces vector B with the solu

tion vector X. Vector B now holds the coefficients 

for the second degree polynomial fit to points 

(X, Y) 1 , (X, Y) 2, and (X, Y) 3 • 

The slope, SLOPE, at (X,Y) 1 is calculated here: 

(92) 

If SLOPE < 0.0, the polynomial curve fit through 

(X,Y) 1 must be redefined to assure a positive 

first derivative at this point. This is done by 

defining a point (Xo,Y1) where X0 = X1-(X 2 -X1) 

and making a second degree polynomial curve fit 

through (Xo,Yi), (X1,Yi) and (X21Y2). Since 

(X 0 ,Y 1) and (X1,Y1) have the same ordinate value 

and Y 2 >Y1, the only minimum of the second degree 

polynomial must lie between Xo and x 1 . The slope 

at (X1,Yi) is then positive. To find the fitting 

coefficients, the subroutine SIMQ (A' B, 3, KS) 

solves the matrix equation AX = B for X where A 

is: 
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180-·181: 

182-189: 

190-235: 

and B is: 

The input vector B is destroyed in the computa

tions of subroutine SIMQ. The solution fitting 

coefficients X are returned in place of R. 
The coefficients of the second degree polynomial 

",rhich fits through point (X, Y) 1 with non-negative 

first derivative are saved as the fitting co

efficients of the first interval between (X,Y) 1 

and (X,Y) 2 as COE (l,I), I= 1, 3. These are 

only the temporary coefficients to find the first 

derivative at (X,Y)1 in order to make ~1e final 

fit over the first interval in the first traverse 

of the "DO 50" loop beginning at statement 23 

{card 204). 

The beginning and ending index values are defined 

here for the loop \;hi ch makes the final fits 

over the intervals between log 1 o(XNDPEN,YO) i and 

log 10 (XNDPEN,YO)NFITl" The first interval, II, 

is 1. The lower boundary point of this interval 

is (X,Y) l = log1o(XNDPEN,Y0) 1 • The last inter

val, I~TSl, is NPT-9 = NFIT2 x 4. This interval 

has an upper boundary (X,Y) (NFIT 2x 4 )+l = log10 

(XNDPEN,YO)NFITl" 

This "DO 50" loop makes second degree polynomial 

fits to all intervals between log1o{XNDPEN,YO) i 

and log i o (XNDPEN, YO) NFIT" These intE~rvc.ls are 

defined ry the 1'oundary points {X, Y) '.-:1icl:. also 
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serve as the points to be fitted. The three equa

tions used to define the fitting polynomial over 

a given interval I, betv.reen (X,Y)I and (X,Y)I+l' 

must meet the following three conditions: 

1. The fitting polynomial over interval I 

must have a continuous first derivative 

with that of intervals I-1. (For I = 1, 

the first derivative must be as found at 

cards 140-181). 

2. The polynomial to be calculated for 

interval I must be continuous with the 

polynomial fitting interval I-1. (For 

I = 1, the polynomial must fit exactly 

through (X,Y)1). 

3. The fitting polynomial of this Ith 

interval which fits hetween points (X, 

Y) 1 and (X,Y)I+l goes through the (I+3)rd 

point. This means that a point beyond 

the fitted interval I is used to deter

mine the fit over I. This has the ef

fect of "looking ahead" at the coming 

points to influence the curve direction 

as one would do visually when using a 

French curve. 

Mathematically, the above conditions may be 

expressed in order by the following equations: 

COE1 2 
+ 2COE113 x = COEI-1,2 

' 
I 1. 

+ 2COEI-l, 3 XI ( 9 5) 

2. COEI,l + COEI 
1 2 XI + COE

113 
x2 

I 

= COEI-1,l + COEI-1,2 XI ( 9 6) 

+ COEI-1,3 x2 
I 
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3. COEI,l + COE112 XI+) + COEI,) X~+ 3 
(97) 

Here COEI,J' J = 1,3 are the second degree poly

nomial curve fit coefficients to be determined 

for the Ith interval and COEI-l,J' J=l,3 are 

similar coefficients found to fit over the prev

ious interval. XI is the ordinate of the lower 

boundary point of this Ith interval, and (X,Y)
1

+ 3 
is the point external to the actual fitted inter

val which is 3 points beyond the lm·1er boundary 

of the Ith interval. To find the fitting coef

ficients COEI,J' J=l,3 the matrix equation AX = 
B is solved in the IBM 360 Scientific Subroutine, 

SIMQ (A, B, 3, K} • The vector X is input as: 

A1 Ai. A1 0 1 2X1 

A2 As Ae = 1 XI x2 ( 9 B) 
I 

Ag AG Ag 1 XI+3 
2 

XI+3 

The vector B is input as: 

COEI-l, 2 + 2COE1 _113 x1 

COEI-l, 2 XI + COE1_113x2 (99} 

YI+3 

The solution vector X found by SIMQ is then re

turned with the fitting coefficient values. 

The values of vector B are destroyed in the 

computation and the solution coefficients of 

vector X are returned as B. Thus the values of 

vector B are saved in the "DO 45 11 loop at card 

233 upon return from SIMQ as the vector COEI,J' 

J=l,3 for the fitting co8fficients of interval I. 
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236-263: 

264-272: 

This "DO 50" loop is executed twice. The 

first execution fits second degree polynomials 

to the intervals between log 10 (XNDPEN,Y0) 1 and 

log10 (XNDPEN,YO)NFITl" The interval boundary 

points (X,Y) over the second range are calcu

lated according to a hyperbolic fit between log 10 

(XNDPEN,YO)HFITl and log1o(XNDPEN,YO)NFIT" The 

program then returns to statement 23 (card 204) 

for the second execution of the "DO 50" loop to 

make curve fits over these last intervals. (See 

discussion of cards 236-263.) 

The boundary points of the last intervals for 

which fitting coefficients are to be defined 

are found here. These boundary points and their 

intervals cover the range of log1o(XNDPFN,YO)NFITl 

to log1o(XNDPEN,YO)NFIT' i·~·' from log10 (Dso) 

of the first stage to the log1o(maximum particle 

diameter), plus two extrapolated points beyond 

log 10 (maximum particle diameter). The interval 

boundary points over this range are defined 

according to a hyperbolic fit to (XNDPEN,log10 

YO)NFITl and (XNDPEN,log10YO)NFIT: 

( lOO) 

Note that the interval between these two points 

is divided into 8 subintervals with (X,Y) bound

ary points (rather than 4 subintervals as between 

each pair of Dso's) with 2 more extrapolated 

(X,Y) points. 

The index of the "DO 50" loop is the interval 

number. Bere the beginning and ending indices, 

II and INTSl,respectively, are redefined for this 

loop. These values are: 

II = HPT - NN 
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273-284: 

INTSl = NPT-1 

where NPT =total number of points between log 10 

(Dso) of the last stage to log1o{maximum particle 

diameter), and NN =number of intervals defined 

between log 10 (Dso) of the first stage and log1 0 

(maximum particle diameter). The progran then 

returns to the "DO 50" loop at statement 23 (card 

204) to make continuous second degree polynomial 

fits over this hyperbolic region just as is done 

over the range of the Dso's. 

The program comes to statement 55 {card 277) 

after curve fit coefficients for all intervals 

between log1o(Dso) of the last stage to log 10 

(maximum particle diameter),_inclusive, hRve 

been found. The total number of fitted intervals 

INT is now: 

INT = NPT-1 

where NPT is as defined above. The n~er of 

fitted points, NPT, the values of these points, 

which form the interval boundaries, (X,Y) 1 = 1, 

NPT, and the second degree polynomial curve fit 

coefficients for these intervals COEI,J; I = 1, 

INT; J = 1, 3 are written on a record in the file 

FILSPL, (file 11). The record number used here, 

IAV, is the same as that in file Kr·!COOl, (file 10}. 

There the original cumulative mass loading and 

total mass loading, Yo
1

, I = 1, NFIT, are recorded 

along with the original stage Dso's and maximum 

particle diameter, XNDPEN 1 , I = 1, NFIT. In 

all programs executed following SPLINl (~.~., 

GRP.PII, STATIS, and PENTRA}, these interval bound

ary points and their curve fit coefficients are 

used to reproduce the cumulative mass loading vs. 

Dso curve fit and to derive the mass and nurnber 

size distributions. 
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The program SPLINl now returns to the begin

ning of the "DO 400" loop to read the next set 

of cumulative mass loading (and total mass load~ 

ing) vs. Dso's (and maximum particle diameter) 

to be fitted, (XNDPEN,YO)I' I= 1, NFIT. 

Subroutines Called by Program SPLINl 

Subroutine SIMQ (A, B, N, KS)--

This subroutine, the only subroutine called by SPLINl, is 

taken directly from the IBM 360 Scientific Subroutine Package

Version III. It solves N simultaneous linear equations, AX = B 
where A is the matrix of coefficients, B is the vector or original 

constants, and X is the solution vector. Th~ input values of 

vector B are destroyed in the computation and the solution values 

of vector X are returned in its place. 

Input to Program SPLINl 

Card Input--

Card A--This card contains the integer code KREAD which 

determines whether all records of file KMCOOl (file 10) are to 

be read and cumulative mass loading vs. Dso values to be fitted, 

or whether only data from selected records are to be fitted. 

Columns 1-2: The integer is read here in an I2 format. Punch 

a non-positive integer here (e.g., 0 is punched 

in column 2 or left blank) if all records of file 

10 containing data are to be read, and fits are 

made to the set of cumulative mass loading (and 

total mass loading) vs. Dso (and maximum particle 

diameter) values found at each record. In this 

case Card A is the only card of the data deck. 

Punch a positive integer here (e.~., 1 is punched 

in column 1) if data from specified records is to 
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be fitted. In this latter case, card set B 

follows. 

Card Set B--Each of these cards has the record numl:,er of 

file Kl.~COOl (file 10) containing cumulative mass distribution 

values to be fitted. These cards are included only if card A 

is punched with a positive number. 

Columns 1-2: Punch the record number of the cumulative mass 

loadings (and total mass loading) vs. Dso's 

(and maximum particle diameter) to be fitted. 

This is an I2 format. 

There are as many cards in this card set B as there are sets of 

cumulative mass distributions to be fitted plus one additional 

card to stop the program. The last card of this set should be 

left blank (or 0 punched in columns 1 and 2) for this purpose. 

File Input--

File 10--This is a random access file with the name KHCOOl. 

It contains 101 records of 251 words each. The variables of 

file 10 which are used in program SPLIJH from records 1-100 are 

named and described below. The last record, record 101, is used 

to store general information which applies to all impactor runs. 

See PROGRAM MPPROG - File Output for the variables which make up 

each record of file 10. 

Output from Program SPLINl 

Line Printer Output-

None 

Graph Output-

None 

108 



File Output--

File 11--This is a random access file with the name FILSPL. 

It contains 100 records of 507 words each. The following var

iables make up each record of file 11: 

NPT: This is an integer variable requiring one word. 

It is the total number of points which are fitted 

between log 10 (XNDPEN,YO), and log1o(XNDPEN,YO)NFITl 

inclusive, i.e., between log1o(Dso of last stage, 

cumulative mass loading of last stage) and log 10 

(maximum particle diameter, total mass loading). 

X: This is a real variable array with NPT values 

requiring 2 x NPT words. It is the set of abcissa 

values to which SPLINl makes its series of contin

uous second degree polynoQial fits. 

Y: This is a real variable array with NPT values 

requiring 2 x NPT words. It is the set of ord

inate values to which SPLINl makes its series of 

continuous second degree polynomial fits. 

COE: This is a two dimensional array with INT values 

in the first dimension and three values in the 

second dimension. COE thus requires 2 x INT x 3 

words. Recall that INT, the number of intervals, 

equals NPT-1. This is the set of curve fitting 

coefficients for the cumulative mass distribution. 

The first index refers to the order of the coef

ficient. The second index refers to the order of 

the coefficient. For example, COE (14,J), J = 
1,3 is the set of second degree polynomial coef~ 

ficients fitting the 14th interval such that: 

Y = COE(l4,l) + COE(l4,2) X + COE(l4,3)X 2 

where X1 4<X<X1 s. 
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PROGRAM GRAPH 

Program GRAPH is the third program of the Cascade Impactor 

Data Reduction System. Its execution follows that of impactor 

program MPPROG and cumulative mass curve fitting program SPLINl. 

The purpose of GRAPH is to make all graphs desired for the indi

vidual runs of the impactors. For each type of graph there are 

two graphs possible - one for particle sizing data obtained by 

assuming unit density and one for data obtained by assuming 

physical density. These types of graphs include cumulative mass 

loading less than the stage Dso vs. stage Dso,and both dM/dlogD 

and dN/dlogD size distribution plots vs. the geometric mean dia

meter of the stages. There are also similar plots which show 

the above "raw data" points plotted (finite differences data based 

on the mass captured at each stage as generated by MPPROG), with 

"fitted data" (interpolation data as generated by SPLINl) super

imposed. A fitted curve may be superimposed on the cumulative 

mass loading graph, and a dM/dlogD or dN/dlogD size distribution 

based on the derivative of fitted cumulative mass loading curve 

may be superimposed on the original size distribution plot. 

GRAPH is the only program of this data reduction system which 

may be omitted from the execution series since it adds no values 

to the random access files KMCOOl or FILSPL(used in subsequent pro

grams}. GRAPH reads these files in order to label and plot graphs. 

One other file is used internally. This is the random access file 

named GRAPHO used to store plotting code values read in from the 

card reader for each run of the impactor. The file GRAPHO then 

contains instructions to plot or suppress any given individual run 

graph. This file is used in no program other than GRAPH. There

fore, if one is interested only in averaged data and penetration

efficiency results, this program is not executed. 

It should be noted that in the Breakdown of Program GRAPH 

below, physical density is assumed to have been input to program 

MPPROG. This results in calculations based on physical density 
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and unit density (definition of aerodynamic diameter user speci

fied) being listed alternately in output files. The user may in

stead desire to input only unit density to MPPROG yeilding calcula

tions based on the two different definitions of aerodynamic dia

meter (Mercer's 2 and Task Group on Lung Dynamics 1 ). 

Breakdown of Program GRAPH 

029-045: Read the identification and general plotting input 

data from file 10. 

046-063: 

064-106: 

107-111: 

112-119: 

Read coding from cards to indicate how range and 

number of cycles for graphs is to be determined. 

Also, read coding to control read-in of coding 

which specifies desired plots. 

Read the individual run plotting codes from cards 

in the manner indicated from above input, and 

write these values on file 8. 

The first graphs drawn will be based directly 

upon the masses captured at each stage (along 

with other factors such as flow rate, temperature, 

etc.) rather than on points calculated from a 

curve fit. These are sometimes referred to as 

the "raw data" graphs. The code value ISIG is 

set equal to 0 here in order to produce these 

graphs. 

The remainder of the program is a large loop 

beginning here at card 119. It is controlled 

by the variable INDEX. All plotting and line 

printer output is done within this loop. The 

type of output data for value of INDEX is given 

below: 

INDEX 

1 

2 

Type of Data 

Cumulative and Cumulative % 

Mass Loading vs. Dso for 

assumed unit density. 

d.M/dlogD vs. Geometric Mean 

Diameter for assumed unit 

density. 
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3 

4 

5 

6 

7 

8 

dN/dlogD vs. Geometric Mean 

Diameter for assumed unit 

density. 

As INDEX = 1 for assumed 

physical density. 

As INDEX = 2 for assumed 

physical density. 

As INDEX = 3 for assumed 

physical density. 

Cumulative and Cumulative % 

Mass Loading, dM/dlogD, and 

dN/dlogD Distributions as 

above with superimposed fit

ting for assumed unit density. 

As INDEX = 7 for assumed 

physical density. 

120: The variable INC is set equal to 2. This is the 

interval of records read from file 10. This 

means that every other record is read each time 

the loop from statement 730 to statement 790 

(card 136 to card 325) is traversed. Data from 

each record read in this manner have the same 

121-126: 

density. 

Determine the first and last possible record 

numbers, ISTRT and IEND, to be read according to 

the value of INDEX. For INDEX= 1, 2, 3 or 7, 

ISTRT = 2 and IEND = the last even numbered 

record containing data which is a function of 

the number of runs, NRUN. Since every other 

record is read, this results in the even records 

being read where the assumed density is unity. 

For INDEX = 4, 5, 6 or 8, ISTRT = 1 and !END = 
the last odd numbered record containing data 

which is also a function of the number of runs, 
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127-136: 

137-177: 

178-179: 

NRUN. This results in the odd records being read 

where the assumed density is the physical density. 

The loop which begins here contains the remainder 

of the program (cards 127-324) and is inside the 

loop described above. It is controlled by the 

variable IAV which is equivalent to the record 

number IS. This loop comprises the major part 

of the program and controls all reading of 

records and all calls to subroutines which pro

duce the desired plots. 

Record IAV = IS is read to retrieve stored 

information on this impactor run at the assumed 

density. 

This section calculates the record nwnber, IREC, 

of file 8 which corresponds to the proper record 

number, IS, of file 10 and reads this record. 

Record IREC in file 8 contains the values of the 

plotting code variables which indicate the de

sired plots. The meaning of each of these var

iables Jl, J2, J3, J4, JS, J6, JPl, JPCNTl, JP2, 

JP3, JP4, JPCNT4, JPS, and JP6 is discussed at cards 

284-323. There are two records in file 10 for each 

run of the impactor. One is based on the assump

tion of physical density; the other is based on 

the assumption of unit density. There is one 

record in file 8 for these two records in file 

10. It contains the value of the plotting code 

variables for both densities. For example, if 

IS = 5 or IS = 6, the corresponding record in 

file 8 is IREC = (IS+l)/2 = 3 corresponding to 

the third recorded impactor run. Note that 

(IS+l)/2 = 3.5 for IS = 6 but setting this equal 

to an integer variable truncates the fraction 

0.5. The values of the plotting code variables 

are then read at record IREC = 3. If IREC is 
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180-283: 

284-286: 

287-289: 

greater than the total number of runs, NRUN, the 

program has completed all graphs of the given 

type (as determined by the value of INDEX), and 
the program goes to the end of the ''DO 799" 

loop to increment INDEX. 

According to the value of INDEX, the program 

goes to the appropriate statement which will 

produce the desired graphs. 

The program comes to this statement 731 (card 

284) when INDEX = 1. If the plotting code var

iable Jl is punched as "O" in column 2 on card 

D, subroutine WALLYl is called and produces a 

graph of cumulative mass loading of particulate 

less than the Stage Dso in milligrams per actual 

cubic meter, CUMG, vs. the Stage Dso or the lower 

size limit of particles on that stage in micro

meters, DPC, assuming unit density. The total mass 

loading GR..~AM, is shown at the maximum particle 

diameter, DMAX. The program will then return to 

statement 730 (card 136) to read the next record 

and make a similar plot either superimposed on 

this graph (MPLOT = 0) or on a new grid (MPLOT > 

0). If there is no "next record" (IREC > NRUN), 

the program returns to card 119 where INDEX is 

incremented by one for a new type of plot. 

The program goes to statement 732 (card 287) 

when INDEX= 2. If the plotting code variable 

J2 is punched as "0" in column 3 of card B, 

subroutine WALLY2 is called and produces a graph 

of dM/logD in milligrams per dry normal cubic 

meter, DMDLD, vs. the geometric mean diameter 

of particles captured on the stage in micro

meters, GEOMD, assuming unit density. The 

program will then return to statement 730 

(card 136) to read the next record and make a 
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290-292: 

293-295: 

296-298: 

similar plot either superimposed on this graph 

(M]?LOT = O) or on a new grid (MPLOT > 0). If 

there is no "next record", (IREC > NRUN), the 

program returns to card 119 where INDEX is 

incremented by one for a new type of plot. 

The program goes to statement 733 (card 290) 

when INDEX = 3. If the plotting code variable 

J3 is punched as "O" in column 4 of card B, sub

routine WALLY3 is called and produces a graph of 

dH/dlogD in number of particles per dry normal 

cubic meter, DNDLD, vs. the geometric mean dia

meter of particles captured on the stage in 

r.1icrometers, GEOMD, assuming unit density. The 

program then returns to stat~ment 730 (card 136) 

to read the next record and make a similar plot 

either superimposed on this graph (MPLOT = O) 

or on a new grid (MPLOT > 0). If there is no 

"next record", (IREC > NRUN), the program returns 

to card 119 where INDEX is incremented by one for 

a new type of plot. 

The program goes to statement 734 (card 293) 

when INDEX = 4. If the plotting code variable 

J4 is punched as "0" in column 5 of card B, 

subroutine WALLYl is called and produces the 

same graph as described by cards 284-286 above, 

except that physical density is assumed. Again, 

there is the option to superimpose these data 

on the previous grid if MPLOT = 0. After all 

odd records are read and each desired cumulative 

mass distribution graph is drawn, the program 

returns to card 119 where INDEX is incremented 

by one for a new type of plot. 

The program goes to statement 735 (card 297) 

when INDEX = 5. If the plotting code variable 

JS is punched as "O" in colunn 6 of Card B, 

subroutine WALLY2 is called and produces the 
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299-301: 

same graph as described by cards 288-290 above 

except that physical density is assumed. The 

input coding for Card B is explained elsewhere. 

There is the option to superimpose these data 

on the previous grid (if MPLOT = 0). After all 

odd records are read and each desired mass size 

distribution graph is drawn, the program returns 

to card 119 where INDEX is incremented by one 

for a new type of plot. 

The program goes to statement 736 (card 300) when 

INDEX = 6. If the plotting code variable J6 is 

Funched as "0" in column 7 of card B, subroutine 

WALLY3 is called and produces the same graph as 

described by cards 290-292 above except that 

physical density is assumed. There is the option 

to superimpose these data on the previous grid 

(if MPLOT = 0). After all odd records are read 

and each desired cumulative mass distribution 

graph is drawn, the program returns to card 119 

where INDEX is incremented by one for a new 

type of plot. 

Note that for INDEX= 7, an even record (assumed unit dens

ity) is read once and then all graphs pertaining to those data 

are plotted without having to repeat the reading of the record 

for each plot. This is made possible by excluding the option 

to superimpose data sets. There is already a superposition of 

points derived directly from the particulate collected at each 

stage with points derived from the fitting equation or its 

derivative. Similarly, each odd record (assumed physical dens

ity) is read only once to produce all graphs pertaining to these 

data when INDEX = 8. Recall that none of the following graphs 

may be drawn unless for each record concerned there has been a 
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series of continuous second degree polynomials fitted to the log 10 

(cumulative mass loading of particles less than the stage Dso) in 

milligrams per actual cubic meter vs. log 10 (stage Dso or lower 

size limit of each stage) in micrometers (done by execution of 

program SPLINl). 

302: The program comes to this statement 737 when 

INDEX = 7. ISIG is set equal to a number > 0 

(here ISIG = 1) in order to produce plots of 

points based on curve fitting superimposed on 

"raw data" plots. 

303-304: 

305-306: 

307-308: 

An even record has just been read from file 10 

(file KMCOOl) at Statement 800 (card 175) prev-

ious to reaching this statement. If the plot

ting code variable JPl is pu~ched as 11 0" in 

column 1 of card C, subroutine 1V'7ALLY1 is called, 

and the same cw1mlative mass loading graph as 

discussed in the description of cards 284-286 

is drawn. In addition, \\JALLYl calls subroutine 

JOEl to superimpose the cumulative mass loading 

curve fit to these data. This graph is for 

points derived assuming unit density. 

INDEX is 7, and the data from the same record 

as above are used. If the plotting code variable 

JPCI~Tl is punched as "0 11 in column 2 of card C, 

subroutine CUMPCT is called. This produces a 

probability scale vs. a common log scale on 

which the curve of cumulative percent of total 

mass loading less than the indicated particle 

diameter vs. the particle diameter in micro

meters is plotted. This curve is dependent on 

the series cumulative mass loading fitting equa

tions as used for the previous graph. This 

graph is for points derived assuming unit density. 

INDEX is 7, and the data from the same record as 
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309-313: 

314-315: 

316-317: 

above are used. If the plotting code variable 

JP2 is punched as "O" in column 3 of card c, sub

routine WALLY2 is called, and the same d.M/dlogD 

graph as discussed in the description of cards 

287-289 is drawn. In addition WALLY2 calls sub

routine JOE2 to superimpose mass size distribu

tion points based on the derivative of the 

cumulative mass loading curve fit. This graph 

is for points derived assuming unit density. 

INDEX is 7, and the data from the same record 

as above are used. If the plotting code variable 

JP3 is punched as "O" in column 4 of card C, sub

routine WALLY3 is called, and the same di\J/dlogD 

graph as discussed in the description of cards 

290-2 92 is drawn. In addition T·?P..LLY3 calls 

subroutine JOE2 to superimpose the number size 

distribution points based on the derivative of 

a cumulative mass loading curve fit. This graph 

is for points derived assuming unit density. 

The program goes to statement 738 (card 315) 

when INDEX = 3. An odd _record has just been 

read from file 10 (file KMCOOl) at statement 800 

(card 180) before reaching this statement. If 

the plotting code variable JP4 is punched as 

"O" in column 5 of card C, subroutine WALLYl is 

called, and the same cumulative mass loading 

graph as discussed in the description of cards 

284-286 is drawn except that these points are 

derived assuming physical density. In addition 

WALLYl calls subroutine JOEl to superimpose the 

cumulative mass loading curve fit for physical 

density to these data. 

INDEX is 8, and the data from the same record 

as above are being used. If the plotting code 
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318-319: 

320-323: 

variable JPCNT4 is punched as "O" in column 6 

of card C, subroutine CUMPCT is called. This 

produces a probability scale vs. a common log 

scale on which the curve of cumulative percent 

of total mass loading less than the indicated 

particle diameter vs. the particle diameter in 

micrometers is plotted. This curve is dependent 

on the cumulative mass loading curve fit as 

used for the previous graph. This graph is for 

points derived assuming physical density. 

INDEX is 8, and the data from the same record 

as above are being used. If the plotting code 

variable JPS is punched as "0" in column 7 of 

card C, subroutine WALLY2 is_called, and the same 

dH/dlogD graph as discussed in the description 

of cards 287-289 is drawn except that these 

points are derived assuming physical density. 

In addition WALLY2 calls subroutine JOE2 to 

superimpose the d11/dlogD points as calculated 

from the derivative of the cumulative mass load

ing curve fit for physic_al density. 

INDEX is 8, and the data from the same record as 

above are being used. If the plotting variable 

JP6 is punched as "O" in column 8 of card C, 

subroutine WALLY3 is called, and the same dN/ 

dlogD graph as discussed in the description of 

cards 290-292 is drawn except that these points 

are derived assuming physical density. In 

addition, WALLY3 calls JOE2 to superimpose the 

dN/dlogD points as calculated from the derivative 

of the cumulative mass loading curve fit for 

physical density. 
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Functions of the Called Subroutines 

Subroutine WALLYl--

This subroutine plots the cumulative mass loading of partic

ulate less than the stage Dso in milligrams per actual cubic 

meter and in grains per actual cubic foot vs. stage Dso micro

meters. WALLYl uses some plotting subroutines written especially 

for the DEC PDP 15/76 computer system. These routines are identi

fied and explained in the Appendix. Of these subroutines, WALLYl 

uses SCALF, XSLBL, XLOG, FCHAR, LGLBL, and YLOG. 

024-025: 

026-029: 

030-036: 

037-041: 

Define n as PI = 3.1415. 

Define the output device for the subroutine as 

M = 7 where 7 designates the output device as 

the plotter. 

Indicate whether working with a unit density 

record or a physical density record. H = 1 

for a physical density record (all odd recorCs). 

n = 2 for a unit density record (all even 

records). 

When ISIG = 1, subroutine WALLYl graphs the 

cumulative mass loading in milligrams per actual 

cubic meter and in grains per actual cubic foot 

vs. the particle diameter as calculated directly 

from the mass loading of each stage. This is 

done in preparation for JO El to draw the curve 

fit to these points. A new grid must be drawn 

for each new set of data. Therefore, in this 

case the program goes immediately to the section 

of WALLYl which draws this grid without checking 

MPLOT. 

042: In the case where ISIG does not = 1, ISIG must 

= O, and there is the possibility of superimpos

ing 2-10 sets of data on one graph. MPLOT is 

checked here to see if superimposition of these 
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043-049: 

050-057: 

data on the previous graph is desired. If this 

is desired, MPLOT is input as non-positive 

{usually MPLOT = 0) , and the subroutine skips 

the section for drawing a new grid and proceeds 

to plot. If a new grid is desired, MPLOT > O, 

and the subroutine continues by drawing the grid. 

A new grid is to be drawn and the counter, KNT, 

for the nth set of data drawn on that grid is 

reset to O. Define the length of the horizontal 

x-axis or particle diameter axis XIN in inches: 

XIN = 4.5 

Define the length of the left perpendicular y

axis or cumulative mass loading axis YIN in 

inches: 

YIN = 6.5 

The code variable ISIZl i 1, e.g. ISIZl = 0, 

when a standard number and range of cycles for 

each axis is desired. The program continues to 

define the standard maximum and minimum x-axis 

values and y-axis values for the cumulative 

mass loading graph to follow. If the code var

iable ISIZl = 1, the number and range of cycles 

for each axis are regulated according to the range 

of the data for all runs. 

058-062: The maximum and minimum axis values, and there

fore the number and range of cycles, are defined 

as standard values. XMAX and XMIN are the 

maximum and minimum x-axis values to be plotted. 

YMAX and YMIN are the maximum and minimum y-axis 

values to be plotted. 

YMAX = log 10 (100.0} = 2.0 

YMAX = log 10 (10,000) = 4.0 

XMIN = log 1 o(O.l) = -1.0 

YMIN = log 1 o{0.1) = -1.0 
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063-066: When ISIZl = 1, the program skips to this state

ment 25 (card 63). The maximum and minimum axis 

values, and therefore the number and range of 

cycles, are regulated according to the range of 

the data for all runs. XMIN is the conunon log 

of the minimum cut point diameter in micrometers 

for all runs. YMAX is the conunon log value of 

the maximum total mass loading for all runs in 

milligrams per actual cubic meter. YMIN is the 

common log of the minimum cumulative mass load

ing value for all runs in milligrams per actual 

cubic meter. Note that the value of XMAX is 

still standard. The function SLIM (MAXMIN, 

ALIMIT) finds a maximum as a function of ALIMIT 

when MAXMIN = 1. SLIM finds a minimum as a 

function of ALIMIT when MAXMIN = O. The graph

ing limits are therefore: 

XMAX = log 10 {100.0) = 2.0 

YMAX = SLIM(l,log1o(CUMA~)) 

where CUMA~ = the maximum total mass loading 

in milligrams per actual cubic 

meter for all runs of the same 

density as indicated by the 

value of N. 

XMIN = SLIM(O,log 10 {DPMINN)) 

where DPMINN = the minimum stage D50 in micro

meters for all runs of the same 

density as indicated by the value 

of N. 

YMIN = SLIM(O,log1 0 (CUMINN)} 

where CUMINN = the minimum cumulative mass load

ing in milligrams per actual cubic 

meter for all runs of the same 

density as indicated by the value 

Of N. 
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067-070: 

071: 

072: 

073-079: 

Calculate the x- and y-axis scale factors, XS 

and YS, in inches per user's unit (~.~.,inches 

per power of 10 for the common logarithmic 

scale) : 

XS = XIN/(XMAX-XMIN) 

YS = YIN/(YMAX-YMIN) 

where XIN = x-axis length in inches 

YIN = y-axis length in inches 

XMAX-XMIN = difference in maximum and minimum 

x-axis values = number of user's 

units along x-axis. 

YMAX-YMIN = difference in maximum and minimum 

y-axis values = number of user's 

units along y-axis. 

Define the Y-coordinate location of the pen, 

YORIG, when WALLYl is called, in terms of the 

minimum y-axis value, YMIN (which is the Y-value 

at the graph origin), and the y-axis scale factor, 

YS, in inches per user's unit. 

YORIG = YMIN - (2./YS) 

The pen location should always be on the right 

base line of the graphing paper when any plot

ting subroutine is called. Therefore, the user's 

origin, (XMIN, YMIN) is 2 inches (or 2./YS) 

above the original location of the pen, (XMIN, 

YORIG) . 

The call to plotter subroutine SCALF (XS, YS, 

YMIN, YORIG) stores the number of inches per 

user's unit along the x- and y-axis, XS and YS, 

respectively, and the original location of the 

pen, (XMIN, YORIG), in user's units for later 

reference by the plotter. 

This begins the section which draws the x-axis. 

Calculate the number of x-axis cycles IXRAN by 
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080: 

081: 

082-086: 

087-088: 

taking the difference of the x-axis limits XMAX 

and XMIN: 

IXRAN = XMAX - XMIN 

The call to plotter subroutine XSLBL (XS, YS, 

XMIN, YMIN, IXRAN, XMIN) labels the x-axis for 

the log10 scale. 

The call to plotter subroutine XLOG (XS, YS, 

XMAX, YMIN, -1, IXRAN) draws the x-axis for the 

log 1 o scale. 

This begins the section which labels the x-axis. 

Define the desired width of written characters, 

XCS, in inches and the desired height of written 

characters, YCS, in inches for labeling of the 

x-axis: 

xcs = 0.15 

YCS = 0.15 

Define the point (X,Y) in user's units at which 

the labeling of the x-axis is to begin. This 

position should be at the lower left-hand corner 

of the location at which the first character is 

to be drawn. In order to center the label below 

the x-axis, first define the X-coordinate of the 

beginning pen position by placing the pen at the 

center of x-axis length, ~-~., XMIN + [(XMAX

XMIN)/2J. Multiply one-half the total number 

of characters to be written, including spaces, 

by the number of inches for each character, XCS. 

The label to be written is "PARTICLE DIAMETER 

(MICROMETERS)" which contains 32 characters. 

Therefore the number of inches to be "backspaced" 

from the center is 16·XCS. Dividing this by the 

inches per user's unit along the x-axis, XS, 

gives the number of user's units to be back

spaced from the center point. Therefore: 

X = XMIN + [(XMAX-XMIN)/2] + {(16•XCS)/XS]. 
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089: 

090: 

091-094: 

The Y coordinate is defined far enough below the 

x-axis so that there is sufficient room to draw 

the characters (0.15 inches) without interfering 

with the drawn x-axis. The Y-coordinate is there

fore defined as 0.7 inches below the x-axis 

allowing 0.55 inches between the top of the 

characters and the y-axis. 

Call the plotter subroutine FCHAR {X, Y, XCS, 

YCS, 0.0) to initialize the annotation subroutine 

by establishing the starting location for the 

pen, (X,Y), in user's units, the height and width 

cf the characters in inches, XCS and YCS, respec

tively, and the angle of writing relative to the 

x-axis in radians, here 0.0. 

Write the x-axis label "PARTICLE DIAMETER (MICRO

METERS)". 

This begins the section which draws the y-axis 

on the right side of the graph. Define the Y

coordinate of the point at which this axis will 

begin, YO. It does not begin at YMIN as does the 

left y-axis. This is because the left y-axis is 

in milligrams per actual cubic meter and the right 

y-axis is in grains per actual cubic foot. The 

conversion factor between these two units is 

4.3702 x 10- 4 grains per actual cubic foot to 

one milligram per dry normal cubic meter. This 

means that on the graph of cumulative mass load

ing, a value of 1 milligram per actual cubic meter 

on the left y-axis is parallel to 4.3702 x 10- 4 

grains per actual cubic foot on the right axis. 

In terms of the "user's units" which are common 

logs of these values, 0 is parallel to -3.3595. 

As another example, 4 (10 4 milligrams per actual 

cubic meter) is parallel to 0.6405 (4.3702 grains 
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095-097: 

per actual cubic foot). The right y-axis is 

always different from the left by the log 10 

term, -3.3595. The right axis is drawn beginning 

with the first integral log10 value in grains 

per actual cubic foot. The fraction of a cycle, 

0.3595, must be added to the Y-coordinate of the 

origin to locate the beginning Y-coordinate of 

the right y-axis, YO: 

YO = YMIN + 0.3595 (101) 

Calculate the number of y-axis cycles IYRAN by 

finding the difference in the y-axis limits, 

YMAX and YMIN: 

IYRAN = YMAX-YMIN (102) 

098: Define the exponent of the first cycle in the 

right axis, YLEFl, by subtracting 3.0 from the 

first cycle on the left y-axis, YMIN. Recall 

that the fractional difference between these 

two y-axes (left and right) has been accounted 

for with the fraction 0.3595. Here the remain

ing difference in the total 3.3595 conunon log 

difference is accounted for in the labeling of 

each cycle: 

YLEFl = YMIN - 3.0 (103) 

099: This call to plotter subroutine LGLBL (XS,YS, 

XMAX,YO,IYRAN,YLEFl,0) labels the y-axis on the 

right side of the graph for log10 scale. 

100: This call to plotter subroutine YLOG (XS,YS,XMAX, 

YMAX + 0.3595, -1, IYRAN) draws the y-axis on 

101-105: 

the right side of the graph for log10 scale. 

This begins the section for labeling the y-axis 

on the right side of the graph. The pen posi

tion in user's units (X, Y) is defined for the 

beginning of the right y-axis label. The Y-coord

inate is such that the writing will be centered 
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along the length of the right y-axis. The x
coordinate is such that there is room for the 

length of the characters without interfering 

with the drawn right y-axis. See the discussion 

of cards 87-88 for a detailed example of how 

these are calculated: 

X = XMAX + 0.8/YS 

Y = YMIN + [(YMAX + 0.3595 - YMIN)/2 - (16•XCS) 

/YS] (104) 

106: The call to plotter subroutine FCHAR {X,Y,XCS, 

YCS,PI/2) initializes the annotation subroutine 

by establishing the starting location for the 

pen, (X,Y), the height and width of the characters, 

YCS and XCS respectively, and the angle of writing 

in radians, here PI/2. 

107: Write the y-axis label "CUMULATIVE MASS LOADING 

(GR/ACF)". 

108-112: 

113-114: 

115-119: 

This begins the section for writing the identifi

cation label, ID, and the density, RHO, above the 

grid. Redefine the width of written characters, 

xcs, in inches for writing the identification 

label ID: 

xcs = 0.056 

YCS = 0.100 

Define the point (X,Y) at which writing will 

begin for the run identification label ID as 

being on the parallel with the left y-axis at 

X = XMIN and 1/2 inch above the top of this grid 

at Y = YMAX + (0.5/YS). 

This DO-loop searches for the last character of 

the identification label IDJ. This prevents any 

unnecessary movement of the pen for identification 

labels of less than 80 characters. 

120: The call to plotter subroutine FCHAR (X,Y,XCS, 
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121: 

122-123: 

124: 

125: 

126-129: 

130: 

131-135: 

YCS,0) initializes the annotation subroutine by 

establishing the starting location for the pen, 

(X,Y), in user's units, the height, YCS, and 

width, XCS, of the characters in inches, and the 

angle of writing in radians, here 0.0. 

Write the identification label for the run, ID. 

Redefine the beginning pen location (X,Y) in 

user's units for writing the density RHO. The 

beginning X-coordinate is defined so that the 

first character is in line with the left y-axis, 

as is the case for writing ID above. The begin

ning Y-coordinate is 0.25 inches above the max

imum y-axis value so that with characters 0.10 

inches in height there is a 5.15 inch margin 

between the writing for RHO and ID: 

X = XMIN 

Y = YMAX + (0.25/YS) 

Call the plotter subroutine FCHAR(X,Y,XCS,YCS, 

0.0) to initialize the annotation subroutine by 

establishing the starting location for the pen 

(X,Y)' the width, XCS, and height, YCS, of the 

characters and the angle of writing in radians, 

here 0.0. 

Write the assumed density, "RHO = " 
This begins the section for drawing the y-axis 

on the left side of the graph. The call to 

plotter subroutine YLOG{XS,YS,XMIN,YMAX,-1,IYRAN) 

draws the y-axis on the left of the graph for 

log10 scale. 

The call to plotter subroutine LGLBL(XS,YS,XMIN, 

YMIN,IYRAN,YMIN,l) labels the y-axis on the left 

for log10 scale. 

This begins the section for labeling the y-axis 

on the left side of the graph. Redefine the 
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136-137: 

138: 

139: 

width and height of written characters XCS and 

YCS respectively in inches for labeling the left 

y-axis: 

xcs = 0.15 

YCS = 0.15 

The pen position in user's units, (X,Y), is 

defined for the beginning of the left y-axis 

label. The Y-coordinate is defined so that the 

writing will be centered on the midpoint of the 

left y-axis. The X-coordinate is defined so 

that the characters do not interfere with the 

drawn left y-axis. See the discussion of cards 

087-088 for a detailed example of how these 

coordinates are calculated: 

X = XMIN-(0.7/XS) (105) 

Y = YMIN + [(YMAX-YMIN)/2] - [(16•XCS)/YS] (105a) 

The call to plotter subroutine FCHAR(X,Y,XCS, 

YCS,PI/2) initializes the annotation subroutine 

by establishing the starting location for the pen, 

(X,Y), the width, XCS, and height, YCS, of the 

characters in inches, and the angle of writing 

in radians, here PI/2.0. 

Write the left y-axis label, "CUMULATIVE MASS 

LOADING (MG/ACM)". 

Note: The plotting grid and labeling have been drawn. Cards 

140-210 are concerned with the plotting of X and Y values for 
cumulative mass loading in milligrams per actual cubic meter (and 

total grain loading in the same units) vs. the stage Dso's in 

micrometers (and the maximum particle diameter in the same units). 

140-147: The variable KNT is a code value for the number 

of sets of data plotted on one graph up to this 

point; e.g., KNT = 4 indicates that the 4th set 
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148-151: 

of data is to be plotted on this grid, and a 

special symbol for the 4th set will be used to 

plot the points. Each time a new grid is drawn, 

KNT = 0 and the first set of data has the KNT 

value KNT + 1 = 0 + 1 = 1. 

The first point (X, Yl) to be plotted is: 

Xl = log10 (DMAX) 

Yl = log10 (GRNAM) 

where DMAX = the largest particle diameter in 

micrometers. 

GRNAM = the total mass loading in milligrams 

per actual cubic meter. 

The functions XVAL(Xl,XMAX,XMIN,XS) and YVAL(Yl, 

YMAX,YMIN,YS) check the values of Xl and Yl 

respectively to see if they are within the graph 

boundaries XMAX, YMAX, SMIN, and YMIN. If Xl 

and Yl are within XMAX-XMIN and YMAX-YMIN respect-

ively, the original values remain unchanged so 

that: 

XN = XVAL(Xl, XMAX, XMIN, XS) = Xl 

YN = YVAL(Yl, YMAX,. YMIN, YS) = Yl 

If, however, one of the values is outside the 

graph limits, it is returned as a value which 

will be plotted 0.15 inches outside of the 

boundary which it exceeds. For example, for 

Xl = DMAX and Yl = GRNAM: 

If Xl = log1o(DMAX) =log 

and XMAX = log10(10.0) = 1.0 

(100.0) = 2.0 

then XN = XVAL(Xl, XMAX, XMIN, XS) = 
1.0 + 0.25/XS 

The plotted point (XN, YN) has a value which is 

0.15 inches beyond the right y-axis and at the 

appropriate Y-position, log 10 (GRNAM), assuming 

log1o(GRNAM) < YMAX. 
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152: 

153-158: 

159-175: 

The call to subroutine PIONT(KNT, XN, YN, XS, YS} 

plots the point (XN, YN) at the appropriate posi

tion using a symbol determined by the value of KNT. 

The type of cascade impactor used is indicated by 

the code variable IMPAC: 

IMPAC = 1 - Andersen Mark III 

= 2 - Brink 

= 3 - University of Washington 

Mark III 

= 4 - Meteorology Research, Inc. 

For the Brink cascade impactor there are various 

possible impactor configurations. Therefore, if 

IMPAC= 2, the program goes to statement 181 (card 

159} to test for the configuration used and plot 

the points appropriately. If IMPAC = 1, 3, or 

4, the program goes to statement 200 (card 203) 

to plot the points excluding checks of the conf ig

uragion in which the impactor was run. 

Check for the use of the cyclone as the first 

stage. If it is used, MC3 = 0. The log 10 of 

the cumulative mass loading of particles smaller 

than the cyclone Dso, CUMG1, in milligrams per 

actual cubic meter and the log10 of the cyclone 

D50 , CYC3, in micrometers are checked in functions 

YVAL and XVAL. These values are altered only if 

they lie outside the bounds of the grid. The 

call to subroutine PIONT (KNT, XN, YN, XS, YS) 

plots the point with a symbol determined by the 

value of KNT. The remaining number of points to 

be plotted, M, depends on whether the last stage, 

MS, is 5, in which case M = 6, or whether the 

last stage MS is 6, in which case M = 7. The 

program then enters a loop which plots the log10 

of the remaining non-zero cumulative mass loading 
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176-187: 

188-198: 

199-210: 

values, CUMGJ' J=2, M+l, in milligrams per actual 

cubic meter vs. the log10 of the stage Dso's, 

DPCJ, J = l,M. Each log10 value is checked by 

XVAL or YVAL before plotting. 

If the cyclone is not included in the Brink 

configuration (MC3 = 1) but stage 0 is included 

(MOO=O) , the program checks for the last stage 

MS and from this determines the number of points 

yet to be plotted, M. If the last stage MS is 5, 

then M = 6. If the last stage MS = 6, then M = 

7. The program then enters a loop which plots 

the log10 of all non-zero cumulative mass loading 

values CUMGJ' J = 1, M in milligrams per actual 

cubic meter vs. the log10 of the stage Dso's 

DPCJ' J = l,M. Each log10 value is checked by 

XVAL or YVAL before plotting. 

If neither the cyclone nor stage O is included 

in the Brink configuration (MC3 = 1 and MOO = 1) , 

the program checks for the last stage, MS, and 

from this determines the number of points yet to 

be plotted, M. If the last stage MS is 5, then 

M = 5. If the last stage MS is 6, then M = 6. 

The program then enters a loop which plots the 

log 10 of all non-zero cumulative mass loading 

values (CUMGJ' J = l,M) in milligrams per actual 

cubic meter vs. the log10 of the stage Dso's 

(DPCJ, J = 2, M+l). Each log10 value is checked 

by XVAL and YVAL before plotting. 

If the Andersen, University of Washington, or 

Meteorology Research, Inc., impactor is used, 

there is only one configuration since a cyclone 

is not used and the first stage is always includ

ed. Therefore, the program enters the plotting 

loop without checking for a configuration type. 
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211-233: 

The number of points to be plotted, vv, is 8 

for an Andersen impactor and 7 for the University 

of Washington Mark III or the MRI impactor. The 

log10 of each non-zero cumulative mass loading 

value, (CUMGJ' J = 1, VV) in milligrams per actual 

cubic meter, is plotted against the log 10 of the 

stage Dso's, (DPCJ' J = 1, VV). Each log 10 value 

is checked by XVAL and YVAL before plotting. 

Subroutine WALLYl may have been called to plot 

only the cumulative mass loading at each stage 

vs. the Dso of each stage. In this case, ISIG = 
0 and the program goes to statement 130 (card 

219). There, WALLYl calls subroutine LABEL 

(KNT, XS, YS, YMAX, XMIN) to-write the number of 

this set of data plotted on this graph and the 

symbol used to plot this nth set of data. For 

example, if this is the 6th set of data plotted 

on this one graph, LABEL causes "TEST 6 - *" to 

be written above the graph indicating that the 

symbol * is used for each point of this 6th 

superimposed set of data points. The pen is then 

returned to the base line of the plotter in the 

up position and 4.5 inches beyond the maximum 

x-axis limit. The pen is now ready for the 

next plot. WALLYl returns to mainline GRAPH 

to seek instructions for the next graph. If 

ISIG = 1, the program now calls subroutine JOEl 

(instead of LABEL and PIONT) to draw the cumula

tive mass loading curve fit to this one set of 

data. Only one set of data is represented on a 

plot for these calls to WALLYl where ISIG = 1. 

After this curve is drawn on the plot and the pen 

returned in readiness for the next plot, JOEl 

returns to mainline GRAPH to seek instruction for 

the next graph. 
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Subroutine JOEl--

This subroutine plots the curve fit to cumulative mass 

loading less than the stage Dso in milligrams per actual cubic 

meter vs. stage Dso in micrometers which was found in mainline 

program SPLINl. 

026-036: 

037-049: 

050-055: 

Read record IS from file 11 (file FILSPL) con-

taining the information for fitting log1 o (cum-

ulative mass loading) vs. log1 o (D so) for this 

run and assumed density. These variables are 

the number of interval boundary points which are 

fitted, NPOIN, the values of these points, (Xl, 

Yl)
1

, I=l,NPOIN, and the series of fitting second 

degree polynomial coefficients, COEIJ' I=l, INT, 

J=l,3, where INT is the number of fitted inter

vals = NPOIN-1. 

Define the first value of the independent variable 

DLD as a function of the smallest stage Dso, 

DSMA, in micrometers for this run: 

DLD = log10 (DSMA) 

Define the last value of the independent variable, 

DLDF, to be the common log of the maximum x-axis 

limit, XMAX. 

DLDF = log10 (XMAX) 

A loop begins here at card 055 continuing to 

statement 750 (card 096} in which DLD = log10 

(diameter in micrometers) is used as the independ

ent variable in the log 10 (cumulative mass loading 

in milligrams per actual cubic meter) fitting 

equation. The resulting dependent variable is 

PPP, equal to the log 10 (cumulative mass loading 

in milligrams per actual cubic meter). At the 

end of the loop, DLD is incremented by a very 

small amount (see comment on cards 162-169). The 

process is repeated until DLD ~ DLDF. 
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056-064: 

065-073: 

074-083: 

084-087: 

The "DO 20" loop here takes the diameter variable 

DLD and compares it with ever increasing X-coordi

nate values of the interval boundary points 

(Xl, Yl), fitted in program SPLINl, to find the 

interval NINT containing DLD. For example, 

suppose DLD = 0.135 (corresponding to a diameter 

of 10.0°·
135 = 1.36458). Also suppose (Xl, Yl)14 

= (0.125,2.89) and (Xl, Yl) 1s = (0.148,2.91). 

Then Xl14<DLD<Xl1s, and the interval containing 

DLD is the 14th interval or NINT = 14. 

The second degree polynomial curve fitting coef

ficients over the NINT interval COENINT,J' J = 1, 

3, are then used to calculate the dependent var

iable PPP= log 1 o(cumulative-mass loading less 

than indicated diameter in milligrams per actual 

cubic meter) : 

PPP= COENINT,i + COENINT,
2 

(DLD) 

+ COENINT,3(DLD)2 
(107) 

DLD is the log10 (particle diameter in micro-

meters). PPP is the log10 (cumulative mass 

loading in milligrams per actual cubic meter). 

The program checks DLD and PPP in the functions 

XVAL and YVAL respectively, to see if their 

values are within the plotting bounds. If either 

coordinate is not within the bounds, it is assigned 

a value which causes the point to be plotted just 

outside the boundary which it exceeds. 

If this is the first point to be plotted, the 

loop index I = 1. In this case, the pen is moved 

to this position and lowered by the plotter sub

routine FPLOT(-2,XN,YN). Previous to execution 

of this instruction the pen was at the base line, 

4.5 inches beyond the maximum x-axis boundary, 
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088-096: 

097: 

098-106: 

XMAX, in the up position. This is where the pen 

was positioned at the closing of subroutine 

WALLYl which prepared this grid for JOEl. On 

subsequent traverses of the loop, the plotter 

subroutine FPLOT (0, XN, YN) is called. This 

causes the pen to be moved to the new (XN, YN) 

position without raising or lowering the pen. 

Here the pen is already down, causing a solid 

curve to be drawn from point to point. 

The value of DLD is incremented an amount cor

responding to a one one-hundredth of an inch 

novement along the diameter axis: 

DLD = OLD + (0.01/XS) 

where XS = the x-axis scale factor in inches 

per user's units. 

This new value of DLD is compared to the final 

log1 0 value, DLDF. If DLD ~ DLDF, the program 

exits the loop. If DLD < DLDF, the program 

returns to the top of the loop at card 054 and 

finds the log10 (cumulative mass loading) for 

the new diameter. 

Raise the pen by calling plotter subroutine 

FPLOT (+l, XN, YN). 

After all plotting, the pen is moved in the up 

position to the base line of the plotting paper 

4.5 inches beyond the maximum x-axis boundary. 

The plotter is now ready for the next plotting 

subroutine. The program returns to the calling 

subroutine WALLYl which then returns to the 

calling mainline GRAPH. 

Subroutine CUMPCT--

This subroutine plots the curve of cumulative percent mass 

loading less than a given diameter vs. the diameter in micrometers. 
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It also provides a listing on the line printer of selected dia

meter values in micrometers with the corresponding cumulative 

percent mass loading less than this particle size. 

033-037: 

038-042: 

043-046: 

047-053: 

Divide the range between 0.25 micrometers and 

100.0 micrometers into 70 equal log 1 o increments 

DINC: 

DINC = [log10 (100.00) - log10 (0.25)]/70.0 

= 0.0357142857 (108) 

Define the first value of the independent var

iable DLD as a function of 0.25 micrometers. 

This is an arbitrary small particle size at 

which to begin the plot. 

DLD = log i o ( 0 • 2 5) 

Since there are several hundred points plotted 

to make up the solid curve for cumulative percent 

mass loading vs. particle diameter, only a few 

specified values are printed out on the line 

printer. A point chosen for print out is such 

that the diameter is just greater than the "flag 

diameter variable value", Dl. Once a diameter 

and associated cumulative percent mass loading 

is printed out, Dl is redefined by repeated 

addition of the increment DINC. Therefore, the 

first Dl value is initialized here as: 

Dl = DLD = log i o ( 0. 2 5) 

In the large "DO 750" loop to follow the next 

Dl value is defined as: 

Dl = Dl + DINC = Dl + 0.0357142857 

This increment, DINC, continues to be added 

and values of diameter and cumulative percent 

mass loading less than this diameter are printed 

out up to the maximum diameter variable value, 

DLDF. 

Define the last value of the independent variable 
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054-062: 

063-072: 

073-077: 

078-085: 

DLDF to be the maximum x-axis limit, XMAX. 

Recall that the x-axis (diameter) is a common 

log scale so that DLDF = XMAX is already in 

common log form. 

Call subroutine CPPLOT(IC, RHO, XMAX, XMIN, YMAX, 

YMIN, XS, YS). CPPLOT causes the plotter to 

draw a probability vs. log 10 grid, labels the 

axes with "CUMULATIVE PERCENT" vs. "PARTICLE 

DIAMETER (MICROMETERS)", writes the identification 

label for the run ID and particle density in 

grams per cubic centimeter, RHO, above the grid, 

2nd returns with the minimum and maximum axis 

values XMAX, XMIN, YMAX, and YMIN and the scale 

factors XS and YS in inches per user's unit. 

Read record number IS from file 11 (file FILSPL) 

containing the information for fitting log 10 

(cumulative mass loading) vs. log10 (D 5 o) for 

this run and assumed density. These variables 

are the number of interval boundary points which 

are fitted, NPOIN, the values of these points, 

(Xl,Yl) 1 , I= l,NPOIN, and the series of fitting 

second degree polynomial coefficients, COEIJ' 

I=l,INT, J=l,3. INT = NPOIN-1 is the number of 

fitted intervals. 

Write the identification label, ID, and density, 

RHO, in grams per cubic centimeter at the top 

of the page on the line printer. 

A loop begins here at card 085 continuing to 

statement 750 (card 176) in which DLD = log10 

(diameter in micrometers) is used as the inde

pendent variable to find the resulting dependent 

variable, PPP= log 1 o (cumulative mass loading 

in milligrams per actual cubic meter). The 

interval NINT containing OLD is first found. 
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086-094: 

095-100: 

101-106: 

Then the DLD value is used as the independent 

variable in the second degree polynomial fitting 

this range of logio (cumulative mass loading) 

vs. log10 (diameter). Changes of variable are 

made for plotting and printing. PPP is converted 

to cumulative fractional mass loading. DPLOT is 

defined as DLD = log10 (diameter). These are the 

plotting variables. At previously defined inter

vals there is another change of variable for 

printing. PPP is converted to cumulative percent 

mass loading and DPLOT is converted to diameter. 

The variable Dl =logia (diameter) is incremented 

each time through the loop when there is line 

printer output. The independent variable DLD = 

log 1 a (diameter) is incremented each time through 

the loop. The process is repeated until DLD > 

DLDF. 

The "DO 510" loop here takes the diameter variable 

DLD and compares it to ever increasing X-coord

inate values of the interval boundary points, 

(Xl,Yl) fitted in program SPLINl, to find the 

interval, NINT, containing DLD. 

The second degree polynomial curve fitting 

coefficients over the NINT interval, COENINT,J' 

J=l,3 are used here to calculate PPP= logia 

(cumulative mass loading less than indicated 

diameter in milligrams per actual cubic meter) : 

PPP = COENINT,l + COENINT, 2DLD 

+ COENINT,3(DLD)2 
(109) 

Convert PPP from log 1 o (cumulative mass loading 

less than indicated diameter in milligrams per 

actual cubic meter) to cumulative fractional 

mass loading less than indicated diameter. First 
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107-110: 

111-115: 

116-125: 

126-132: 

133-140: 

convert PPP to cumulative mass loading less than 

indicated diameter in milligrams per actual cubic 

meter, and then divide this quantity by the total 

mass loading in the same units, GRNAM: 

PPP= 10.0PPP/GRNAM (110) 

Define the plotting abscissa value, DPLOT, to 

be the same as the independent variable DLD. 

The call to subroutine NDTRI (PPP, YV, D, IE) 

returns the ordinate value to be plotted, YV, 

in terms of the probability scale. This is a 

subroutine from the IBM 360 Scientific Subroutine 

Package. 

Two statements check YV to see if it is within 

the limits of plotting on the probability scale. 

If YV is greater than the upper limit, 0.9999 

(or 99.99 percent), YV is given an arbitrary 

value (here, +4) which is greater than the equiv-

alent upper limit on the probability scale which 

is +3.719244. If YV is less than the lower limit 

of 0.0001 (or 00.01 percent), it is given an 

arbitrary value (here, ~4) which is less than 

the lower limit on the probability scale which is 

-3.7191244. 

DPLOT and YV are checked by the functions XVAL 

and YVAL respectively. The functions do not 

change any value which is within the limits of 

plotting so that the plotted point (XN, YN) = 

(DPLOT, YVAL). Any value outside these limits 

(e.g., YV = 4 or -4) is assigned a value which 

causes the point (XN, YN) to be plotted 0.15 

inches beyond the axis limit which it exceeds. 

If this is the first point to be plotted, the 

loop index I = 1. In this case, the pen is 

moved to the first point and lowered by the 
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141-146: 

147-156: 

157-161: 

plotter subroutine FPLOT (-2, XN, YN). The pen 

is in the up position previous to this instruc

tion. On subsequent traverses of the loop, the 

plotter subroutine FPLOT (O, XN, YN) is called. 

This causes the pen to be moved to the new (XN, 

YN) position without raising or lowering the 

pen. Here the pen is already down, causing a 

solid curve to be drawn from point to point. 

Compare the diameter variable Dl with the value 

of the diameter variable DLD. After a suffic

ient number of loop traverses where DLD is 

incremented each time, DLD ~ Dl. This is the 

signal for line printer output of the plotted 

values. Otherwise this printing section (cards 

147-165) is skipped. 

When DLD ~ Dl, there is a change of variable 

for the line printer output. DPLOT is converted 

from the plotted form log10 (diameter) to 

diameter: 
DPLOT = 10.0DPLOT ( 111) 

The variable PPP is converted from cumulative 

fractional mass loading to cumulative percent 

mass loading: 

PPP = 100 x PPP (112) 

The line printer point index number J is incre

mented with each new printing: 

J = J + 1 (113) 

Write the point index number, J, the diameter 

in micrometers, DPLOT, and the cumulative per

cent mass loading, PPP, on the line printer. 

Thus, the result of many traverses of the loop 

is a table of diameter values and corresponding 

cumulative percent mass loadings of particulate 

less than this indicated diameter. The diameters 
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162-169: 

170-176: 

177-183: 

range from 0.25 micrometers up to approximately 

the antilog of the x-axis maxmimum limit, 10.0XMAX. 

After each printing, the diameter variable Dl is 

incremented by DINC (as defined at card 037). 

The diameter variable DLD is incremented only 

by the value equivalent to one one-hundredth of 

an inch movement along the log10 diameter axis. 

This is a much smaller increment than DINC. Thus 

Dl continues to be greater than DLD until several 

traverses of the loop have taken place. When DLD 

again is > Dl, there is another printing of 

values. 

The value of DLD is compared to the maximum desired 

plotted value, DLDF. If DLD. > DLDF, the program 

exits this "DO 750" loop which began at card 084. 

If DLD < DLDF, the loop is repeated. 

After all plotting and printing is completed, 

raise the pen and move it to the base line of 

the plotter 4.5 inches beyond the maximum x-axis 

limit, XMAX. The pen is now ready for the next 

plotting subroutine. Return to the calling main

line program GRAPH. 

Subroutine WALLY2--

This subroutine plots the liM/~logD distribution values in 

milligrams per dry normal cubic meter vs. the geometric mean 

diameter of particles on each stage in micrometers. 

024-025: Define the angle TI in radians as PI = 3.1415. 

026-029: Define the output device for the subroutine as 

M = 7, where 7 designates the output device as 

the plotter. 

030-036: The code variable N indicates the assumed density. 

If the assumed density is the physical density, 

then N = 1, and the data input to WALLY2 is taken 
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037-042: 

043: 

044-050: 

051-057: 

from an odd numbered record. If the assumed 

density is unit density, then N = 2, and the 

data input to WALLY2 is taken from an even num

bered record. 

When ISIG = 1, graphing is not completed when 

WALLY2 plots the ~M/~logD distribution in milli

grams per dry normal cubic meter vs. the geometric 

mean diameter of particles on each stage in micro

meters. This is done in preparation for JOE2 to 

plot the dM/dlogD distribution as calculated 

from the derivative of the fitted cumulative mass 

loading equation. A new grid must be drawn for 

each new set of data. Therefore the program goes 

immediately to the section of WALLY2 which draws 

this grid without checking MPLOT. 

In the case where ISIG = 0, there is the possibil

ity of superimposing 2-10 sets of data on one grid. 

MPLOT is checked here to see if superimposition 

of these data on the previous graph is desired. 

In that case MPLOT is non-positive (usually 

MPLOT=O). The subroutine skips the section for 

drawing a new grid and proceeds to plot. If a 

new grid is desired, MPLOT > 0, and the sub

routine continues by drawing the grid. 

A new grid is to be drawn and the counter for 

the nth set of data drawn on that grid, KNT, is 

reset to 0 at statement 20 (card 048). Define 

the length XIN of the horizontal x-axis or part

icle diameter axis in inches: 

XIN = 4.5 

Define the length YIN of the perpendicular y

axis or mass size distribution axis in inches: 
YIN = 6.5 

If the code variable ISIZ2 ~ 1 (usually ISIZ2 = 
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058-068: 

069-072: 

0 in this case), standard number and range of 

cycles for each axis is desired. The program 

defines the standard maximum and minimum x-axis 

values and y-axis values for the mass size distri

bution graph to follow. If the code variable 

ISIZ2 = 1, it is desired that the number and range 

of cycles for each axis be regulated according 

to the range of the data for all runs. 

The maximum and minimum limits for the ordinate 

and abscissa are defined as standard values here. 

XMAX and XMIN are the maximum and minimum x-axis 

values to be plotted. The standard values for 

XMAX and XMIN are the same regardless of the 

impactor used. They are: 

XMAX = log1o(lOO.O) = 2.0 (114) 

XMIN = log i o ( 0. 1) = -1. 0 ( 115) 

YMAX and YMIN are the maximum and minimum y-axis 

values to be plotted. The standard YMAX and 

YMIN values are dependent on the impactor used. 

For both the Andersen (IMPAC = 1), the University 

of Washington Mark III (IMPAC = 3), and the 

Meteorology Research, Inc., cascade impactors, 

these values are: 

YMAX = log 1 o ( 10 4 
) = 4. 0 

YMIN = log 1 o ( 10 - 2
) = -2. 0 

(116) 

(117) 

For the Brink cascade impactor (IMPAC = 2), 

these values are: 

YMAX = log i o (10 6 
) = 6 • 0 ( 118) 

YMIN = log i o ( 1. 0) = 0. 0 ( 119) 

ISIZ2 = 1 and the program skips to statement 25 

(card 069). The maximum and minimum axis values 

and therefore the number and range of cycles are 

regulated according to the range of the data for 

all runs. In this case, XMIN is the common log 

value of the minimum geometric mean diameter 
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073-077: 

sizes for all runs in micrometers. YMAX and YMIN 

are the common logs of the maximum and minimum 

values for all runs of the mass size distribution 

in milligrams per dry normal cubic meter. Note 

that the value of XMAX is still standard. The 

function SLIM (MAXMIN, ALIMIT) rounds ALIMIT to 

the next higher integer when MAXMIN=l. SLIM 

truncates ALIMIT to the next lower integer when 

MAXMIN=O. Thus: 

XMAX = 1 og i o ( 10 O • O ) = 2.0 {12 O) 

YMAX = SLIM (1, log i o (DMAXN) ) ( 121) 

XMIN = SLIM (O,log1o(GEMINN)) (122) 

YMIN = SLIM (O,log10 (DMMINN)) (12 3) 

where DMMAXN = the maximum value of the 6M/6logD 

distribution in milligrams per 

dry normal cubic meter for all 

runs of the same density, as 

indicated by the value of N. 

GEMINN = the minimum geometric mean dia

meter in micrometers for all runs 

of the same density, as indicated 

by the value of N. 

DMMINN = the minimum value of the 6M/6logD 

distribution in milligrams per 

dry normal cubic meter for all 

runs of the same density as indi

cated by the value of N. 

Calculate the x- and y-axes scale factors, XS 

and YS respectively, in inches per user's unit 

(i.e., inches per power of 10 on a natural 

logarithmic scale): 

XS = XIN/(XMAX-XMIN) 

YS = YIN/(YMAX-YMIN) 

where XIN = x-axis length in inches 
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078: 

079: 

080-086: 

087: 

088: 

YIN = y-axis length in inches (126) 

XMAX - XMIN = difference in maximum and minimum 

x-axis values = number of user's 

units along x-axis ( 127) 

YMAX - YMIN = difference in maximum and minimum 

y-axis values = number of user's 

units along y-axis (128) 

When WALLY2 is called, define the Y-coordinate 

location of the pen, YORIG, in terms of the 

minimum y-axis value YMIN (Y-value at the origin) 

and the y-axis scale factor, YS, in inches per 

t..ser's unit: 

YORIG = YMIN - (2/YS) (129) 

The pen location should always be on the base 

line of the graphing paper when any plotting 

subroutine is called. Therefore, the user's 

origin, (XMIN, YMIN), is 2 inches, (2/YS), 

above the original location of the pen, (XMIN, 

YORIG). 

The call to plotter subroutine SCALF (XS, YS, 

YMIN, YORIG) stores x- and y-axes scale factors 

XS and YS in inches per user's unit, and the 

original location of the pen (XMIN, YORIG), in 

user's units for later reference by the plotter. 

This begins the section which draws the x-axis 

using a conunon log scale. Find the number of 

x-axis cycles, IXRAN, by calculating the dif

ference of the x-axis limits XMAX and XMIN: 

IXRAN = XMAX - XMIN (130) 

The call to plotter subroutine XSLBL (XS, YS, 

XMIN, YMIN, IXRAN, XMIN) labels the x-axis for 

log10 scale. 

The call to plotter subroutine XLOG (XS, YS, XMAX, 

YMIN, -1, IXRAN) draws the x-axis for log10 scale. 
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089-093: 

094-095: 

This begins the section which labels the x-axis 

cycles. Define the desired width and length of 

written characters in inches, XCS and YCS, for 

labeling the x-axis: 

XCS = 0.15 

Yes = 0.15 

Define the point (X, Y) in user's units at which 

the labeling of the x-axis is to begin. This 

location should be at the lower left-hand corner 

of the position at which the first character is 

to be drawn. In order to center the label below 

the x-axis, first define the X-coordinate of the 

beginning pen position by placing the pen at the 

center of the x-axis length,. i.e., XMIN + (XMAX 

-XMIN)/2.0. Multiply 1/2 the total number of 

characters to be written (including spaces) by 

the number of inches for each character, xcs. 
The label to be written is "PARTICLE DIAMETER 

(MICROMETERS)" which contains 32 characters. 

Therefore, the number of inches to be backspaced 

from the center is 16•XCS. Dividing this by the 

inches per user's unit along the x-axis XS, one 

obtains the number of user's units to be back

spaced from the center point. Therefore: 

X = XMIN + [ (XMAX-XMIN) /2] - [ (16 •XCS) /XS] (131) 

The Y-coordinate is defined far enough below the 

x-axis so that there is room enough to draw 

characters (0.15 inches) without interfering 

with the drawn x-axis. The Y-coordinate is 

therefore 0.7 inches below the x-axis which allows 

0.55 inches between the top of the characters 

and the y-axis: 

Y = YMIN - (0.7/YS) ( 132) 
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096: 

097: 

098-102: 

103-104: 

105-109: 

110: 

111: 

112-113: 

Call the plotter subroutine, FCHAR (X,Y,XCS, 

YCS,0.0), to initialize the annotation sub

routine by establishing the starting location 

for the pen, (X,Y} in user's units, the width 

and height of the characters in inches, XCS 

and YCS, and the angle of writing in radians 

relative to the x-axis, here 0.0. 

Write the x-axis label, "PARTICLE DIAMETER 

(i>fICROMETERS} ". 

This begins the section which writes above the 

graph the identification label, ID, and assumed 

density, RHO, in grams per cubic centimeter. 

Redefine the width and height of written charac

ters in inches, XCS and YCS, for writing the 

identification label ID: 

xcs = 0.056 

YCS = 0.100 

Define the point (X,Y} at which writing will 

begin for the run identification label ID as 

being in line with the y-axis at X = XMIN and 

0.5 inch above the grid at Y = YMAX + (0.15/YS). 

This DO-loop searches for the last character of 

the identification label IDJ. This prevents 

any unnecessary movement of the pen for identifi

cation labels of less than 80 characters. 

The call to plotter subroutine FCHAR (X,Y,XCS, 

YCS,0.0) initializes the annotation subroutine 

by establishing the starting location for the 

pen (X,Y) in user's units, the width and height 

of the characters in inches, XCS and YCS, and 

the angle of writing in radians, 0.0. 

Write the identification label, ID, for the run. 

Redefine the beginning pen location (X,Y) in 

user's units for writing the density, RHO. The 
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114: 

115: 

116-121: 

122: 

123: 

124-128: 

beginning X-coordinate is defined so that the 

first character is in line with the y-axis, as 

is the case for writing ID above. The beginning 

Y-coordinate is 0.25 inches above the maximum 

y-axis value so that with characters 0.1 inch 

in height, there is a 0.15 inch margin between 

the writing for RHO and ID: 

X = XMIN 

Y = YMAX + (0.25/YS) 

Call the plotter subroutine FCHAR (X,Y,XCS,YCS, 

0.0) to initialize the annotation subroutine by 

establishing the starting location for the pen 

(X,Y) in user's units, the width and height of 

the characters in inches, XCS and YCS, and the 

angle of writing in radians, with respect to 

the x-axis, here 0.0. 

Write the assumed density "RHO = II 

This begins the section for drawing the y-axis 

on the left side of the graph using a common log 

scale. Calculate the number of y-axis cycles, 

IYRAN, by taking the difference of the y-axis 

limits YMAX and YMIN: 

IYRAN = YMAX-YMIN (133) 

The call to plotter subroutine YLOG (XS,YS, 

XMIN,YMAX,-1,IYRAN) draws the y-axis on the left 

of the graph for a common log scale. 

The call to plotter subroutine LGLBL (XS,YS, 

XMIN,YMIN,IYRAN,YMIN,l) labels the y-axis on 

the left for a common log scale. 

This begins the section for labeling the y-axis 

with powers of ten. Redefine the width and 

height in inches of written characters XCS and 

YCS for labeling the y-axis: 

xcs = 0.15 
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129-130: 

131: 

132: 

YCS = 0.15 

The pen position in user's units, (X,Y) is 

defined for the beginning of the y-axis label. 

The Y-coordinate is defined so that the writing 

is centered on the midpoint of the y-axis. 

The X-coordinate is defined so that the base of 

the characters does not interfere with the drawn 

y-axis. See the discussion of cards 094-095 

for a detailed example of how these coordinates 

are calculated: 

X = XMIN - (0.7/XS) (134) 

Y = YMIN + [ (YMAX-YMIN) /2. 0] - [ 16 •XCS) /YS] ( 135) 

The call to plotter subroutine FCHAR {X,Y,XCS, 

YCS,PI/2) initializes the annotation subroutine 

by establishing the starting location of the 

pen {X,Y), in user's units, the width and height 

of the characters in inches, XCS and YCS, and the 

angle of writing in radians, here n/2. 

Write the y-axis label "DM/DLOGD (MG/DNM3)". 

Note: The plotting grid and labeling have been drawn. Cards 

137-146 are concerned with the plotting of X and Y values for the 

dM/dlogD distribution vs. the geometric mean diameter of the 

particles at each of these stages, in micrometers. 

133-137: The variable KNT is a code value for the number 

of sets of data plotted on one graph up to this 

point. For example KNT=4 indicates that this is 

the 4th set of data to be plotted on this grid, 

and a special symbol for the 4th set is to be 

used to plot the points. Each time a new grid 

is drawn, KNT is reset to zero and the first set 

of data has the KNT value KNT+l=O+l=l. 
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138: 

139-146: 

147-169: 

The number of points to be plotted on this graph 

of mass size loading vs. geometric mean diameter, 

IV, is one more than that plotted for the total 

mass loading vs. maximum particle diameter plus 

the number of cumulative mass loading vs. Dso 

points, VV. This is because a value of the mass 

size distribution and corresponding geometric 

mean diameter can be expressed for the particu

late matter collected on the back up filter. 

However, there is no cumulative mass loading which 

escapes the back up filter and no lower size limit 

for the back up filter since it captures all re

maining particulate. IV=8 for both the University 

of Washington and Meteorology Research, Inc. 

cascade impactors, and IV=9 for both the Andersen 

and Brink cascade impactors. 

The program enters a loop to plot the log 10 of 

all non-zero values of the 6M/6logD distribu

tion, DMDLDJ, J=l, IV in milligrams per dry 

normal cubic meter vs. the log 10 of all non-

zero values of the geometric mean diameter of the 

particles at each stage in micrometers, GEOMDJ' 

J=l, IV. If the values at a given stage are 

zero, the point cannot be represented on the plot 

since log10 (0.0) is undefined. Each common log 

value is checked by XVAL or YVAL to see if the 

point is within the grid boundaries. If one of 

the points' coordinates exceeds a boundary, it is 

given a value which will cause the point to be 

plotted 0.15 inch outside the boundary. Sub

routine PIONT(KNT,XN,YN,XS,YS) actually plots the 

point with a symbol determined by the value of 

KNT. 

Subroutine WALLY2 may be called only to plot the 
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values of the ~M/~logD distribution vs. the 

geometric mean diameter based on the mass cap

tured on each stage. In this case, ISIG=O, and 

the program then continues by calling subroutine 

LABEL(KNT,XS,YS,YMAX,YMIN) to write the number of 

this set of data plotted on the graph and the 

symbol used to plot the nth set of data. For 

example, if this is the 6th set of data plotted 

on one graph, LABEL causes "TEST 6-*" to be 

printed above the graph indicating that the 

symbol * used for each point of this 6th super

imposed set of data points. The pen is then 

returned in the up position to the base line of 

the plotter and 4.5 inches beyond the maximum 

x-axis limit. It is now prepared for the next 

plot. WALLY2 returns to mainline GRAPH to seek 

instructions for the next graph. If ISIG=l, the 

program now calls subroutine JOE2 (instead of 

LABEL and PIONT) to plot the points for dM/dlogD 

distribution vs. geometric mean diameter as 

calculated from the derivative of the cumulative 

mass loading curve fit. Only one set of data is 

represented on a plot for these calls to WALLY2 

where ISIG=l. After these points are plotted 

and the pen returned in readiness for the next 

plot, JOE2 returns to WALLY2. WALLY2 then re

turns to mainline GRAPH to seek instructions for 

the next plot. 

Subroutine WALLY3--

This subroutine plots the ~N/~logD distribution values in 

nmnber of particles per dry normal cubic meter vs. the geometric 

mean diameter of the stages in micrometers. 
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024: 

025: 

026-027: 

028-032: 

033: 

034: 

Define the radian angle n as PI = 3.1415. 

Define the output device for the subroutine as 

M = 7 where 7 designates the output as the 

plotter. 

The code variable N indicates the assumed density. 

If the assumed density is physical density, then 

N = 1 and the data input to WALLY3 is from an odd 

numbered record. If the assumed density is unit 

density, then N = 2 and the data input to WALLY3 

is from an even numbered record. 

When !SIG > 0 (ISIG=6 in this subroutine) , graph

ing is not completed when WALLY3 plots the 6N/6-

logD distribution in number of particles per dry 

normal cubic meter vs. the g~ometric mean diameter 

of particles on each stage in micrometers. This 

is done in preparation for JOE2 to plot the 

dN/dlogD distribution as calculated from the 

derivative of the cumulative mass loading fitted 

equation. A new grid must be drawn for each new 

set of data. Therefore the program goes immed

iately to the section of WALLY3 (statement 20, 

card 034) which draws this grid without checking 

MPLOT. 

In the case where ISIG ~ 0, there is the possibil

ity of superimposing from 2-10 sets of data on one 

graph. MPLOT is checked here to see if super

imposition of these data on the previous graph 

is desired. In that case MPLOT is non-positive 

(usually MPLOT = 0). The subroutine skips the 

section for drawing a new grid and proceeds to 

plot. If a new grid is desired, MPLOT > 0, and 

the subroutine continues by drawing the grid. 

A new grid is to be drawn and the counter for 

the nth set of data drawn on that grid, KNT, is 

reset to 0 at XIN, statement 20. 

153 



035-040: 

041-047: 

048-058: 

Define the length of the horizontal x-axis or 

particle diameter axis in inches. 

XIN = 4.5 

Define the length YIN of the perpendicular y

axis or number size distribution axis in inches: 

YIN = 6.5 

If the code variable ISIZ3~1, a standard number 

and range of cycles for each axis is desired. 

The program keeps the standard maximum and min

imum x-axis values and y-axis values for the 

~N/~logD or dN/dlogD distribution graph to follow. 

If the code variable ISIZ3=1, the number and range 

of cycles for each axis will be regulated accord

ing to the range of the data for all runs. 

The maximum and minimum axis values, and there

fore the number and range of cycles are defined 

as standard values. XMAX and XMIN are the max

imum and minimum x-axis values to be plotted. 

The standard values for XMAX and XMIN are the 

same regardless of the impactor used. They are: 

XMAX = log1 o (100.0) = 2.0 (136) 

XMIN = log1 o (O.l) = -1.0 (137) 

YMAX and YMIN are the maximum and minimum y-axis 

values to be plotted. These standard YMAX and 

YMIN values are dependent on the impactor used. 

For the Andersen (IMPAC = 1), the University of 

Washington Mark III (IMPAC = 3), and the Meteor

ology Research, Inc., cascade impactors, these 

values are: 

YMAX = log10 (10 15 ) = 15 

YMIN = log10 (10 6
) = 6 

For the Brink cascade impactor (IMPAC = 

values are: 

YMAX = log1 o (10 1 i+) = 14 
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059-062: 

YMIN = log10 (10 5
) = 5 

ISIZ3 = 1 and the program goes to statement 25 

(card 59). The maximum and minimum axis values, 

and therefore the number of range of cycles, are 

regulated according to the range of the data for 

all runs. XMIN is the common log value of the 

minimum geometric mean diameter for all runs in 

micrometers. YMAX and YMIN are the common logs 

of the maximum and minimum values for all runs 

of the ~N/~logD or dN/dlogD distribution in 

number of particles per dry normal cubic meter. 

Note that XMAX is still set to the standard value. 

The function SLIM (MAXMIN, ALIMIT) rounds the 

variable ALIMIT to the next ~igher integer when 

MAXMIN = 1. SLIM truncates ALIMIT to the next 

lower integer when MAXMIN = 0. Thus: 

XMAX = 1 og i o ( 10 0 . 0 ) = 2 • 0 ( 141) 

YMAX =SLIM (l,log1o(DNMAXN}} (142} 

XMIN =SLIM (O,log1 0 (GEMINN}} (143) 

YMIN =SLIM (O,log1o(DMMINN)) (144) 

where DNMAXN = the maximum value of the dN/dlogD 

distribution in number of particles 

per dry normal cubic meter for all 

runs of the same density, as ind

icated by the value of N. 

GEMINN = the minimum geometric mean diameter 

in micrometers for all runs of the 

same density as indicated by the 

value of N. 

DNMINN = the minimum value of the dN/dlogD 

distribution in number of particles 

per dry normal cubic meter for all 

runs of the same density, as ind

icated by the value of N. 
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063-067: 

068: 

069: 

070-076: 

Calculate the x and y axis scale factors, XS 

and YS, in inches per user's unit (i.e., inches 

per power of 10 on a common logarithmic scale): 

XS = 

YS = 

where XIN 

YIN 

XIN/(XMAX-XMIN) 

YIN/(YMAX-YMIN) 

= x-axis length 

= y-axis length 

in inches 

in inches 

(145) 

(146) 

(14 7) 

(148) 

XMAX-XMIN = difference in maximum and minimum 

y-axis values =number of user's (149) 

units along y-axis. 

When WALLY3 is called, define the Y-coordinate 

location of the pen, YORIG, in terms of the 

minimum y-axis value, YMIN, (i.e., Y-value at 

the graph origin) and the y-axis scale factor, 

YS, inches per user's units: 

YORIG = YMIN - (2./YS) (150) 

The location should always be on the base line 

of graphing paper when any plotting subroutine 

is called. Therefore, the user's origin, 

(XMIN,YMIN) is 2 inches, i.e. (2/YS), above the 

original location of the pen, (XMIN, YORIG). 

The call to plotter subroutine SCALF (XS,YS,YMIN, 

YORIG) stores x and y axis scale factors, XS and 

YS, in inches per user's unit, and the original 

location of the pen (XMIN,YORIG) in user's units, 

for later reference by the plotter. 

This begins the section for drawing the x-axis 

using a common log scale. Calculate the number 

of x-axis cycles, IXRAN, by calculating the 

difference of the x-axis limits XMAX and XMIN: 

IXRAN = XMAX-XMIN (151) 

077: The call to plotter subroutine, XSLBL (XS,YS, 

XMIN,YMIN,IXRAN,YMIN) labels the x-axis for the 

10910 scale. 
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078: 

079-083: 

084-085: 

The call to plotter subroutine XLOG (XS,YS, 

XMAX,YMIN,-1,IXRAN) draws the x-axis for the 

log10 scale. 

This begins the section for labeling the x-axis 

cycles. Define the desired width and height of 

written characters in inches, XCS and YCS: 

xcs = 0.15 

YCS = 0.15 

Define the point (X,Y) in user's units at which 

the labeling of the x-axis is to begin. This 

location should be at the lower left-hand corner 

of the position where the first character is to 

be drawn. In order to center the label below 

the x-axis, first define the.X-coordinate of the 

beginning pen position by placing the pen at the 

center of the x-axis length, i.e. XMIN + [(XMAX

XMIN)/2]. Multiply 1/2 the total number of 

characters to be written, including spaces, by 

the number of inches for each character, XCS. 

The label to be written in "PARTICLE DIAMETER 

(MICROMETERS)" which contains 32 characters. 

Therefore, the number of inches to be "back

spaced" from the center is 16•XCS. Dividing 

this by the inches per user's unit along the 

x-axis, XS, gives the number of user's units 

to be backspaced from the center point. There

fore: 

X = XMIN + [ (XMAX-XMIN)/2] - [ (16•XCS)/XS]. (152) 

The Y-coordinate is defined low enough below the 

x-axis so that there is room enough to draw the 

characters (0.15 inches) without interfering 

with the drawn x-axis. The Y-coordinate is 

therefore defined as 0.7 inches below the x-axis 

allowing 0.55 inches between the top of the 

characters and the y-axis. 
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086: 

087: 

088-092: 

093-094: 

095-099: 

100: 

101: 

Y = YMIN - (0.7/YS) (153) 

Call the plotter subroutine FCHAR (X,Y,XCS,YCS, 

0.0) to initialize the annotation subroutine by 

establishing the starting location for the pen, 

(X,Y), in user's units, the width and height of 

the characters in inches, XCS and YCS respectively, 

and the angle of writing relative to the x-axis, 

here 0. 0 radians. 

Write the x-axis label "PARTICLE DIAMETER (MICRO

METERS)". 

This begins the section for writing the identifi

cation label, ID, and the assumed density, RHO, 

above the graph. Redefine the width and height 

of written characters in inches, XCS and YCS, 

for writing the run identification label, ID: 

xcs = 0.056 

YCS = 0.100 

Define the point (X,Y) at which writing will 

begin for the run identification label, ID, as 

being in line with the Y-axis at X=XMIN and 1/2 

inch above the top of the grid at Y=YMAX + 

( 0. 5/YS) . 

This DO-loop searches for the last character 

of the identification label, IDJ. This prevents 

any unnecessary movement of the pen for identifi

cation labels of less than 80 characters. 

The call to plotter subroutine FCHAR (X,Y,XCS, 

YCS,0.0) initializes the annotation subroutine 

by establishing the starting location for the 

pen, (X,Y), in user's units, the width and height 

of the characters in inches, XCS and YCS respect

ively, and the angle of writing, here 0.0 radians. 

Write the identification label, ID, for the run. 

158 



102-103: 

104: 

105: 

106-111: 

112: 

113: 

114-118: 

Redefine the beginning pen location, (X,Y), in 

user's units for writing the density, RHO. The 

beginning x-coordinate is defined so that the 

first character is in line with the y-axis, as 

is the case for writing ID above. The beginning 

Y-coordinate is 0.25 inches above the maximum 

y-axis value so that with characters 0.10 inches 

in height, there is a 0.15 inch margin between 

the writing for RHO and ID: 

X = XMIN (154) 

Y = YMAX + (0.25/YS) (155) 

Call the plotter subroutine FCHAR (X,Y,XCS,YCS, 

0.0) to initialize the starting location for the 

pen, (X,Y) in user's units, the width and height 

of characters in inches, XCS and YCS, and the 

angle of writing, here 0.0 radians. 

Write the assumed density "RHO = II 

This begins the section for drawing the y-axis 

on the left side of the graph using a common log 

scale. Calculate the number of y-axis cycles, 

IYRAN, by taking the difference of the y-axis 

limits YMAX and YMIN: 

IYRAN = YMAX-YMIN (156) 

The call to plotter subroutine YLOG (XS,YS,XMIN, 

YMAX,-1,IYRAN) draws the y-axis on the left of 

the graph for common log scale. 

The call to plotter subroutine LGLBL (XS,YS,XMIN, 

YMIN,IYRAN,YMIN,l) labels the y-axis on the left 

for common log scale. 

This begins the section for labeling the y-axis 

on the left side of the graph with cycles. Re

define the width and height of written charac

ters in inches, XCS and YCS, for labeling the 

y-axis: 
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119-120: 

121: 

122: 

xcs = 0.15 

YCS = 0.15 

The pen position in user's units, (X,Y), is 

defined for the beginning of the y-axis label. 

The Y-coordinate is defined so that the writing 

will be centered on the midpoint of the y-axis. 

The X-coordinate is defined so that the base of 

the characters does not interfere with the drawn 

y-axis. See the discussion of cards 084-085 for 

a detailed example of how these coordinates are 

calculated: 

X = XMIN - (0.7/XS) 

Y = YMIN + [(YMAX-YMIN)/2.0] 

(157) 

[16•XCS)/YS] 

The call to plotter subroutine FCHAR {X,Y,XCS, 

YCS,PI/2) initializes the annotation subroutine 

by establishing the starting location of the pen 

(X,Y) in user's units, the width and height of 

the characters in inches, XCS and YCS and the 

angle of writing, here n/2 radians. 

Write the y-axis label "DN/DLOGD (NO. PARTICLES/ 

DNM3)". 

Note: The plotting grid and labeling have been drawn. Cards 

123-135 are concerned with the plotting of X and Y values for the 

~N/~logD distribution vs. the geometric mean diameter of the 

particles at each of these stages in micrometers. 

123-126: The variable KNT is a code value for the number 

of sets of data plotted on one graph up to this 

point. For example, KNT = 4 indicates that this 

is the 4th set of data to be plotted on this 

grid, and a special symbol for the 4th set will 

be used to plot the points. Each time a new grid 

is drawn, KNT = O, and the first set of data has 

the KNT value, KNT + 1 = 0 + 1 = l. 
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127: 

128-135: 

136-146: 

The number of points, IV, to be plotted on this 

graph of 6N/6logD vs. geometric mean diameter is 

defined here. It is one more than VV which is 

the number of possible cumulative mass loadings 

at each Dso plus one for total mass loading at 

the maximum particle diameter. This is because 

a value of the 6N/6logD distribution and corres

ponding geometric mean diameter can be expressed 

for particulate matter collected on the back up 

filter. However, there is no mass which escapes 

the back up filter since it captures all remain

ing particles. IV = 8 for both the University of 

Washington Mark III and the Meteorology Research, 

Inc., cascade impactors, and_IV = 9 for both the 

Andersen and Brink cascade impactors. 

The program enters a loop to plot the common log 

of all non-zero values of the number size distri

bution, DNDLDJ, J = 1, IV, in number of particles 

per dry normal cubic meter vs. the common log of 

all non-zero values of the geometric mean diameter 

of the particles at each stage in micrometers, 

GEOMDJ' J = 1, IV. If the values at a given 

stage are zero, the point cannot be represented 

on the plot since log10 (O.O) is negative infinity. 

Each common log value is checked by XVAL or YVAL 

to see if the point is within the grid boundaries. 

If one of the point's coordinates exceeds a 

boundary, it is given a value which will cause 

the point to be plotted at 0.15 inches outside 

the boundary. Subroutine PIONT (KNT,XN,YN,XS,YS) 

actually plots the point with a symbol determined 

by the value of KNT. 

Subroutine WALLY3 may have been called to plot 

the values of the 6N/6logD distribution vs. the 
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geometric mean diameter based on the mass cap

tured at each stage exclusively. In this case 

ISIG = 0, and WALLY3 calls subroutine LABEL (KNT, 

XS,YS,YMAX,YMIN) to write the number of this set 

of data plotted on this graph and the symbol used 

to plot this nth set of data. For example, if 

this is the 6th set of data plotted on this one 

graph, LABEL causes "TEST 6-*" to be printed 

a.Dove the graph indicating that the symbol * is 

used for each point of this 6th superimposed set 

of data points. The pen is then returned in the 

up position to the baseline of the plotter, 4.5 

inches beyond the maximum x-axis limit. It is 

now ready for the next plot. WALLY3 returns to 

mainline GRAPH to seek instructions for the 

next graph. If ISIG = 6, the program calls sub

routine JOE2 (instead of LABEL and PIONT) to plot 

the points for the dN/dlogD size distribution vs. 

geometric mean diameter as calculated from the 

derivative of the cumulative mass loading curve 

fit. Recall that JOE2 is also the subroutine 

called by WALLY2 to plot a similar mass size 

distribution based on this derivative of the 

cumulative mass loading curve fit. The value of 

ISIG is the code input to JOE2 which allows 

this subroutine to distinguish which plot is 

desired - !SIG = 1 for dM/dlogD distribution and 

ISIG = 6 for dN/dlogD distribution. Only one set 

of data is represented on a plot for these calls 

to WALLY3 when ISIG = 6. After these points are 

plotted and the pen returned in readiness for 

the next plot, JOE2 returns to WALLY3. WALLY3 

returns to mainline GRAPH to seek instructions 

for the next plot. 
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Subroutine JOE2--

This subroutine makes a plot of points from the dM/dlogD 

(if ISIG = 1) or dN/dlogD (if ISIS = 6) distribution in milli

grams or number of particles per dry normal cubic meter vs. 

particle diameter in micrometers. This plot is based on the 

derivative of the fitted curve to cumulative mass loading vs. 

stage Dso for the given run and given assumed density. It also 

makes a listing on the line printer of diameter values in micro

meters along with the corresponding differential size distribu

tion value at that size. 

028-038: 

039-050: 

051: 

Write the column headings at the top of the page 

on the line printer. These headings are "INTER

VAL", "DIAMETER", and "CHANGE IN MASS CONCENTRA

TION (MG/DMN3)" or "CHANGE I~ NUMBER CONCENTRA

TION (NO./DNM3)". The choice between the last 

two column headings is determined by the value of 

ISIG received by subroutine JOE2. If ISIG = 1, 

this subroutine plots points of the dM/dlogD 

distribution, and the former heading is printed. 

If ISIG = 6, this subroutine plots points of the 

dN/dlogD distribution, and the latter heading is 

printed. 

A log 10 diameter increment DINC is defined here. 

This is the amount by which the common log of the 

diameter is increased on each traverse of the 

loop in which the dM/dlogD or dN/dlogD distribu

tion values are calculated. DINC is defined by 

dividing the difference in the common logs of 

100.0 and 0.25 microns into 35 equal parts: 

DINC = [log1 0 (100.0) - log10 (0.25))/35 

The first value of the independent variable, 

Dl, to be used in calculating the size distribu

tion value is defined here as the common log of 

an arbitrarily small particle size in micrometers. 
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052-053: 

054-057: 

058: 

059-063: 

064-073: 

Thus, the Dl value is initially defined as: 

01 = log i o ( O. 2 5) ( 159) 

Define the last value of the independent variable 

OLOF to be the maximum x-axis limit, XMAX. Recall 

that the x-axis (diameter) is a common log scale 

so that DLOF = XMAX is already in common log form. 

Read record IS from file 11 (file FILSPL) contain

ing the information for fitting log 10 (cumulative 

mass loading) vs. log10 (Dso) for this run and 

assumed density. These variables are the number 

of interval boundary points which are fitted NPOIN, 

the values of these points (Xl,Yl)I, I= 1, NPOIN, 

and the series of fitting second degree polynom

ial coefficients COEI,J' I = 1, INT, J = 1, 3, 

where INT is the number of fitted intervals, 

NPOIN-1. 

A loop begins here and continues through state

ment 100 (card 145). The loop calculates the 

mass size distribution value or number size 

distribution value (depending on ISIG) at a 

given diameter. This is calculated according 

to the derivative of the second degree polynomial 

curve fit to the cumulative mass loading vs. 

diameter at this diameter as found in SPLINl. 

Both graph and line printer output are produced 

in this loop. 

DPLOT is the actual diameter in micrometers. 

This is the value output to the line printer. 

It is the result of taking the antilog of Dl, 

the independent variable used in fitting: 

DPLOT = 10.0D 1 (160} 

The "DO 320" loop here takes the diameter var

iable 01 and compares it to ever increasing 

X-coordinate values of the interval boundary 
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074-082: 

points, (Xl,Yl), fitted in program SPLINl to 

find the interval, NINT, containing Dl. 

The value of DELM, the mass size concentration 

at diameter DPLOT, is found here in milligrams 

per actual cubic meter. Mathematically this is: 

DELM - dM 
d (log i o DPLOT) ( 161) 

where M = mass concentration in milligrams per 

actual cubic meter. 

PPP, the cumulative mass loading fitting poly

nomial over a specified interval, NINT, is the 

common log of mass concentration as a function of 

Dl, the common log of the diameter DPLOT: 

PPP= log10M = f(Dl) = f(log10DPLOT) (162) 

= COENINT,l+COENINT,2Dl+COENINT,3(Dl)
2 

where COENINT,J'J=l,3=fitting coefficients for 

for interval NINT which contains diameter 

DP LOT 

This calculation of PPP is made at cards 079-081. 

Card 078 expresses DELl, the derivative of this 

common log of cumulative mass concentration with 

respect to the common log of the diameter DPLOT: 

DELl = d PPP 
d (log i oDPLOT) ( 163) 

d (log i oM) = d(log10DPLOT) 

DELl = COENINT, 2+2COENINT, 3Dl 

Using the following logic, DELM may be expressed 

in terms of PPP and DELl: 

d PPP 
DELl = d(log10DPLOT) 

d(log10M) = d (log1 oDPLOT) 

= d (log i oM) 
d~-'l 
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083-087: 

088-092: 

Then it follows that : 

DELM = dM 
d (log i o DPLOT) 

dM 

DELl x dM 
d (log1 oM) = 

To find d (log1 oM.) 

M = exp (logeM) 

=exp (log 10 x log 10 M} 
e 

=exp (2.30258 log 1 oM} 

(166} 

d.M a. 
= d(logioM) [exp(2.302585 log 10 M)] d (log i oM) 

= 2.302585 e~p (2.302585 log 10 M} 

dM 2.302585 M d(log10M)= = 

Then 

DELM = DELl x 2.302585 x · 1 0 1og1 oM (170) 

or DELH = DELl x 2.302585 x lOPPP (171) 

This is the expression for DELM, the mass size 

concentration in milligrams per actual cubic 

Meter, as calculated at card 082. 

DELM as found above is in units of milligrams per 

actual cubic meter. The conversion of the dif

ferential mass size distribution to units of 

milligrams per dry normal cubic meter is depend

ent on the arr~ient pressure at the impactor 

inlet in atmospheres, POA, the temperature of 

the stack in degrees Kelvin, TKS, and the percent 

water content of the gas, FGs: The conversion 

is calculated by: 

DELM = DELM[(TKS/294) (l/POA)] 
[ (100-FG s) /100] (172) 

The value of the dN/dlogD distribution at a 

given diameter in nurnber of particles per dry 

normal cubic meter, DELN, can be expressed as 

a function of the value of the dM/dlogD distribu-
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tion in milligrams per dry normal cubic meter, 

DELM, the density of the particles in grams per 

cubic centimeter, RHO, and the given particle 

diameter in micrometers, DPLOT. To show the 

development of this function, define the follow

ing variables: 

v = volume of one particle in cubic micro-

meters, 

m = mass of one particle in milligrams, 

p = density of the particles in grams per 

cubic centimeter, 

M = total mass of particles in one cubic 

r,1eter in grams, 

N = total number of particles in one cubic 

meter, and, 

DPLOT = particle diameter in micrometers. 

The mathematical expressions for v, m, and M are: 

v = n(DPLOT) 
3 

(µm3) 
6 

(lQ- 4CTit) 3 
µm 

n(DPLOT) 3 
x 6 

pn(DPLOT) 
3 

x 10-g(mg.) 
m = 6 

M = Nm (mg.) 

dN 
Then DELN or d(logioDPLOT) may be expressed as 

a function of DELH, p, and DPLOT: 

d(Nm) dM 
DELM = d(log10DPLOT) = d(log 1 oDPLOT) 

dN 
= md (log i o DPLOT) 

Then 
dN dM 1 

d(log10DPLOT) = d(log10DPLOT)° x m 

DELM = m 
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093-098: 

099-111: 

112-120: 

or dU - DELM 6 10 9 
d(log10DPLOT) - pn(DPLOT) 3 x (number 

of particles 

per dry nor

mal cubic 

meter) 

which is the expression used in defining dN/dlogD 

at card 102, where the program name is DELN. 

Define the change in concentration as DEL. If 

ISIG = 1 this refers to dM/dlogD, DELM, in milli

grams per dry normal cubic meter. If ISIG = 6 

this refers to dN/dlogD, DELN, in number of 

particles per dry normal cubic meter. 

If the cumulative mass loading fitting function 

is always increasing, as it should, the change in 

concentration, DEL, will be positive. Then the 

common log of DEL can be taken at statement 65 

(card 111). If, however, there are some points 

within the plotting range where the function is 

non-increasing, the 10910 of the resulting zero 

or negative DEL value cannot be taken. In this 

case, instead ot taking ~he true log 10 value of 

DEL, it is given the arbitrary extremely low 

log 10 value of -50.0 at statement 60 (card 106). 

This will later be seen as a signal of undesir

able function behavior in the line printer out

put. 

This section uses the functions XVAL and YVAL to 

check the values of the log10 of diameter, Dl, 

and the log10 of change in concentration, DEL, 

for values which would cause the plotter to plot 

outside the limits of the graph (e.g., if DEL= 

-50.0). It assigns to any such extreme coordinate 

a value which causes the point to be plotted 0.15 

inches beyond the exceeded boundary. The call to 
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121: 

122-125: 

126-131: 

132-137: 

138-145: 

plotter subroutine FPLOT(-2, XN, YN) moves the 

pen to the new point location (XN, YN) and lowers 

it. The pen is in the up position when this is 

called. The call to plotter subroutine SYMBOL 

(9, 0.04) causes the symbol of a solid circle 

0.04 inches in diameter to be drawn. Finally 

the pen is raised in preparation for the next 

pen movement by FPLOT (+l, XN, YN). 

This statement causes the program to omit con

verting the log10 of the change in concentra

tion if the former value = -50.0. Finding the 

antilog here would serve no purpose since -50.0 

has no true meaning except as a signal to mark 

undesirable function behavior. 

For proper values of log10 of change in concen

tration, the antilog is taken. This yields the 

original change in concentration value, DEL, 

which will be printed: 

DEL = 10.0DEL 

Write under the proper column heading the "slot 

number" I which is a diameter index or point 

index, the diameter in micrometers, DPLOT, and 

the change in mass concentration (if ISIG = 1) 

or the change in number concentration (if ISIG 
= 6) , DEL. 

If the function shows non-increasing change in 

concentration, this write statement takes the 

place of the one at card 130. The program writes 

under the proper column heading the diameter 

index, the diameter in micrometers, DPLOT, and 

"NON-INCREASING. II 

The corrunon log diameter value is compared with 

XMAX which is the maximum x-axis limit, a common 

log of the scale value. If Dl is larger than 
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146-154: 

this value, the plotting diameter range has been 

covered, and the program exits the loop. If Dl 

is not greater than XMAX, it is incremented by 

DINC. Recall that Dl is the independent variable 

for the fitting equation, log10 (diameter). The 

program then returns to the top of the loop at 

card 058 to calculate log 1 o (d.M/dlogD) or log 10 
(dN/dlogD) for this next Dl. 

The pen is returned to the base line in the up 

position, 4.5 inches beyond the maximum x-axis 

limit, XMAX, so that it is now ready for the 

r.ext plot. The subroutine now returns to the 

calling subroutine WALLY2 (if ISIG = 1) or WALLY3 

{if ISIG = 6). 

Input and Output for the Mainline Program GRAPH 

Card Input and Resulting Output--

Card A--Data punched on this card determine whether the cycles 

shown on the log1 0 axes of each plot will be of a standard range 

and number or if this range and number will be regulated by the 

span of the data. This coding has no bearing, however, on the 

'cycles' shown on normal probability axes used in the graph of 

cwnulative percent mass loading vs. particle diameter in micro

meters. Also, this card coding indicates whether plotting code 

values {see cards D and C below) are to be read once and used for 

all data sets, or whether new plotting code values are to be read 

for each run . 

Column 1: Punch "O" or leave blank if the standard range 

and number of cycles are desired for all plots 

of cumulative mass loading in milligrams per 

actual cubic meter vs. particle diameter in micro

meters. The standard rnaximwn and minimum cumula

tive mass loading {Y) and particle diarJeter (X) 
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Column 2: 

axis limits are as follows: 

XMAX = log 1 o { 100) = 2 (178) 
YMAX = log i o { 1O1+) = 4 ( 17 9) 

XMIN = -1 log i o (10 ) = -1 (180) 
YMIN = -1 log 1 o { 1 O ) = -1 (181) 

Punch a "l" here if it is desired to regulate 

the range and number of cycles of cumulative 

mass loading plots according to the data. The 

maximum axis limit for particle diameter is still 

standard: 

XMAX = log1o(lOO) = 2 (182) 

The other axis limits are found by the function 

SLIM(MAXMIN,ALIMIT). SLIM truncates ALIMIT to 

the next smaller integer val:ue if MAXMIN = 0. 

SLIM rounds up ALIMIT to the next higher integer 

if MAXMIN = 1. Thus: 

XM.IN == SLIM (O,log10DPMINN) (183) 

YMAX == SLIM ( 1, log i o CUMA~) (184) 

YM.IN = SLIM {O ,log1 ocmuuN) (185) 

DPMUIN is the smallest lower size limit diameter, 

in micrometers, of all the runs at the desired 

density. When N = 1, DPMIN1 is this lower limit 

assuming physical density. t7hen N = 2, DPMIN 2 

is this ninir.1um assuming unit density. CUM.A~ 

is the largest total mass loadinq value, in 

milligrams per actual cubic meter, of all the 

runs at the density indicated by the value of U, 

as described above. 

CUM.INN is the smallest cumulative mass loading 

value, in milligrams per actual meter, of all 

the runs at the density indicated by the value 

of N as described above. 

Punch "O" or leave blank if the standard range 
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and number of cycles are desired for all plots of 

!M/t.logD or dM./dlogD in milligrams per dry normal 

cuhic meter vs. geometric mean diameter of part

icles at that stage in micrometers. The standard 

maximum and minimum size distribution on mass 

basis (Y} and geometric mean diameter (X} axis 

limits depend upon the impactor used. For the 

Andersen, University of Washington Mark III 

(Pilat), and Meteorology Research, Inc., impactors, 

these standard limits are: 

XMAX = log10(10 2
) = 2 

YMAX = log10(10 4
) = 4 

XMIN = log10(10- 1
) = -1 

YMIN = log10(10- 2
) = -2 

For the Brink impactor, these 

XMAX = log10(10 2
) = 2 

YMAX = log10(10 6
) = 6 

XMIN = log1o(l0- 1 ) = -1 

YMIN = log1o(l) = 0 

limits are: 

(186) 

(187) 

(188) 

(189) 

(19 0) 

( 191) 

(192) 

(193) 

Punch a "l" here if it is desired to regulate 

the range and number of cycles for plots of 

Mi/ tilogD or dM/dlogD according to the data. 

The maximum axis limit for geometric mean dia

meter is still standard. 

XMAX = log10(10 2
) = 2 (194) 

The other axis limits are found by the function 

SLIM(MAXMIN,ALIMIT). SLIM truncates the value 

of ALIMIT to the next lower integer if MAXMIH = 
O. SLIM rounds up the value of ALIMIT to the 

next higher integer if MAXM.IN = 1. Thus: 

XMIN = SLIM (O,log10GDIUNN} (195) 

YMAX =SLIM (l,log10DMMAXN) (196) 

YMIN = SLIM (O,log1 oDMMINN) (197) 
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Column 3: 

GDMINN is the smallest geometric mean diameter, 

in micrometers, of all the runs at the desired 

density. When N = 1, GDMIN 1 is this minimum 

geometric mean diameter assuming, physical dens

ity. When N = 2, GDMIN2 is this rnin.;_mum,assum

ing unit density. DMMAXN is the largest 6M/6logD 

or dM/dlogD value in milligrams per dry normal 

cubic meter of all the runs at the desired dens

ity (indicated by the value of N as described 

above). DMMINN is the smallest 6M/6logD or 

dM/dlogD value in milligrams per dry normal cubic 

n~ter of all the runs at the desired density 

(indicated by the value of N as described above). 

Punch "O" or leave blank if the standard range 

and number of cycles are desired for all plots 

of .6.N/6logD or dlT/d.logD in number of particles 

per dry normal cubic meter vs. geometric mean 

diameter of particles at that stage in micro

meters. The standard maximum and minimum 6N/ 

6logD or dN/dlogD (Y) and geor.1etric mean dia

meter (X) axes linits depend upon the impactor 

used. For the Andersen, University of Washington 

Mark III (Pilat), and Meteorology Research, Inc., 

impactors, these standard limits are: 

XMAX = 10<]10(100) = 2 

YMAX = log10(10 15 ) = 15 

XMIN = log10(10- 1) = -1 

YMIN = log10(10 6
) = 6 

For the Frink impactor, these limits are: 

XMAX = log1 o (100) = 2 

YMAX = log i o ( 10 1 4
) = 14 

XMIN = log1 0 no- 1) = -1 

YMDJ = log i o ( 10 5 ) = 5 

( 19 8) 

( 19 9) 

(200) 

(201) 

(202) 

(203) 

(204) 

( 205) 

Punch a "l" here if it is desired to regulate 
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Column 4: 

the range and number of cycles for plots of t.N/ 

~logD or dN/dlogD according to the data. XMAX 

and XMIN are based on the maximum and minimum 

geometric mean diameter values in micrometers, 

GD~ and GDMINN. They are the same as described 

in the section for "Column 2" above. The vertical 

axis limits are as follows: 

YMAX = SLIM(l,log10DNMAXN) (206) 

YMIN = SLIM(O,log10DNMINN) 

DNMAXN is the largest ~N/l:.logD or dN/dlogD value 

in number of particles per dry normal cubic meter 

of all the runs at the desired density. When N 

= 1, DNMAX1 is this maximum assuming physical 

density. \'?hen H = 2, DNMAX2. is this maximum, 

assuming unit density. DNMINN is the smallest 

~N/t.logD or dH/dlogD value in number of particles 

per dry norr.lal cubic meter of all the runs at 

the desired density (indicated by the value of N 

as described above). 

Punch "O" here or leave blank if plotting code 

values (see car<ls 3 and.C below) are to be read 

once. In this case the plotting instructions 

for all runs are read f ron a single card B and 

a single card C. Punch "l" here if plotting code 

values are to be read for each set of data. In 

this case there would be as many B and C cards 

as there are number of i~pactor runs for which 

there are sets of data, ~RUN. 

Card B--This card contains the values of plotting code var

iables for the "raw data" plots. These are referred to as "raw 

data" plots because they are based on the mass captured at each 

stage. There is a code variable providing the option to super

impose two or more data sets on one graph or to show each set of 
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data on a separate graph. The plotting choices are: 

a) cumulative mass loading less than each stage D50 , in 

milligrams per actual cubic meter CUMG1 , I = 1, 8 (and 

the total mass loading in the same units, GRNAM) vs. the 

lower size limit of particles on that stage, in micro

meters, DMAX 

b) 6M/6logD in milligrams per dry normal cubic meter, 

DMDLD1 , I= 1, 9, vs. geometric mean diameter of all 

particles on the stage in micrometers, GEOMD1 , I = 1, 9 

c) 6N/6logD in number of particles per dry normal cubic meter 

DNDLD1 , I = 1, 9, vs. the geometric mean diameter of all 

particles on the stage in micrometers, GEOMD1 , I = 1, 9. 

There are actually two possible plots for each of the three 

described above since separate calculations are made for physical 

density and unit density. 

The plots which may be obtained are discussed below. Note 

that a value of "O" produces the plot desired while a value of 

"l" suppresses the plot. 

Column 1: 

Column 2: 

Leave this column blank or punch a "O" if it is 

desired to superimpose the raw data points of 

this run on the same grid as that used by the 

previous run. Up to a maximum of 9 sets of data 

may be superimposed on one grid, each set of data 

plotted with a different symbol. Punch a pos

itive number in this field, e.g. "l", to draw a 

new grid for each plot requested for this run. 

The first card in card position B must have a 

positive number punched in this field since there 

is no grid available from a "previous" plot. 

Punch "O" to receive a graph of cumulative mass 

loading below each stage in milligrams per actual 

cubic meter, CUMG, and the total mass loading in 

the same units, GRNAM, vs. the lower size limit 

of particles on that stage in micrometers, DPC, 
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Column 3: 

Column 4: 

Colunn 5: 

Column 6: 

Column 7: 

and the maximum particle diameter in the same 

units, DMAX. Unit density, 1.0 gram per cubic 

centimeter is assumed. The graph also shows a 

secondary vertical axis to the right with 

cumulative mass loading in grans per actual 

cubic foot. Punch "l" in column 2 to suppress 

the graph. 

Punch "O" to receive a graph of .6M/.6logn in 

milligrams per dry nor!"1al cubic meter, rnmLD, 

vs. the geometric mean dimneter of p~rticles 

captured on the Ith stage GEOMD
1 

assuming unit 

density, 1.0 gram per cubic centimeter. Punch 

"l" in column 3 to suppress the graph. 

Punch "O" to receive a graph· of .6:~/~loc;D in 

nunber of particles per dry normal cubic neter 

DNDLD vs. geometric mean diameter of particles 

captured on the I th stage, GEOMD
1

, assur.1ing unit 

density, 1.0 grar1 per cubic centimeter. Punch 

"l" in colunn 4 to suppress the graph. 

Punch "O" to receive the same graph as described 

for Column 2 of this card except here the plotted 

point values are found by assuming physical dens

ity. Punch "l" to suppress the graph. 

Punch "O" to receive the same graph as described 

for Column 3 of this card except here the plotted 

point values are found by assumin0 physical dens

ity. Punch "l" to suppress the graph. 

Punch "O" to receive the same graph as described 

for Column 4 of this card except here the plotted 

point values are found by assuming physical dens

ity. Punch "l" to suppress the graph. 

Card c--This card contains the values of plotting code var

iables to obtain plots for fitted data plots. For each plot 
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required, there must be a record of the series of fitting poly

nomials for these data present on file FILSPL (file 11). There

fore, mainline program SPLINl, in addition to mainline program 

MPPROG, must be run previously before any of the following plots 

can be obtained. The plot choices showing the results of curve 

fitting are: 

a) cumulative mass loading of particulate less than indicated 

diameter in milligrams per actual cubic meter vs. particle 

diaraeter in micrometers 

b) cumulative percent mass loading of particulate less than 

indicated diameter vs. particle diameter in micrometers 

c) dM/dlogD in nilligrams per dry normal cubic ~eter vs. 

geometric mean diameter of the size interval in micro

meters 

d) dN/dlogD in number of particles per dry normal meter vs. 

geometric mean dianeter of the size interval in nicro

meters. 

There are, again, two possible plots for each of the four describ

ed above since there are separate calculations made for physical 

density and unit density. Except for the cumulative percent 

plots, each of the plots described above show the "raw data" 

points (as described for Card D) superimposed on the fitted data. 

To show more than one run of data on any one of these graphs 

would create a cluttered and confusing plot. Therefore, there is 

no option to superimpose more than one set of data on a graph, 

as th0re was for those plots controlled by Card B. 

For each plot of the type b, c, or d described above, there 

is other output in addition to the graph. This consists of a 

line printer table of plotted values. The plots which can be 

selected on card c are discussed below. Again, note that "O" 

produces the plot while "l" suppresses the plot. 

Column 1: Punch "O" to receive the curve of cumulative 

mass loading of particulate less than indicated 

diameter, in milligraPs per actual cubic meter, 
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Column 2: 

Column 3: 

Column 4: 

vs. particle diameter, in micrometers, according 

to the predetermined fitting equation where unit 

density is assumed. The graph also shows the 

points on which the curve fit was based. These 

latter points are the same data as plotted accord

ing to Card I:, Column 2. Punch "l" to suppress 

the graph. 

Punch "O" to receive the line printer table and 

graph of cumulative percent of total mass load

in9 for particulate less than the indicated dia

meter vs. particle diameter in r.i.icrometers where 

unit density is assumed. Punch "l" to suppress 

the graph. 

Punch 11 0" to receive the line printer table and 

graph of d.M/dlogD in milligra~s per dry normal 

cubic meter vs. particle diaraeter in micrometers 

as determined fror,1 the derivative of the pre

determined fitting equation assuming unit dens

ity. The graph also shows the ~M/LlogD distri

bution obtained fron the particulate matter col

lected at each stage. These latter points are 

the same data as plotted according to Card E, 

ColUJT'.n 3. Punch "l" to suppress the graph. 

Punch "O" to get the line printer table and graph 

of dN/dlogD in number of particles per dry normal 

cubic meter vs. particle diameter in micrometers 

as determined fro111 the derivative of the pre

determined fitting equation assuming unit density. 

The graph also shows the ~N/illogD distribution 

obtained from the particulate raatter collected 

at each stage. These latter points are the SillJe 

data as plotted according to Card B, Column 4. 

Punch "l" to suppress the graph. 

178 



Column 5: 

Column 6: 

Column 7: 

Column 8: 

Punch "O" to receive the same graph as described 

for Column 1 of this card except here the plotted 

values are found by assuming physical density. 

Punch "l" to suppress the graph. 

Punch "O" to receive the same table and graph as 

described for Column 2 of this card except here 

the values are found by assuming physical density. 

Punch "l" to suppress the table and graph. 

Punch "O" to receive the same table and graph as 

described for Column 3 of this card except here 

the values are found by assuming physical density. 

f'unch "l" to suppress the table and g-raph. 

Punch "O" to receive the same table and graph as 

described for Column 4 of this card except here 

the values are found by assuming physical density. 

Punch 11 1 11 to suppress the table and graph. 

File Input and Output--

Program GRAPH uses three random access files. One of these, 

file number 8 under the file name "GRAPHO", is used exclusively 

within this program. All input into this file is made within 

this prograrn and the only reading of file 8 takes place within 

this program. This file is discussed in further detail below. 

File 10, under the file name "I\I1C001", carries needed inforrnation 

for prograrns SPLIN2 and GRAPH from the running of the impactor 

program MPPROG. File 10 is only a source of input data for 

program GRAPH. No additional values are added to it by this 

program. The third file is file number 11 with the file name 

"FILSPL''. It carries the fitting coefficients for fits made to 

log 10 (cumulative mass loading) vs. log1o(Dso) for each run and 

assumed density. Tvm records are kept for each run as in file 

10: one for assumed physical density and one for unit density. 

File number 8, referenced as "FGRAPH" under the file name 

"GRAPH", is used to store the plotting code values for each run 
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as input from cards. There are a total of 50 records,each allo

cated 15 words. Each of these records contains the plotting code 

values for one impactor run. These include the values for obtain

ing both physical density plots and unit density plots. This is 

unlike files 10 and 11 where there are two records for each in

pactor run: one for data obtained assuming physical density and 

one for data obtained assuming unit density. Each variable is 

an integer requiring one word. The variables and their defini

tions are as follows: 

MPLOT: The value is 0 if a new grid is desired for plot

ting data from this ir,1pactor run. The value is 

l if data frora this impactor run are to be super

imposed on the graph of a previous run(s). 

Jl: The value is 0 if the plot of curaulative mass 

loading less than stage Dso in milligrams per 

actual cubic meter vs. stage Dso in raicrorneters 

is desired for assumed unit density. The value 

is 1 if this plot is to be suppressed. 

J2: The value is 0 if the plot of DM/~logD in Qilli

grams per dry normal cubic meter vs. geometric 

rnean diameter in r.:icrometers of each stage in 

micrometers is desired for assuraed unit density. 

The value is 1 if this plot is to be suppressed. 

J3: The value is 0 if the plot of LlN/i:ilogD in nUQber 

of particles per dry normal cubic meter vs. 

ge01.1etric mean diameter in micrometers of each 

stage in micrometers is desired for assumed 

density. The value is 1 if this plot is to be 

suppressed. 

J4: The value is O to obtain the same plot as given 

for Jl = 0 except that physical density is 

assumed. The value is 1 if this plot is to be 

suppressed. 

JS: The value is 0 to 0Lt2in the same plot as given 
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for J2 = 0 except that physical density is 

assumed. The value is 1 if this plot is to be 

suppressed. 

J6: The value is 0 to obtain the same plot as given 

for J3 = 0 except that physical density is 

assuraed. The value is 1 if this plot is to be 

suppressed. 

JPl: 

JPCNTl: 

JP2: 

JP3: 

JP4: 

The value is 0 to obtain the smae plot as for 

Jl = 0 with the fitted curve to these data super

imposed. The value is 1 if this plot is to be 

suppressed. 

'l'he value is 0 to obtain the curve of cumulative 

percent mass loading vs. particle diameter in 

micrometers as determined from the cumulative 

mass loading vs. Dso curve fit assuming density. 

The value is 1 if this plot is to be suppressed. 

The value is 0 to obtain the same plot as for J2 

= 0 with points of the d.M/dlogD distribution 

superimposed. This dM/dlogD distribution is 

obtained from the derivative with respect to 

log 1 0 (diaP.leter) of the cumulative mass loading 

vs. Dso curve fit. The value is 1 if this plot 

is to be suppressed. 

The value is 0 to obtain the saP.le plot as for 

J3 = O with points of the illl/dlogD distribution 

superimposed. Again this is obtained from the 

derivative of the cumulative mass loading curve 

fit. The value is 1 if this plot is to be 

suppressed. 

The value is 0 to obtain the same plot as for Jl 

= O except that physical density is assumed and 

the fitted curve to this data is also superimpos

ed. The value is 1 if this plot is to be sup

pressed. 
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JPCNT4: 

JPS: 

JP6: 

The value is 0 to obtain the curve of cumulative 

percent mass loading vs. particle dianeter, in 

micrometers, for assumed physical density as 

determined from the cumulative mass loading vs. 

Dso curve fit. The value is l if this plot is 

to be suppressed. 

The value is 0 to obtain the sane plot as for 

J2 = 0 except that physical density is assumed 

and the points of the dM/dlogD distribution are 

superimposed. This d.M/dlogD distriJ,ution is 

obtained from the derivative with respect to 

log1o diameter of the cur.iulative mass loading vs. 

Dso curve fit. The value is 1 if this plot is 

to be suppressed. 

The value is O to obtain the saMe plot as for 

J3 = 0 except that physical density is assumed 

and the points of the dN/dlogD distribution are 

superimposed. Again this is obtained from the 

derivative of the cumulative mass loading curve 

fit. The value is 1 if this plot is to be sup

pressed. 
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PROGRAM STATIS 

The program STATIS is designed to make statistical analyses 

of the data taken during a number of impactor runs for a given 

test situation. 

The user may obtain the following results in both tabular 

and graphical form: 

a. average cumulative mass loading less than indicated 

diameter in milligrams per actual cubic meter 

b. average percent cumulative mass loading less than indi

cated diameter 

c. average differential particle-size distribution on a 

mass basis in milligrams per dry no~al cubic meter 

(dM/dlogD) 

d. average differential particle-size distribution on a 

number basis in number of particles per dry normal cubic 

meter (dN/dlogD). 

Also calculated for each of these are the 50% confidence 

limits. (Note: These may be changed to 90% confidence limits by 

replacing the equations as indicated in this write-up.) Averages 

and confidence limits are based on the exclusion of outliers. 

Outliers are defined as any data not within a certain interval of 

the original average (including all data}. See the discussion of 

subroutine AVCON for the specific definition of outlying data used 

in this program. Each of the four types of analysis discussed 

here is made for data where physical particle density is assumed 

and where unit density is assumed. 

The pro~ra~s which must be run before the execution of STATIS 

are the impactor program MPPROG and the cumulative mass loading 

vs. diameter fitting program, SPLINl. The impactor program stores 

the data points for cumulative mass loading vs. stage Dso for 

each of the impactor runs, and the fitting program fits each of 

these sets of data with a series of overlapping,continuous,second 

183 



degree polynomials. The parameters for each curve fit (number of 

intervals, interval boundaries, and coefficient values) must be 

on file so that they may be used in program STATIS to regenerate 

the cumulative mass loading vs. diameter curve fit for each impac

tor run. From this, one may generate a cumulative percent load

ing curve. With the original fitting equation and its derivative, 

the dM/dlogD and dN/dlogD graphs may also be generated. Thus, all 

calculations to obtain averages in STATIS are based on information 

derived from cumulative mass loading vs. D50 curve fits for indi

vidual impactor runs stored by the fitting program SPLINl. 

The execution of program STATIS is also essential to the 

execution of program PENTRA which is used to calculate the pene

tration and efficiency of the gas cleaning device versus particle 

size. PENTRA uses the magnitude of average dM/dlogD values at 

the indicated diameters, and standard deviation about the average 

stored on file by STATIS, in order to make the penetration and 

efficiency calculations. STATIS must actually be executed twice~ 

once each for the inlet and outlet data sets. 

It should be noted that in the Breakdown of Program STATIS 

below, physical density is assumed to have been input to program 

MPPROG. This results in calculations based on physical density 

and unit density (definition of aerodynamic diameter user speci

fied) being listed alternately in output files. The user may 

instead desire to input only unit density to MPPROG yielding cal

culations based on the two different definitions of aerodynamic 

diameter (Mercer's 2 and Task Group on Lung Dynamics 1
). 

Breakdown of Program STATIS 

038-046: Read coding to indicate whether the data to be 

used are inlet or outlet information. Consequently, 

the proper sequential file is established for out

put from this program. If statistical calculations 

are being made for inlet data, the information is 
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047-073: 

stored in file 16; if statistical calculations are 

being made for outlet data, the information is 

stored in file 17. 

Read coding to indicate whether even or odd 

numbered records are to be used for averaging 

<i-~., whether records for physical density, 

respectively, are to be used, which plots 

are desired, the plotting range for these plots, 

and whether a constant of integration is to be 

added to calculation of average cumulative mass 

loading. The coding NOFILE = 1 is the indication 

that there have been no fits made to the cumula

tive mass loading vs. D50 for this density. Thus, 

no statistical calculations are to be made for the 

data of this assumed density. The program enters 

"flag" variable values which will indicate that 

penetration--ef f iciency calculations cannot be 

made for this density when read in program PENTRA. 

These d.M/dlogD values are "O"'s where the assumed 

density and number of diameter points examined 

would have been entered. ·For example, if N = 1 

and NOFILE = 1, the assumed density is physical, 

and the program returns to statement number 1 

(card 067) to read in information concerning unit 

density (N = 2). If N is 2 and NOFILE = 1, the 

program ends with the STOP command. 

074-087: A desired maximum plotted diameter may be read into 

the program. Otherwise, the maximum plotted diam

eter is 8.0 micrometers (PSTOP) for physical den

sity and 10.0 micrometers (ASTOP) for unit density. 

088-118: Read the general information record (record 101) 

from file 10. This includes the number of impac

tor runs, NRUN, coding for the type of impactor, 

IMPAC, the general identification label, IDALL, 

physical density, RHOl, and grid limits for all 
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plots according to the range of the data, GEMAX 

through CUMIN. 

119-124: The assumed particle density for these statistical 

calculations is saved as RHOX. This is the physi

cal density RHOl read from the general information 

record 101 if N = 1. RHOX is the unit 

density 1.0 gram per cubic centimeter if N = 2. 

125-129: The last record containing run data for the assumed 

density is defined here as ISFIN according to the 

assumed density as indicated by coding N and 

according to the number of impactor runs to be 

statistically evaluated, NRUN. (Recall, there are 

two records for each impactor run~dd records for 

assumed physical density, even records for assumed 

unit density. 

130: The average total mass (grain) loading for this 

assumed density, ATGLN' is given an initial value 

of 0.0 milligram per actual cubic meter before its 

calculation. 

131-137: In a loop, the total mass loading, TGLIS in milli

grams per actual cubic meter, is read from file 10 

for each run. 

138-150: IAVLD is coding in subroutine AVCON to indicate 

whether confidence limits are to be found for 

averages. It is set equal to 0 here so that con

fidence limits are not calculated for the average 

total mass loading, ATGL15 . The subroutine AVCON 

(N, IAVLD, NDK, NOCON1 1 ISFIN, TGL, ATGLN' AVDMl, 

CUM2D1, CUM2LD, CISUM, SIGMA, CLU1, CLL1, DINC) 

takes the total mass loading values, TGL, to cal

culate a preliminary standard deviation SIGMA. 

A new final average ATGLN is then calculated where 

any outlying TGLIS values are excluded. The vari

ables NOCON1 and AVDMl through DINC are dummy vari

ables in this case. No confidence limits are 

taken. 
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151-158: CUM2D 1 is the cumulative mass loading less than 

the specified diameter in milligrams per actual 

cubic meter; CUM2LD is this same quantity up to 

the previous diameter. CISUM is the sum of the 

squares of the confidence intervals of all the 

dM/dlogD values up to the specified diameter in 

milligrams per actual cubic meter. AVDML is the 

average dM/dlogD value at the previous specified 

diameter in milligrams per actual cubic meter. At 

this time, before entering the loop at card 153, 

there are no "specified" diameters. Thus, CUM2D 1 , 

CUM2LD, CISUM, and AVDMl, are given initial values 

of 0.0 here. 

159-627: The program begins a large loop here through state

ment 254 (card 627). The index MDK (or NDK = MDK -

2) specifies the type of calculations and output 

to be made on each passage through the loop: 

MDK = 1 or NDK = -1 yields graph and line 

printer output for average cumulative mass 

loading less than specified diameter in 

milligrams per actual cubic meter vs. speci

fied diameter in micrometers. Also on this 

same traverse NDKl is changed from 0 to 1 

to obtain the same output for cumulative 

percent mass loading less than specified 

diameter vs. specified diameter in micro

meters. 

MDK = 2 or NDK = 0 yields graph, line printer, 

and file output for average dM/dlogD in 

milligrams per dry normal cubic meter vs. 

specified diameter in micrometers. 

MDK = 3 or NDK = 1 yields graph and line 

printer output for average dN/dlogD in 

number of particles per dry normal cubic 

meter vs. specified diameter in micrometers. 
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All of the output discussed here also includes 

upper and lower 50% confidence limits. (Note: 

90% confidence limits may be obtained by substitu

ting the formulas as specified in the discussion 
of subroutine AVCON.) Also, a list of outlying 

values is printed with each type of calculation. 

188: NDKl is a code variable whose value determines the 

type of vertical scale desired for plotting. 

NDKl = 0 yields a conunon log vertical scale. 

NDKl = 1 yields a log probability scale (used only 

for plotting of average cumulative percent mass 

loading). 

189-245: According to the type of calculations to be made, 

i.~., according to the value of MDK, various head

ings are written at the top of the page on the 

line printer. The heading always includes the gen

eral identification label IDALL and assumed den

sity RHOX. For MOK = 1 there are column headings 

for diameter index number, diameter in micrometers, 

mean cumulative mass concentration less than spec

ified diameter in milligrams per actual cubic 

meter, and upper and lower 50% confidence limits 

in the same units. For MOK= 2 there are column 

headings for diameter index number, diameter 

(micrometers), mean dM/dlogD in milligrams per dry 

normal cubic meter, standard deviation, and upper 

and lower 50% confidence limits all in the same 

units. Likewise, for MOK = 3 there are the same 

headings for dN/dlogD in number of particles per 

dry normal cubic meter. Also if a plot is desired 

(when IPLTl, IPLT2, or IPLT3 = 0 for MOK = 1, 2, 

or 3, respectively) a plotting grid is drawn on 

the plotter by subroutine STPLOT along with label

ing of axes. 
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246-255: Define the common log increment of the diameter to 

be added on each traverse of the loop, DINC. For 

calculations of cumulative mass loading, DINC is 

defined such that there are 28 points per common 

log cycle: 

DINC = 0.0357142857 (20 8) 

For calculation of dM/dlogD and dN/dlogD, DINC is 

defined such that there are 14 points per common 

log cycle: 

DINC = 0.0714285714 (209) 

The number of points per log cycle is arbitrary; 

however, the number of points ·for cumulative mass 

loading is twice that of the differential size 

distributions in order to construct a more accurate 

cumulative mass loading curve. (The ultimate would 

be an infinite number of changes in mass concen

tration summed over infinitely small log 10 diameter 

intervals.) 

256-261: Dl is the variable used in the derivative fitting 

equation and is defined as the common logarithm 

of the true particle diameter in micrometers. The 

curve fit starts at 0.25 micrometers diameter. 

This is an arbitrarily chosen size with which to 
begin the fitting loop. The user should take appro-

priate caution in evaluating extrapolated data if the 

Dso or geometric mean diameter of the last stage is 

greater than this beginning particle size of 0.25 

micrometers. The initial value of Dl is: 

Dl = log10 (0.25) (210) 

262-272: The maximum diameter at which calculations cease, 

DSTOP, is defined in micrometers according to the 

assumed particle density. (Recall discussion of 

cards 074-087 that this maximum diameter is ASTOP 

for assumed unit physical density.) 
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273-274: The number of points (diameters) at which calcula

tions are to be made, PLAS, is defined by dividing 

the plotting range by the common log increment 

DINC: 

PLAS = [log1 o (DSTOP) - Dl] /DINC (211) 

This real variable PLAS is changed to an integer 

variable LAS with one point added for the initial 

point Dl: 

LAS = PLAS + 1 (212) 

275-279: If calculations are being made for the mean 

d.M/dlogD size distribution (NDK = 0) , the first 

entry into a sequential file MPACFL is made here. 

MPACFL = 16 if the data here is from inlet testing. 

MPACFL = 17 if this data is from outlet testing. 

{See discussion on cards 038-046). The information 

from this file along with information from the 

companion inlet or outlet file will be used in pro

gram PENTRA to calculate penetration and efficiency 

of the gas cleaning device. This first entry con

sists of assumed particle· density, RHOX, in grams 

per cubic centimeter, and the number of tested 

diameter points, LAS. 

280-485: A loop begins here which contains all calculations 

to obtain average cumulative mass loading 

(NDK = -1) , average dM/dlogD (NDK = O) , or average 

dN/dlogD (NDK = -1) vs. particle diameter with 50% 

confidence limits. Output to the line printer, 

plotter, and file MPACFL (for NDK = 0) are also 

made in this loop. The value of NSLOT is the diam-

eter index number and MSLOT = NS LOT -1 is the diam-

eter index number of the previous diameter. Note 

that the average percent cumulative mass concen

tration vs. particle diameter is calculated out

side the loop. 
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291-295: DPLOT is the actual diameter in micrometers, and 

is a function of the curve fitting diameter vari

able Dl: 

DPLOT = 10.0Dl (213) 

296-303: A sum of changes in particle concentration, SUM, 

is calculated over all runs at the indicated diam

eter, DPLOT. This is the sum of changes on a mass 

basis in milligrams per actual cubic meter if 

NDK = -1, or the sum of changes on a mass basis in 

milligrams per dry normal cubic meter if NDK = O, 

or the sum of changes on a number basis in number 

of particles per dry normal cubic meter if NDK = 1. 

SUM is given the initial value of 0.0, and the 

number of runs contributing a quantity to this sum, 

NUPTS, is also given an initial value of O. 

304-377: The loop begins here which sums the increments as 

discussed above. Note that the index IAV is 

incremented by 2 on each traverse of the loop so 

that only those records having the same assumed 

density provide data to be summed. 

305-311: The record of each run for the assumed density is 

read to obtain the stack temperature in degrees 

Kelvin, TKS, the impactor inlet pressure in atmo

spheres, POA, and the percent water-vapor content 

of the gas, FGH20. These are used to convert 

average mass size distribution values from milli

gram per actual cubic meter to milligrams per dry 

normal cubic meter. (See cards 357-364.) Vari

ables NFIT, GRNAM, ID, and RHO are dummy variables 

here. 

312-321: At the appropriate record IS, the number of inter

val boundary points generated for the cumulative 

mass loading fit, NPOIN, is read. The number of 

intervals which these points bound, INT, is 
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defined as NPOIN -1. From this record, the pro

gram also reads the actual boundary point values, 

XlI (I=l,NPOIN) and Yl
1 

(I=l,NPOIN), and the 

second degree polynomial coefficients which yield 

the curve fit to the cumulative mass loading vs. 

D50 data for the run, COEIJ (I=l,INT; J=l,3). 

322-330: The diameter variable Dl is tested in a loop to 

find the interval in which it lies. Starting at 

the second smallest boundary diameter variable Xl 2 , 

Dl is compared to the boundary diameter variable 

values until Dl 2 XlJ. Then the interval, NINT, 

in which Dl lies is equal to J -1. If there are 

Dl values< Xl1(which is log 10 (D 50 ) of the smallest 

stage cutpoint), they are defined as being in the 

first interval NINT = 1. If there are Dl values 

> XlNPOIN' which is log10 (maximum particle diam

eter), they are defined as being in the last 

interval NINT. 

331-343: If average cumulative mass loading is being calcu

lated (NDK= -1), and if this is the first traverse 

of the loop (NSLGT=l, i.e., finding the cumulative 

mass loading of particulate < 0.25 micrometers), 

and if a cumulative mass loading constant of inte

gration is desired (NCUCON=O), this constant is 

calculated for each run of this assumed density, 

CUCON1 18 , as a function of the diameter variable 

with a value one increment smaller (DINC) than the 

first value of Dl = log10C0.25): 

CUCON1 18 = C1 + C2(Dl-DINC) + C3(Dl-DINC) 2 (214) 

The value CUCON1 found here is in the form of the 

log 10 (cumulative mass loading). The antilog is 

taken so that CUCONl is actual cumulative mass 

loading up to but not including 0.25 micrometers. 

Note also that if this "initial" cumulative mass 

loading is < 10- 5 milligrams per actual cubic 
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meter, it is given that value anyway. This is to 

prevent such a large range of scale for the aver

age cumulative mass loading grid. 

344-357: The program calculates the change in mass concen

tration with respect to log 10 (diameter), dM/dlogD, 

in milligrams per actual cubic meter at the given 

diameter. This requires both the value of log1 0 

(cumulative mass concentration), PPP, as determined 

by the second degree polynomial fitting coefficints 

of the interval, C1, C2, and C 3 , and the log1 0 

(di ame te r ) , D 1 : 

PPP = logM (215) 

= C 1 + C2 (Dl) + C 3 (Dl) 2 

and the value of the derivative of PPP with respect 

to Dl, DELMBC, as determined by C2 , C 3 , and Dl: 

DELMBC = dlogM/dlogD 

= C2 + 2C 3 (Dl) ( 216) 

The change in cumulative mass concentration 

dM/dlogD is also named DELMBC. Thus, DELMBC is 

redefined: 

DELMBC = dM/dlogD (217) 
= 2.302585 DELMBC (10.0)ppp 

(See the discussion of JOE2 where it is shown that: 

dM d(PPP) 
d{logD) = 2.302585 d(Dl) (10.0)PPP ) . 

358-372: dM/dlogD is in units of milligrams per actual 

cubic meter if NDK = -1. It is in milligrams 

per dry normal cubic meter, DELM, if NDK = O. 

To make the conversion, DELMBC is divided by the 

factor CONVRT: 

(218) 

CONVRT = (294/TKS) POA ((100.0-FGH20)/100.0] (219) 

where TKS = temperature of stack {°K) 
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POA = gas pressure at the impactor 

inlet (atmosphere) 

FGH20 = percent water content of the gas 

dM/dlogD may be converted to dN/dlogD, DELN, if 

NDK = 1, by dividing by particle density and 

volume: 

DELN = (6.0/p TI 0 3
) DELM x 10 9 ( 220) 

where p = assumed particle density 

(gm/cm 3 ) 

D = particle diameter (µm) 

DELM = dM/dlogD (mg/ACM) 

The variable DELIS is defined as the change in con

centration at the given diameter DPLOT in one of 

three systems of units, depending on the value of 

NDK as discussed here. 

373: The loop which began at card 304 ends here. The 

loop returns to calculate DELIS at the same diam

eter DPLOT and same assumed particle density, p, 

for the next run until DELIS has been calculated 

for all like density runs at the same diameter. 

374-375: The code variable IAVLD is to be used in the call 

to subroutine AVCON. By setting IAVLD = 1, AVCON 

will calculate 50% confidence limits if there are 

enough data to calculate these, i.e., two or more 

values. 

376-387: If average cumulative mass loading is being cal

culated NDK = -1. 

388-389: The value of code variable NOCONNSLOT signals, 

upon return from AVCON, whether there were enough 

data to calculate confidence limits. It is input 

to AVCON as 0 and remains this value if confidence 

limits are calculated. It is set equal to 1 if 

the confidence limits are not calculated. Also, 

the average change in particle concentration, AVD 

{units depend on value of NDK), is initialized 
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390-426: Subroutine AVCON, (N, IAVLD, NDK, NOCONNSLOT' 

ISFIN, DEL, AVD, AVDMl, CUM2DNSLOT' CUM2LD, CISUM, 

SIGMA, CLUSNLOT' CLLNSLOT' DINC) is called to cal

culate the average, AVD, of all suitable values of 

DEL. "Suitable values" refers to the exclusion of 

any negative DELIS value and the exclusion of any 

DELIS value determined to be an outlier (such DELIS 

values are set = -50.0 in subroutine AVCON as an 

arbitrary negative "flag" value) . An average of 

the cumulative mass concentration, CUM2D, is also 

calculated for each increment in log 10 D if NDK = 1. 

CUM2D represents this average cumulative mass 

loading less than the specified diameter in milli

grams per actual cubic meter. If there is a 

sufficient number of data values, the upper and 

lower 50% confidence limits, CLUNSLOT and CLLNSLOT' 

respectively, are also calculated. The method of 

calculating these limits depends on the value of 

NDK. 

427: NSETS is a code variable which is a simple func-

tion of NOCONNSLOT: 

NSETS = NOCONINSLOT + 1 (221) 

NSETS = 1 is equivalent to NOCONNSLOT = 0 and 

indicates that confidence limits are calculated in 

subroutine AVCON. NSETS = 2 is equivalent to 

NOCONNSLOT = 1 and indicates that there is insuffi

cient data for calculation of 50% confidence 

limits in subroutine AVCON. 

428-455: The output of the line printer is dependent on 

both NDK and NSETS, i.e., the type of average to 

be calculated and whether confidence limits could 

be calculated. The diameter index number NSLOT, 

the diameter DPLOT, and the average (AVD = average 
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differential concentration for NDK = O or 1, or 

CUM2D = average cumulative mass loading less than 

indicated diameter for NDK = -1) are printed 

regardless of the value of NSETS. If NSETS = 1, 

the value of the standard deviations, SIGMA, and 

the upper and lower 50% confidence limits CLUNSLOT 

and CLLNSLOT are printed for NDK = O or 1. The 

upper and lower 50% confidence limits only are 

printed for NDK = -1. If NSETS = 2, "INSUFFICIENT 

DATA" is printed in each of these positions. 

456-465: A loop occurs here which saves values excluded in 

calculating averages and confidence limits at this 

diameter (i.~., any DELIS value< 0.0). The 

number of values excluded at a given diameter is 

NOUTNSLOT. The record numbers of any excluded 

values at the given diameter are also saved in a 

two-dimensional matrix, THROUTNSLOT,NT' where 

NSLOT is the diameter index and NT is an index for 

the number thrown out. These values are saved so 

that excluded records may be printed out with the 

table of averages and confidence limits for each 

value of NDK. The number of values to be used in 

calculating averages and confidence limits is 

saved as NIN. 

466: The output device used next depends upon the value 

of NDK. If the averages and confidence intervals 

for cumulative mass loading less than indicated 

diameter (NDK = -1), or for dN/dlogD (NDK=l) are 

calculated here, the program checks directly to 

see if plotting is desired at statement 117 (card 

467) or 119 (card 477), respectively. If the 

averages and confidence intervals for dM/dlogD 

(NDK=O) are calculated here, the program goes to 

statement 118 (card 475) to first write values 
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into file MPACFL (for use in program PENTRA) 

before checking to see if plotting is desired. 

467-474: The program comes to statement 117 (card 468) for 

plotting the cumulative mass loading, CUM2D, less 

than the indicated diameter, DPLOT, along with 

upper and lower confidence limits CLUNSLOT and 

CLLNSLOT' respectively, if NOCONNSLOT = 0. The 
confidence limits will not be calculated or plotted 

if NOCONNSLOT = 1. Recall that twice as many 

diameters are being examined for the average cumu

lative mass distribution than are examined for 

either dM/dlogD or dN/dlogD. It is not desirable 

to plot all these points on the graph, therefore, 

a test is made so that only every other point is 

plotted. Only when IPLOT is negative is a point 

plotted. IPLOT is calculated as: 

IPLOT = (-l)NSLOT (222) 

Plotting is done by calling subroutine STATPT(NDKl, 

NOCONNSLOT' DPLOT, CUM2DNSLOT' CLUNSLOT' CLLNSLOT' 
XMAX, XMIN, YMAX, YMIN, XS, YS) if IPLOT = -1. 

Since NDK = 0 when this subroutine is called, the 

plotting will be done on a log-log grid. The max

imum and minimum axis values XMAX, XMIN, YMAX, and 

YMIN along with scale factors XS and YS are also 

input to STATPT. These are calculated in subroutine 

STPLOT. If cumulative mass loading less than indi

cated diameter is calculated (NDK= -1), the aver

age dM/dlogD at the indicated diameter in milli

grams per actual cubic meter, AVD, is redefined as 

AVDMl, the average dM/dlogD at the previous diam

eter in the same units. Likewise, the cumulative 

mass loading less than the indicated diameter in 

milligrams per actual cubic meter, CUM2D, is 
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redefined as AVDMl, the average dM/dlogD at the 

previous diameter in the same units. Likewise, 

the cumulative mass loading less than the indicated 

diameter in milligrams per actual cubic meter, 

CUM2D, is redefined in a similar fashion as CUM2LD, 

the cumulative mass loading less than the previous 

diameter. The program then goes to statement 150 

(card 480) where Dl is incremented by DINC and cal

culations are repeated for the new diameter. 

475-476: The program comes to statement 118 {card 475} if 

calculation of average dM/dlogD is made (i.e., if 

NDK = 0). Here, an entry is made into the sequen

tial access file MPACFL (file 16 if making statis

tical calculations for inlet data, file 17 if for 

outlet data) for use in the penetration-efficiency 

program PENTRA. The values written into this 

record are the diameter in micrometers at which 

the average dM/dlogD value is being calculated, 

DPLOT, the average dM/dlogD value in milligrams 

per normal dry cubic meter, AVD, the standard 

deviation of this average in the same units, SIGMA, 

and the number of dM/dlogD values used to find 

this average and standard deviation, NIN. The 

program then checks plot coding IPLT2. If a plot 

of average dM/dlogD vs. diameter, DPLOT, is desired, 

IPLT2 ~ 0 (usually IPLT2=0), and the program goes 

to statement 140 {card 478) for plotting. Other

wise, the program goes to statement 150 {card 480) 

to increment the log1 0 (diameter) and traverse 

again the loop ending at statement 200 {card 481) 

for the new diameter variable, Dl. 

477: Plot coding IPLT3 for plotting average dN/dlogD vs. 

diameter DPLOT is checked here. If the plot is 

desired, IPLT ~(usually IPLT3:0), and the program 
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goes to statement 140 (card 478) for plotting. 

Otherwise, the program goes to statement 150 

(card 480) to increment the log 10 (diameter) and 

traverse again the loop ending at statement 200 

(card 481) for the new diameter variable, Dl. 

478-479: The program comes to statement 140 (card 478) for 

plotting the average dM/dlogD or dN/dlogD value at 

the indicated diameter, DPLOT, along with upper 

and lower 50% confidence intervals CLUNSLOT and 

CLLNSLOT' if NOCONNSLOT = 0. Again, there are no 

confidence limits plotted if NOCONNSLOT = 1. The 

subroutine STATPT is called with the same result 

as at statement 2117 (cards 470-471) except that 

an average differential size distribution value, 

AVD, is plotted instead of an average cumulative 

mass loading less than indicated diameter, CUM2D. 

480-481 The diameter variable Dl = log 10 (diameter) is 

incremented here and the program returns to the 

beginning of this loop (card 289) to make calcu

lations at the new diameter. 

482-498: A table of records whose outlying values were 

excluded from averaging at each diameter is printed 

out here. The table shows a heading of the general 

identification label IDALL and assumed density 

RHOX. Such a table is printed for each value of 

NDK, i.e., one each for mean cumulative mass con

centration less than particle diameter (NDK= -1), 

mean dM/dlogD (NDK=O), and mean dN/dlogD (NDK -1). 

Such a table is not printed out for mean cumulative 

percent concentration less than particle diameter. 

However, the table would be the same as that for 

mean cumulative concentration. 

499-508: The value of NDK is checked here. If values of 

average cumulative mass loading less than the 
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indicated diameter have been calculated (NDK= -1) , 

or if values of average dN/dlogD at the indicated 

diameter have been calculated (NDK=l) , the program 

goes directly to check if a plot has been made 

(to statement 255 at card 513 or to statement 252 

at card 618, respectively) so that the pen can be 

put back in its "home position" at the base of the 

plotter paper 2 inches beyond the maximum X -axis. 

If values of average dM/dlogD at the indicated 

diameter have been calculated (NDK=O) the program 

goes to statement 251 (card 606) to make the final 

entry into the file MPACFL for the density which 

is a series of 5 asterisks, DAST, in place of diam

eter, mean dM/dlogD, and standard deviation. Then 

a check is made to see if the plotter is being 

used as above. 

509-525: The program comes to statement 255 (card 513) for 

NDK = -1 to check if a plot of cumulative mass 

loading less than indicated is being made. If so, 

IPLTl = 0, and the program goes to statement 304 

(card 619) to put. the pen in its "home position" 

after plotting. If not (IPLTl=l), the program 

goes to statement 253 (card 525) to write the 

headings for average cumulative percent mass load

ing less than indicated diameter. As before, 

this includes the general identification label 

IDALL and the assumed particle density RHOX. Also, 

column headings are printed for diameter index 

number, indicated diameter, average cumulative 

percent mass loading less than indicated diameter, 

upper 50% confidence limit, and lower 50% confi

dence limit. 

526-539: If a plot of average cumulative percent mass load

ing vs. diameter is desired, IPLT4 = 0. In this 
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case, the program goes to statement 257 (card 535) 

to call subroutine CPPLOT (IDALL, RHOX, XMAX, 

XMIN, YMAX, YMIN, XS, YS) which draws a log prob

ability vs. common log grid, labels the axes for 

cumulative percent mass loading vs. particle diam

eter, and writes the general identification label 

IDALL and density RHOX above the grid. If the 

plot is not desired (IPLT4=1), the call to CPPLOT 

is skipped, and the program goes to statement 258 

(card 539) where the first diameter variable for 

calculating average cumulative percent mass load

ing, Dl, is defined: 

Dl = log10 (0.25) (223) 

540: The code variable NKDl is set equal to a -1 as an 

indication to the plotting subroutine STPLOT that 

these points are to be plotted on a grid with a 

log probability vertical axis (rather than a 

corrunon log axis as for previous plotting where 

NDKl = 0) . 

541-456: A loop begins here continuing to statement 270 

(card 599) which plots average cumulative percent 

mass loading less than indicated diameter vs. 

diameter with 50% confidence limits. The loop 

also gives a tabular line printer output of these 

values. The conunon log of the indicated diameter 

is incremented on each traverse of the loop. 

547-550: The antilog of the plotted diameter variable Dl is 

taken, yielding the output value for the line 

printer, DPLOT: 

DPLOT = 10.0Dl (224) 

551-560: The cumulative mass loading in milligrams per 

actual cubic meter less than indicated diameter 

CUM2DNSLOT' along with its upper and lower 50% 
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confidence limits with the same units CLU and 
NS LOT 

CLLNSLOT' respectively, have been calculated. 

These values are now converted to the cumulative 

fraction of mass loading less than indicated diam

eter with fractional upper and lower confidence 

limits by dividing by the average total mass load

ing in milligrams per actual cubic meter, ATGLN: 

CUM2DNSLOT = CUM2DNSLOT /ATGLN (225) 

CLUNSLOT = CLUNSLOT /ATGLN (226} 

CLLNSLOT = CLLNSLOT /ATGLN (227} 

561: The code variable IPLOT is calculated so that odd 

values of the diameter index number, NSLOT, yield 

!PLOT = -1, while even NSLOT values yield IPLOT = 1. 

Recall that there are twice as many values of cumu

lative mass loading values as there are values of 

dM/dlogD or dN/dlogD and, therefore, twice as many 

cumulative percent mass loading values. To keep 

the graph from being too crowded with points, only 

those diameters for which !PLOT = -1 are plotted. 

562: If a graph of cumulative percent mass loading less 

than indicated diameter vs. diameter is not desired 

(IPLT4=1), or if a particular point is not one 

which is to be plotted (!PLOT~ -1), the call to 

subroutine STATPT which would have plotted the 

point is skipped. 

563-569: The program calls subroutine STATPT (NDKl, NOCON 

NSLOT' Dl, CUM 2DNSLOT' CLUNSLOT' CLLNSLOT' XMAX, 
XMIN, YMAX, YMIN, XS, YS) to plot the cumulative 

percent mass loading less than indicated diameter 

CUM2DNSLOT along with its 50% confidence limits, 

CLUNSLOT and CL~SLOT' vs. the indicated diameter 
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DPLOT. Since NDKl is input to the subroutine as 

1, the variables CUM2DNSLOT' CLUNSLOT' and 

CLLNSLOT are used to find plotting variables in 

terms of the log probability scale for the vertical 

axis. (Recall that for NDKl = 0, these arguments 

would be used to find plotting variables in terms 

of a common log scale). Note that CUM2DNSLOT' 

CLUNSLOT' and CLLNSLOT are input as fractions 

although the log probability scale used for the 

plot shows these values as percentages. Also, 

when NDKl = 1, the indicated diameter Dl is input 

already in terms of the common log scale. Recall 

that for NDKl = 0, this argument is input as the 

literal diameter DPLOT and must be converted to a 

common log variable within subroutine STATPT. The 

upper and lower 50% confidence limits are not 

plotted if NOCONNSLOT is input as 1. This indicates 

insufficient data for calculation of the confidence 

limits and CLUNSLOT and CLLNSLOT in this case are 

only dummy arguments. For NOCONNSLOT = 0, the 

confidence limits are plotted. The maximum and 

minimum axis limits, XMAX, XMIN, YMAX, AND YMIN, 

and the scale factors, XS and YS, are input as cal

culated from CPPLOT. 

570-576: CUM2DNSLOT' CLUNSLOT' and CLLNSLOT were input to 
subroutine STATPT above as cumulative fraction of 

mass loading less than indicated diameter and as 

fractional upper and lower 50% confidence limits. 

These are converted to percentages for line printer 

output: 

CUM2DNSLOT = 100 CUM2DNSLOT 

CLuNSLOT = 100 CLUNSLOT 

CLLNSLOT = 100 CLLNSLOT 
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577-593: There are two line printer output forms which may 

be used. If the confidence limits are calculated 

(NOCONNSLOT=O),the program uses the write state

ment at card 585 to print values of the diameter 

index number NSLOT, the diameter in micrometers 

DPLOT, the cumulative percent mass loading 

CUM2DNSLOT' the upper 50% confidence limit CLUNSLOT' 

and the lower 50% confidence limit CLLNSLOT' in 

their respective columns. If the confidence limits 

are not calculated (NOCONNSLOT=l), the program 

skips to statement 261 (card 593) to write NSLOT, 

DPLOT, and CUM2DNSLOT as above. However, in the 

columns for CLUNSLOT and CLLNSLOT' "INSUFFICIENT 

DATA" is written. This indic<;ltes that there are 

less than three values of cumulative percent mass 

loading less than the indicated diameter within 

the allowed deviation from the average; (see sub

routine AVCON) and therefore insufficient data for 

calculating confidence limits. 

594-599: The diameter variable Dl = log 10 (diameter) is 

incremented, and the loop is repeated at card 546 

using this new value of the diameter variable. 

600-605: If cumulative percent mass loading less than indi

cated diameter vs. diameter has been plotted 

(IPLT4=0), the program goes to statement 304 

(card 619) where the pen is put back at its "home 

position." Otherwise, the program goes directly 

to statement 254 (card 623). This is the end of 

the loop with MOK as index. The program returns 

to the top of the loop at card 180 where MDK = 2 

and NDK = O. Calculations are now made for 

dM/dlogD vs. diameter. 

606-612: When all calculations have been completed for 

d.M/dlogD vs. diameter, the program comes to state-
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613-618: 

ment 251. Here the last entry, DAST, is made into 

file MPACFL for this particle density. DAST is 

defined in a data statement as 5 asterisks. This 

will be a signal in program PENTRA that all data 

for this density has been processed to find pene

tration and efficiency. Program STATIS now checks 

to see if plotting was done for the dM/dlogD vs. 

diameter graph. If so, IPLT2 = 0, and the program 

goes to statement 304 (card 619) to place the pen 

back in its "home position." Otherwise, the pro

gram goes directly to statement 254 (card 623) 

which is the end of the loop where MDK is the 

index. The program returns to the top of the loop 

at card 180 where MDK now = 3 and NDK = 1. Cal cu-

lations are now made for dN/dlogD vs. diameter. 

When all calculations have been completed for 

dN/dlogD vs. diameter, the program comes to state-

ment 252 (card 618) . Here the program checks to 

see if plotting was done for dN/dlogD at indicated 

diameter vs. diameter. If so, IPLT3 = 0, and the 

program goes to statement 304 (card 619) to place 

the pen back in its "home position." Otherwise, 

the program goes to statement 254 (card 623) which 

is the end of the loop where MDK is the index. 

The range of MDK is from 1 to 3. On this traverse, 

MDK = 3, and all calculations of this loop from 

card 180 to card 574 have been completed for the 

assumed particle density. 

623-624: Recall that the assumed particle density is indi

cated by the code variable N = 1 for physical and 

N = 2 for unit density. If all functions have 

been completed for physical density (i.e., if 

N=l), the program returns to statement 1 (card 68) 

to read in the required information for carrying 
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out all of these same functions where the assumed 

density is aerodynamic density (N=2). If this has 

already been done, the program stops. 

Functions of the Called Subroutines 

Subroutine AVCON (N, IAVLD, NDK, NOCON, ISFIN, VAR, AVG, AVGMl, 

CUM2D, CUM2LD, CISUM, SIGMA, CLU, CLL, DINC)--

Subroutine AVCON flags outliers and then, for remaining 

values finds the average,AVG, standard deviation, SIGMA, and (if 

desired) upper and lower 50% confidence limits, CLU and CLL, for 

a list of input values, VAR. 

VAR is an array containing similar values for two different 

assumed particle densities. Every other value of VAR is used to 

find the average so that this average represents values based on 

only one density. The value of N determines the values to be 

averaged. N = 1 causes odd values (where physical density is 

assumed) to be averaged. N = 2 causes even values (where unit 

density is assumed) to be averaged. 

The values of VAR are tested for outliers so that any such 

values may be excluded from the final calculation of the average, 

standard deviation, and confidence limits. As defined in the 

Quality Assurance Handbook For Air Pollution Measurement Systems, 

Vol. 1 Principles (EPA-600/9-76-005, January 1976, Section No. 

F; pp. 5-9), outliers are defined as a function of the standard 

deviation (before exclusion) : 

(231) 

where v
1 

= VAR value being tested 

V = average of the VAR values 

s = standard \

SFIN,2 )~ 
E (VI - v) 2 

deviation of VAR values = J = Nn _ 1 

N = 1 for evaluation if physical density is assumed 

= 2 for evaluation if unit density is assumed 
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The values of T are determined for an upper 5% significance c 
level (i.e. There is only a 5% chance that data outside the range 

of the critical fraction of a would be excluded from the statis

tical analysis in error.) In order to avoid storing the lengthy 

table of n vs. T values in the program, functional forms are c 
fitted to this table with the following results: 

T = 1. 53, n < 3 c -
T = 0 • 10 2 7 0 5 + 2 • 2 2 9 4 6 1 og i o ( n) , 3 < n < 7 

c 
T = 1.938, n = 7 c 
T = 0. 8 6 5 5 2 + 1. 3 0 8 0 3 7 log i o ( n) , n > 7 . c 

A second average and standard deviation are calculated excluding 

the defined outliers. The test is then made a second time, pos

sibly excluding more outliers. 

The final average, standard deviation, and confidence limits 

of the remaining VAR values may now be calculated. The value of 

IAVLD determines whether 50% confidence limits, CLU and CLL, are 

desired for the average. If IAVLD = 1, the upper and lower con

fidence limits are desired and are calculated if there is suffi

cient data (at least two averaged data values). If there is 

insufficient data for calculating confidence limits, or ii they 

are otherwise not to be calculated (e.~., for average total mass 

loading), the subroutine returns to STATIS with NOCON = 1. Assum

ing that the confidence limits are desired and there is sufficient 

data, the method of calculation is determined by the NDK value. 

Recall that NDK = -1 for calculation of average cumulative mass 

loading, NDK = 0 for calculation of average dM/dlogD, and NDK = 1 

for calculation of average dN/dlogD. The method for calculation 

of confidence limits for the cumulative size distribution involves 

calculating root mean square values for the increments up to the 

point of interest. 

It might be noted here that the user may wish to use other 

than 50% confidence limits. If so, change card 128 which defines 

the confidence interval CONIN. For example, for 90% confidence 

limits, this card would be changed as follows: 
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CONIN = [sIGMA (1.645 + 2.6048 (NUPTS - l)- 1 • 18553)];(NUPTS)~ {232) 

A detailed description of the programming is given here: 

015-017: The sum of all tested VAR values, SUM, the number 

of values in this sum, NUPTS, and the standard 

deviation of the VAR values, SIGMA, are initial

ized as 0 here. 

018-022: A running sum of the VAR values, SUM, is incre

mented on each traverse of the loop here along 

with the number of points in the sum NUPTS. Any 

VAR value having a negative value is a 'bad data 

point' and is skipped in this loop. 

023-025: If there are three or more 'good values' (~.e., 

nonnegative, the program finds the average of 

these, AVG, and continues to make the test for 

outliers. The value of code variable LL, which 

indicates the number of times the input values 

VAR have been tested for outliers, is set equal to 

1 for the first test. If there are less than 

three values, none would be thrown out. In this 

case the program skips the outlier test and goes 

to statement 190 (card 083). 

026-036: A loop here calculates the sum of the squares of 

the difference of the odd or even (depending on 

the value of N) VAR values from the average AVG, 

to obtain SIGPA. It is not yet standard deviation. 

NUPTS, initialized as 0, is incremented by one for 

each value in this sum. Only positive VAR values 

are included in this sum, which serves to exclude 

any undesirable values as input from mainline 

STATIS. Also, for the second calculation of SIGPA, 

outlier values, which have been set = -50.0, are 

excluded. 
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037-042: The standard deviation, SIGMA, of the input VAR 

values is found here: 

1: 
SIGMA = (SIGPA /NUPTS-1) 2 (233) 

where SIGPA and NIPTS are as defined above. 

043-057: The critical multiplier of SIGMA, TCRIT, which 

determines the boundaries for the outlier test is 

found here. The function defining TCRIT is depen

dent on the number of values being tested (see intro

ductory discussion of subroutine AVCON). 

TCRIT = 1.153, for NUPTS~3 

TCRIT = 0.102705 + 2.22946 log l o (NUPTS) , 

for 3<NUPTS<7 

TCRIT = 1.938, for NUPTS = 7 

or TCRIT = 0.86552 + 1.308037 log I o (NUPTS) , 

for NUPTS>7 

058-072: Each value VARI is some multiple T of the standard 

deviation SIGMA away from the average of the VAR 

values, AVG: 

T = l<VARI - AVG) /SIGMA I 
A loop here finds this T value for each VARI and 

tests it to see if VARI is an outlier, ~.e., if 

T>TCRIT. If T>TCRIT, VARI is "tagged" as an out

lier by setting it equal to -50.0. This loop also 

keeps a running sum of all good VAR1 values and 

the number of values in the sum NUPTS. Using 

these, the program can find a second standard 

deviation, SIGMA, and repeat the test for outliers 

using the new AVG and SIGMA. 

073-081: If this is the first execution of the outlier test 

(LL=l), and if there are at least three good 

values remaining on which to test (NUPTS~3), the 

second average, AVG, is calculated, LL is set 

equal to LL + 1 = 2, and the program returns to 
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statement 120 (card 025) where SIGPA and NUPTS 

are reinitialized to 0.0 and 0, respectively. A 

second standard deviation, SIGMA, is calculated 

and a second test for outliers is made. 

082-094: The program comes to statement 190 (card 083) after 

all testing for outliers has been conducted. All 

outlier VARI values have a negative value. After 

initializing SUM, NUPTS, and AVG as 0.0, a running 

sum, SUM, of the "good" VAR values is kept along 

with the number of values in this sum, NUPTS. 

095-117: The average of these remaining VARI's is calculated: 

AVG = SUM/NUPTS ( 234) 

The standard deviation SIGMA is initialized as 0.0. 

If the 50% confidence limits are desired (IAVLD=l), 

and if there are at least two good values from 

which to calculate the confidence limits (NUPTS~2), 

the program proceeds to statement 1195 (card 121) 

to calculate SIGMA and the confidence limits CLL 

and CLU. If IAVLD = 0, subroutine AVCON calculates 

the average of total mass loading values. In this 

case, SIGMA, CLL, and CLU are not calculated, 

NOCON is set equal to 1, and the program returns 

to the mainline STATIS. Also, if there is only 

one value of VARI, then SIGMA, CLU, and CLL cannot 

be calculated, and, therefore, NOCON is again set 

equal to 1. The program returns with only the 

average dM/dlogD, AVG, and, for NDK = -1, the aver

age cumulative mass concentration less than the 

indicated diameter CUM2D: 

CUM2D = CUM2LD + [(AVG) (AVGMl]~(DINC) ( 235) 

where CUM2LD = average cumulative mass concentration 

less than the previous indicated 

diameter 
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AVG = average value of dM/dlogD at the 

indicated diameter 

AVGMl = average value of dM/dlogD at the 

previous diameter, and 

DINC = log difference of this and the pre-

vious diameter 

118-126: This loop iteratively calculates the sum of the squares 

of the deviation of good VAR values from the average to 

obtain a precursory value of SIGMA. The final standard 

·deviation SIGMA is then: 

SIGMA = [srGMA/(NUPTS-1)] ~ (236) 

127-128: The 50% confidence interval for change in size 

concentration CONIN is calculated here as a func

tion of the standard deviation, SIGMA, and the 

number of values averaged, NUPTS. For NUPTS~2: 
!.,: 

CONIN = SIGMA (0.674 + 0.32 (NUPTS - l)- 1
•

072
) /(NUPTS) 2 

CONIN is the 50% confidence interval for dM/dlogD, 

in milligrams per actual cubic meter if NDK = -1, 

dM/dlogD in milligrams per dry normal cubic meter 

if NDK = 0, or dN/dlogD in number of particles per 

dry normal cubic meter if NDK = 1. (See the 

introduction to this description of AVCON for 90% 

confidence limits.) 

129-160: The method of finding upper and lower 50% confi

dence intervals, CLU and CLL, respectively, is 

dependent on the type of calculations being made. 

If finding the average and confidence limits for 

cumulative mass loading (NDK = -1), the program 

comes to statement 150 (card 149), and a running 

sum of the average dM/dlogD's up to the previous 

diameter, CUM2LD, is brought into the subroutine. 

CUM2LD represents the area under the curve for 
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average d.M/dlogD vs. diameter (on log-log scale) 

up to the previous diameter. Also, the value of 

the average d.M/dlogD at the previous diameter, 

AVGMl, is one of AVCON's arguments. In order to 

calculate the average cumulative mass concentra

tion up to this diameter, CUM2D, another increment 

must be added: 

CUM2D = CUM2LD + [(AVG)(AVGMl)]~(DINC) (237) 

where CUM2LD = sum of average dM/dlogD, or cumula

tive mass concentration less than 

the previous diameter 

AVG = average d.M/dlogD at this diameter 

AVGMl = average d.M/dlogD at the previous 

diameter, and 

DINC = difference in the common logarithms 

of this diameter and the previous 

diameter. 

The upper and lower confidence limits for the average cumu

lative mass concentration, CLU and CLL, respectively, are found 

by using the root mean square of the confidence intervals for 

average dM/dlogD up to the indicated diameter, (CISUM)~. This 

value multiplied by the differential logarithms of this and the 

previous diameter, yields the confidence interval for average 

mass size concentration at the indicated diameter. Thus, the 

average mass size concentration confidence limits are expressed 

as: 
k 

CLU = CUM2D + (CISUM) 2 (DINC), and 

CLL = CUM2D - (CISUM)~(DINC) 

For finding these 50% confidence limits for average dM/dlogD 

(where NDK = 0) or for average dN/dlogD (where NDK = -1), the 

confidence interval calculated at card 128, CONIN, is added to or 

subtracted from the average: 
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CLU = AVG + CONIN, and 

CLL = AVG - CONIN 

The program now returns to mainline program STATIS. 

Subroutine STPLOT (IDALL, RHO, IMPAC, NDK, PDMIN, DXMAX, DXMIN, 

ISIZ, XS, YS, XMAX, XMIN, YMAX, YMIN)--

Subroutine STPLOT draws a common log vs. conunon log plotting 

grid, labels the axes appropriately for the type of plotting to 

be done according to NDK, and writes the general identification 

label IDALL and the assumed particle density RHO above the grid. 

If NDK = -1, the qrid is for average cumulative mass loading less 

than indicated diameter in milligrams per actual cubic meter vs. 

diameter in micrometers. If NDK = O, the grid is for average 

value of dM/dlogD in milligrams per dry normal cubic meter vs. 

diameter in micrometers. If NDK = 1, the grid is for average 

dN/dlogD in number of particles per dry normal cubic meter vs. 

diameter in micrometers. The range and number of plotting cycles 

is dependent on ISIZ. If ISIZ = 0, there is a standard range and 

number of cycles depending on the type of plotting to be done 

(as determined by NDK as above) and on the impactor used which is 

determined by the code value IMPAC. If ISIZ = 1, the range and 

number of cycles are regulated according to the data. For data 

regulated plotting limits, 100 micrometers and DXMIN are the 

maximum and minimum horizontal axis limits, respectively, and 

PDMAX and PDMIN are the maximum and minimum vertical axis limits, 

respectively. 

The scale factors XS and YS which are in inches per user's 

unit for each axis and the common log of the axes limits XMAX, 

XMIN, YMAX, and YMIN are calculated for use in the subroutine 

STPLOT. These variable values are returned as arguments to main

line STATIS for use in plotting the individual points in subrou

tine STATPT. 
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Subroutine STPLOT incorporates several subroutines adapted 

for use with the DEC PDP-15/76 computer system. These subrou

tines are defined in the Appendix. Users of the subroutine STPLOT 

will probably have to reprogram this subroutine for use with 

their particular computing system. 

A detailed description of the programming is given here: 

022: Define PI = 3.1415. 

023: The output device to be used for writing in this 

subroutine has the code name M and is defined here 

as 7 which is the device number for the plotter. 

024-025: The value of N is determined by the assumed parti-

cle density RHO. If the grid is to be drawn to 

plot data where physical density is assumed, N = 1. 

If the grid is to be drawn to plot data where unit 

density (RHO = 1.0 gram per cubic centimeter) is 

used, N = 2. 

026-031: The length of the horizontal and vertical axes, 

XIN and YIN, respectively, are defined in inches: 

XIN = 4.5, and 

YIN = 6.5 

032-050: If ISIZ = 1, the maximum and minimum limits of the 

graph are regulated according to the data. This 

is done beginning at statement 25 (card 073). 

Otherwise, ISIZ = 0, and the program continues to 

define the maximum and minimum limits according to 

the type of plotting done and the impactor used to 

obtain the data. 

051-067: If the grid being drawn is for average cumulative 

mass loading vs. diameter (NDK = -1), the maximum 

and minimum vertical axis limits, YMAX and YMIN, 

respectively, are as follows: 
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YMAX = 10 4
, and 

YMIN = 10- 1 

If the grid is for either average dM/dlogD 

(NDK = O) or dN/dlogD (NDK = 1), these limits are 

also determined by the impactor used. For NDK = O, 

if the Andersen Mark III (IMPAC = 1) University of 

Washington (IMPAC = 3), or Meteorology Research, 

Inc., (IMPAC = 4) cascade impactors, these limits 

are: 

YMAX = 10 4 , and 

YMIN = 10- 2 

For NDK = 0, if the Brink cascade impactor is used, 

these limits are: 

YMAX = 10 6 , and 

YMIN = 10° 

For NDK = 1, if the Andersen Mark III (IMPAC = 1), 

University of Washington (IMPAC = 3), or Meteorol

ogy Research, Inc., (IMPAC = 4) cascade impactor 

is used, these limits are: 

YMAX = 10 15
, and 

YMIN = 10 6 

If NDK = 1, and the Brink cascade impactor is used, 

YMAX = 10 14 , and 

YMIN = 10 5 

068-072: The limits actually used by the plotter are the 

common logarithms of the standard values and are 

defined as such here. The horizontal maximum and 

minimum axis limits, XMAX and XMIN, are also 

defined here as common logs. XMAX and XMIN are 

the same values regardless of the type of grid 

being drawn or the impactor used. The final form 
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of the axes limits are: 

XMAX = log1o(lOO.O) = 1 

YMAX = log 1 o (YMAX) 

XMIN = log 1 o ( O .1) = -1, and 

YMIN = log i o (YMIN) 

073-076: If the axes limits are to be regulated according 

to the data rather than defined as standard values, 

i.e., if ISIZ = 1, the program uses the function 

SLIM (MAXMIN, ALIMIT) to find these common log 

limits. If MAXMIN = 1, SLIM returns a maximum 

axis limit which is a function of ALIMIT. If 

MAXMIN = 0, SLIM returns a minimum axis limit 

which is a function of ALIMIT. The limits, there-

fore, for ISIZ = 1 are: 

XMAX = SLIM ( 1, log i 0 ( 10 O . O) ) 

= SLIM ( 1, 1. 0) = 1.0 

YMAX = SLIM (1, log i o (DXMAXN) ) 

XMIN = SLIM (0, log1 o (PDMINN)) and 

YMIN = SLIM (O, log lo (DXMINN) ) 

DXMAXN is the average total mass loading of all 

runs where the same particle density is assumed if 

NDK = -1 or NDK = 0, or is the average maximum 

value of all the number size distributions of the 

same assumed density if NDK = 1. PDMINN is the 

average minimum D50 for all runs of the same 

assumed particle density if NDK = -1, and is the 

average minimum geometric mean diameter if NDK = 0 

or NDK = 1. DXMINN is the average cumulative mass 

loading at the last impactor stage for all runs of 

the same assumed density if NDK = 1 or O, or is 

the average minimum value of all the number size 

distributions of the same assumed particle density 
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if NDK = 1. The value of XMAX is a standard 

value = 2.0 even though ISIZ = 1. 

077-081: The horizontal and vertical axis scale factors, 

082: 

XS and YS, are calculated here in inches per 

user's unit (inches per conunon log scale). XS is 

a function of the length of the horizontal axis 

in inches XIN, the maximum limit of the axis XMAX, 

and the minimum limit of the axis XMIN: 

XS = XIN/(XMAX-XMIN) (238) 

Likewise YS is a function of the length of the 

vertical axis in inches YIN, the maximum limit of 

the axis YMAX, and the minimum limit of the axis 

YMIN: 

YS = YIN/(YMAX-YMIN) (239) 

Define the Y-coordinate of the pen, YO, in its 

original position, i.e., when subroutine STPLOT is 

called, in terms of the Y-coordinate of the user's 

origin, YMIN, and the Y-axis scale factor, YS. 

The pen should be on the lower baseline of the 

plotting paper when any plotting subroutine is 

called. The user's origin should be placed 2 

inches above this point in order to make room below 

for the labeling of the horizontal X-axis. (Also, 

this allows room for figure captions if the plot 

is to be placed on 8-1/2 x 11" paper.) Thus, YO 

is defined as: 

YO = YMIN - (2./YS) (240) 

083: The call to plotter subroutine SCALF (XS, YS, XMIN, 

YO) stores X- and Y-axis scale factors XS and YS, 

in inches per user's unit, and the original loca

tion of the pen (XMIN, Y) in user's units for later 

reference by the plotter. 
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084-088: Calculate the number of X-axis cycles IXRAN by 

calculating the difference of the X-axis limits 

XMAX and XMIN: 

IXRAN = XMAX-XMIN 

089: The call to plotter subroutine XSLBL (XS, YS, XMIN, 

YMIN, IXRAN, XMIN) labels the X-axis for log1 0 

scale. 

090: The call to plotter subroutine XLOG {XS, YS, XMAX, 

YMIN, -1, IXRAN) draws the X-axis for log 10 scale. 

091-096: Define the desired width and height of written 

characters in inches, XCS and YCS, respectively, 

for labeling the x-axis: 

xcs = 0.15 

YCS = 0.15 

097-098: Define the point (X,Y) in user's units at which 

the labeling of the X-axis is to begin. This 

position should be at the lower left-hand corner 

of the position at which the first character is to 

be drawn. In order to center the label below the 

X-axis, first define the X-coordinate of the begin

ning pen position by placing the pen at the center 

of the X-axis length, i.~., XMIN + (XMAX-XMIN)/2.0. 

Multiply one-half the total number of characters 

to be written (including spaces) by the number of 

inches for each character, xcs. The label to be 

written is "PARTICLE DIAMETER (MICROMETERS)" which 

contains 32 characters. Therefore, the number of 

inches to be "backspaced" from the center is 16 

XCS. Dividing XCS by the inches per user's unit 

along the X-axis XS, one obtains the number of 

user's units to be backspaced for the center point. 
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Therefore: 

X=MIN + [(XMAX-XMIN)/2] - (16XCS/XS) (241) 

The Y-coordinate is defined low enough below the 

X-axis so that there is space to draw the height 

of the characters (0.15 inch) without interfering 

with the drawn X-axis. The Y-coordinate is there

fore defined as 0.7 inch below the X-axis allow

ing 0.55 inch between the top of the characters 

and the Y-axis: 

Y = YMIN - 0.7/YS 

099: Call the plotter subroutine FCHAR(X, Y, XCS, YCS, 

0.0) to initialize the annotation subroutine by 

establishing the starting location for the pen 

(X, Y) in user's units, the width and height of 

the characters in inches, XCS and YCS, respec

tively, and the angle of writing in radians rela

tive to the x-axis, here o.o~ 

100-103: Write the X-axis label "PARTICLE DIAMETER (MICRO

METERS)". 

104-108: Redefine the width and height of written characters 

in inches, XCS and YCS, respectively, for writing 

the general identification label IDALL above the 

grid: 

XCS = 0.056, and 

YCS = 0.100 

109-110: Define the point (X,Y) at which writing will begin 

for the general identification label IDALL as 

being in line with the Y-axis at X = XMIN and one

half inch above the grid at Y = YMAX + (0.5/YS). 

111-119: A DO-loop searches for the last character of the 

identification label IDALL(J) to prevent any 

unnecessary movement of the pen for an identifica-
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tion label of less than 80 characters. 

120: The call to plotter subroutine FCHAR (X, Y, XCS, 

YCS, 0.0) initializes the annotation subroutine by 

establishing the starting location for the pen 

(X,Y) in user's units, the width and height of the 

characters in inches, SCS and YCS, respectively, 

and the angle of writing in radians, 0.0. 

121-124: 

125-126: 

Write the general identification label IDALL
1

. 

Redefine the beginning pen location (X,Y) in 

user's units for writing the particle density RHO. 

The beginning X-coordinate is located so that the 

first character is in line with the Y-axis. The 

beginning Y-coordinate is 0.25 inch above the maxi

mum Y-axis value so that with characters 0.12 inch 

in height, there is approximately a 0.12 inch 

margin between the writing of RHO and !DALL: 

x = XMIN, and 

Y = YMAX + (0.25/YS) 

127: Call the plotter subroutine FCHAR (X, Y, XCS, 

YCS, 0.0) to initialize the annotation subroutine 

by establishing the starting location for the pen 

(X,Y) in user's units, the width and height of the 

characters in inches, XCS and YCS, respectively, 

and the angle of writing in radians with respect 

to the x-axis, o.o. 

128-131: Write the assumed particle density "RHO = 
132-137: Calculate the number of Y-axis cycles IYRAN by 

taking the difference of the Y-axis limits IYMAX 

and IYMIN: 

IYRAN = IYMAX - IYMIN (242) 

138: The call to plotter subroutine YLOG (XS, YS, XMIN, 

YMAX, -1, IYRAN) draws the Y-axis on the left of 

the graph for common log scale. 
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139: The call to plotter subroutine LGLBL (XS, YS, 

XMIN, YMIN, IYRAN, YMIN, 1) labels the Y-axis on 

the left of the axis for common log scale. 

140-144: Redefine the width and height of written characters, 

XCS and YCS, respectively, in inches for labeling 

the Y-axis: 

XCS = 0.15, and 

YCS = 0.15 

145-146: The pen position in user's units (X, Y) is defined 

for the beginning of the X-axis label. The Y 

coordinate is such that the writing is centered 

along the length of the Y-axis. The X-coordinate 

is such that the base of the characters does not 

interfere with the drawn Y-axis. See the discus

sion of cards 097-098 for a detailed example of 

how these coordinates are calculated: 

X = XMIN - (0. 7 /XS), and 

Y = YMIN + [(YMAX-YMIN}/2] - [(17) (XCS)/YS] 

(243) 

(244) 

147: The call to plotter subroutine FCHAR (X, Y, XCS, 

YCS, PI/2.) initializes the annotation subroutine 

by establishing the starting location of the pen 

(X, Y} in user's units, the width and height of 

the characters in inches, XCS and YCS, and the 

angle of writing in radians with respect to the 

X-axis, rr/2. 

148-157: The labeling of the Y-axis depends on the type of 

graphing being done, ~.e., on the value of NDK. 

If NDK = -1, cumulative mass loading less than 

indicated diameter vs. diameter is being plotted, 

and the program goes to statement 41 (card 158}. 

The section not only labels this left Y-axis 

appropriately, but also draws a Y-axis on the 

right for English units, and labels it appropri-
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ately. If NDK = 0, average d.M/dlogD vs. diameter 

is being plotted, and the program goes to statement 

42 (card 174) for labeling. If NDK = 1, average 

dN/dlogD vs. diameter is being plotted, the pro

gram goes to statement 43 (card 176) for labeling. 

158: The write statement here labels this left Y-axis 

as "CUMULATIVE MASS LOADING (MG/ACM}". 

159-163: The program continues here for NDK = -1 to draw a 

Y-axis on the right side of the graph for cumula

tive mass loading less than indicated diameter in 

grains per actual cubic foot. One milligram per 

ac·::ual cubic meter converts to 4. 37 x io- 4 grains 

per actual cubic foot. In terms of common logs, 

a value of 0 on the milligram~ per actual cubic 

meter scale is parallel to a value of -3.3595 on 

the scale of grams per actual cubic foot; a value 

of 1 on the former scale is equivalent to -2.3595 

on the latter scale, etc. If one wishes to begin 

the Y-axis on the right (in English units} at an 

integral value, a fraction of a scale equal to 

0.3595 must be added to the left Y-axis origin 

position YMIN. Thus, the vertical pen position 

for the beginning of the right Y-axis in terms of 

the left Y-axis metric units is: 

YO= YMIN + 0.3595 

This begins the left Y-axis at a position which 

has an integral value in English units. To arrive 

at this integral value YLEF, one must subtract the 

remainder of the common log conversion factor 

(which is 3) from the left Y-axis origin YMIN: 

YLEF = YMIN -3 

164: The call to plotter subroutine LGLBL (XS, YS, XMAX, 

YO, IYRAN, YLEF, 0) labels this right-hand Y-axis 
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on the right of the axis for common log scale. 

165: The call to plotter subroutine YLOG (XS, YS, XMAX, 

YMAX +0.3595, -1, IYRAN) draws the Y-axis on the 

right side of the graph for common log scale. 

166-170: The pen position in user's units (X, Y) is defined 

for the beginning of the right Y-axis label. The 

Y-coordinate is such that the writing is centered 

along the length of the left Y-axis. The coordi

nate is such the height of the characters does not 

interfere with the right Y-axis. See the discus

sion of cards 097-098 for a detailed example of 

ho~ these coordinates are calculated: 

X = XMAX + (0.8/XS), and (245 

Y = YMIN + [ (YMAX + 0.3595) - YMIN]/2.0 - [ (16XCS/YS)] (246 

171: The call to plotter subroutine FCHAR (X, Y, XCS, 

YCS, PI/2.) initializes the annotation subroutine 

by establishing the starting location of the pen 

(X, Y) in user's units, the width and height of 

the characters in inches, XCS and YCS, respective

ly, and the angle of writing in radians with 

respect to the X-axis, n/2. 

172-173 Write "CUMULATIVE MASS LOADING (GR/ACF)" along the 

right side of the right Y-axis. Go to statement 

60 (card 177) where the program returns to main

line STATIS. 

174-175: The program comes to this write statement when 

NDK = O and appropriately writes "DM/DLOGD 

(MG/DNM3)" along the Y-axis. Go to statement 60 

(card 177) where the program returns to mainline 

STATIS. 

176-177: The program comes to this write statement when 

NDK = 1 and appropriately writes "DN/DLOGD (NO. 
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PARTICLES/DNM3)" along the Y-axis. The program 

then returns to mainline STATIS. 

Subroutine STATPT (NDKl, NOCON, DPLOT, BVD, DLU, DLL, XMAX, XMIN, 

YMAX, YMIN, XS, YS)--

Subroutine STATPT is called from the mainline program STATIS 

to plot a point BVD and its upper and lower confidence limits, DLU 

and DLL, respectively, along a vertical common log scale if 

NDKl = 0 (for plotting of cumulative or differential size distri

bution) or along a vertical probability scale if NDKl = 1 (for 

plotting of cumulative percent mass loading}. The diameter is 

plotted along the horizontal common log scale. The average value 

only is plotted if NOCON = 1. In this case, there is insufficient 

data for calculation of confidence limits, and DLL and DLU are 

only dummy arguments. In order to properly locate a point, the 

horizontal limits, XMAX and XMIN, the vertical limits, YMAX and 

YMIN, and the number of inches per user's unit along each scale, 

XS and YS, are also brought into the subroutine as calling argu

ments from the mainline program STATIS. A detailed description 

of the programming is given here: 

013-016: The average, upper confidence limit, and lower 

confidence limit are brought into subroutine STATPT 

as the arguments BVD, DLU, and DLL, respectively. 

Their names are changed in these first steps to 

AVD, CLU, and CLL in order that they will be 

returned as the original values to the mainline 

program STATIS. 

017-025: If NDKl = 1, this subroutine is plotting percent 

cumulative mass loading less than particle diam

eter vs. diameter. 

026: If there was insufficient data for the calculation 

of confidence limits, the argument NOCON comes 

into STATPT as 1. In this case, the program skips 
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to statement 108 (card 039) omitting the section 

which converts confidence limits to their common 

log values. 

029-043: The average, AVD, upper and lower confidence limits, 

CLU and CLL, respectively, and diameter, DPLOT, are 

converted to common log values for plotting 

(except for plotting percent cumulative mass load

ing as noted above). AVD, CLU, and CLL must each 

be checked for a zero or negative value before 

taking the common log. If this occurs, the vari

able is given a "flag value" of -50.0. 

044-049: The horizontal pen position for the lower confi

dence limit is found here as XN. The function XVAL 

gives the plotted variable, h~re DPLOT, a value 

just oustide the plot grid if it exceeds the plot

ting limits. Otherwise, the value is unchanged. 

050-054: If confidence limits could not be calculated, 

NOCON= 1. Then CLU and CLL (or DLU and DLL) are 

only dummy variables and the subroutine omits plot

ting the confidence limit bars. It skips to 

statement 408 (card 087) to plot only the average 

value. 

055-059: This begins the section for drawing the lower con

fidence limit bar. If cumulative mass loading, 

dM/dlogD, or dN/dlogD is being plotted (i.~., 

NDKl = 0), the lower confidence limit is already 

in the common log form to be plotted. The subrou

tine then goes directly to check this value to see 

if it is within the plotting grid. This is state

ment 405 (card 074). Otherwise, NDKl = 1, and 

percent cumulative mass concentration is being 

plotted. The program continues to find the lower 

confidence limit value in terms of the probability 

scale. 
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060-073: The lower confidence limit value CLL is tested to 

see that it is within the range of 0.001 to 0.9999. 

If it is above this range, the probability variable 

YV which represents the lower confidence limit is 

given the value 4.0. This could be any arbitrary 

value greater than the normal probability conver

sion of 0.9999 which is 3.71912. If CLL is below 

this range, YV is given the value -4.0. This 

could be any arbitrary value less than the normal 

probability conversion of 0.0001 which is -3.71912. 

If CLL is within the 0.0001 to 0.9999 range, its 

normal probability conversion value YV is deter

mined by the subroutine NDTRI (CLL, YV, D, IE). 

074-075: The lower confidence limit value YV (which may be 

in terms of a probability scale or common log 

scale as discussed above) is checked by the func

tion YVAL (YV, YMAX, YMIN, YS). If YV is within 

the plotting limits YMAX and YMIN, its value is 

not changed. If it does exceed one of these limits, 

YV is given a value 0.25 inch outside the exceeded 

limit (i.~., YMAX + 0.25/YS or YMIN - 0.25/YS where 

YS is the scale factor in inches per user's unit). 

076-080: The lower confidence limit bar is drawn here. The 

beginning horizontal position is 0.03 inch less 

than the conunon log of the plotted diameter. The 

pen draws 0.06 inch across and then back to the 

original position. The plotter subroutine which 

moves the pen to each new position (XN, YN) is 

FPLOT (I, XN, YN). The value of I determines the 

sequence of raising, lowering, and relocation of 

the pen. 

081-097: This section finds the average in terms of the 

normal probability scale if NDKl = 1 (for percent 

cumulative mass concentration), just as for the 
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lower 50% confidence limit CLL at cards 060-073. 

Recall that if confidence limits are not to be 

drawn, the subroutine comes directly to statement 

408 (card 087) to draw the average value point 

without drawing a lower confidence limit bar. 

098-099: The pen draws the bar at the common log diameter 

value from the lower 50% confidence limit to the 

average by calling the pen control subroutine 

FPLOT (I, XN, YN). At that point the subroutine 

SYMBOL (J, R) is called to draw a solid circle 

(obtained when J = 9) of 0.04 inch in diameter 

(R = 0.04). 

100: If confidence limits are not calculated, NOCON ~ 1, 

and the following section for_drawing the upper 

confidence limit bar is omitted. The subroutine 

goes directly to statement 417 (card 123) where 

the pen is raised and the program returns to the 

mainline program STATIS. 

101-116: This section finds the lower confidence limit in 

terms of the normal probability scale if NDKl = 1 

(for percent cumulative mass concentration) just 

as for the lower 50% confidence limit CLL at cards 

060-073 and for the average AVD at cards 081-097. 

117-120: The pen draws the bar at the common log diameter 

value from the average to the upper 50% confidence 

limit by a call to the pen control subroutine 

FPLOT (I, XN, YN}. There it also draws a small 

121-125: 

0.06-inch horizontal upper limit bar by calls to 

the pen control subroutine FPL OT (I, XN, YN). 

The pen is raised here in preparation for the next 

call to subroutine STAT PT (which will plot the 

average and upper and lower confidence limits at 

the next diameter examined). If all points have 

been drawn, STATPT is not called again, but the 
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pen is in position to be moved to the base of the 

plotter paper upon return to mainline program 

STATIS. 

Input for Mainline Program 

Card Input--

Card A. This card has a code value which indicates whether 

the data to be analyzed by this execution of program STATIS are 

inlet data or outlet data. 

Column 1: Punch a "l" in column 1 if this execution of 

STATIS is for analysis of inlet data. Punch a 

"2" in column 1 if it is for analysis of outlet 

data. 

Card B. This card has a code value which indicates the 

assumed particle density; a code value which indicates whether 

statistical calculations are desired for this assumed density; 

code values to indicate if average cumulative mass loading, aver

age dM/dlogD, average dN/dlogD, and average cumulative percent 

mass loading, respectively, are to be plotted; and code values 

for each of these to indicate whether the range and number of 

plotting cycles is to be standard or to be regulated according to 

the data. 

Column 1: Punch a "l" here in order to make calculations for 

data where the assumed density is physical density. 

Column 2: Punch a "l" here if statistical calculations and 

plots are not desired for data where physical density 

is assumed. Punch a "O" here to make these calcu

lations and plots. 

Column 3: Punch a "O" here if the plot of average cumulative 

mass loading less than indicated particle diameter 

vs. particle diameter for assumed physical density 

is desired. Punch a "l" here to suppress the plot. 

228 



Column 4: Punch a 11 0 11 here if the plot of average dM/dlogD 

vs. particle diameter for assumed physical density 

is desired. Punch a "l" here to suppress the plot. 

Column 5: Punch a "O" here if the plot of average dN/dlogD 

vs. particle diameter for assumed physical density 

is desired. Punch a "l" here to suppress the plot. 

Column 6: Punch a 11 0 11 here if the plot of average cumulative 

percent mass loading less than indicated particle 

diameter vs. particle diameter for assumed phys

ical density is desired. Punch a "l" here to 

suppress the plot. 

Column 7: Punch a "O" here for standard range and number of 

cycles for both axes of the plot of average cumu

lative mass loading less than. indicated diameter 

vs. particle diameter where physical density is 

assumed and for the horizontal (diameter) axis of 

cumulative percent mass loading less than indicated 

diameter vs. particle diameter where physical den

sity is assumed. Punch a "l" here to regulate the 

range and number of cycles according to the data. 

Column 8: Punch a "O" here for standard range and number of 

cycles for both axes of the plot of average 

dM/dlogD vs. particle diameter for assumed phys

ical density. Punch a "l" here to regulate the 

range and number of cycles according to the data. 

Column 9: Punch a "O" here for standard range and number of 

cycles for both axes of the plot of average 

dN/dlogD vs. particle diameter for assumed physical 

density. Punch a "l" here to regulate the range 

and number of cycles according to the data. 

Column 10: Punch a 11 1 11 here to calculate a constant of inte

gration for average cumulative mass loading < 0.25 

micrometers. Punch a 11 0" here if the constant of 

integration is not desired. 
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Card c. This card contains the maximum particle diameter to 

be averaged and plotted in micrometers for physical density plots 

if 8.0 micrometers is not satisfactory. The decimal point must 

be included since an FS.l format is used. This card is omitted 

if column 2 of card B is punched as "l". 

Columns 1-5: Punch the maximum desired particle diameter in 

micrometers for all plots where physical density 

is assumed if other than 8.0 micrometers. If 8.0 

is satisfactory, this card may be left blank. 

This number cannot be greater than the maximum 

particle size collected, DMAX. Note: This card 

is completely omitted if column 2 of card B is 

punched as "l" 

Cards D and E. Repeat as in cards B and C, respectively, 

with all values punched pertaining to data where unit density 

(aerodynamic diameters) is assumed. Column 1 of card D must be 

punched as "2" to indicate that unit density is assumed for all 

values to follow. As for card C, card E is to be omitted if 

there is a "l" punched in column 2 of card D. If card E is left 

blank, this will cause the maximum particle diameter for unit 

density plots to be 10.0 micrometers rather than 8.0 micrometers, 

as is the case for physical density plots. 

File Input--

The random access file number 10 which has the name "KMC 001" 

is used for input into program STATIS. It is necessary that 

first the impactor program MPPROG be executed in order to record 

information on this file which is needed in STATIS. This 

includes the number of impactor runs for which there is recorded 

data, NRUN, the code for type of impactor used, IMPAC, general 

identification label, IDALL, physical density, RHOl, and the max

imum and minimum data limits for geometric mean diameter {GEMAX, 
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GEMIN), dM/dlogD (DMMAX, DMMIN), dN/dlogD {DNMAX, DNMIN}, and 

cumulative mass distribution (CUMAX, CUMIN), the maximum collected 

particle size, DPMAX, and the minimum stage diameter cut point, 

DPMIN. Some information pertaining to each individual run is also 

used from this file. These values are the record number, IS, total 

mass loading, TGL, stack temperature, TKS, pressure at the impac

tor inlet, POA, and percent water-vapor content of the gas, FGH20. 

The random access file number 11 which has the name "FILSPL" 

is also used for input into program STATIS. The program which 

fits curves to the cumulative mass loading less than stage D50 vs. 

Dso, called SPLINl must be executed before STATIS (and following 

execution of MPPROG} in order to have the necessary data on file. 

For each run, these data are the total number of interval bound

ary points over the log 10 (cumulative mass loading) vs. log10 

(D 50 ) range, NPOIN, the values of these points x1 1 , I = 1, NPOIN 

and Yl
1

, NPOIN, and the coefficient values which fit a second 

degree polynomial over each of these intervals, COEIJ' I = 1, INT, 

J = 1, 3 (INT = number of fitted intervals = NPOIN -1). 

Output for Mainline Program STATIS 

Line Printer Output--

Pages 1-2: The general identification label is printed on 

the first line followed on the second line by the 

assumed physical density. Written next are 

column headings for diameter index number, diam

eter in micrometers, average cumulative mass 

loading less than this indicated diameter in 

milligrams per actual cubic meter, upper 50% con

fidence limit of this average in the same units, 

and lower 50% confidence limit of this average in 

the same units. This is followed by a listing 

of these values for diameters ranging from 0.25 
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micrometer to 8.0 micrometers (unless otherwise 

indicated on card C). The increment between 

diameters here is such that there are 28 diam

eters over each common log cycle. The line

printer output on pages 1 and 2 is not made if 

"l" is punched in column 2 of card B. 

Pages 3-4: After the general identification label IDALL and 

assumed physical density RHOX are written, column 

headings for interval index number, diameter in 

micrometers, and records excluded from mean cumu

lative mass concentration are written. A table 

is then given showing at each diameter from 0.25 

micrometer to 8.0 micrometers (unless otherwise 

specified on card C), the record numbers of any 

runs for which an outlier value of cumulative 

mass concentration was calculated. Since the 

records used in averaging here contain data for 

assumed physical density, any record numbers 

shown are odd. For example, if record numbers 

5, 11, and 21 are listed at a diameter of 3.27 

micrometers, this indicates that the cumulative 

mass concentration values calculated at 3.27 

micrometers where physical density is assumed for 

runs 3, 6, and 11 are excluded from calculation 
'· 

of the average standard deviation and 50% confi-

dence limits. If no records are excluded at a 

given diameter 1 "NONE" is printed. The line 

printer output on pages 3 and 4 is not made if 

"l" is punched in column 2 of card B. 

Pages 5-6: The first two lines give the general identifica

tion label IDALL and the assumed physical density 

RHOX. Written next are column headings for diam

ieter index number, diameter in micrometers, 

average cumulative percent mass loading less 
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than the indicated diameter, upper 50% confidence 

limit of this average, and lower 50% confidence 

limit of this average. The latter three headings 

have no units. This is followed by a listing of 

these values for diameters ranging from 0.25 

micrometer to 8.0 micrometers (unless otherwise 

indicated on card C) . There are 28 diameters 

indicated over each common log cycle. The line 

printer output of pages 5 and 6 is not made if 

"l" is punched in column 2 of card B. Note that 

a table of outliers is not given here for mean 

cumulative percent mass concentration. This 

would be the same as given on pages 3 and 4. 

Page 7: The first lines give the gen~ral identification 

label IDALL and assumed physical density RHOX. 

The column headings are then written for diameter 

index number, diameter in micrometers, average 

value of dM/dlogD at the indicated diameter in 

milligrams per dry normal cubic meter, the stand

ard deviation of this average in the same units, 

the upper 50% confidence limit of the average in 

the same units, and the lower 50% confidence 

limits of the average in the same units. This is 

followed by a listing of these values for diam

eters ranging from 0.25 micrometer to 8.0 micro

meters (unless otherwise indicated on card C) . 

There are 14 diameters indicated over each common 

log cycle. The line printer output on page 7 is 

not made if a "l" is punched in column 2 of 

card B. 

Page 8: After the general identification label IDALL and 

assumed physical density RHOX are written, column 

headings for interval index number, diameter in 

micrometers and records excluded from the mean 
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d.M/dlogD distribution are written. A table is 

then given showing, at diameters from 0.25 micro

meter to 8.0 micrometers (unless otherwise speci

fied on card C), the record numbers of any runs 

for which an outlier value of d.M/dlogD was calcu

lated. Any record numbers listed here are odd. 

(See discussion of pages 3 and 4 for example.} 

"NONE" is printed at each diameter where there 

are no outlier values found. The line printer 

output on these pages is not made if "l" is 

punched in column 2 of card B. 

Page 9: The first two lines show the general identifica

tion label IDALL and assumed physical density 

RHOX. Written next are column headings for diam

eter index number, diameter in micrometers, aver

age value of dN/dlogD at the indicated diameter 

in number of particles per dry standard cubic 

meter, the standard deviation of this average in 

the same units, the upper 50% confidence limit of 

the average in the same units, and the lower 50% 

confidence limit of the average in the same 

units. A listing of these values follows for 

diameters ranging from 0.25 micrometer to 8.0 

micrometers (unless otherwise indicated on card 

C). Over each common log cycle, there are 14 

diameters indicated. If a "l" is punched in 

column 2 of card B, the line printer output on 

page 9 is omitted. 

Page 10: After the general identification label IDALL, and 

the assumed physical particle density RHOX are 

written, column headings for interval index num

ber, diameter in micrometers, and records excluded 

from mean change in number size concentration are 

written. A table is then given showing, at diam-
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eters from 0.25 micrometer to 8.0 micrometers 

(unless otherwise specified on card C), the 

record numbers of any runs for which an outlier 

value of dN/dlogD was calculated. Any record 

numbers listed here are odd. (See discussion of 

pages 3 and 4 for example). "NONE" is printed at 

each diameter where there are no outlier values 

found. The line printer output is not made if 

"l" is punched in column 2 of card B. 

Pages 11-20: Print out is given exactly as on pages 1-10 

except that the assumed particle density is 1.0 

gram per cubic centimeter. All averages, stand

ard deviations, 50% confidence limits and out

liers are found by making calculations on the 

even numbered records of files 10 and 11 ("KMCOOl" 

and "FILSPL", respectively). The listings of 

outliers would, of course, show even numbered 

records if any are excluded. For example, suppose 

that records 4, 10, and 16 are listed as outliers 

at diameter 3.27 micrometers for calculation of 

mean dM/dlogD (listed on page 18 of line printer 

output). This indicates that dM/dlogD values 

calculated at this diameter where unit density is 

assumed for runs 2, 5, and 8 are excluded from 

calculation of the average standard deviation, 

and confidence limits. If no records are excluded 

at a given diameter, "NONE" is printed. All 

statistical values (i.~., all tables of averages, 

standard deviations, 50% confidence limits and 

outliers) for assumed unit density are excluded 

if "l" is punched in column 2 of card D. 
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Graph Output--

There are 8 possible graphs which may be output from program 

STATIS. Each shows the averaged results as described in the dis

cussion of line printer output. For each tabular output listed 

in that section (except listings of outliers) there is a corre

sponding graph of these values. Only the diameter index number 

and the standard deviations are not shown on the plots. All axes 

have a common log scale, except for those plots of average cumu

lative percent mass loading less than indicated diameter vs. diam

eter, where the horizontal diameter axis has a common log scale 

and the vertical axis has a normal probability scale which shows 

a range of 0.01 percent up to 99.99 percent. 

The plotting of results listed on pages 1-10 is controlled 

by code values punched on card c. A "O" punched in the proper 

column produces a certain plot while a "l" suppresses the plot. 

On card C the value punched in column 3 controls plotting of 

results on pages 1, 2, 5, and 6; the value punched in column 4 

controls plotting of results on page 7; the value punched in 

column 5 controls plotting of results on page 9. 

Likewise, the plotting of results listed on pages 11-20 is 

controlled by code values punched card E. "O" produces a graph, 

while "l" suppresses it. On card E the value punched in column 3 

~ontrols plotting of results on pages 11, 12, 15, and 16; the 

value punched in column 4 controls plotting of results on page 

17; the value punched in column 5 controls plotting of results on 

page 19. 

File Output--

One of two sequential files is used for output from program 

STATIS. If the program is to analyze data taken at the inlet of 

a gas cleaning device, i.e., if "l" is punched in column 1 of 
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card A, file number 16, which has the name "JWJ 001" is the file 

used. If the program is to analyze data taken at the outlet of 

the gas cleaning device,~-~·, if "2" is punched in column 1 of 

card A, file number 17, which has the name "JWJ 002", is the file 

used. 

The first group of entries made into the file are for assumed 

physical density. The first two of these are general information: 

RHOX: This is a one-dimensional real variable requiring two 

words. It is the assumed particle density for the 

first group of entries, which is the physical density 

in grams per cubic centimeter. 

LAS: This is a one-dimensional integer variable requiring 

one word. It is the number of diameter points at 

which average change in mass concentration is calcu

lated. 

NOTE: If statistical calculations are not desired where 

physical density is assumed, ~.e., if "l" is punched in column 2 

of card B, zeroes are written in the file "MPACFL" where RHOX and 

LAS are normally written. The values to be written following 

this begin the section of the file pertaining to unit density. 

(The diameter, average and standard deviation values as described 

below are omitted.) These zeroes are a series of "signal values" 

to the penetration-efficiency program PENTRA that penetration

efficiency values for assumed physical density are not to be 

calculated. 

If RHOX and LAS are nonzero values, the entries following 

them are the diameter, average value of dM/dlogD at that diam

eter, and the standard deviation about this average. These three 

entries are made for each diameter analyzed. This number of 

diameters is LAS. The variables and number of words taken by 

each are as follows: 
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DPLOT: This is a one-dimensional real variable requiring 

two words. It is the diameter in micrometers at 

which the average dM/dlogD is being analyzed. 

AVD: This is a one-dimensional real variable requiring 

two words. It is, in this case, the average 

dM/dlogD in milligrams per dry normal cubic meter, 

at diameter DPLOT. 

SIGMA: This is a one-dimensional real variable requiring 

two words. It is, in this case, the standard devia

tion about the mean dM/dlogD in milligrams per dry 

normal cubic meter at diameter DPLOT. 

NIN: This is a one dimensional integer variable requiring 

one word. It is the number of dM/dlogD values used to 

calculate the mean. 

After the above four entries are repeated for the number of 

diameter sizes analyzed (LAS), a final entry is made for this 

assumed physical particle density: 

DAST: This is a one-dimensional real variable array requiring 

two words. It is defined as five asterisks (*****). 
It is written three times and integer zero is written 

once as the last entry for this assumed physical density. 

These asterisks serve as "signal values" in the program 

PENTRA to indicate that all values of average dM/dlogD 

on record for this density have been examined. 

The program now repeats the above entries beginning with 

assumed density RHOX (here~unit density), and number of diam-

eters examined, LAS, for calculations. Zeroes are written in the 

file "MPACFL" here where RHOX and LAS are normally written if 

statistical calculations are not desired for assumed unit density; 

i.e., if "l" is punched in column 2 of card D. In this case, no 

further entries are made into file "MPACFL". If statistical 

calculations are desired ("O" pu!lched in column 2 of card D), the 

values of DPLOT, AVD, SIG~.A, and NIN are entered for each of the LAS 
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diameters examined just as in the case for assumed physical parti

cle density above. Again, the last entries are three asterisk 

variables, DAST, and one integer zero. 
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PROGRAM PENTRA 

The purpose of mainline program PENTRA is to compare the 

differential particle size distribution (dM/dlogD) calculated 

at the inlet of a gas cleaning device to those calculated at the 

device outlet in order to find its penetration and efficiency at 

various specified particle sizes. 

In order to execute this program, the impactor program 

MPPROG, the cumulative mass concentration curve fitting program 

SPLINl, and the averaging program STATIS must all have been exe

cuted for both inlet and outlet data. MPPROG establishes the 

values of cumulative mass concentration less than stage Dso vs. 

D50 for each run. SPLINl fits a curve to these values for each 

run. STATIS finds the derivative of each of· these curves 

(dM/dlogD) at specified diameters and calculates the average and 

standard deviation of the differential mass size distribution at 

these specified diameters. STATIS then records these results on 

the appropriate (inlet or outlet) sequential file to be used by 

PENTRA. PENTRA makes a "parallel" reading of both inlet and out

let sequential files (in order to read information pertaining to 

the same particle size) . Calculations y"ield both a printout and 

a plot of the control device's efficiency (%) for the specified 

particle sizes. 

It should be noted that in the Breakdown of Program PENTRA 

below, physical density is assumed to have been input to program 

MPPROG. This results in calculations besed on physical density 

and unit density (definition of aerodynamic diameter user speci

fied) being listed alternately in output files. The user may 

instead desire to input only unit density to MPPROG yielding 

calculations based on the two different definitions of aerodynamic 

diameter (Mercer's 2 and Task Group on Lung Dynamics 1 ). 

Breakdown of Program PENTRA 

026-050: Information is input here by means of the card 

reader. The general identification label is read 
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in as IDGEN and contains general information con

cerning all runs, ~-~·' plant site, testing 

dates, running condition of control device, etc. 

Unless otherwise specified by input here, the 

efficiency plot covers a range of 80.0% to 99.99%. 

This range is controlled by the values of YMINFR, 

IMIN, and IMAX. IMIN = 16 is the code value 

which yields a minimum limit of 80.0% on the per

cent efficiency grid. This requires that the 

minimum fractional efficiency value YMINFR = 0.800. 

IMAX = 25 is the code value which yields a maximum 

limit of 99.99% on the percent efficiency grid. 

Other ranges may be used if the code value ICHANGE 

is input as being not equal to 0. 

051-060: The 11Call Seek 11 gains access here to the two sequen

tial files containing the inlet and outlet informa

tion to be compared for efficiency calculation. 

File 16 contains inlet average dM/dlogD values at 

specified diameters for both assumed physical den

sity and assumed unit density. File 17 contains 

the same information as calculated from outlet 

data. 

061~070: A DO-loop begins here which covers the entire pro

gram. Each pass of the loop yields a printout and 

plot of the penetration-efficiency characteristics 

at specified diameters for different assumed parti

cle densities. In the first pass, MDEX = 1, and 

calculations are made for physical density. In 

the second pass, MDEX = 2, and calculations are 

made for assumed unit density. 

071-088: This section checks to see if there are "complete" 

files of both inlet and outlet information for the 

assumed particle density. For example, when pro

gram STATIS is executed on outlet information, 

assume only aerodynamic average dM/dlogD values 

are calculated. This is known when, for MDEX = 1, 

the command to "READ(l7}RHO, LAS2" yields LAS2 = 0. 

MDEX = 1 indicates that data for assumed physical 

diameter is being read. Reading file 17 indicates 

that outlet data is being read. LAS2 is the 
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089-94: 

number of diameters examined for dM/dlogD values 

at the outlet. In this case, penetration-effi

ciency calculations cannot be made for assumed 

physical density. The next reading in file 17 

would yield RHO and LAS2 for assumed unit density 

(RHO = 1.0 gram per cubic centimeter). Therefore, 

no further reading in file 17 should be made until 

MDEX = 2. Since both files 16 and 17 are sequen

tial files, file 16 must be read to obtain all 

entries pertaining to physical density for inlet 

information. In this case, the values are read 

LASl times as dummy variables XXX, XXX, XXX, and 

IXX in order to keep files 16 and 17 "parallel" 

with one another. (If the values read are to be 

used, they are DPLOT, AVIN, SIGIN, AND NIN. See 

the discussion of cards 202-221. 

NDTRI is a subroutine from the IBM 360 Scientific 

Subroutine Package. It takes the first argument 

in a fractional form and returns it in terms of 

the probability scale as the second argument to be 

used as the vertical scale for penetration-effi

ciency. Here, the maximum and minimum plotting 

limits are found. The maximum and minimum frac

tional limits given are 0.9999 and YMINFR 

(usually= 0.800), respectively. The returned 

probability scale equivalents are YMAX and YMIN, 

respectively. 

095-100: The horizontal maximum and minimum plotting limits, 

XMAX AND XMIN, are found here in terms of the 

common log scale. The maximum particle diameter 

to be plotted is 100.0 micrometers. Thus, 

XMAX = log 10 (100.0)= 2. The minimum particle 

diameter to be plotted is 0.1 micrometer. Thus, 

XMIN = log1o(O.l) = -1. 
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101-105: The lengths of the horizontal and vertical axes 

XINCH and YINCH, respectively, are established here 

as XINCH = 4.5 inches and YINCH = 6.5 inches. 

These dimensions leave adequate room for legends 

and a caption on an 8-1/2 inch format. 

106-110: The horizontal and vertical scale factors, XS and 

YS, are established here in inches/user's unit: 

XS = XINCH/(XMAX-XMIN), and 

YS = YINCH/(YMAX-YMIN) 

111-119: When program PENTRA begins execution, the plotter 

pen should be in its "home position", .:!:_. ~. , on the 

base line of the plotter paper. This position must 

be defined in terms of the user's origin and 

stored as a reference point for the plotter. The 

user's origin is (XMIN, YMIN) and has values as 

defined above (at cards 097 and 091). The pen's 

"home position" is (XMIN, YO}. The horizontal 

coordinate is the same as for the user's origin. 

The vertical coordinate is defined such that the 

user's origin is placed two inches above the "home 

position": 

YO = YMIN-2/YS {247) 

120-123: This section draws the Y-axis on the left. The 

call to subroutine FPLOT (0, XMIN, YMIN) moves 

the pen to the left side of the plot. The call to 

subroutine YPROB (XS, YS, XMIN, 0, IMIN, IMAX} 

causes the Y-axis to be drawn here beginning with 

the maximum efficiency to be plotted (usually 

99.99% obtained by code IMAX= 25}. Tick marks 

are drawn downward along the vertical axis to the 

minimum efficiency to be plotted (usually 80.0% 

obtained by code IMIN = 16) . XS and YS are the 

horizontal and vertical scale factors as previously 
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defined. XMIN is the horizontal position (on a 

probability scale) of the Y-axis. The fourth argu

ment KODE = 0 indicates that the axis is to be 

labeled to the left of the axis. 

124-131: This section labels the left Y-axis as percent 

efficiency. The character width and height, XCS 

and YCS, respectively, are each defined as 0.15 

inch. The initial horizontal pen position (at base 

of first character) is one inch to the left of 

XMIN: 

X = XMIN - l/XS (247a) 

The initial vertical pen position is such that the 

label is centered along the vertical axis: 

Y = YMIN + (YMAX-YMIN)/2 - (9) (XCS)/YS (248) 

The angle of writing is PI/2 where PI = 3.1415. 

The plotter is prepared for writing the label by 

the call to FCHAR (X, Y, XCS, YCS, PI/2.), and the 

write command prints "PERCENT EFFICIENCY" along 

the left vertical axis. 

132-137: This section draws the X-axis. This axis is drawn 

as a common log scale. The call to plotter sub

routine XSLBL (XS, YS, XMIN, YMIN, IXRAN, XMIN) 

labels the X-axis for the log 10 scale. The call 

to plotter subroutine XLOG (XS, YS, XMAX, YMIN, -1, 

IXRAN) drawn the X-axis scale. (It is drawn from 

(XMAX, YMIN) to the left since the fifth argument 

= -1.). 

138-142: This section labels the X-axis as "PARTICLE 

DIAMETER (MICROMETERS)". The initial horizontal 

pen position, X, for describing the horizontal axis 

is defined so that the writing is centered along 

the horizontal axis: 
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X = XMIN + (XMAX-XMIN)/2 - (16) (XCS)/XS ( 249) 

The initial vertical pen position Y is located far 

enough below the X-axis (0.7 inch) that the height 

of written characters does not interfere with the 

drawn axis: 

Y = YMIN - 0.7/YS ( 250) 

The call to plotter subroutine FCHAR (X,Y,XCS,YCS, 

0.) gives the initial pen coordinates (X,Y) and 

the character width and height, XCS and YCS, and 

the angle for writing in radians, 0.0. This pre

pares the plotter for the command to write 

"PARTICLE DIAMETER (MICROMETERS)" along the hori

zontal axis. 

143-151: This section draws the Y-axis on the right of the 

plot using a probability scale and labels it 

"PERCENT PENETRATION". The commands here are very 

similar to those at cards 120-131 except that the 

axis labelling is made to the right of the axis 

(fourth argument of YPROB is nonzero, here = 1). 

The range of the plot is usually 0.01 at YMAX to 

20.0 at YMIN. This is the result if code variables 

IMIN and IMAX are input as 16 and 25, respectively. 

The range may be altered by different input for 

IMIN and IMAX. 

152-160: A general heading of "PENETRATION-EFFICIENCY" is 

written above the graph in this section. The char

acter width and height, XCS and YCS, are each 

defined as 0.12 inch. The beginning horizontal 

pen position X is such that the heading is centered 

over the graph: 

X = XMIN + (XMAX-XMIN)/2 - (11) (XCS)/XS 

The beginning vertical pen position Y causes the 

heading to be written 0.75 inch above the graph: 
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Y = YMAX + 0.75/YS (252) 

The writing is to be made at an angle of 0.0 

radians. The call to plotter subroutine FCHAR 

(X,Y,XCS,YCS,O.) prepares the plotter for the 

command to write "PENETRATION-EFFICIENCY". 

161-178: This section writes the general identification 

label IDGEN and density RHO above the plot (beneath 

"PENETRATION-EFFICIENCY"). IDGEN is written with 

an initial pen position (X,Y) such that X = XMIN 

(in line with the left vertical axis) and 

Y = YMAX + 0.5/YS or 0.5 inch above the plot. 

This is low enough not to interfere with the "PENE

TRATION-EFFICIENCY" heading since the characters 

are small. They have a width and height in inches 

of: 

XCS = 0.056, and 

YCS = 0.100 

The DO-loop at cards 166-169 finds the last charac

ter of the IDGEN array and labels it as IDGEN (J). 

This prevents undue pen movement in writing the 

identification label. The initial pen position 

(X,Y) for writing the density is, again, in line 

with the left vertical axis and 0.25 inches above 

the graph: 

X = XMIN, and 

Y = YMAX + 0.25/YS 

Character width, height and angle of writing are 

the same as for writing IDGEN. 

179-181: These statements write the general identification 

label IDGEN and assumed density RHO at the top of 

a page on the line printer. (Percent efficiency 

characteristics will follow on that same page.) 
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182-186: A statement here writes the column headings "INTER

VAL" I "DIAMETER" I "AVERAGE EFFICIENCY"' "UPPER 

CONFIDENCE LIMIT OF EFFICIENCY", and "LOWER CONFI

DENCE LIMIT OF EFFICIENCY" on the same page as 

above. 

187-189: ISIG is a code variable whose value indicates when 

the end of entries pertaining to the given assumed 

particle density for inlet data has been reached. 

ISIG is initialized as 0 here. ISIG = 1 when all 

entries pertaining to the given assumed density 

for inlet data have been read. KSIG is this same 

code variable as applied to the reading of outlet 

data entries. 

190-201: The loop begins here which calculates the percent 

efficiency and confidence limits for each specified 

diameter. The index of the loop, NSLOT, is the 

diameter index number. RSLOT is this same index 

as a real number. For the diameter indicated by 

NSLOT, the average efficiency, AVEFF, upper confi

dence limit of efficiency, CLUE, and lower confi

dence limit of efficiency~ CLLE, are all initial

ized as 0.0. Also, the average penetration, AVPEN, 

upper confidence limit of penetration, CLUP, and 

lower confidence limit of penetration, CLLP, are 

all initialized as 1.0. NCON is a code variable 

whose value indicates whether or not limits are to 

be calculated and drawn. It is initialized here 

as o. If the average inlet change in mass size 

concentration = O, confidence limits cannot be cal

culated and the value of NCON is changed to 1. 

202-221: Parallel entries of the inlet file (file 16) and 

outlet file (file 17) are read. By "parallel" 

here is meant that the entry read from each file 

concerns the same diameter. From file 16 is read 
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the diameter, DPLOT, average dM/dlogD at the inlet 

for this diameter, AVIN, the standard deviation 

about the average SIGIN, and number of dM/dlogD 

values used in calculating AVIN and SIGIN, NIN. 

From file 17 is read the diameter, DPLOT, dM/dlogD 

at the outlet for this diameter, AVOUT, the stan

dard deviation about this average, SIGOUT, and 

number of dM/dlogD values used in calculating AVOUT 

and SIGOUT, NOUT. When the end of the file has 

been reached for entries for this assumed density, 

the value of DPLOT is DAST, which is five aster

isks. With this "flag", the code variable for this 

file which signals the end of entries for this 

assumed density (ISIG for file 16, KSIG for file 

17} is set equal to 1. If this end is reached for 

one file before the other, reading of the longer 

file continues without calculation of efficiency 

for these larger diameters. 

222-242: If entries are read for both inlet (DPLOT, AVIN, 

SIGIN, and NIN} and outlet (DPLOT, AVOUT, SIGOUT, 

and NOUT) , the program comes to statement 210 

(card 222). All penetration-efficiency and confi-

dence limits calculations are made here. If the 

average inlet dM/dlogD at this diameter AVIN is 

nonpositive, or if the number of inlet dM/dlogD 

values, NIN, or the number of outlet dM/dlogD 

values for this diameter is zero, no calculations 

are made in this section. The variables keep their 

initialized values (see discussion of cards 190-

201), the code variable NCON is set equal to 1 to 

indicate that there are no confidence limits, and 

the program skips out of this section to statement 

50 (card 246). Otherwise, the average fractional 

penetration, AVPEN, at this diameter is calculated 
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as a function of the average inlet dM/dlogD at 

this diameter, AVIN, and the average outlet dM/dlogD 

at this diameter, AVOUT: 

AVPEN = AVOUT 

The average fractional efficiency, AVEFF, is then: 

AVEFF = 1.0 - AVPEN 

In order to calculate 50% confidence intervals, the 

Student's t-distribution multiplier must be deter

mined for the number of samples taken at the outlet, 

NOUT, and inlet, NIN. These t-distribution values 

are calculated at card 230 for the outlet and card 

231 for the inlet. The square of the confidence 

interval, SIGIO, is calculated at cards 232-233. 

SIGIO is a function of the standard deviation of 

the outlet dM/dlogD at this diameter, SIGOUT; the 

average inlet dM/dlogD at this diameter, AVIN; the 

average fractional penetration at this diameter 

(as found above), AVPEN; the standard deviation of 

the inlet dM/dlogD at this diameter, SIGIN; the 

number of outlet dM/dlogD values used to calculate 

AVOUT and SIGOUT, NOUT; the number of inlet 

dM/dlogD values used to calculate AVIN and SIGIN, 

NIN; and the t-distribution values for the outlet 

and inlet, TOUT and TIN: 

{[ 
]

2 
TOUT SIGOUT 

SIGIO = (AVPEN) 2 AVOUT 
r NOUT 

[TIN SIG IN] 
2 

} AVIN + ___ N_I_N 

If SIGIO is a positive number, the square root is 

taken and confidence limits determined. 

The upper and lower confidence limits of the frac

tional penetration, CLUP and CLLP, respectively, 

may be calculated as: 
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CLUP = AVPEN + 

CLLP = AVPEN -

1 

(SIGI0) 2 

(SIGIO)! 

The upper and lower limits for fractional effi

ciency, CLUE and CLLE, respectively, are then: 

CLUE = 1.0 - CLLP 

243-254: This begins the section for plotting percent pene

tration and percent efficiency vs. log 10 diameter. 

The diameter DPLOT is first converted to its 

plotted common log form. The subroutine XVAL 

(DPLOT, XMAX, XMIN, XS) checks the variable DPLOT 

to see if it lies between the horizontal plotting 

bounds XMAX and XMIN. If so, its value is not 

changed, and XVAL = DPLOT. If DPLOT falls beyond 

one of these bounds: 

XVAL = DPLOT + 0.15/XS DPLOT > XMAX 

or 

XVAL = DPLOT - 0.15/XS DPLOT < XMIN 

In such a case, the diameter coordinate has a value 

0.15 inch beyond the exceeded bound. The horizon

tal coordinate variable to be plotted, XN, is set 

equal to the result of function XVAL. 

254-284: If confidence limits have been calculated, i.e., 

NCON ~ 1, the plotted probability YV, which corre

sponds to the lower confidence limit of fractional 

efficiency, CLLE, is calculated in this section. 

First, CLLE is checked to see if it falls within 

the range of 0.0001 to 0.0000. If CLLE < 0.0001, 

YV is given an arbitrary value of -4. (This might 

be any number< -3.7191244 which is the probability 

equivalent for a fractional efficiency of 0.0001.) 

If CLLE > 0.9999, YV is given an arbitrary value 

of +4. (This might be any number> +3.7191244 

which is the probability equivalent for a frac-
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tional efficiency of 0.9999.) Unless CLLE lies 

outside the bounds 0.0001 to 0.9999, the value of 

its equivalent probability variable, YU is found 

by the subroutine NDTRI (CLLE, YV, D, IE). The 

probability variable YV is then checked by the 

function YVAL (YV, YMAX, YMIN, YS) to see if it is 

within the vertical plotting limits, YMAX and YMIN. 

If YMAX ~ YV < YMIN, YVAL = YV. If YV < YMIN, YVAL 

is given a value which falls 0.15 inch to the left 

of the minimum boundary, or YVAL = YV - 0.15/YS. 

If YV > YMAX, YVAL is given a value which falls 

0.15 inch to the right of the maximum boundary, or 

YVAL = YV + 0.15/YS. The vertical coordinate vari

able to be plotted, YN, is set equal to the result 

of function YVAL. Recall that the horizontal 

coordinate variable XN is the result of a similar 

testing function XVAL. See discussion of cards 

243-253. 

284-288: This section draws a horizontal tick mark 0.06 

inch long for the lower 50% confidence limit at 

the indicated diameter. The plotter subroutine 

FPLOT (I, XN, YN) controls movement of the pen. 

289-303: The value of the probability variable YV is found 

here for the average fractional efficiency at this 

diameter, AVEFF, in the same manner as for the 

lower 50% confidence limit of efficiency, CLLE, as 

discussed for cards 254-283. The variable to be 

plotted, YN, is again the result of the testing 

function YVAL. 

304-306: The pen is moved by the plotter subroutine FPLOT 

(0, XN, YN) to the average efficiency value on 

the probability scale. If the lower 50% confidence 

limit has been drawn, this movement draws the bar 

from this point to the average. Otherwise, the 
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pen is in the up position when moved to the aver

age (no bar drawn) and the pen must be lowered by 

calling FPLOT (2, XN, YN). 

307-311: The call to subroutine SYMBOL (9, 0.04) draws a 

solid circle 0.04 inch in diameter for average 

fractional efficiency at this diameter. 

312-330: If 50% confidence limits have not been calculated 

and therefore are not to be shown on the plot, i.e., 

if NCON is positive, the pen is raised by the call 

FPLOT (1, XN, YN). In this case the program skips 

to statement 55 (card 342) and omits the plotting 

of the upper 50% confidence limit of efficiency, 

CLUE. Otherwise, the value of the probability 

variable YV is found here for the upper 50% confi

dence limit of fractional efficiency at this diam

eter, CLUE, in the same manner as for the lower 50% 

confidence limit of efficiency, CLLE, as discussed 

for cards 254-283. The variable to be plotted, YN, 

is the result of the testing function YVAL. 

331-336: The pen is moved from the point of average frac

tional efficiency to the upper 50% confidence 

limit. There it makes a horizontal tick mark 0.06 

inch long. The pen is then raised so that it is 

ready for plotting the average efficiency and con

fidence limits at the next diameter. All pen 

movement is controlled by the plotter subroutine 

FPLOT. 

337-345: The diameter index number RSLOT, the particle 

diameter DPLOT, the average fractional efficiency 

at this diameter AVEFF, the upper 50% confidence 

limit of this average, CLUE, and the lower 50% 

confidence limit of this average CLLE were set 

equal to RBUF1, RBUF2, RBUF3, RBUF4, and RBUFs, 

respectively, by an equivalence statement. Here a 
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DO-loop converts average fractional efficiency and 

upper and lower 50% confidence limits of fractional 

efficiency at this diameter to percentages. Any 

of these values > 100% is given a value of 100%. 

Any of these values < 0% is given a value of 0%. 

346-349: For printing purposes, the log 10 diameter variable 

DPLOT (used for plotting diameter) is converted 

back to its original antilog value. DPLOT is now 

the diameter. 

350-354: The diameter index number NSLOT (or RBUF 1 ), the 

diameter in micrometers DPLOT (or RBUF 2 ),the aver

age percent efficiency at this diameter AVEFF (or 

RBUF 3 ), the upper 50% confidence limit of the per

cent efficiency (or RBUF 4 ), and the lower 50% con

fidence limit of the percent efficiency (or RBUF 5 ) 

is output on the line printer here. Tpe program 

then returns to the top of the loop at card 193 to 

repeat all calculations and output for the next 

diameter. 

355-362: When the average efficiency and confidence limits 

have been found for all specified diameters for 

this assumed density (physical when MDK = 1, unit 

when MDK = 2), the plotter pen is returned to its 

"home position" on the baseline of the plotter 

paper 4.5 inches beyond the maximum horizontal axis 

limit XMAX. The pen is now in the proper position 

for any future plots. Statement 200 (card 362) 

ends the large loop which began at card 061 which 

makes all efficiency calculations for one assumed 

density. If this is the end of the first traverse 

of the loop, i.e., MDK = 1 for efficiency calcula

tions where physical density is assumed, then the 

program returns to the top of the loop, MDK = 2, 

and all efficiency calculations are made for an 
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assumed unit density. If this is the end of the 

second traverse of the loop, the program ends. 

Functions of the Called Subroutines 

Subroutine NDTRI (P, x, D, IE)--

This is an IBM 360 Scientific Subroutine Package subroutine. 

Its first argument P is given as a fraction ideally between 0.001 

and 0.9999. A value based on a conversion to the probability 

scale is returned as the second argument X. Since this subroutine 

is called by more than one program, details of NDTRI may be found 

in the section on "General Subroutines and Functions". 

Subroutine YPROB (XS, YS, XLIM, KODE, !MIN, ~MAX)--

This is a subroutine written by R. W. Gaston, 1975, which 

draws and labels left (for KODE = O), or right (for KODE = 1) 

Y-axes for normal probability scale. This subroutine also is 

called by more than one program. Details of YPROB may be found 

in the section on "General Subroutines and Functions". 

Input to Mainline Program PENTRA 

Card Input--

A general identification is input to the program which heads 

both graph and line printer output. Also, the plotting range is 

input according to code values. 

Card A: This card gives the general identification label 

in columns 1-80. It is read by an 80Al format and 

may contain such information as testing location, 

dates, conditions of control device operation, etc. 

Card B: A code value in columns 1 and 2 indicates whether 

the internally determined probability plotting 

range is to be used or whether further cards are 

to be read to specify a different range. 
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Columns 1-2: Punch zeroes here (or leave blank) if the 

internally specified probability plotting min

imum of 80% for percent efficiency is to be 

used. This yields a percent penetration maxi

mum of 20%. If another minimum percent is 

desired, punch any one or two digit nonzero 

number here. 

Card C: This card is included only if a minimum percent 

efficiency other than 80% is desired Ci-~-, if card 

B is punched with a nonzero number). A code value 

is punched here which indicates the minimum frac

tional efficiency limit to be plotted. 

Columns 1-2: Punch the integral code value corresponding to 

the desired minimum fractional efficiency plot

ting limit using an I2 format. (See Table 14.) 

Card D: This card is included only if a minimum percent 

efficiency other than 80% is desired (i.e., if 

card B is punched with a nonzero number). The min

imum fractional efficiency for plotting is punched 

on this card. 

Columns 1-5: Punch the minimum fractional efficiency limit 

for plotting using FS.4 format. 

File Input--

The two random access files 15 and 17 under the names 

"JWJOOlBIN" and "JWJ002BIN", respectively, are used by program 

PENTRA. Both of these files are the result of the execution of 

program STATIS. File 16 contains the results of inlet data 

reduction, and file 17 contains the results of outlet data reduc

tion. The first record of each of these files contains the 

following entries: 

RHO: This is a real variable requiring two words. It is 

the physical density in grams per cubic centimeter. 

It is the assumed density for the data to follow. 
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TABLE 14. RELATIONSHIP BETWEEN IMIN AND THE CORRESPONDING 
MINIMUM FRACTIONAL EFFICIENCY 

Corresponding minimum 
!MIN fractional efficiency 

1 0.0001 

2 0.0005 

3 0.0010 

4 0.0020 

5 0.0050 

6 0.0100 

7 0.0200 

B 0.0500 

9 0.1000 

10 0.2000 

11 0.3000 

12 0.4000 

13 0.5000 

14 0.6000 

15 0.7000 

16 0.8000 

17 0.9000 

18 0.9500 

19 0.9800 

20 0.9900 

21 0.9950 

22 0.9980 

23 0.9990 

24 0.9995 
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LASl 

LAS2: 

(if read from inlet file 16) or 

(if read from outlet file 17) - This is an integer 

requiring one word. It is the number of diameters at 

which the average dM/dlogD has been calculated. This 

is then also the number of records to be read where 

physical density is assumed. 

LASl or LAS2 records follow this first record with the follow

ing entries: 

DPLOT: 

AVIN 

AVOUT: 

SIG IN 

SIGOUT: 

NIN 

NOUT: 

This is a real variable requiring two words. It is 

the diameter at which the average dM/dlogD was cal

culated for this record. 

(if read from inlet file 16) or 

(if read from outlet file 17) This is a real vari

able requiring two words. It is the average change 

in dM/dlog at diameter DPLOT. 

(if read from inlet file 16) or 

(if read from outlet file 17) This is a real vari-

able requiring two words. It is the standard devia-

ti on about the specified average change in dM/dlogD. 

(if read from inlet file 16) or 

(if read from outlet file i7) - this is an integer 

variable requiring one word. It is the number of 

dM/dlogD values used in finding the average and 

standard deviation. 

The final record for this assumed density (unless 

LAS! = O, if read from inlet file 16 or LAS2 = O, 

if read from outlet file 17) is three groups of 

five asterisks followed by 0 or DAST, DAST, DAST, 

IBLAK where DAST = ***** and IBLAK = 0. These 

values have been written instead of DPLOT, AVIN 

(AVOUT) , SIGIN (SIGOUT) , and NIN (NOUT) to flag the 

end of records for assumed physical density for the 

inlet (outlet) . 

257 



The second half of files 16 and 17 consists of the 

same entries as in the first half except that RHO 

is now 1.0 gram per cubic centimeter. All values 

loaded in the records to follow are the results of 

data reduction where unit density is assumed. 

Output from Mainline Program PENTRA 

Line Printer Output--

Two pages of output are given by program PENTRA. The first 

page shows the general identification label (as input to the pro

gram by card read) and the assumed physical density. This is 

followed by a table listing the diameter index number, the diam

eter in micrometers, the average percent efficiency, the upper 

50% confidence limit of this efficiency, and the lower 50% confi

dence limit of this efficiency. The second page shows the general 

identification label and the assumed unit density, 1.0 gram per 

cubic centimeter. A table follows giving the same type of list

ings as for physical diameter calculations. 

Graph Output--

Two graphs are output by this program~the first for assumed 

physical density, the second for assumed unit density. Each is a 

plot of percent efficiency for the gas cleaning device vs. parti

cle diameter in micrometers. The grid is a probability scale vs. 

common log scale. Each plot also has a vertical probability 

scale on the right side for percent penetration. 

File Output-

None. 
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PROGRAM PENLOG 

The purpose of mainline program PENLOG is the same as that 

of mainline program PENTRA, i.e., to compare differential size 

distributions calculated for the inlet and outlet of a control 

device in order to obtain penetration-efficiency information for 

various particle sizes. As with program PENTRA, the execution of 

mainline programs MPPROG, SPLINl, and STATIS is required for both 

inlet and outlet data before PENLOG may be executed. 

PENLOG differs from PENTRA in input and output format. The 

set range for efficiency is from 90% to 99.99% and therefore 0.01% 

to 10.0% for penetration. Thus, there is no option to read in a 

minimum value for the efficiency axis. The graphical output of 

PENLOG yields a common log scale for both penetration and eff i

ciency, rather than the log probability scale produced by PENTRA. 

Line printer output is the same for both programs. 

Since the PENLOG and PENTRA programs are so nearly alike, 

the reader should refer to the Breakdown of Program PENTRA for 

explanation of PENLOG, except for the points noted here. 

1. Variables IMIN, IMAX, and YMINFR are not initialized. 

2. The option to change the range of the penetration

efficiency graph has been omitted, i.e., code variable 

ICHRAN is not read in and consequently values for IMIN 

and YMINFR are also not read into the program. The 

option to plot or suppress confidence limits is pre

served. Therefore, NSPCON is still read in an Il 

format. 

3. The maximum and minimum penetration values are set at 

log 10 (10.0) for 10% and log1o(O.Ol) for 0.01%. Thus, 

subroutine NDTRI is not called to find maximum and 

minimum efficiency values. 
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4. The y-axes for penetration and efficiency are inter

changed. Penetration is on the right, efficiency is on 

the left. 

5. The penetration and efficiency axes are obtained by 

plotter subroutines YLOG and LGLBL to set up a common 

log scale, rather than using subroutine YPROB, as in 

PENTRA, to set up a log probability scale. 

6. Logarithms of the average penetration and the associated 

confidence intervals are plotted at each diameter. This 

differs from PENTRA where a log probability scale is 

used. Penetration values are checked to determine if 

they lie in the range of 0.0001 to 0.10. Values not in 

this range are plotted slightly above or slightly below 

the set maximum or minimum values. 
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GENERAL SUBROUTINES AND FUNCTIONS 

The following subroutines and functions are called by more 

than one of the mainline programs discussed in this section. 

Subroutine SYMBOL (KODE, SIZE) 

Subroutine SYMBOL (KODE, SIZE) draws a symbol whose shape is 

determined by the value of the variable KODE and whose size is 

determined by the value of the variable SIZE. The eleven symbols 

drawn are listed here with respect to the value of KODE: 

KODE Symbol drawn 

l Square 

2 Triangle 

3 Circle 

4 + 
5 x 
6 I: (+ over X) 

7 Solid square 

8 Solid triangle 

9 Solid circle 

10 Diamond 

11 Solid diamond 

Of course, various other symbols are possible by calling this 

subroutine more than once to superimpose symbols. SIZE is the 

length in inches of the side of a square which would enclose the 

symbol. Subroutine SYMBOL leaves the pen in the same position as 

when the subroutine is called. 

Breakdown of Subroutine SYMBOL--

036-037: The arithmetic function RND (XX) is defined so 

that the argument XX is rounded to a higher value 
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by adding 0.5 to the value of XX if XX is positive, 

or XX is rounded to a lower value by subtracting 

0.5 from the value of XX if XX is negative. 

038-039: IXZ2 is defined here as an integer equal to half 

the length of one side of the enclosing square in 

hundredths of an inch. The rounding function has 

the effect of rounding to the next higher size in 

hundredths of an inch in case SIZE is specified 

more exactly than hundredths of an inch. (The 

smallest pen movement is 1/100 inch.) 

040: SIZEl {real value) and ISZ (interger value) are 

beth the length of the enclosing square in hun

dredths of an inch (SIZE, on the other hand, is in 

inches). 

041-043: These three logic tests check for out of range 

values of KODE, SIZE, and ISZ2. If an out of 

range value is found, SYMBOL returns to the call

ing program without plotting. 

044: ISTRT is the initial value of the DO-loop index 

which draws the symbols {except the circle) begin

ning at statement 550 (card 118). It is initial

ized here as 1. ISTRT remains = 1 for the drawing 

of +, X, or I. Other symbols begin the 550 DO

loop with ISTRT = 2. 

045-047: (IXl, IYl) is the beginning pen location for the 

drawing of+, X, and I and is defined as (0,0). 

(IX6, IY6) is the beginning pen position, relative 

to (0,0) for the drawing of the square and the 

triangle. It is defined as (ISZ2, -ISZ2). Fig

ure 3 shows these pen locations relative to the 

initial pen position and the enclosing square. 

048-049: The read statement to the plotter (device 7) 

defines the previous pen position, the absolute 

position of the pen when SYMBOL is called, as 
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Enclosing square 

T 
SIZEl or ISZ 
except for a 

T diamond 

1 ISZ2 

l 

Pen position when SYMBOL 
is called to begin drawing of 
a plus, x, or asterisk 

• 
(0,0) 

I 

Pen position to begin 
drawing of a circle or 
diamond 

(ISZ2,0) 

\SZ2,-ISZ21 

Pen position to begin 
drawing of a square or 
triangle 

Figure 3. Beginning pen position for drawing of figures relative 
to pen position at call to SYMBOL. The enclosing 
square is shown with dashed lines. 
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(LASTX,LASTY), the last character sizes IX2 and 

IX3 (dummy variables here, not used}, the last 

sine and cosine of the character sizes IX2 and IX3 

(dummy variables here, not used), the last sine 

and cosine of the character angle IX3 and IX4 

(dummy variables here, not used}, and the pen 

position code IPEN. If the pen is up IPEN = O, 

if down IPEN = 100000. These are octal numbers. 

050-053: Except for the symbols +, X, and ~, the pen must 

begin the drawing in a position other than its 

original position, and the starting code value for 

the drawing loop index is defined as ISTRT = 2. 

If a square or triangle is to be drawn (KODE = 1, 

2, 7, or 8), the beginning pen_ position, (IX6, IY6), 

is as defined above at (ISZ2, -ISZ2). This is in 

the lower right-hand corner of the enclosing 

square. If a circle or a diamond is to be drawn 

(KODE = 3, 9, 10, or 11), the beginning pen posi

tion, (IX6, IY6}, is defined as (ISZ2, 0) so that 

the pen is in the middle of the right side of the 

square. These relationships are shown in Figure 3. 

The pen is then moved by the write statement to 

the plotter (device 7) using mode 4 which has the 

function of moving the pen in the up position to a 

new set of coordinates. The change in coordinates 

here is (IX6, IY6) as defined above according to 

the value of KODE. 

054: Each change in coordinates must be defined for the 

pen movements which produce the indicated symbol. 

Therefore, the program skips to the proper section 

depending on the value of KODE. Note that KODE = 
4, 5, and 6 are dummy directions since the program 

would have already proceeded to statement 400 or 

500 to draw a +, X, or I. 
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055-063: The drawing of a square is discussed here. Four 

pen movements are needed to draw the square. Since 

the beginning loop index has been defined as 

ISTRT = 2, the ending loop index is defined as 

IEND = 5. The pen begins at (ISZ2,-ISZ2) relative 

to the original pen position when SYMBOL is called. 

(IX2, IY2) through (IX5, IY5) are defined as the 

changes in coordinates at each pen movement. 

These are not absolute coordinate values, but 

changes relative to last pen position. Figure 4 

shows the four pen movements and the change in 

coordinates for each movement. The program goes 

to statement 550 (card 118) to draw the square. 

064-073: The drawing of a triangle is ~iscussed here. 

Three pen movements are needed to draw the tri

angle. Since the beginning loop index has been 

defined as ISTRT = 2, the ending loop index is 

defined as IEND = 4. Changes in pen coordinates 

(IX2, IY2) through (IX4, IY4) are defined here. 

These are not absolute coordinate values, but 

changes relative to last pen position. Figure 5 

shows the three pen movements and the change in 

coordinates for each movement. 

074-091: This section draws the circle symbol. Other 

symbols are drawn at the DO-loop beginning at 

statement 550, card 118. The circle begins at the 

point ISZ2 which is half the width of the enclos

ing square. Initial movement is horizontal from 

the point at which subroutine SYMBOL is called, 

LASTX, LASTY). The angle here, THETA, is initial

lized as 0.0 radians. The last angle to which 

the pen will move, THLAST, is defined as 2~ 

radians = 6.283185 radians. The angle increment 

through which the pen moves at each WRITE state-
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ISZ 3 I (IX4,IY4) 
=(0,-ISZ) 

2 i (IX3,IY3) 
t =(-ISZ,O) 

• 
t 

Pen position when 
SYMBOL is called 

1 I (IX2,IY2) 
=(O,ISZ) 

4 1 (IX5,IY5) \ 
=(ISZ,O) 

Pen position at 
beginning of the 
loop 

Figure 4. Pen position.changes to draw a square. 
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ISZ 

T 
ISZ2 

l 

f (IX3,IY3) 
2 l =(ISZ2,ISZ) 

-\-
• I 

Pen position when 
SYMBOL is called 

I 
} (IX4,IY4) 

3 ( =(ISZ2,-ISZ) 

-, 

\ 

1 
J (IX2,IY2) 
{ =(-ISZ,0) 

Pen position at 
beginning of the 
loop 

Figure 5. Pen position changes to draw a triangle. 
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ment, THINC, is defined as 2.0/SIZEl radians. 

Note that this is inversely proportional to the 

dimension of the square, SIZEl. Thus, even for a 

large circle, each pen movement is small so that 

the result appears as a circle rather than a poly

gon. Statement 325 (card 82) begins an implied 

DO-loop which sets up the coordinate increments, 

IXl and IYl, the new coordinates, (IX2, IY2), and 

moves the pen from point to point at each traverse, 

thus, drawing the circle. Note that the incre

ments IXl and IYl are defined as changes relative 

to the original position of the pen, (LASTX, LA.STY). 

The original pen location is the point around 

which the circle is being drawn. IX2 and IY2 are 

absolute coordinates and not changes in coordi

nates. Figure 6 shows the pen positions and 

changes in coordinates. Since the coordinates are 

absolute values, the write statement to the plotter 

uses mode 3, as opposed to mode 5, which moves by 

changes in delta coordinates. Delta coordinates 

are coordinates referred to the last pen location. 

These options are explained in Appendix A, DEC 

PDP - 15/76 Plotter Subroutines in the section 

entitled "Unichannel XY Plotter Handler". After 

each pen movement, the angle THETA is incremented 

by THINC and tested to see if the circle has been 

completed (THETA> THI.AST). If not, the subroutine 

returns to statement 325 (card 82) to continue 

drawing. If the circle has been completed and 

only a "hollow" circle is desired (KODE == 3) , the 

subroutine skips to statement 750 where the pen is 

raised and moved to the center of the circle 

(LASTX, LA.STY). There the original pen position 

(when subroutine SYMBOL was called} is checked, 
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( LASTX, LASTY) 

1----- SIZE2 ---~ 

II 
I I 

/1 
I I 

I I 
I I 

I I 
I I 

IA.,.(} I 
I I 

__..,.....•- - _L _ - .J 

~IX1~ 

.......- (IX2,IY2) 

Figure 6. Pen positions for drawing of a circle are defined as 
functions of the pen position when SYMBOL is 
called. These are (LASTX,LASTY) and the circle 
radius, SIZE2. 
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and the pen is put back into this position, up 

or down, before returning to the calling program. 

If a solid circle is desired (KODE = 9), the 

dimension of the enclosing square SIZEl is decreas

ed by 2/100 inch and a slightly smaller circle is 

drawn inside the first. This process continues 

until the original circle is filled in. The sub

routine then skips to statement 800 (card 146} 

where the pen is placed into the same up or down 

position as when SYMBOL was called. Then SYMBOL 

returns to the calling program. Note that the pen 

is already in the center of the circle at (LASTX, 

LASTY) and it is not necessary to go to statement 

750 to move it there. 

092-100: The series of changes in position for the drawing 

of a diamond is discussed here. Only four pen 

movements are needed to draw a diamond. However, 

since all pen movements are in 1/100-inch vertical 

and horizontal pen movements, a small diamond does 

not have smoothly drawn sides. Therefore, a dia

mond is drawn again superimposed over the first to 

"smooth" the diamond. Eight pen movements are 

then needed. The loop at statement 550 (card 118) 

has a beginning index value ISTRT = 2. Therefore, 

the last index value is defined here as IEND = 9. 

The pen begins at (ISZ2,0} relative to the origi

nal pen position when SYMBOL is called. (IX2, IY2) 

through (IX9, IY9) are defined as the changes in 

coordinates for each pen movement (not absolute 

coordinate values) . Figure 7 shows the eight pen 

movements and the change in coordinates for each 

movement. The program then goes to statement 550 

to draw the diamond. 
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a) 

b) 

J (IX4,IY4} 
3 { =(ISZ2,ISZ2} 

I (IX3,IY3) 
2 =(-ISZ2,ISZ2) 

l (IX7,IY7) 
6 =(-ISZ2,-ISZ2) 

f (IX8,IY8) 
J { =(ISZ2,-ISZ2) 

~ ISZ = Cos(45°)(SIZE1/2.0) 

""' =0.707107 x SIZE2 

ISZ 

~ 
J (IX5,IY5} 

4 { =(ISZ2,-ISZ2) 

Pen position at 
beginning of 
loop 

1 J (IX2,IY2) l =(-ISZ2,-ISZ2) 

1 
(IX6,IY6) 

5 =(-ISZ2,ISZ2) 

~ Pen position at 
end of loop 

l (IX9,IY9) 
8 =(ISZ2,ISZ2) 

Figure 7. Pen position changes to draw a diamond for: a) a loop 
index of 2 (ISTRT) through 5; b) a loop index of 6 
through 9 (/END). 
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101-108: The series of pen changes for drawing the symbol + 

is discussed here. Eight pen movements are used 

to draw this symbol. Since the beginning loop 

index value has been defined as ISTRT = 1, the 

ending loop index value is defined as IEND = 8. 

The drawing begins with the pen in its original 

position when subroutine SYMBOL is called. 

(IXl, IYl) through (IX8, IY8} are defined here as 

the changes in coordinates at each pen movement. 

These are not absolute coordinate values, but are 

the "Delta" coordinate values mentioned above. 

Figure 8 shows the eight pen movements and the 

change in coordinates for each movement. The pro

gram goes to statement 550 (card 118) to draw the 

+. 

109-114: The series of pen changes for drawing the symbol X 

is discussed here. Eight pen movements are used 

to draw this symbol. Since the beginning loop 

index value has been defined as ISTRT = 1, the 

ending loop index is defined as IEND = 8. Drawing 

begins with the pen in its original position when 

subroutine SYMBOL is called. (IXl, IYl) through 

(IX8, IY8) are defined as the changes in coordi-

nates at each pen movement. These are not absolute 

coordinate values, but "Delta" coordinate values 

mentioned above. Figure 9 shows the eight pen 

movements and the change in coordinates for each 

movement. The program goes to statement 550 (card 

118) to draw the X. 

115-120: The DO-loop here draws all symbols except the 

circle. (See cards 074-091 for drawing a circle.} 

Coordinate changes have been defined previously 

for each possible symbol. The beginning and end

ing loop index values ISTRT and IEND, have also 
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a) 

3 l (IX3,IY3) 
. =(O,ISZ2) 

4 ( (IX4,IY4) 
{ =(O,-ISZ2) 

/ 2j (IX2,IY2) 
/ =(O,ISZ2) 

Pen position when 
SYMBOL is called, 
at beginning of loop 
and at end of loop 

b) 

11 (IX1,IY1) 
=(O,-ISZ2) 

6 l (IX6,IY6) 
=(ISZ2,0) 81 (IXB,IYB) 

=(-ISZ2,0) 

5 l (IX5,IY5) 
=(-ISZ2,0) 

7 ! (IX7,IY7) t =(ISZ2,0) 

Figure 8. Pen position changes to draw a plus for: a) a loop 
index of 1 (ISTRT) through 4; b) a loop index of 
5 through 8 (!END). 
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a) 

b) 

3 f (IX3,IY3) t =(-ISZ2,ISZ2) 

/ 
/ 

/ 

/ 

4 ! (IX4,IY4) 
0 (1SZ2,-IS;21

1 
/ ! (IX2,IY2) 2 =(-ISZ2,ISZ2) 

/ 

/p . . h en_ _ROS1t1on w en 
/ SYMBOL is called, 

at beginning of loop 
and at end of loop 

51 (IX5,IY5) 
=(-ISZ2,-ISZ2) 

11 (IX1,IY1) 
=(-ISZ2,ISZ2) 

7 ! (IX7,IY7) 
=(ISZ2,ISZ2) 

Figure 9. Pen position changes to draw an X for: a) a loop index 
of 1 (ISTRT) through 4; b) a loop index of 5 through 
8 (!END). 
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been defined for each symbol to set up the proper 

number of pen movements (one movement for each 

traverse of the loop) . Note that the WRITE state

ment to the plotter (device 7) uses mode 5 for pen 

movement. This has the function of moving the pen 

by the change in coordinates defined, IX(I) and 

IY(I), with the pen down. The use of different modes 

is explained in the Appendix. 

121: The computed GO TO statement transfers to statement 

750 (card 144) for those "hollow" symbols {square, 

triangle, diamond) to put the pen back in its 

original position (including up or down position) 

when subroutine SYMBOL was called and then return 

to the calling program. The GO TO 750 for the 

hollow circle is a dummy instruction since the 

program skips to statement 800 before reaching this 

GO TO statement when KODE = 3. For the + and X 

symbols, the program skips to statement 800 where 

only the original up or down position of the pen 

is checked and reset before returning. The pen is 

at the starting point after drawing + or X. The 

other symbols require more drawing. For the sym

bol *' the + is drawn first and them X is super

imposed on top of this. For this the program 

skips to statement 625 (card 126) to see if X has 

been superimposed. For the other solid figures 

(square, triangle, diamond), the program skips to 

statement 640 (card 129) or statement 645 (card 

133) to decrement the size parameter for drawing 

smaller and smaller figures, thus, "filling in" 

the original figure. The GO TO 800 statement for 

the solid circle is a dummy instruction, since the 

program does not reach this statement when 

KODE = 9. 
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122-127: Here the subroutine checks to see if the symbol 

X has been superimposed over the + for drawing 

the symbol ~- If + has just been drawn, the last 

vertical pen change, IYB, is 0 and the symbol X is 

still to be drawn. In this case the subroutine 

goes to statement 500 (card 112) to perform the 

superposition. If this has been done, IYS = ISZ2, 

and the subroutine goes to statement 800 (card 

146) to reset the pen to its original position 

when subroutine SYMBOL was called. 

128-139: This section decrements the size parameters for 

the drawing of a solid square, a solid triangle, 

or a solid diamond, depending on the value of 

KODE. The new enclosing square has each dimension, 

ISZ, 1/100 inch shorter for the smaller diamond 

and 2/100 inch shorter for the smaller square or 

triangle. The pen first must move in within the 

previous symbol 1/100 inch to begin. Therefore, 

IXl = -1. IYl must also be redefined to bring 

the pen in for drawing the square or triangle. 

Therefore, in each of these two sections, IYl = 
-IXl = 1 or 1/100 inch. The length of half the 

enclosing square, ISZ2, is also reduced by 1/100 

inch. The pen must move to the point where the 

drawing of the new smaller symbol is to start. 

Therefore, the drawing loop index is given a 

beginning value ISTRT = 1, rather than 2. The 

subroutine uses the computed GO TO statement to 

go to the appropriate section for defining pen 

movement coordinates according to KODE. Smaller 

and smaller symbols are drawn filling in the orig

inal until the pen is in the center of the symbol 

at the original point around which the symbol is 

being drawn. Then the subroutine skips to state-
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ment 800 (card 146) to reset the pen to an up or 

down position, as it was when subroutine SYMBOL 

was called. 

140-148: If not already at the original location when SYMBOL 

was called (for the "hollow" square, triangle, 

circle, or diamond), the subroutine skips to state

ment 750 (card 144) to define the writing mode as 

mode 2. Next, using the write statement 775 (card 

145), the pen is carried to the original point 

(LASTX, LASTY) with the pen up. If the pen is at 

the original point (for +, X, *' solid square, 

solid triangle, solid circle, or solid diamond), 

the subroutine comes directly to statement 800 

(card 146) to check the original up or down posi

tion of the pen. IPEN = 0 if the pen was up, or 

IPEN = 100000 (octal) if the pen was down. If 

IPEN is negative, it is a "flag" that the pen has 

been placed back in the original "called position." 

If IPEN = 0, the subroutine goes to statement 725 

{card 143) where the writing mode is set equal to 

2 to raise the pen at the. write statement 775 

(card 145). IPEN is set equal to -1 to indicate 

that the pen is properly set and the subroutine 

returns to the calling program. If !PEN > 0 

(i.e., IPEN = 100000), the subroutine goes to 

statement 700 (card 140) where the writing mode is 

set equal to 3. This lowers the pen at write 

statement 775. IPEN is set equal to -1 to indi

cate that the pen has been properly set and the 

subroutine returns to the calling program. These 

writing modes are more fully explained in the 

append ix. 
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Function SLIM (MAXMIN, ALIMIT) 

This function, SLIM (MAXMIN, ALIMIT), finds the maximum or 

minimum axis limit given the largest or smallest value to be 

plotted, ALIMIT. A minimum limit is found if MAXMIN~O. In this 

case the value of ALIMIT is the smallest value to be plotted with 

respect to some axis. A maximum value is found if MAXMIN>O. 

Then the value of ALIMIT is the greatest value to be plotted with 

respect to this axis. 

Breakdown of Function SLIM--

016: Define the truncated integer LIMIT as the value 

which is to determine the maximum or minimum plot

ting limit: 

LIMIT = ALIMIT 

017: Define the difference of these two values as DIFF: 

DIFF = ALIMIT-LIMIT 

018-019: The value of MAXMIN indicates whether SLIM is 

called to find a maximum plotting limit or a min

imum plotting limit. If MAXMIN~O, this function 

goes to statement 1 (card 020) to return a minimum. 

If MAXMIN>O, this function goes to statement 2 

{card 021) to return a maximum. 

020: The program reaches statement 1 when a minimum is 

desired. If DIFF is negative, the value of ALIMIT 

is a negative real number <i.e., the common anti

log of ALIMIT is a value < 1.0 but greater than 

zero), and the program goes to statement 3 (card 

026). If DIFF is zero, this indicates that the 

value of ALIMIT is an integer (i.e., the common 

antilog of ALIMIT is a value which is an integral 

power of 10) and the program goes to statement 4 
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(card 031). If DIFF is positive, this indicates 

that the value of ALIMIT is a positive real number 

(i.e., the common antilog of ALIMIT is a value 

> 1.0, not an integral power of 10.) and the pro

gram goes to statement 4 (card 031). 

021: The program reaches statement 2 when a maximum is 

desired. The various values of DIFF (negative 

real number, zero, or positive real number) have 

the same meaning for ALIMIT as in the description 

of card 020 above. However, the value of DIFF 

causes the program to proceed to different state

ments than above in order to find a maximum. The 

program goes to statement 5 (card 038) if DIFF is 

either a negative real number or zero. The pro

gram goes to statement 4 (card 031) if DIFF is a 

positive real number. 

022-027: The program reaches statement 3 only when ALIMIT 

is a negative real number and SLIM is called to 

find a minimum limit {MAXMIN=O). In this case the 

returned limit value SLIM is: 

SLIM = LIMIT-1 (254) 

For example, suppose the program searches for the 

minimum diameter axis value where the smallest 

diameter is 0.3 micrometers: 

SLIM(MAXMIN,ALIMIT) 

= SLIM(O,log10(0.3)) 

= SLIM(0,-1.523) 

In this case LIMIT = -1 so that 

SLIM = -1 -1 = -2 

(255) 

(256) 

(257) 

(258) 

With SLIM returned as -2, the minimum limit for 

the diameter axis is 10- 2 or 0.01. Therefore, 

even the smallest diameter value, 0.03, can be 

plotted on the resulting grid. 
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028-032: The program reaches statement 4 only when ALIMIT 

is a positive real number and the search is for a 

maximum grid limit (MAXMIN = l}. In this case 

the returned limit value, SLIM, is: 

SLIM = LIMIT + 1 {259} 

For example, suppose the program searches for the 

maximum cumulative mass loading axis limit when 

the largest value of the data is 8.6xl0 4 milligrams 

per actual cubic meter: 

SLIM(MAXMIN,ALIMIT} 

= SLIM(l,log1 0 (8.6xl0 4
}} 

= SLIM(l,4.934) 

In this case, LIMIT = 4 so that 

SLIM= LIMIT + 1 = 5.0 

( 26 0} 

(261) 

(262) 

{ 26 3) 

With SLIM returned as 5.0, the maximum limit for 

the cumulative mass loading axis is 1.0 500
• There

fore, even the largest cumulative mass loading 

value, 8.6xl0 4 , can be plotted on the resulting 

grid. 

033-039: The three conditions for reaching statement 5 (card 

038) and the resulting value of SLIM are discussed 

below. In each case SLIM = LIMIT. 

1.) ALIMIT is a negative real number and the 

search is for a maximum grid limit (MAXMIN=l). 

Suppose the program is searching for the maxi

mum cumulative mass loading axis limit when 

the largest value of the data is 0.8 milli

grams per actual cubic meter: 

SLIM{MAXMIN,ALIMIT) 

= SLIM(l,log1o(0.8)) 

= SLIM(l,-0.0969) 
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In this case, LIMIT = 0 so that 

SLIM = LIMIT = 0.0 (267) 

With SLIM returned as 0.0, the maximum limit 

for the cumulative mass loading axis is 

10°· 0 =1. Therefore, even the largest cumula

tive mass loading value, 0.8, can be plotted 

on the resulting grid. 

2.) ALIMIT is an integer. The search may be for 

either a maximum (MAXMIN=l) or a minimum 

(MAXMIN=O). Suppose the program searches for 

the maximum axis limit for the dM/dlogD values 

is l.Oxl0 6 milligrams per dry normal cubic 

meter: 

SLIM(MAXMIN,ALIMIT) 

= SLIM (1, log 1 0 (1. Oxl0 6
)) 

= SLIM(l.6) 

In this case, LIMIT = 6 so that 

SLIM = LIMIT = 6.0 

(268) 

(269) 

( 27 0} 

( 271) 

With SLIM returned as 6.0, the maximum axis 

limit for the dM/dlogD values is 10 6 • 0 • The 

largest value of the dM/dlogD distribution, 

l.Oxl0 6 , can be plotted on the resulting grid. 

3.) ALIMIT is a positive real number and the 

search is for a minimum grid limit (MAXMIN=O). 

Suppose the program searches for the minimum 

diameter axis value where the smallest diam

eter is 1.2 micrometers: 

SLIM(MAXMIN,ALIMIT) 

= SLIM(O,log10(1.2)) 

= SLIM{0.0.0792} 

In this case, LIMIT = 0 so that 

SLIM = LIMIT = 0 
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With SLIM returned as 0.0, the minimum limit 

for the diameter axis is 10°· 0 = 1.0. There, 

fore, the smallest diameter value, 1.2, can be 

plotted on the resulting grid. 

040: Statement 6 returns the function value SLIM to the 

plotting subroutine which called it. 

041: End. 

Function XVAL(XlF,AMAX,AMIN,AS) 

Function XVAL{XlF,AMAX,AMIN,AS) compares the value XlF to 

the given maximum and minimum grid values, AMAX and AMIN. If XlF 

is within the range of these two values, XVAL is set equal to XlF 

and returned. However, if XlF>AMAX, XVAL is returned as a value 

which would be plotted 0.15 inch outside the maximum grid limit, 

AMAX. Similarly, if XlF<AMIN, XVAL is returned as a value which 

would be plotted 0.15 inch outside the minimum grid limit, AMIN. 

Thus, the call to this function prevents disorientation of the 

plotter if trying to plot an extreme value beyond plotting limits. 

Breakdown of Function XVAL--

09-011: XlF is checked here to see if it is greater than 

the maximum grid value, AMAX. If so, the routine 

goes to statement 86 (card 010) where the variable 

XVAL is set equal to a value beyond the maximum 

grid value, AMAX. 

XVAL =AMAX + 0.15/AS (276) 

where AS is the number of inches per grid unit. 

The function then returns this value of XVAL to 

the calling routine. 

012-014: The routine comes to statement 87 (card 012) if 

the value of XlF is less than AMAX. XlF is 

checked here to see if it is less than the mini

mum grid value, AMIN. If so, the routine goes to 
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statement 88 (card 013} where the variable XVAL is 

set equal to a value less than the minimum grid 

value, AMIN: 

XVAL =AMIN - 0.15/AS (277) 

The function returns this value of XVAL to the 

calling subroutine. 

015-017: The function routine goes to statement 89 (card 

015) only if AMIN~XlF<AMAx, i.~., only if the value 

of XlF is within the plotting limits. In this 

case, XVAL is returned equal to XlF. Thus, XVAL 

is set equal to XlF and returned. 

Function YVAL(YlF,BMAX,BMIN,BS) 

This function is the same as XVAL(XlF,AMAX,AMIN,AS). See 

the description of this function above. 

Subroutine CPPLOT(IDGEN,RHO,XMAX,XMIN,YMAX,YMIN,XS,YS) 

This subroutine is called by subroutine CUMPCT or by main

line program STATIS to draw the grid for cumulative percent mass 

loading less than particle diameter vs. indicated particle diam

eter. It draws an ordinate probability scale axis labeling it 

"CUMULATIVE PERCENT" and an abscissa common log scale labeling it 

"PARTICLE DIAMETER (MICROMETERS)". The grid is labeled with the 

identification label, IDGEN, and density in grams per cubic centi

meter, RHO. XMAX, XMIN, YMAX, and YMIN are the abscissa and 

ordinate axis limits while XS and YS are the abscissa and ordi

nate scale factors in inches per user's unit. 

Breakdown of Subroutine CPPLOT--

011-018: Subroutine NDTRI(P,X,D,IE) is a subroutine from 
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the IBM 360 Scientific Subroutine Package-Version 

III. It takes the first argument, P, in a frac

tional form and returns it in terms of the proba

bility scale as the second argument, X. Here, 

NDTRI is used to find the maximum and minimum plot

ting limits for the vertical cumulative percent 

axis which is to use a probability scale. The max

imum and minimum fractional limits used here for 

the first argument, P, are 0.9999 and 0.0001, 

respectively. The probability equivalent values 

returned as the second argument, X, are YMAX = 
+3.7191244 and YMIN = 3.7191244, respectively. 

019-026: The lengths of the horizontal and vertical axes, 

XINCH and YINCH, are established here. XINCH = 
4.5 inches and YINCH = 6.5 inches. These dimen

sions leave adequate room for legends and a cap

tion on an 8-1/2 x 11-inch format. 

027-033: The horizontal maximum and minimum plotting limits, 

XMAX and XMIN,are defined here in terms of the 

common log scale. The maximum particle diameter 

to be plotted is 100.0 micrometers. Thus, XMAX = 
log 10 (100.0) = 2.0. The minimum particle diam

eter to be plotted is 0.1 micrometer. Thus, 

XMIN = log 10 (0.l) = -1.0. 

034-038: The horizontal and vertical scale factors, XS and 

YS, are established here in inches/user's unit: 

XS = XINCH/(XMAX-XMIN) 

YS = YINCH/(YMAX-YMIN) 

(278) 

(279) 

039-042: When subroutine CPPLOT begins execution, the 

plotter pen should be in its "home position", 

that is, on the base line of the plotter paper. 

This position must be defined in terms of the 

user's origin and stored as a reference point for 

the plotter. The user's origin is (XMIN, YMIN) 
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and has values as defined above at card 018 and 

card 033. The pen's "home position" is (XMIN,YO). 

The horizontal coordinate is the same as for the 

user's origin. The vertical coordinate is defined 

so that the user's origin is placed two inches 

above the "home position": 

YO = YMIN - 2.0/YS (28 0) 

043-047: Subroutine SCALF(XS,YS,XMIN,YO) stores the X 

and Y axis scale factors, XS and YS, and also the 

original pen position at the call of subroutine 

CPPLOT, (XMIN, YO), for use by the plotter. 

048-061: This section draws the Y-axis on the left side of 

the graph. The call to subroutine FPLOT (O, XMIN, 

YMAX) moves the pen to the left side of the plot 

without up or down pen movement. (The pen is in 

the up position at this call to FPLOT.) Code 

variables IMIN = 1 and IMAX = 25 are defined here 

for use by subroutine YPROB. IMIN is the code 

value which determines the minimum cumulative 

fraction limit for the graph. IMIN = 1 causes 

this minimum limit to be 0.0001. IMAX is the code 

which determines the maximum fraction limit for 

the graph. IMAX = 25 causes this maximum limit to 

be 0.9999. The call to subroutine YPROB(XS, YS, 

XMIN, 0, IMIN, IMAX} causes the Y-axis to be drawn 

beginning with the maximum cumulative percent to 

be plotted, 99.99%. Tick marks are drawn downward 

along the vertical axis to the minimum cumulative 

percent to be plotted, 0.01%. XS and YS are the 

horizontal and vertical scale factors previously 

defined. XMIN is the horizontal position of the 

Y-axis. The fourth argument, KODE = O, indicates 

that the axis is to be labeled to the left of the 

axis. 
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062-071: This section labels the left Y-axis as cumulative 

percent. The character width and height, XCS and 

YCS, are each defined as 0.15 inch. The initial 

horizontal pen position (at base of first charac

ter) is one inch to the left of XMIN, that is, one 

inch to the left of the Y-axis: 

X = XMIN - 1.0/XS (281) 

The initial vertical pen position os defined so 

that the label is centered along the Y-axis: 

Y = YMIN + (YMAX-YMIN)/2. - 9. (YCS/YS) (282} 

The angle of writing is PI/2. where PI = 3.1415. 

The plotter is prepared for writing the label by 

the call to FCHAR(X,Y,SCS,YCS,PI/2.), and the 

write command prints "CUMULATIVE PERCENT" along 

the left vertical axis. 

072-077: This section draws the X-axis. This axis is drawn 

as a common log scale. The number of common log 

cycles to be drawn, IXRAN, is defined as the 

difference in the maximum and minimum X-axis 

limits: 

IXRAN = XMAX - XMIN (283) 

The call to plotter subroutine XSLBL(XS, YS, XMIN, 

YMIN, IXRAN, XMIN) labels the X-axis for the com

mon log scale. The call to plotter subroutine 

XLOG(XS, YS, XMAX, YMIN, -1, IXRAN) draws the 

X-axis scale. It is drawn from (XMAX,YMIN) to the 

left since the fifth argument is -1. 

078-084: This section labels the X-axis as "PARTICLE DIAM

ETER (MICROMETERS)". The initial horizontal pen 

position, X, for describing the horizontal axis 

is defined so that the writing is centered along 

the horizontal axis: 
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X = XMIN + (XMAX-XMIN)/2. - 16. (XCS/XS) 

The initial vertical pen position, Y, is located 

far enough below the X-axis (0.7 inch) that the 

height of written characters does not interfere 

with the drawn axis: 

Y = YMIN - 0.7/YS 

( 28 4) 

( 285) 

The call to plotter subroutine FCHAR(X,Y,XCS,YCS, 

0.) gives the initial pen coordinates (X,Y) and 

the character width and height, XCS and YCS, and 

the angle for writing in radians, 0.0. This pre

pares the plotter for the next to command which 

is to write "PARTICLE DIAMETER (MICROMETERS)" 

along the horizontal axis. 

085-099: This section writes the general identification 

label IDGEN above the plotting grid. IDGEN is 

written with an initial pen position (X,Y) so that 

X = XMIN, in line with the vertical axis, and 

Y = YMAX + 0.5/YS, 0.5 inch above the plot. The 

width and height of these characters in inches are: 

xcs = 0.056 

YCS = 0.100 

The DO-loop at cards 093-097 finds the last 

character of the IDGEN array and labels it as 

IDGENJ• This prevents undue pen movement in 

writing the identification label. 

( 28 6) 

(28 7) 

100-104: This section writes the density, RHO, above the 

plotting grid beneath IDGEN. The initial pen 

position (X,Y) for writing the density is, again, 

in line with the vertical axis and 0.25 inch above 

the graph: 

X = XMIN 

Y = YMAX + 0.25/YS 
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Character width, height, and angle of writing 

are the same as for writing IDGEN. 

104: Subroutine CPPLOT returns to the calling program; 

either subroutine CUMPCT or mainline program 

STATIS. 

Subroutine YPROB(XS,YS,X,KODE,IMIN,IMAX} 

This subroutine, YPROB(XS,YS,X,KODE,IMIN,IMAX),draws the log 

probability ordinate used in graphing cumulative percent concen

tration and penetration-efficiency. 

Before calling YPROB, the calling arguments must be defined. 

XS and YS are the horizontal and vertical scale factors in inches 

per unit. X is the position on the X-axis at which the Y-axis 

is to be located. KODE determines whether labeling of the axis 

is to the left (KODE = O) or to the right (KODE = 1) of the 

Y-axis. For example, when drawing the grid for cumulative per

cent concentration or percent efficiency, this Y-axis is drawn on 

the left side of the graph. KODE is set equal to zero to write 

percentages to the left of the tick marks, beginning at the top 

with 99.99% and descending to the desired minimum value. When 

drawing the grid for percent penetration, this Y-axis is drawn 

on the right of the graph. KODE is set equal to one to write 

percentages to the right of the tick marks. The percentages 

begin with 0.01% at the top and ascend in value downward to the 

desired maximum. IMIN and IMAX are code values for the minimum 

and maximum cumulative percent or percent efficiency to be shown 

on the plot. The fractional value corresponding to each value of 

!MIN or IMAX is given in Table 15 along with fractional big tick 

mark values, number of small tick marks between this and the next 

large tick mark, and the fractional increment between each of 

these small tick marks. The position of each tick mark on the 

grid, and the vertical position of each plotted fraction, is 
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TABLE 15 GUIDE TO YPROB SUBROUTINE 

Big tick Small tick Number of IMIN Fractional 
values increments small ticks {or) efficiency 
(BTV) (STI} (NST} IMAX number 

YMIN 0.0001 0.0001 3 1 0.01 

0.0005 0.0001 4 2 0.05 

0.001 0.0005 1 3 0.1 

0.002 0.001 2 4 0.2 

0.005 0.001 4 5 0.5 

0.01 0.002 4 6 1.0 

0.02 0.01 2 7 2.0 

0.05 0.01 4 8 5.0 

0.1 0.01 9 9 10.0 

0.2 0.02 4 10 20.0 

0.3 0.02 4 11 30.0 

0.4 0.02 4 12 40.0 

0.5 0.02 4 13 50.0 

0.6 0.02 4 14 60.0 

0.7 0.02 4 15 70.0 

0.80 0.01 4 16 80.0 

0.9 0.01 4 17 90.0 

0.95 0.01 2 18 95.0 

0.98 0.002 4 19 98.0 

0.97 0.001 4 20 99.0 

0.995 0.001 2 21 99.5 

0.998 0.0005 1 22 99.8 

0.999 0.0001 4 23 99.9 

0.9995 0.0001 3 24 99.95 

YMAX 0.9999 0.0 0 25 99.99 
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determined by taking the inverse of the normally distributed 

probability function. This is done in the subroutine NDTRI from 

the IBM 360 Scientific Subroutine Package - Version III. 

Subroutine YPROB was written at Southern Research Institute. 

However, its only function, like YLOG, LGLBL, XLOG, and XLBL, is 

to draw an axis according to a functional form, and is, therefore, 

not discussed here in a line by line breakdown. 
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SECTION 4 

USER INSTRUCTIONS 

This section is a user's guide for each of the mainline pro

grams and should provide enough information for the user to execute 

the mainline programs easily. Refer to Section 3 if any program

ming changes are to be made. For each mainline program, require

ments for program execution are given (~.~., maximum number of runs 

for one execution, cards which may be omitted under certain circum

stances, etc.). Also, a table of card formats is included for each 

of the mainline programs. It should be noted that the job streams 

listed are for the PDP 15/76 computer system. They are presented 

here to show the file names and numbers which must be assigned and 

also to show the ordering of data cards. Necessary changes in the 

Job Control Language (JCL) must be made for other computer systems. 

File reference information, and a table listing which subprograms 

and functions are called by mainline programs and other subroutines 

are included at the end of this section. 

MAINLINE PROGRAM MPPROG 

Requirements for Program Execution 

The following is a list of implied user instructions for 

execution of mainline program MPPROG: 

1. Only one type of impactor data <~·~·'Andersen, Brink, 

etc.) can be run under one MPPROG XCT. 

2. A maximum number of impactor data sets is 50 under one 

MPPROG XCT. 
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3. Cards 1-2 apply to one test (a test being made up of 

runs where one type of impactor is used). These cards 

may not be repeated. 

4. Cards 3-8 make up one impactor run. These cards may be 

repeated. 

5. Card 3 stops the program if MPACNO = 0 (i.e., O punched 

in column 1 of card 3) . 

6. The user should make the appropriate changes in subrou

tine CUT and the COMMON BLOCK routine for Common Block 2 

in order to load calibration constants (values of ~) 

and hole diameter sizes for the impactors used. The cal

ibration values listed in program MPPROG are those used 

by Southern Research Institute and are here for purposes 

of illustration only. 

Card Format 

Table 16 gives the variables to be punched on each card for 

MPPROG,columns in which to punch them and format used. A descrip

tion of the variables, and any options available are also given. 

Sample Job Stream 

The following is a listing of a sample job stream for 10 

impactor runs as would be required for the PDP 15/76 computer 

system: 

$JOB ENAME 

$0 DPl <KMC> KMCOOl 

$ASG 12:DPl(KMC) 

$XCT MPPROG:DPl(KMC) 

CARD 1 

CARD 2 

CARDS 3-8 

CARDS 3-8 
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Card no. 

I 

2 

3 

4 

5 

6 

7 

8 

Card 
colwnn 

2 

4 

1-80 

2 

1-5 
6-11 

12-17 
18-21 

22-26 
27-31 

32 
33 
34 
35 

1-06 
7-12 

13-18 
19-24 
25-30 

1-6 
7-12 

13-18 
19-24 
25-30 
31-36 
37-42 
43-48 
49-54 

1-7 

1-65 

Format 

I2 

I2 

BOAl 

I2 

F5.2 
F6.l 
F6.l 
F4.2 

F5.l 
F5.l 
Il 
Il 
Il 
Il 

F6.4 
F6.4 
F6.4 
F6.4 
F6.4 

F6.2 
F6.2 
F6.2 
F6.2 
F6.2 
F6.2 
F6.2 
1''6. 2 
!:6.2 

F7.4 

80A1 

TABLE 1 6 • MPPROG INPUT CARD FORMhT 
Van.able 

name Description/options/units 

MPACTY Impactor type, 1 = Andersen, 2 = Brink, 3 = University of 

HAE RO 

!DALL 

MPACNO 

PO 
TFS 
TFI 
RHO 

DUR 
DMAX 
MC3 
MOO 
MS 
MF 

FG(l) 
FG(2) 
FG(3) 
FG(4) 
FG(5) 

MASS(l) 
MASS(2) 
MASS(3) 
MASS(4) 
MASS (5) 
MASS(6) 
MASS (7) 
MASS(B) 
MASS(9) 

F 

ID 

Washington (Pilat), 4 =MRI 

Dso values are calculated twice. If the physical density 
is used first, i.e., the value of RHO punched on card 4 is 
> 1.0, then a choTce is available as to which definition of 
aerodynamic diameter (unit density) is used in the second 
pass through MPPROG. If MAERO = 0, the "classic" definition 
of aerodynamic diameter defined by the Task Group on Lung 
Dynamics (TGLD) is used. If MAERO = 1, the aerodynamic 
impaction diameter as defined by Mercer or Calvert is used. 
If no physical density results are desired, then RHO is 
entered as 1.0 and results for both unit density definitions 
of particle diameter are presented. The TGLD definition is 
given first. In this case the value of MAERO punched on 
this card is overridden. See the description of RHO on 
card 4. 

Run identification. This should include test site, dates, 
conditions, etc. Applies to all runs in the set. 

Impactor number - MPACNO 0 stop program 
MPACNO > 0 run program 

MP AC NO 
Brink A 
U. of W. Pilat A 
ANDY(plate set) 1 
MRI A 

2 
B 
B 
2 

3 
c 
c 
3 

4 
D 
D 
B 

5 6 

7 6 

Gas pressure at inlet, inches of Hg. 
Temperature of stack, °F 
Temperature of impactor, °F 
Assumed density for the first calculation of D50 s. If RHO 
is entered as the physical den~ity (i.e., RHO>l.O), then 
the second calculation of D5 ,'s is based on an assumed unit 
density where the definition of aerodynamic diameter is 
determined by MAERO on card 2 above. If RHO is entered as 
unity (i.e., RHO=l .0), then the first calculations of Dso's 
are made using the classic definition of aerodynamic diam
eter (Task Group on Lung Dynamics) and the second calcula
tions of D50 's are made using the aerodynamic impaction 
didmeter (Mercer-Calvert). 

Duration of sampling, minutes 
Maximum particle diameter collected, micrometers 
MC3 = 1, if Brink with cyclone; 0 if no cyclone used 
MOO = 1, if Brink with stage 0; O if no stage 0 used 
r.ast stage, MS = 5 or 6, if Brink; 0 if Brink not used 
MF = l to compute SPLINl fit with backup filter catch 
included in fit; 0 if not included in fit 

Dry gas fraction of carbon dioxide 
Dry gas fraction of carbon monoxide 
Dry gas fraction of nitrogen 
Dry gas fraction of oxygen 
Fraction of water-steam 

Mass captured on impactor stages in milligrams 

ANDERSEN BRINK 
~~~~~-Backup filter 
Stage B 
Stage 7 
Stage 6 
Stage 5 
Stage 4 
Stage 3 
Stage 2 
Stage 1 

Stage 6 
Stage 5 
Stage 4 
Stage 3 
Stage 2 
Stage 1 
Stage 0 
Cyclone 

Impactor flow rate in ACFM 

U. of w. 

Stage 7 
Stage 6 
Stage 5 
Stage 4 
Stage 3 
Stage 2 
Stage 1 

MRI 

Stage 7 
Stage 6 
Stage 5 
Stage 4 
Stage 3 
Stage 2 
Stage l 

Run number, date, time, port/points, type of test, location 

of test site 
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CARDS 3-8 

CARDS 3-8 

CARDS 3-8 

CARDS 3-8 

CARDS 3-8 

CARDS 3-8 

CARDS 3-8 

CARDS 3-8 

CARD 3 (Last card blank or nonpositive integer.) 

$END 

$SPOOLER END-OF-DECK CARD 

MAINLINE PROGRAM SPLINl 

Requirements for Program Execution 

The following is a list of user instructions for the execu

tion of mainline program SPLINl: 

1. Mainline program MPPROG must be executed prior to execu

tion of mainline program SPLINl since all data used by 

SPLINl are stored on file by MPPROG. 

2. Unless otherwise specified on card 1, curve fits are 

made for all data sets (for both Stokes diameter and 

aerodynamic diameter where physical density was input 

to rlPPROG or for both definitions of aerodynamic dia

meter where unit density was input to .l>lPPROG). 

3. Card 2 is omitted if all data sets are to be curve fit. 

Card 2 is repeated for each set of data to be curve fit 

and left blank to end program. 

Card Format 

Table 17 gives the variables to be punched on each card for 

SPLINl, columns in which to punch them and format used, a descrip

tion of the variables, and any options. 
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Card no. 

1 

2 

Card 
column 

1-2 

1-2 

Format 

12 

I2 

TABLE 17. SPLINl INPUT CARD FORMAT 
Variable 

name 

KREAD 

IAV 

Description/options/units 

KREAD = O, make fit to all sets of cumulative mass loading 
vs. D~o of values on file; KREAD = 1, read in sets to be 
fitted by record number. 

Record number of run to be fitted if physical density was 
input to MPPROG, IAV = 1, 3, 5, ..• , 2N + 1 for runs with 
Stokes diameter; IAV = 2, 4, 6, .•• , 2N - 1 for runs with 
aerodynamic diameter (definition of aerodynamic diameter 
user specified in MPPROG). If unit density was input to 
MPPROG, odd records contain data for Mercer's 2 aerodynamic 
diameter; even records contain data for aerodynamic dia
meter as defined by Task Group on Lung Dynamics. 1 

IAV = 0 to show end of the card deck after last record. 

This card is omitted if KREAD on card 1 is 0 or left blank. 



Sample Job Streams 

It should be noted that comments regarding the sample job 

streams listed here refer to the case in which the physical par

ticle density is input to program MPPROG. 

The following is a listing of a sample job stream for 10 

impactor runs as would be required by the PDP 15/76 computer 

system. This job stream would make cumulative mass loading vs. 

Dso curve fits to runs 1, 4, 5, 7, and 8 assuming physical den

sity (Stokes diameter) and runs 2, 3, 4, 6, 9, and 10 assuming 

unit density (aerodynamic diameter): 

$JOB ENAME 

$D DPl <KMC> FILSPL 

$ASG 12:DP1(KMC) 

$ASG 13:0Pl(KMC) 

$XCT SPLINl:DPl(KMC) 

CARD 1 (Reads integer 

CARD 2 (Reads 01) 

CARD 2 (Reads 07) 

CARD 2 (Reads 09) 

CARD 2 (Reads 13) 

CARD 2 (Reads 15) 

CARD 2 (Reads 04) 

CARD 2 (Reads 06) 

CARD 2 (Reads 08) 

CARD 2 (Reads 12) 

CARD 2 (Reads 18) 

CARD 2 (Reads 20) 

$END 

>O 

$SPOOLER END-OF-DECK CARD 

in columns 1-2) 

The following is a listing of a sample job stream for 10 

impactor runs, and yields cumulative mass loading vs. D50 curve 

fits to all runs for both physical and aerodynamic diameter: 

$JOB ENAME 

$0 DPl <KMC> FILSPL 

$ASG 12:DPl(KMC) 

$ASG 13:DPl(KMC) 
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$XCT SPLINl:DPl(KMC) 

CARD 1 (Reads blank or nonpositive integer in columns 1-2) 

$END 

$SPOOLER END-OF-DECK CARD 

MAINLINE PROGRAM GRAPH 

Requirements for Program Execution 

The following is a list of user instructions for execution 

of the mainline program GRAPH: 

1. Mainline program MPPROG must be executed prior to execu

tion of mainline program GRAPH. If any plots derived 

from and including cumulative mass loading fits are 

called for, mainline program SPLINl must also be executed 

before GRAPH. 

2. Card 1 applies to one test and may not be repeated. 

3. Cards 2-3 are not repeated if the types of graphs 

desired are the same for every run. 

4. Cards 2-3 apply to one impactor run and are repeated 

if the types of graphs desired are different for differ

ent impactor runs. In this case the variable IREPET is 

set equal to 1. Refer to Table 18 for more specific 

information. 

5. Up to 10 sets of raw data can be plotted on one graph. 

Only one set of fitted data can be plotted on one graph. 

Card Format 

Table 18 gives the variables to be punched on each card, 

columns in which to punch them, the format used, a description of 

the variables, and any options. Descriptions/options/units ar2 

discussed under the assumption that physical density is input to 

program MPPROG. The results based on physical density and unit 

density (definition of aerodynamic diameter user specified) are 

stored in alternating records of the output file from MPPROG. 
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Card no. 

l 

2 

3 

Card 
column 

l 

2 

4 

l 

2 

3 

4 

s 

6 

7 

1 

2 

3 

4 

s 
6 

7 

8 

Format 

Il 

Il 

Il 

ll 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

name 

lSlZl 

ISIZ2 

ISIZ3 

IRE PET 

MP LOT 

Jl 

J2 

J3 

J4 

JS 

J6 

JPl 

JPCNTl 

JP2 

JP3 

JP4 

JPCNT4 

JPS 

JP6 

Description/options/units 

ISIZl = O for cumulative mass loading and cumulative % graphs to 
have standard grids: ISIZl = l for data regulated grids 
ISIZ2 O for mass size concentration to have standard grids; 
ISIZ2 1 for data regulated grids 
ISIZ3 O for number size concentration to have standard grids; 
ISIZ3 1 for data regulated grids 
IREPET = O for plot variables to be the same for all runs. If this 
is the case, then only one set of plotting control variables is 
read into the program. IREPET = l for plot variables to be differ
ent for each run. In this case, as many card sets as there are 
impactor runs are read in. 

MPLOT = 1 to make new grid for all of the raw data graphs of cumula
tive mass loading, mass size concentration, and number size concen
tration. This applies to both aerodynamic and Stokes diameter 
graphs. For the first data set this value must be greater than zero. 
If MPLOT = 0 for each data set after the first, more than one run of 
the same type will be plotted on the same graph. (That is, if six 
runs of cumulative mass loadings are desired on the same grid, use 
MPLOT = l for the first data set and MPLOT = 0 for the remaining S 
data sets.) This variable only applies to the raw data point graphs. 
Jl = 0, make a cumulative mass loading plot for unit density; Jl = 1, 
suppress plot 
J2 = O, make a mass size distribution plot for unit density; J2 = 1, 
suppress plot 
J3 = O, make a number size distribution plot for unit density; J3 = 1, 
suppress plot 
J4 O, make a cumulative mass loading plot for physical density; 
J4 1, suppress plot 
JS 0, make a mass size distribution plot for physical density; 
'JS 1, suppress plot 
J6 0, make a number size distribution plot for physical density; 
J6 1, suppress plot 

JPl = 0, make fitted cumulative mass loading graph for unit density 
superimposed on plot of raw data; JPl = 1, suppress plot 
JPCNTl = 0, make fitted cumulative % mass loading distribution for 
unit density; JPCNTl = 1, suppress plot 
plot 
JP2 = 0, make fitted mass size distribution for unit density superim
posed on plot of raw data; JP2 = 1, suppress plot 
JP3 = O, make fitted number size distribution for unit density superim
posed on plot of raw data; JP3 = 1, suppress plot 
JP4 = 0, make cumulative mass loading for physical density superimposed 
on plot of raw data; JP4 = 1, suppress plot 
JPCNT4 = 0, make cumulative % mass loading for physical density; 
JPCNT4 = 1, suppress plot 
JPS = O, make mass size distribution for physical density superimposed 
on plot of raw data; JPS = 1, suppress plot 
JP6 = O, make number size distribution for physical density superim
posed on plot of raw data; JP6 = 1, suppress plot 



Sample Job Streams 

The following is a sample job stream for impactor runs where 

different graphs are desired for particular impactor runs: 

$JOB ENAME 

$ASG 12:DPl(KMC) 

$ASG lO:DPl(KMC} 

$ASG 13:DPl(KMC) 

$XCT GRAPH:DPl(KMC) 

CARD 1 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

CARDS 2-3 

$END 

$SPOOLER END-OF-DECK CARD 

The following listing is a sample job stream for 10 impactor 

runs, but this job stream yields the same graphs for all runs as 

instructed by coding on cards 2-3: 

$JOB ENAME 

$ASG 12:DPl(KMC} 

$ASG lO:DPl(KMC) 

$ASG 13:DPl(KMC) 

$XCT GRAPH:DPl(KMC) 

CARD 1 

CARDS 2-3 

$END 

$SPOOLER END-OF-DECK CARD 
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The user may instead desire ·to input only unit density to MPPROG 

yielding calculations based on the two different definitions of 

aerodynamic diameter (Mercer 1 s2and Task Group on Lung DynamicJ). 

MAINLINE PROGRAM STATIS 

Requirements for Program Execution 

The following is a list of user instructions for execution 

of mainline program STATIS: 

1. Mainline programs MPPROG and SPLINl must be executed 

prior to the execution of STATIS. 

2. No statistical information can be calculated unless 

SPLINl has processed the cumulative mass versus particle 

diameter data and made curve fits. 

3. Card 1 applies to a test where all runs (either inlet or 

outlet) are to be statistically combined. Card 1 is not 

repeated. 

4. Input data cards 2-3 apply to calculations for a pl.vsi

cal density. Cards 4-5 apply to unit density calcula

tions. All four cards are included if statistical 

analysis for both densities is desired. When statisti

cal results are desired for one density and not the 

other, one card is deleted. For example, if statistical 

analysis of only physical density data are desired, 

card 5 is omitted since this card specifies the maximum 

plotting diameter for statistical results where a unit 

density is assumed. 

5. This program processes control device inlet or outlet 

information separately. Care must be taken not to 

delete an "inlet DM/DLOGD file" when executing STATIS on 

control device outlet results. 

Card Format 

Table 19 gives the variables to be punched on each card, 

columns in which to punch them, the format used, a description 

of the variable, and any options available to the user. 
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w 
0 
..... 

Card no. 

1 

2 

3 

4 

5 

Card 
column 

1 

l 
2 

3 

4 

5 

6 

7 

B 

9 

10 

1-5 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1-5 

Format 

Il 

Il 
11 

I1 

Il 

Il 

Il 

Il 

Il 

Il 

Il 

FS.l 

11 
Il 
Il 
Il 
11 
Il 
Il 
Il 
Il 
Il 

FS.l 

Variable 
name 

INOUT 

N 
NOFILE 

lPLTl 

IPLT2 

IPLT3 

IPLT4 

ISIZl 

ISIZ 2 

ISIZ3 

NCUCON 

PEND 

N 
NOFILE 
IPLTl 
IPLT2 
IPLT3 
IPLT4 
IS!Zl 
IS!Z2 
IS!Z3 
NC UCON 

PEND 

TABLE 19. STATIS INPUT CARD FORMAT 

Description/option/units 

INOUT = 1 for inlet data; INOUT = 2 for outlet data 

N = 1 for physical density data 
NOFILE = 1, calculations are not to be made for this density and remain
der of variable values on this card are ignored; NOFILE = 0, calculations 
are to be made for physical density 
lPLTl = O, plot statistical graph of cumulative mass loading; IPLTl = 1, 
suppress plot 
IPLT2 = 0, plot statistical graph of moss size distribution; IPLT2 = 1, 
suppress plot 
IPLT3 ~ O, plot statistical graph of number size distribution; IPLT3 = 1, 
suppress plot 
IPLT4 = O, plot statistical graph of cumulative% mass loadings; 
IPLT4 = 1, suppress plot 
ISIZl = 0 for cumulative mass loading to have standard grids; ISIZl = 1 
for data regulated grids 
ISIZ2 = 0 for mass size distribution to have standard grids; 1SIZ2 = 1 
for data regulated grids 
ISIZ3 = 0 for number size distribution to have standard grids; ISIZ3 1 
for data regulated grids 
NCUCON = O, calculate a constant of integration for particles with diam
eters smaller than 0.25 micron to find average cumulative mass loading; 
NCUCON = 1, do not calculate a constant of integration for particles with 
diameters smaller than 0.25 micron to find average cumulative mass loading 

Largest diameter size for calculations for assumed physical density; all 
sLatistical plotting stops at this diameter unless PEND= 0. Then the 
physical density plots and calculations stop at 8.0 micrometers. This 
card is omitted if NOFILE = l on card 2. 

N = 2 for unit density data 
As on card 2, applied to unit density 
As on card 2, applied to unit density 
As on card 2, applied to unit density 
As on card 2' applied to unit density 
As on card 2, applied to unit density 
As on card 2, applied to unit density 
As on card 2, applied to unit density 
As on card 2, applied to unit density 
As on card 2' applied to unit density 

Largest diameter size for calculations for assumed unit density; all 
statistical plotting stops at this diameter unless PEND = 0. Then the 
unit density plots and calculations stop at B.O micrometers. This card 

is omitted if NOFILE = 1 on card 4. 



Descriptions/options/units are discussed under the assumption that 

physical density is input to program MPPROG. The results based on 

physical density and unit density (a definition of aerodynamic 

diameter user specified) are stored in alternating records of 

the output file from MPPROG. The user may instead desire to in-

. put only unit density to MPPROG yielding calculations based on 

the two different definitions of aerodynamic diameter (Mercer's 2 

and Task Group on Lung Dynamics 1 ). 

Sample Job Streams 

The following is a sample job stream for statistical analysis 

of assumed Stokes diameter data (inlet or outlet) assuming physical 

density input to MPPROG: 
$JOB ENAME 
$0 DPl <KMC> JWJOOl (for inlet analysis) 

or 
$D DPl <KMC> JWJ002 (for outlet analysis) 

$ASG 12:DPl(KMC) 

$ASG 13:DPl(KMC) 
$ASG 20:DPl(KMC) (for inlet analysis) 

or 

$ASG 2l:DPl(KMC) (for outlet analysis) 

$XCT STATIS:DPl(KMC) 

CARD 1 

CARDS 2-3 (N = 1 and NOFILE = 0 on card 2) 

CARD 4 (N = 2 and NOFILE = 1) 

$END 

$SPOOLER END-OF-DECK CARD 

The following is also a sample job stream for statistical analy

sis of data. This job stream yields statistical analysis for both 

Stokes diameter data and aerodynamic diameter data assuming physical 

density input to MPPROG: 

$JOB ENAME 
$0 DPl <KMC> JWJOOl (for inlet analysis) 

or 
$D DPl <KMC> JWJ002 (for outlet analysis) 

$ASG 12:0Pl(KMC) 

$ASG 13:DPl(KMC) 
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$ASG 20:DPl(KMC) (for inlet analysis) 

or 

$ASG 2l:DPl(KMC) (for outlet analysis) 

$XCT STATIS:DPl(KMC) 

CARD 1 
CARDS 2-5 

$END 

MAINLINE PROGRAM PENTRA 

Requirements for Program Execution 

The following is a list of user instructions for execution 

of mainline program PENTRA: 

1. Mainline programs MPPROG, SPLINl, and STATIS must be 

executed in this order twice before PENTRA can be exe

cuted: once for inlet and once for outlet statistical 

analysis. 

2. Card 1 is a general identification label for the test 

(site, date, etc.) and is not repeated. 

3. Card 2 indicates whether the operator wishes to use the 

internally defined minimum limit of the fractional effi

ciency graph (0.800 or 80%). If so, card 2 is left 

blank and cards 3-4 are omitted. Cards 3-4 are included 

if ICHRAN does not= 0. Card 3 then gives coding for 

this minimum limit, IMIN; card 4 specifies this limit as 

a fraction, YMINFR. See Table 20 for values of IMIN and 

the corresponding minimum fractional efficiency. 

Card Format 

Table 21 gives the variables to be punched on each card, 

columns in which to punch them, the format used, a description 

of the variable, and any options available to the user. 
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TABLE 20. MINIMUM FRACTIONAL EFFICIENCY CORRESPONDING 
TO A CHOSEN VALUE OF !MIN 

Minimum fractional 
!MIN efficiency, YMINFR 

1 0.01 

2 0.05 

3 0.1 

4 0.2 

5 0.5 

6 1.0 

7 2.0 

8 5.0 

9 10.0 

10 20.0 

11 30.0 

12 40.0 

13 50.0 

14 60.0 

15 70.0 

16 80.0 

17 90.0 

18 95.0 

19 98.0 

20 99.0 

21 99.5 

22 99.8 

23 99.9 

24 99.95 

25 99.99 

304 



Card no. 

1 

2 

3 

4 

Card 
column 

80 

1 

2 

1-2 

1-5 

Format 

80Al 

Il 

Il 

I2 

FS.4 

TABLE 21. PENTRA INPUT CARD FORMAT 
Variable 

name 

IDGEN 

ICHRAN 

NSPCON 

IMIN 

YMINFR 

Description/options/units 

General identification label that is output to line
printer, and written at the top of the efficiency graph 

ICHRAN = 0, determines the standard output for the effi
ciency plot, which is 99.99-80 percent efficiency and 
20-0.01 percent penetration for the probability axis. 
The log-log axis standard output is 100-0.01 percent 
penetration and 99.99-0.0 percent efficiency. ICHRAN = 1 
gives the option of changing the axis on the y scale of 
the efficiency plots by card input. 

NSPCON = O, plot confidence limit if possible; NSPCON = 1 
suppresses confidence limits. 

Coding to correspond to minimum value on y axis. See 
Table 19 for IMIN coding corresponding to YMINFR values. 
This card is omitted if ICHRAN = 0 on card 2. 

Minimum fractional efficiency on plot. This card is 
omitted if ICHRAN = 0 on card 2. 



Sample Job Streams 

The following is a listing of a sample job stream for pene

tration-efficiency analysis which yields the minimum graph limit, 

80% efficiency, defined in PENTRA: 

$JOB ENAME 

$ASG 20:DPl(KMC) 

$ASB 2l:DPl(KMC) 

$XCT PENTRA:DPl(KMC) 

CARD 1 

CARD 2 (blank or O's in columns 1-2) 

$END 

$SPOOLER END-OF-DECK CARD 

The following is also a listing of a sample job stream for 

penetration-efficiency analysis. This job stream yields a mini

mum graph limit of 95% efficiency: 

$JOB ENAME 

$ASG 20:DPl{KMC) 

$ASG 2l:DPl{KMC) 

$XCT PENTRA:DPl(KMC) 

CARD 1 

CARD 2 {nonzero integer in column 1-2) 

CARD 3 (18 in columns 1-2) 

CARD 4 (.9500 in columns 1-5) 

$END 

$SPOOLER END-OF-DECK CARD 

FILE REFERENCE INFORMATION 

Table 22 shows pertinent information about the files used 

in all of the main programs which comprise the cascade impactor 

data reduction system. File names, decimal and octal record 

numbers, record numbers, type, and prograrr use are included i~ 

this table. 
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TABLE 22. FILE REFERENCE INFORMATION 
Record Number Random Input or 

File no. File no. length of or Used in output to 
File name (decimal) (octal) (words) records sesiuential Ero9:rams Ero9:ram 

MPPROG 0 

SPLINl I 
FILNAM = KMCOOl BIN 10 12 251 101 R GRAPH I 

STAT IS I 

SPLINl 0 

FILSPL = FILSPL BIN 11 13 507 100 R GRAPH I 
w 
0 
-....] 

STAT IS I 

FGRAPH = GRAPHO BIN 8 10 15 50 R GRAPH 0 

STAT IS 0 

FILNMl = JWJOOl BIN 16 20 s PENT RA I 

PENLOG I 

STAT IS 0 

FILNM2 = JWJ002 BIN 17 21 s PENT RA I 

PENLOG I 



PROGRAM AND SUBPROGRAM CALLING LIST 

Table 23 lists the subroutines and function subprograms 

called by mainline programs and other subroutines in the cascade 

impactor data reduction system. This list should aid the user 

when mainline programs or major subprograms are run separately. 
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TABLE 23. SUBROUTINES AND FUNCTION SUBPROGRAMS CALLED BY MAINLINE AND OTHER SUBROUTINES 

CALLED SUBPROGRAMS AND FUNCTIONS 
M N 8 8 0 8 E-1 H M N M z ii<: ii<: 0 u ~ il: 8 H H H t ~ i:z:i '14 0 0 >< >< >< H III 

0 

~ ~ 
H '14 :a 0 M N i:z:i III z il: 0 :E: (!) 8 H III ~ ...:I ...:I (!) III H 8 0 ...:I u Ill ~ :E: 8 ~ ...:I i:z:i i:z:i III H ia 8 0 < :E: H < < ti. ~ Ul H ...:I 0 ...:I 

~ 
i:t: 

~ > Ill ::::> ::::> u Ill 0 0 :§ t:) c H u H ...:I 8 E-< 8 H fi ~ fi H Ul ..:i Ill 
< u u u u u u 0 r.:.. r.:.. I; I; H :E: z Ill Ul Ul Ul Ul en Ul Ul :> >< >< >< >< 

Mainline programs 

MPPROG 

GRAPH 

PENLOG • • • • • • • • • • 
PENT RA • • • • • • • • • • 
SPLINl 

STAT IS 

Subroutines 

CUM PCT 
Ul 

w ~ CPPLOT 
0 

JO El \0 8 
il: JOE2 
Ill 

~ 
LABEL 

H LGLBL 
...:I 

~ PI ONT 
u 

STAT PT 

ST PLOT 
WALLYl • • • • • • • • • • • • • 
WALLY2 • • • • • • • • • • • • • 
WALLY3 • • • • • • • • • • • • 
XLOG 

XSLBL 

YLOG 
YPROB 



SECTION 5 

EXAMPLE CALCULATIONS 

In this section we present the results of example calcula

tions which may be used to check the proper functioning of the 

programs. This section is divided into two parts. The first 

part results from a series of executions of MPPROG for every 

allowed configuration of an Andersen, Brink, University of Wash

ington (U of W), and Meteorology Research Incorporated (MRI) 

impactor. There are other possible configurations for the Brink 

and MRI impactors, but we have selected those which are most 

commonly used. Other configurations can be used with program 

modification. The data decks are given first, then the printouts 

for physical and unit density follow. Results for all three 

particle diameter definitions are presented for each configura

tion of each impactor: Stokes, Task Group on Lung Dynamics (TGLD),_ 

and Mercer. Note that all data decks are set up with NAERO=O so 

that results with Stokes diameters for physical density and TGLD 

aerodynamic diameters for unit density will be printed. For 

aerodynamic diameters based on Mercer's definition, NAERO must be 

set to 1 or RHO must be set equal to 1.0. See Table 16 for 

further explanation of the input data for MPPROG. 

The negative 6M/6logD and ~N/6logD values which occur on the 

u of Wand MRI printouts result from the D50 of stage 2 being 

larger than the D50 of stage 1. This occurs because the measured 

~ calibration constant for stage 1 is significantly different 

from the ideal value of 0.38 predicted by Ranz and Wong. 7 
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Stage calibration constants for these impactors were reported by 

K. Cushing et al., in EPA Report 600/2-76-280, Particulate Sizing 

Techniques for Control Device Evaluation: Cascade Impactor Cali

brations. For this reason, when curve fits are made, stage catches 

for the first two stages of Andersen, U of W, and MRI impactors 

are automatically combined. This was discussed earlier in Section 

2. 

The second part of the example calculations uses the entire 

cascade impactor data reduction system. Programs MPPROG, SPLINl, 

GRAPH, and STATIS are executed for data taken at the inlet and 

outlet of a control device. These data were taken with Brink and 

Andersen impactors. Next, programs PENTRA and PENLOG are used to 

calculate penetration-efficiency information. As with the first 

part of this section, data decks are included before the results. 

Graphs are included along with printouts. These graphs are 

usually located after the printout containing the data to be plot

ted. Representative fits are shown for single inlet and outlet 

impactor runs. In these graphs, raw data are shown as small 

squares. Two graphs are included in which raw cumulative mass 

loading information is overlaid to show the grouping of data taken 

under the same conditions. One graph contains inlet data; the 

other graph contains outlet data. Other graphs show averaged 

inlet and outlet data and penetration-efficiency results from 

PENTRA and PENLOG. Note that in the plot produced by PENLOG that 

efficiencies less than 90% are plotted slightly off the edge of 

the plotting grid. 
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D4T• DECK FOR PROGRAM ~PPROG 

CARD COLUMN 
NUMBERS 

. lltlltttltZ22222222233ll33ll11444444444455~555~~~5~&&6o66666777777777?8} 
t2J45678•otl345,1RQot2345678•nt2345b7e•o1l.34567A~OtZJ45&7B•o12J~5~1e•nt~J45618•n 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
0100 
cro~s VER~tON ' T!ST FOR ANn!RSEN, 
O! 
10,06 2ao,o 2ao,ol~40 60,o 5o,nooot 

1 14 1 00 ,AO 1 n6 1 08 
0 1 ~4 o.1q '·'o u~3~ t,53 n,1e o,s~ o.z• t,22 
.J!8 

MVPOT~ETICAL ANOERS!N 
00 



HYPOTHETICAL ANDERSEN 

IMPACTOR 'LO~RATE • o.358 ACFM 

IMPACTOR PRESSURE DROP • O,c IN, O' HG 

48SUMEO PARTICLE DENSITY • 2~40 GMICU,CM, 

IMPACTOR TEMP!RATUR[ • 2so.o F • 111.s c 

STACK Tf~PERATURE • 280,0 ' • 137 0 8 C 

STACK PRESSURE • 30,0& IN, 0, HG 

GAS COMPnsITION (PERCENT) COi • 12,88 co • o.oo 02 • ~.!2 H2D • e.oo 
21 ?J87E•Ol MG/ONCM CALC. MASS LOADING • 7.9174!•03 GRIACF 

IMPACTOR STAr.! 

STAG! INDEK NUMBER 

D!O (MICAOMET!RS) 

MASS CMILLIGRAMSl 

MGIDNCM/STAG! 

St 82 

2 

83 

J 

l 1 8ll8!t0l MG/ACM 

15 

5 

86 

6 

87 

1 

o.ss 

18 

8 

0,27 

t,22 0,2• o,58 01 1e 1,53 4,3• t,•o o,J• o,s• 

3,03!+00 7,21E•01 1,44!+on 4,47!•01 ],80!+00 l,O•!•Ol 4,72!+00 ··••E•OI l,J•!•OO 

CUM, P!AC[NT 0, M•SS SMALLER THA~ 05~ ~8.~3 8b,3a ~\.O! T9,40 65,Sl 15,68 8,44 4,•o 

CUM, CMGIACMJ SMALLER THAN 050 11 61E+01 1,56!+01 1,47!+01 1 1 44~+01 t,19!+01 4,6!Et00 1,SJ!+OO 8,88!•01 

CUM, CMGIDNCMJ SMALLER THAN 050 

CUM 0 (GRIACF1 SMALLER THAN 050 

CUM 0 CGRIDNCF1 IMALL!R THAN 050 

G£0 1 M(AN DIA, (MtCROMETERSJ 

DM/DLOGO (MGIDNCM) 

DNIDLOGD (NO, PAPTICLEllDNCM) 

21 44£+01 21 3&!+01 l~Zl!+Ol l 1 17f+Ol l 0 79E+Ol T,03!t00 2,Jll+OO t,S4f+OO 

71 04E•03 b1 8JE•OJ b~42!•0J b1 29E•OJ 5,t•!•OJ 2,0JE•OJ • 1 68!•04 3,88!•04 

t,06E•Ol 1~0]!•02 9,70E•03 9,50E•OJ 7,84!•03 J,07E•OJ 1 1 0ll•OJ 5 1 86!•04 

2,t4E+Ol 8,•1£+00 &,l5£+00 G,JlE+OO 2,58£+00 1,2b!+OO b,87!•nt J,8Tf•Ol t,•Qf•Ot 

4,12!+00 2,•TE+Ol 6,b5!+00 2,77!+00 t,2•E+Ot J,J3Et0l 2,37!+01 3 1 24!+00 4,46!+00 

3,34!+05 J,]4£+07 l,71!+07 2,64!+07 5,•&!+08 t,JJE+lO 5,8J!+l0 4,45E+SO 4.eef+ll 

NORMAL CEMGIN!F.RING STANDARD> CUNOITIOMS AP! 21 DEG C AND ?&OMH HG, 



MVPOTHETICAL AND~RSEN 

lMPACTOR 'L"WRAT! a O,JSI AC,M 

IMPACTOR PRESSURE nROP a O,l fN 1 O' MG 

ASSUMED PARTICLE nENllTV • t.~o GMICU,CM, 

IMPACTOR TEMPERATURE a llO,O ' • 131,8 C 

STACK TEMPERATURE • 180,0 ' • IJ7,8 C 

STACK PRESSURE a SO,O• tN, 0, MG 

GAS COMPOSITION (PfRCENT) COl a 12,11 co • o,oo 

l,l•61E•OZ GR/DMCP 

MIO a 1,00 

l 1 7S81Et0l MG/DNC~ CALC, MAii LnADtNG • 7,•t70E•OJ GR/AC' 

fMPACTOR STAG! 

STAG! SNOEX NUM9!R 

OSO CMICAOM!T[RI) 

MAii (MILLIGRAMS) 

MG/ONCM/STAGf 

82 

2 

SJ 

s 
S• 

t,lllS!+Ol MG/ACM 

1• 

• 
ST 

' 
11 01 

•• 
I 

0,11 

t,12 0,2• O,SI 0,11 l,SJ 4,3• 1,•o 0,1• o,so 
J,UJl+OO 11 21!•01 t~OOl+OO 4 1 11!•01 J,IO!+OO 1,0•l+OI 01 111t00 ••••l•OI l,J41t00 

CUM, •!•CENT 0, MASI SMALL[A TMAN oso 11,•J a•,10 11,0S T•,•o •S,51 zs.•• 8,•• •,•o 
CUM, CMG/ACM) SMALLER TMAN 050 t,•IE+Ol t,S•!+Ot 1,41!+01 11 44!+01 l,1•!+01 a,•91+00 11 111+00 1 1 811•01 

CUM, (MGIONCM) SMALLER TMAN nso 

CUM, (GA/AC,) SMALL!A THAN 050 

CUM, CGA/DNCP) IMAl L!A TMAN D50 

GEO, M[AN DIA, (MICROMETERS) 

DM/DLOGD (MG/ONCMJ 

DNIDLOGD (NO, PARTICLIS/ONCM) 

2,44!+01 2,l•!+Ol 2,22!+01 2,17!+01 1,1•!+01 71 01!+00 2 1 Jl!+OO 1,1•!+00 

f,041•03 o,83!•03 •.•2!•0J •.2•!•nJ 5,l•!•OJ 2,0J!•OJ .,68!•04 1,ll!•O• 

l,O•!•OZ t,03!•02 •,70E•03 • 1 50!•03 T,14!•01 J,01E•OJ 1 1 0l!•Ol 1 1 1•!•04 

J,J4!+01 1,40!+01 1,0•E•Ot ··••1+00 4,17!•00 1,1Jr+oo l,IJ!+OO '·••E•Ol •,tll•Ol 

4,14!+00 3,0t!+Ot •.7•E•On 2,IJ!+no t,34!•01 J,61~+01 !,71!•01 •,Ol!+OO ··••!+OD 

1 1 13[+05 21 10!+07 l,01E+07 l,•Z!+Of l,52!+01 1 1 18!+0• 1 1 101+10 11 741+10 1,111+11 

NORMAL (!NGINF!AtNG ITANOARO) cnNDtTtONI AA! Zl DEG c ANO 1o0MM HG, 

4!AODYNAMIC Dt•M!TFRI AA! CALCULATED M!AE ACCOADlNG TO MfACER, 



w 
...... 
IJ1 

MVPOTH!TtCAL AND!Rl!N 

IMPACTOR PLOWRATl a 01 158 AC,M 

IMPACTOR PR!llUR! DROP • 0 1 2 ?N, 0, MG 

AllUM!D PARTICLE OENl!Tf • l:oo GMICU,CM~ 

IMPACTOR TIMPERATURE • 2so.o , • tlT,8 c 

STACI( TEMP!IHTIJR! • 280~0 ' a 13118 C 

STACK PR!SSURE • 30 106 IN 1 0, MG MAX 1 PARTICLE DIAMET!R • 71 1 ! MlCROMfTER8 

IAI COMPOllTJDN CPERC!NT) COi • U,U co • o',oo H20 • e,oo 
2,TJBTE+Ol MGIONCM CALC~ MAii LOADINQ • T~•lT4!•0S GR/AC, 

?MllACTOR STAG! 

ITAQI IND!X NUMl!R 

090 fM!CROM!T!RI) 

MAii (MILLIQRAMI) 

KllDNCKllUH 

CUM, (MG/ACM) IMALL!R THAN D!O 

CUM, CMG/ONCM) IMALL!R THAN 090 

CUM, CGRIACP) IMALLIR THAN 090 

CUM, CGR/ONC'> IMALLIR THAN 090 

GEO, MEAN D1A, CMtCROM!TlRI) 

OM/OLOGO (MGIONCM) 

DNIDLOGO (NO, PARTICLlllDNCH> 

11 12 

2 

n 
J 

8,21 !1,U 

15 

5 

BT 

T 

u 
A 

1,12 o,a• o~!la o,ts t,53 4,J• 1,•o o,J• o,54 

J,03!+00 T,ZtE•Ot 1~44E+on 4,47£•01 J,BOE+OO 1,o•E+OI 4,T2!+00 ··••!•Ol 1,l4E+Oo 

l 1 •t!+Ol l 1 56!+0l t~4T!+Ot 11 44!+01 l,1•E+01 4,b!E+OO 1,53!+00 8,88!•01 

2 1 44!+01 21 lb!+Ot l~Z2E+01 21 17!+01 l,7•E+Ol T10l!+OO z,Jt!+OO 1,34!+00 

T1 04E•OJ • 1 83!•03 ·~42E•Ol 6,2•E•OJ 5,l•!•03 2,0lE•Ol 6,68!•04 30 88!•04 

l 1 0b!•02 t,03!•02 •,TO!•OJ •,50!•03 7,84!•03 3,07!•03 l,Ol!•03 51 86!•04 

1,32!+0l ,,3•!+01 \~0~£+01 .,e3!+no 4,0bE+OO l,01[+00 t,12!+00 6,!ITE•Ol S,3•E•Ol 

4 1 13!+00 2,•A!+Ot b,b9[+0~ 2,T•!+OO l,10[+01 l,4lE+Ol 20 49!+0\ l,~lE+OO 4,46E+OO 

2,15!+0! Z,!1[+07 l.tO!+OT t,•7!+0T 3,Tl!+O! 8105E+O• J,38!+l0 2,J8E+l0 2,t•E+lt 

NORMAL C!NGIN!IR%NI STANDARD> CONOIT!ONI AR! 21 DIG C AND 7•0~~ HG, 

AEROOYNAMtC 0%AMET!RI ARE CALCULAT!D H!Rl ACCORDING TO THE TASM ORQUP ON LUNG DYNAMtCI, 
ITOll 0000011 



DATA OEC~ FOR PROGPAM MPPAOG CARD COLUMN 
NUMBERS 

lllltllttt?ll~l?.22Z23~333333334UU~UU44U455555555S56bb6&6666~71777717778}/' 
tlS45~78QOlil4So7RQ012]U~b7e~012345~7AQ0!~34~b7A0012345b7eqo1234~b7890t2345b7890 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
0200 
CID~S VERSION t T£ST FOR BAJN~. 
OJ 
2Q.5o llo,o 11n,02,4o 15,0tbe,ottbt 

,t4no ,oooo ,8000 ,obno ,oeoo 
0,1, 0,10 0,3n 1~18 1,&l 2,tb ~,QO b~l2 3' 1 38 
0,0:110 

HVPOTMET?CAL BRINK TF.ST • eve, STAGE 0 • STAGE 6, 'ILTER 
03 
Z'.so 110,0 310,02,uo 1s,01~8,011s1 

,s4oo ,oooo .~ooo ,nooo ,nsoo 
0,1• 0~00 0,30 t,18 1,b] 2.t•. l,90 b:tl 39,38 
0,0310 

HV~OTHETICAL ARIN~ T~ST • eve, STAGE n • STAr,E s, 'ILTER 
03 
10 1 00 Joo,o Joo,o~.ao t5,0t6e,n1100 

,taoo ,oooo ,eooo .o~oo .o~oo 
0 1 00 0,10 O,JO 1~18 1,&~ 2,lb 2,90 6:12 39,38 
O,OJtO 

HVPOTHF.T!CAL AAtNK TEST • eve, STAGf 0 • STAGE &, NO FtLT[A 
OJ 
10 1 00 300 1 0 lon,02.40 15,0t68,01150 

,t400 ,oooo 1 8000 ,o&no ,n8oo 
o,oo o,no n,Jo 1,18 1,&1 2,16 2,,0 &~12 39,3& 
O,OJlO 

HYPOTHETICAL BRINK TEST • eve, !TAG! 0 • STAGE s, NO '?LTER 
03 
24,50 llo,o 330,02.ao tS,ot&e,oot&t 

,1400 ,0000 ,Rooo .ObOO ,OAOO 
O,l• 0~10 0,10 t 1 1e 1,&l 2,16 2,90 ~:12 0,00 
0,0310 . 

HVPOTHETJ.CAL ARtNk TfST • STArwE 0 • STAGF ~, FILTER 
OJ 



Jo.oo loo.o lon.02.40 1s.01&e,on151 
,1400 ,oooo ,eooo .t>600 ,0800 
O,lq o,oo 0,10 t.18 1,b3 2, 16 2.110 6·.12 o,oo 
0,0310 

HYPOTHETtCAL BPtNI< TEST • STAGE 
03 

0 • STAGE ~. FILTER 

10,00 Joo,o 300.02.ao \5.01b8,001tt0 
,1aoo ,oooo ,8001') .0600 ,oano 
o,oo ,,.to 0,30 1.1A 1,&3 2. t f> 2,qo ti>'.12 QI()(\ 
0,0310 

HVPOTMETICAL BRIN'<. TEST • STAGE 0 • 
03 

STAGF. ,, , NO FILTER 

10.00 300,0 !00.02~~0 1s.01&e,nn1so 
.~aoo ,oooo .eooo ,!)600 ,0800 

2'.90 h:12 o.oo o.no tl • lO 1.1e t,b3 2 • l f) o,oo 
0,0310 

"4YPOTHETlCAL RPtNK TEST • STAGE 0 • 
0] 

STAGE s, NO FIL TE~ 

29,50 330,0 330,0?.,40 15,0168,00061 
,1400 ,oooo ,8(100 ,ObOO ,oeoo 
0, 19 0.10 0 I](! t.te 1 ,63 2 .16 2,90 0~00 o,oo 
0,0310 

MYPOTMETTCAL RRTNK TFST • STAGF 1 • STAGE 6, FILTER 
03 
30,00 30o,n lot'l.02.ao tS,0168,~00'Sl 

,1400 ,nno(\ .800(\ ,o&no ,0800 
0~00 0 .10 n. no 0.10 1.18 1. "l ? • 16 2,90 o,oo 

0,0310 
HYPOTHETICAL RR INK TEST • STAG~ 1 • STAGE r; I !l'IlTER 
01 
l0,00 300,0 l00,02,40 t5,01b8 1 000b0 

,1400 ,oooo ,eooo ,01,00 ,0800 
o,oo O,tO 0,30 1,18 1,bl 2, 16 2,90 0~00 o,oo 
0.0110 

HYPOTHETICAL RRINI< TEST • STAGE ! • 8TAGF 6 1 Nn FILTEQ 
03 
10,00 lon,o 300.~2~00 t5,oto~.ono5o 

.11.100 ,000(1 ,8000 ~(1600 ,0800 
2~90 o:oo 0,00 o.oo 0,30 ' • t 8 1,&3 2. 'b o,oo 

0,0310 
MVPOTHETtCAL ~~INI< T~ST • STAGE t • STAG£ 5, NO FILTER 
no 

317 



HYPOTHFTlrAL ~RINK TfST • cvr, STAGE 0 • STAGE b. FlLTFR 

1MPACTnA FLOWRATF a 0 1 011 ACFM 

lMPACTOR PAfUIJNF rwnP • 1.2 IN. nF MG 

ASSUME!) fllUTICLf' DENSITY • l~'IO Gl1/CtJ,C1ot, 

IMPACTOR T[MPFRATUllF a 3]0 1 0 F • l&~.& C 

STACK TEMPFRATURF a 330 0 0 F a 1~5.b C 

GAS COMPOSlTt~N tPFACENT) CO? a 1 l,88 co • 11.00 1'120 • e.oo 
b 0 73qJf+Ol MG/ONCM CALC, MASS LOADING• t,7qo~E+OO GAIACF 

tMPACT!lR STAGE 

9TAGf INOf W NUMRER 

050 tMtCROMETERSl 

MASS CMILLJr.RAMSi 

CIJM 1 (MG/ACM) SMALLER THAN 050 

CUM, (MG/ONCM) SMALLf.R THAN nso 

CUM, (GR/ACF) SMALLER Tl'IAN 050 

CUM, (GR/ONCF) SMALLER THAN nso 

GEO, MfAN DIA, (MICROMETERS) 

OM/DlOGn (MG/ONCM) 

DN/DLOGO (NO, PARTTCLES/DNCM) 

eve 

11,00 

so 
l 

SI 

] " 
SJ 

'S 

S5 

T 

0,25 

F?LTER 

q 

3q,1~ b.12 2~qo z,t& t 0 bJ 1.1& 0,10 0,10 o,1q 

4,Q2E•Ol 7,&4F+OZ l,&lf+Ol Z0 70E+OZ l 1 04E+02 t,47f+OZ 3,75£+01 11 25!+01 Z,J7!•0t 

o,511 

11 1\E+Ol &0 4lE+Ol 11,ll!+Ol l.5~E+OZ t,l4E+OZ 4,48E+Ol l 1 lO!+Ol 1 1 44!+01 

t,~lE+Ol l 1 0bE+OJ &0 Q4f+01 4,25E+02 l,l\E+Ol 7 0 l7E+Ol 1,&l[+Ot 2,l7F.+o1 

41 ft4E•Ol Z1 81E•Ol l 0 85E•Ot t,llf•Ot 5 0 87!•02 t 0 q&f•OZ 4,bl!•Ol 6 1 11!•03 

71 4bE•Ol 4 1 &2E•O\ 3,0lE•Ol t 1 8&E•Ol 4,b&!•OZ 3 0 22!•02 1,58!•02 l,04E•Ol 

4,JOf+Ol 8,57E+On "·QlE+OO 2,88E•OO t,44E+on l,tlE+OO b,20E•nt 3,63!•01 l,1&!•01 

U,15E+n3 ~.5lE+Ol l,lTE+Ol 1,llE•Ol t,7J!+Ol l.~OE+02 ~.b7f.+02 1,ftUE+01 7,&eE+Ol 

u.t&E+OT 4,UbE+OQ Q~ttE+OQ 4,4&[+10 l,75!+11 2,lBE+tl e,91E+lt 6.qoE+tt t,14!+13 

NO~MAL (ENGINEERING STA~OA~Dl CONOITIONS A~E 21 DEG C ANO 760MM ~G. 



HYPOTHETICAL ~RI~K TlST • eve, STAGE 0 • STAGF b, FILTER 

IMPACTnR FLOWRATE • 0 1 031 ACFM SAMPLING OURATJON • 15 1 00 MIN 

f'1PACTOR PRf.SS\IRE' OROP ;; I.? I '.I 1 f'F" HG 

ASSUMED PARTICLE DENSITY • 1~00 G~ICU,CM. 

IMPACTOR TEMPERATURE • ]30 1 0 F • lb5eb C 

STACK TfMPERATURf • 330 1 0 F • tb5,b C 

STACK PRF.SSURE s 29 1 50 JN, OF HG MAX. PARTICLE DIAMETER • 2b0 1 3 MICROMETERS 

IMPACTOR STAGE 

STAGE JNDEX NUMRER 

050 CMJCROMETERS) 

MASS (MILLIGRAMS) 

MG/ONCM/SHGE 

CUM, (MG/ACM) SMALLF.R THAN 050 

CUM, (MG/ONCM) SMALLER THAN 050 

CUM, (GR/ACF) SMALLER THAN 050 

CUM 1 tGR/DNCF) SMALLER THAN 050 

GEO, MEAN DIA. (MICROMETERS) 

OM/OLOGO (MG/DNCM) 

DN/DLOGD (NO, PART?CLES/DNCM' 

cn2 • ,.,,e11 en :I o.oo 

c vc so S1 

4 

t7,0ll 3, 12 

N2 • 11,bO 

93 

s 
I , l 1 

02 • 5,S2 

SS 

1 

1,00 

H20 • l',00 

b,71•1E+03 MG/DNCM 

Sb 

8 

o,57 

3•,111 b,12 ?.~•o 2,1b 1,b3 1,1e o,30 0,10 o,s• 
4,Q2E+n3 7 1 b4f+~2 3.b2E+02 21 70E+D2 2,04E+02 t,47E+02 3,75E+01 t,Z5!+01 2,JT!+Ot 

\0~30 0,54 

1,11E+03 b,42E+02 a.Z2E+02 2,58f+02 l,J4E+02 a.48E+n1 2,20~+01 !,44E+01 

t,82E+Ol t,o&E+OJ b.q11E+n2 4,25E+02 2,21E+02 7,37E+Ol 3,b2E+01 2,37!+01 

4 1 84E•Ol 2,81E•ftl 1,85£•01 l,llE•OI S,87!•02 l 0 qbE•02 q,b2!•03 b 1 ll!•03 

7,qbE•Ot 4 0 b2E•01 l~03E•Ol t,8~£•n1 •.bbE•02 l.22E•OZ t,58£•02 1,04!•02 

b,~bE+Ol 1,1aE+OI 7,8lE+nn 4,bSE+OO l,27E+OO t,•4E+OO t,t4E+OO 7,\0!•0l 4,00E•Ol 

4,lSE+Ol l,b6E+03 l 0 40E+Ol 1,JqE+03 1,83!+03 4,30Et02 l,lbE+OZ !10•£+01 7,88!+01 

2,69E+07 2,91E+OQ 5~S8E+OQ 2,b4E+l0 1,00E+ll t,13E+l1 4,0b!+ll l~lOE+ll 2,35!+12 

NORM4L (fNGINEfR?NG STANOARO) CONDITIONS ARf 21 DEG C ANn 760MM HG, 

AERODYNAMIC DIAMFTERS ARE CALCIJLATEn HERE ACCORDTNG TO MERCER, 



w 
IV 
0 

MYPOTMETICAL 8PtN~ TF.ST • eve, STAGE 0 • STAGE ~. FILTFR 

IM,ACTOR FLO~RAT£ • n,031 ACFM IMPACTOR TEMPEIUTlJQf • JJO.O F • 16-.S.Ct C 

IMPACTOR PRE8SURf nRnP. 1.2 IN, nF MG 

ASSUMED PlATfCLE DFNSlTY • l~no GM/CU,CM, 

GAS COMPOSITION CPFRCENT) C02 • li! 1 11A co • o,oo 02 • '5,52 H20 • 11 0 00 

6,71•1!+03 MG/DNCM CALC, MASS LOADING • \,740~E+OO GR/ACF 

tMPlCTOR STAG! 

STAGE INDFW NUM8fR 

0'50 CMJCROMETEPS) 

MASS (MILLIGRAMS) 

lllG/ONCM/!TAGE 

CUM, (MG/AC~) SMALLER THAN o~o 

CUM, CMG/DNCM) SMALLER THAN 050 

CUM, (GP/ACF) SMALLER THAN 050 

CUM, CGR/!>lllCF) SMAl.LER TMlN 050 

GEO, MEAN OJA, (MtCROM!TERSI 

DM/DLOGO (MG/DNCM) 

DN/OLOGO (NO, PlRTtCLES/DNCM' 

eve so Sl 

2 J 

n 
'5 

SS 

., 

1•,111 6,12 2~•0 2,11t t,6J t,te 0,10 0,10 0,1• 

a,•ZE+Ol 7,64E+OZ J,62E+02 Z1 70£+oz Z,04£+02 1,47£+02 l,7~f+O\ \ 1 25!+0\ 21 J7£+0\ 

1,11E•Ol 6,42£•02 4.22E•Oi! i!,58E+nz 1,JG!+02 o.o8!+01 2,20!+01 1,44!+01 

1,Ai!E+Ol 1,06£+03 6.94!+02 4,25!+02 2,21£+02 7,17!+0\ J,62!+01 2,]7,+01 

4 1 A4E•Ol 2 1 11\E•O\ 1,ASE•O\ 1,11£•0\ 5,81!•02 t,•6E•OZ q,62!•0] 6,11£•01 

T,46!•01 G,b2!•0t l~OlE•Ot t,B•!•n\ •.6•!•02 l,22E•02 11 58!•02 1 1 04!•02 

•• ~6E+n1 t,13!+01 7,TOE+nn a.52E+no J,15!+00 1.81!+00 1,02E+OO 6,Z?E•Ol 3,16!•0t 

0 1 1sF+ol 1,58E+03 10 38£+01 1,15E+o3 t,77'.+ol a.naE+o2 z,M4!+02 4,26!•01 T,ee!+Ot 

21 69E+OT 2,8•£+0q 5 0 7TE+oq 21 7•E+t0 t 0 08E+ll t,lOE+ll 5,0TE+lt 3,lOE+ll 4 1 75!+tl 

~ORMAL CENGtNEERlNG ST&~OAPO) r.ONOJTtONS &RE 21 O!G C ANO 760MH MG 0 

AERODYNAMIC DIAMfTFRS •Rf t•LCULATEO MF.RE •ccoROJNG TO TM£ TAS~ r.RnUP ON LUNG DYNAMICS. 



MVPOTHETICAL BRINK TFST • c~c. STAGE n • STAGE 5, FILTER 

fMPACTOR FLn~RATE • 01 031 ACFM IMPACTOR TEMPERATURE • J30,0 F • 1b'5 1 b C 

STACK TEMPFRATURF & 330,0 F • tbS,6 C 

SAMPLING DUAATJON • 15 1 00 MJN 

IMPACTOR PRESSURE DROP • n.u !N, ~F MG 

ASSUMED PARTICLE nFNS!TY • 2.110 GMICU,CM~ 

CO? • t2,88 en • o,Clo 

CALC, MASS LOADING • t,78?5E+OO GR/ACF 

IMPACTOR STAGE 

STAGE INDEX NUMBFR 

05~ (Mfc~nMETERS' 

MASS (MILLIGRAMS> 

MGIDSCMISTAGE 

eve 

11 , 110 

SI 

3 

S2 SJ 

'5 

1, 711 

84 85 

7 

CUM, PERCENT OF MASS SMALLER TMAN 050 2~.~8 \'5,52 10,111 6 1 13 3,\0 O,q1 0 1 35 

CUM, (MG/ACM) SMALLER TMAN 0'50 1,IOE+OJ b,35E+02 11,l5E+02 21 51E+02 t,27E+02 3,72E+Ol !,llllE+Ol 

CUM, CMGIDNCM) SMALLER THAN 050 

CUM, (GA/ACF) SMALLER THAN 050 

CUM, (GRIQNCF) SMALLER THAN 050 

GEO, MEAN DIA, (MICROMETERS) 

DMIOLDGD CMGIDNCM) 

DNIOLOGO (NO, P&RTJCLES/DNCMl 

t,8tE+03 1,0llE+OJ b,82E+02 11 1 12E+02 2,oqf+02 b,12E+Ot Z,37E+0\ 

11 1 81E•01 2,77E•01 1,81E•Ol 1,10E•01 5,SllE•OZ 1,b3E•OZ b,JlE•OJ 

7,qoE•01 11,SbE•Ol z,q8E•Ol 1,eOE•Ol q,tlE•02 2,b?E•OZ 1,04!•02 

11 1 30E+01 8,~7E+OO 4~q2E+OO 2,88E+OO l,qqf+OO t,t3E+OO 6,llE•Ol 

ll,15E+03 l,53E+03 t~l7E+03 1,33E+03 1,73!+03 l,ql!+02 2,69!+02 

u,tbE+07 4,46E+oq Q,ll~+OQ ll,4bE+to 1,75E+l1 2,17!+11 e,•tE+ll 

H20 • 8,00 

6,7266!+03 MG/ONC~ 

1'11.TER 

e 

t,82E•Ol 

7,88!+01 

1,04E+t3 



w 
l\J 
l\J 

IMPACTOR 'LOWRAT! • O,OJl AC'H 

IMPACTOR PR!llUR! DROP • 0~4 IN, 0, HG 

AllUM!D PARTICL! D!NIITV • 1~00 GMICU,CM~ 

IMPACTOR T!MP[RATUP! e JJO,O , • 165,6 C 

STACK T!MP!R•TUR! • lJft,O ' • 165,6 C 

GAi COMPOSITION (PERCENT) COl • 12,88 CD • 0,00 

2~•1•1!+00 GR/DNC' CALC, MAIS LOADING • l,TITIEtOO GR/AC, 

IMPACTOR lhG! 

ITAG! JND!~ NUHB!R 

010 CMlCAOM[T!RI> 

MAii (MILLlORAMI) 

lllGIDICMllUQ! 

CUM, CMG/ACM) SMALLER THAN 050 

CUM, (MGIDNCMJ IHALL!R THAN 050 

CUM, CORIAC,J IMALL!R THAN 050 

CUM, (ORIONC,) IMALL!R THAN 090 

GEO, M[AN OJA, (MICAOM!T!RI) 

OMIOLOOO CMS/ONCM> 

ON/DLOGD (NO, PARTlCL!llDNCM) 

eve 

1,tOhOJ 

so 

I 

It 

J 

15,U to~ U 

6,35!+01 4,l5!+02 

6,U 

l,5l!+02 

u 

' •••• 
l ,6S 

J, 10 

1,171!•01 

14 

6 

H 

., 
l,oo 

O,JO 

t,tl!+OJ l,04!+0J 6,11!+02 4,11!+01 l,O•!+OI 6,ll!+Ol l,JT!+Ol 

a,al!•Ol 2,7T!•Ol l~8l!•Ot l,lO!•Ol 5,51!•02 t,6J[•02 6,Jt!•OJ 

7,•0!•0I 4,S6!•01 l~•l!•Ol t,IO!•Ol •,11!•02 1,61!•02 11 04!•01 

61 66!+01 1,J4!+0l T~Bl!+OO o,69!+00 J,21!+00 l,•4!+00 t,14!+00 

4,t!!+OJ J,66!+0J l,40!+0S l,J•!+OJ t,IJ!+OJ 4,Slt+OI J,lT!+OI 

l,6•!+0T 2,•l!+O• 5~98!+0• 1,64[+10 l,00!+11 t,12!+11 41 06!+11 

NORMAL ([NGIN![RlNG STANDARD) CONDJTtONS AR! 21 O!G C AND T60MM HG, 

AEROOVNAMIC OlAMETERI AR! CALCULAT!O M!R! ACCORDING TO MERCER, 

H20 a 1,00 

6,T266£+0J MG/OhCM 

,tL T!R 

• 

2.JT!+ol 

4.0U•Ol 

1~H!+Ol 

2,26Utl 



MVPOTMfTJCAL ~~lNk TEST • cvr., STAGE 0 • STAGE s, FILTER 

JMPACTOP FLOWRATE c 0,031 ACFM IMPACTOR TfMPERATURE • 330 0 0 , • 1&5 0 & C SAMPLING DURATION • 15 1 00 MIN 

STACI< TEMPE.IHTllRE = nn.o F • \&5,fl c tp.tl'A.CTOR PRF.SSllRE' MrnP t 0 0 11 I'-1, !'IF HG 

ASSUMED PARTICLE DENSITY • 1~00 GM/CU,CM~ MAX, PARTICLE DtAMETER • 260 1 3 MICROMETERS 

GAS COMPOSIT!O~ tPERCENT) CC'll' • 12,1111 co = 1),00 n2 • 5,52 

CA.LC, MASS L0A01NG s 1,7A75E+OO GR/ACF 

11-'PACTOR S'TAGE 

STAGE !N~FX NUMBER 

050 (MICROMETERS) 

MASS (MILLIGRAMS) 

MG/DSCM/STAGE 

CUM 1 (MG/ACM) SMALLER THAN D~O 

CUM, (MG/DNCM) SMALLER THAN 050 

CUM 0 (GR/ACF) SMALLER TMAN 050 

CUM 1 (GR/ONtF) SMAlLER THAN 050 

GEO, M!AN OJA, (MtCROMFTEllS) 

DM/DLOGO (MGIONCM) 

ONIOLOGO CNO, PARTTCLESIDNCM) 

eve so SI 92 

II 

t 7. "" 

n 

5 

Sii 85 

7 

0,88 

39,38 •.12 2,90 2,t• l,&3 l,18 0,30 

ll,92E+03 1,611E+02 3,62E+02 2,70E+02 2,0llE+02 1,ll7E+OZ 3,75!+01 

1 1 \0E+03 6,15E+02 U,t5E+02 Z,5!E+02 1,27!+02 3,72E+Ol l 1 1111E+Ol 

t,81E+03 1 1 04E+03 b 1 82E+02 4 1 12!+02 2,09F.+02 6,12E+Ol 2,J7E+Ol 

u,etE•Ol 2,77E•OI 1~81E•Ol 1olOE•01 5,54!•02 1,&3!•02 b,]1E•03 

?,90E•Ot 11.s•E•Ol 2,98E•OI lo80E•Ot 9,tlE•02 2,&7E•02 1,n4E•02 

6,b&E+OI t,33!+01 7,70E+OO 4,52E+on l,15E+OO t,1!1E+OO 1,02E+OO 

ll,15E+03 l,58E+03 1,l8E+03 1,35E+03 1,77E+03 4,04E+nz Z,8bE+02 

1,b9E+01 2,AQE+OQ 5,77!+0~ 2,79E+l0 l,08!+11 l,30E+l1 5 1 0TE+ll 

NORMAL CENGINEfRJNr. STANO~RO) CONDITIONS APE 21 DEG C ANO 760MM ~G. 

AEROOYNAMit OlA~ETE~S ARE CAlCULAfEn HERE ACCORDING TO THE TASK nROUP ON LUNG nVNAMtCS. 

1-120 • 8~00 

fl 1 72&bE+03 MG/DNCM 

FIL T!lt 

I! 

7,88E+01 

4~44!+12 



TMPACTOR FLOWRATE • 0,03\ AtFM SAMPLJNG DURATION • 15,00 MJN 

IMPACTOR PRESSUAF n~oP • l.Z IN, nF HG 

ASSUMED PARTICLE DENSITY • z~4n GMICU,CM~ 

IMPACTOR T~MPERATURE • ]00,0 F • 148,9 C 

STACK TFMP~RATURF • 300,0 F • 148,• C 

STACW PRESSURE • 3n,oo I~. OF MG MA•, PARTICLE DfAMETE~ • 168,0 MJCROMETERS 

GAS CMMP08lTfON CPEACENT) 

CALC, MASI l0AD1NG • l,784~E•OO GRIACF 

IMPACTOR STAGE 

STAGE INDE• NUMA,R 

050 tMlCROM[TER8) 

MASI (MtLLlGAAMS) 

MG/DNCMISTAGE 

CUM, (MG/ACM) SMALLER THAN 050 

CUM 1 (MG/ONCM) SMALLER THAN D50 

CUM, CGR/ACF) SMALLER THAN 050 

CUM, CGR/ONCF> SMALLER THAN n5o 

GEO, ME•N DIA, (MJCROMETERS) 

DM/DLOGD (MG/DNCM) 

DN/DLOGD (NO, PART?tLES/DNCM) 

r.vc 

co • 0,00 

l,77&0E+OO GR/DNCF 

so St sz 

N2 a 11,60 

IJ 

5 

t,7Z 

84 85 

0,72 

HZO a 9,00 

6,J5Z5E+OJ MG/DNCM 

8 

O,Z5 

39,38 &,ti z.•o 2.1• t,•1 1,18 n,10 0,10 o,oo 

a,•5E+Ol 1,23E•02 J,43E+OZ 20 55f+nz t,•JE+OZ t,l•E+02 l 1 54E+Ol 11 1SE+Ol O,OOE•Ol 

o,oo 
l,nqE+03 ~.28'.+02 A,O~E+02 2 1 40£+02 l,20!+02 l,OAE+Ol 7 1 5•!+00 01 00!•01 

l,70E+03 9,77E+02 6,J4E+02 J,7•!+0Z S,87!+02 4,73E+Ol 11 18!+01 O,OO!•Ol 

4,78f•Ol 2,74E•Ot l~78E•Ol l 1 07E•Ol 5,24!•02 1,33!•02 31 32E•Ol 01 00!•01 

1,aJE•Ol 4,?7E•Ol 2,77!•01 t,•bE•Ol a,16[•02 2,07[•02 ~.16!•03 o,OO[•Ol 

4,17E+Ol 8,45E+no 4~86,+00 2,84!+00 1,,7£+00 l,12E+no &,17!•01 J,6lf•OI s,77!•01 

3,•tE+03 J,35£+03 l~lOE+OJ 1,2&£+03 s,•a!+OJ J,71!+02 2,55!+02 1,6&!+01 O,OOf•Ot 

4,00E+07 o,atE+O• s.•~E+n• O,l•E+IO t,7Zf+tl l,13E+ll 8,65!•11 6,12E+tl O,OOE•Ol 

NORMAL CfMG?NfERJNG ATANDARO) CONDITIONS AR~ 21 DEG C ANO 7b0MM HG, 



HVPDTH[TICAL BRINK TEST • eve, STAGE 0 • STAGE 6, NO FILT!R 

IMPACTOR FLOWRAT! • O,Oll AC,M SAMPLING DURATfON • 15 1 00 ~JN 

IMPACTOR PR!ISURr DROP • 1~2 IN. OF HG 

AIBUM!O PARTtCLl O!NBlTY • 1:00 GM/CU,CH~ 

IMPACTOR T!MP!RATUR! • 300,0 , • 148•• C 

STACK TEMPERATURE • 300,0 F • 148.• C 

C02 • 12.88 co • o~oo 

2~7160!+00 GR/DNeF 

01 • ~.s2 H20 • e,oo 

6,3525E+OJ MG/DNCM CALC 1 MAIS LOADING • 11 1145!+00 GR/ACF 

IMPACTOR ITAG! 

ITAG! lNDIM NUM9!R 

050 (MtCROMET!Rlt 

MAii CMILLIGRAMI) 

MG/DNCM/STAG! 

eve so S2 

2 

4,08J6E+03 MG/ACM 

13 

5 

S4 

• 
15 

1 • 
>•,Je •,12 2~•0 2 1 1• t,63 1,18 0.10 o,to o,oo 

41 65E+OJ 1,Z3E+02 3~43!+02 21 55!+02 l,•J!+02 1,3•!+02 3,54!+01 1,18!+01 D,ODE•Ot 

CUM, PERCENT OF MASS SMALLER THAN D50 16 1 16 15 1 38 9,t• 51 91 2,•4 01 14 01 19 01 00 

CUM, CMG/ACM) SMALLER THAN 050 t,o•E+OJ 6 1 28!+02 4~08!+02 2,44!+01 t~Z0!+02 3,04!+01 1,5•!+00 0,00!•01 

CUM, (MQIDNCM) SMALLER THAN 050 

CUM, CGR/ACP) SMALLER THAN 050 

CUM, (GAIDNCF) SMALLER THAN 050 

G!0 1 M!AN D!A~ tM!CROM!T!RS) 

OMIDLOGO (MG/ONCM) 

DNIDLOOO CN0 1 PARTlCl!llDNCMi 

t,10!+03 t,1T!+02 6~34!+02 3,T•E+Ol l,IT!+OI 4,TJl+Ol 1,18!+01 0,00[•01 

41 18!•01 2 1 14!•01 1~T8E•01 t,01!•01 5,24!•02 1,33!•02 J,32!•03 01 DDl•Dl 

T,4JE•D1 41 1TE•D1 l~TTE•Ol 11 66!•01 8,16!•02 2,0TE•02 5,16!•03 01 00!•01 

6 1 61!+01 t,32E+OI T,7l!+Do 41 51!+00 3,ZZ!+OO f,91E+OO 1,12!+00 1,J9!•01 J,q4E•OI 

J 1 91E+D3 J,ATE+03 1~3J!+OJ t,Jl!+Ol 1 1 73!+03 4,DT!+02 2,99!+02 4,81!+01 O,OO!•Ol 

l,5&E+OT 2,88E+09 ~~52!+0• 2,•tE+lO •.•OE+lO t.ll!+tl 4.0t[+ll z.28!+11 O,OOE•Ol 

NORMAL ([NGIN![RlNG ITANOAAOJ CONOtTIONS AR[ Zl O!G C ANO T•OMM MG~ 

AERODYNAMIC D?AM!T!RS AR! CALCULATED HERE ACCORDING TO MERCER, 



HYPOTHETICAL ~RINK TEST • r.vc, STAGE 0 • STAGF b1 NO 'ILTEA 

IMPACTnA 'LOW~ATE 1 0,031 ACFM SAMPLING DURATION I 15 1 00 MJN 

tMPACTnA PRESSURE DROP • l ,i fN, nF i'IG 

ASSUMED PARTICLE DfNSITV • l,no GM/CU,c~. 

IMPACTOR TfMPfR.UIJRE' • JOO,O F I 11111,4' C 

STACk TFMPfAATUAF • Jno,o , • tGR,• c 
MAX, PARTICLE DIAMETER • 2&0 1 ] MICAOMETERI 

CALC, MASS LOADING • l,7805l+no GAIACF 

tMPACTOR STAGE 

ITAG! INDEX NUM~!R 

osn (MJCAOMET!AS} 

MAIS (MILLIGRAN8) 

MG/DNCM/SUIOE 

CUM 1 (HG/ACM) SMALLER THAN D50 

CUM, (Mtt/ONCM) SMALLFA THAN 050 

CUM 1 (QR/ACF) SMALLER THAN 050 

CUM, CGR/ONCF) SMALLER THAN D50 

GEO, M!AN DIA, (MJCROM!TER8) 

DM/DLOGD CMG/ONCM) 

DN/DLOGD fN0 1 PAAT1CLE8/DNCM) 

co • o,oo 
2,77fl0~+00 GR/ONC' 

eve ll 0 SI 

2 3 

Io 1 27 

4 1 083b!+OJ MG/AC~ 

SJ 

5 

2 I 72 

84 

• 
95 

., 

H20 1 8 1 00 

6 1 1525E+03 MG/DNCM 

lq,,9 •,12 z~•o z,t• 1,•1 1,ts o,:so 0 1 10 o,oo 
a,•5E+OJ 7,2lE•02 J,4JE+OZ Z,55E+02 t,•3E+02 t,l•E+02 1,54!+01 t,t8E+Ol o,OOE•Ol 

15,3~ o,oo 
l,n•E+Ol fl 1 28E+02 4 1 08!+02 2,44E+02 t,20!+02 1 1 04!+01 7,S•F.+00 01 00£•01 

l 1 70E+OJ •,77!+02 b,34!+01 3,7•!+02 t,87!+02 4,7JE+OI 1 1 !8E+OI 01 00!•01 

a,78!•01 2.74!•01 1 0 18F•Ol l,07!•01 5 1 24!•02 l,33E•02 ] 1 J2!•03 0 1 00!•01 

7,4Jf•Ol a.27f•Ot 2,77!•01 t,•oE•OI 8,1•!•02 2,07!•02 5,lbE•OJ o,OOE•Ol 

b,btE+Ot 1,ltE+Ot 7~5•!+00 4,4bE+no J,llf+OO t,7•£+00 1,n1!+00 b,23!•01 3,15E•nt 

l,•tE+Ol J,3•E+O] 1,31E+Ol l,28E+n3 t,117!+03 3,81!+02 l,10E+nz 4,0bE+Ol O,OOE•Ot 

z.~ef+07 2,8bf.+09 5,70E+n• 2,75!+10 t,Obf+ll t,l7E+ll o,t5E+ll J,20E+l1 O,OOf•OI 

NORMAL (fNGINf[ATNr. 8T•NDAAD) CONDJTtn~s •RE 21 DEG c ANO 760MM MG, 

AEAODYN•~IC OJAMF.TEP~ •RE C•LCULAT~D HfRE ACCORDING TO THf T•SK GROUP nN LUNG OVNAMICS, 



HYPOTH~TJCAL BRINK TEST • eve, STAGE 0 • STAGE 5, NO FILTfR 

IMPACTOR FLO~RATF • 0 1 031 ACFM IMPACTOR TEM~ERATURE • 300 1 0 F • 148,9 C SAMPLING DURATION • 15,00 MIN 

tMPACTOR PRlSSURF nRnP • 0~4 IN, OF HG 

ASSUM[O PARTICLE O~NSITY • ~~ao GMICU,CM, MAX, PARTICLE DIAMETER • lb8 1 0 MICROMETERS 

GAS COMPOSITION (PERCENT) C02 • 12,88 02 • 5,52 

CALC, MASS LOAOI~G • l,7A!2E+oo GR/ACF 

IMPACTOR STAGE 

STAG[ JNDEX NUMBER 

050 CM!CROMETERS> 

MASS (MILLIGRAMS) 

MGIDSCMISTAGE 

CUM, (MG/ACM) 8MALLFR THAN 050 

CUM, (MG/DNCM) SMALLER THAN D~O 

CUM, CGRIACf) SMALLER THAN 050 

CUM, CGR/ONCF) SMALLER THAN 050 

GEO, MEAN DIA, (MTCROMETERS) 

OM/OLOGD CMG/ONCMl 

DN/DLOGO CNO, PARTICLESIONCM) 

eve so SI 82 

l 

a,o7bOE+n3 MG/ACM 

S3 

5 

84 

b 

SS 

7 

39,38 &,12 2,9o 2,tb t,b3 1,18 0,10 

a,&5£+03 7,23f+02 3,43E+02 2,SSE+O~ 1,93!+02 1,]9!+02 3,5aE+Ol 

1,09E+03 b,~OF+02 4~00f+02 2,lbE+OZ t,12E+02 2,28E+Ol n,OOE•Ol 

l,&9E+03 9,b5E+02 b,23E+02 ],b7E+02 l,75E+nz 3,54E+Ot o,OOE•Ol 

41 14E•Ol 2 1 71E•01 l,75E•Ot t,DlE•OI G,91E•OZ 9,9bE•03 n,OO!•Ol 

7,38E•Ol U,22E•Ol 2~12E•Ot t,blE•Ol 1,6UE•02 l,55E•02 o,nOE•Ol 

4,27E+n1 e,ASE+no 4,B&E+on 2,84F.+oo \,qTE+OO 1,t2E+OO 6,t8E•Ot 

31 qtE+Ol J,35E+Ol 1,lOF.+03 l,2bE+03 l,b4E+03 l,71E+n2 21 5&E+02 

a,oOE+07 a,AIE+Oq e.q~f.+nq 4,39E+10 l,72E+11 2,tlE+ll 8,65E+ll 

M20 • e,oo 
&,3407E+03 MG/ONC~ 

'tLTfR 

8 

O,OOE•Ol 

O~OOE•Ol 



w 

"' ex> 

IMPACTOR 'LOWAAT! a OeOJl AC'M IMPACTOR T!HP!AATUA! • J00,0 , a 148,• C 

STACK T!MP!RATUA! • 300,0 ' • 141,• C 

SAMPLJ~G DURATION • 15 1 00 MIN 

IMPACTOR PAflSUA! nAOP a 0~4 IM, 0, HG 

ASSUMED PAATZCL! D!NIZTY • 1:00 GMICU,CM~ 

COi • U,U co • o.oo 

CALt, MASS LOAOIMG • l,Tll2!tOO GAIAC' 

!14PACT01t IT AG! 

ITAGI !ND!X NUMl!A 

090 CMJCAOMET!All 

MAii CMtLLIGAAMIJ 

MGIOICMllTAGI 

CUM, P!AC!NT 0, MAii IMALL!A THAN 050 

CUM, (MGIACMJ IMALL!A THAN 090 

CUM, (Ml/ONCMJ IMALL~A THAN 090 

CUM, (GRIAC,l l14ALL!A THAN 050 

CUM, (QA/DNt'> IMALL!A THAN 090 

0!0 1 M!AN DIA, (M!CAOM!T!AI) 

DMIDLDGD (MG/ONCMJ 

ONIDLOGD (NO, PAATtCLlllDNCMJ 

eve 

u,n 

10 

z 
lo.se 

6, ll 

Z6,U 19,H 

t,o•!+OJ 6,10!+02 

ll 

J 4 

•·.sz s,n 
4~00!+02 Z,lb!+OI 

13 

5 

14 

6 

,,,. 0,56 

l,tZ!+02 Z,Zl!+Ol 

845 

' 

o,oo 

O,OOhOl 

l,••!+OJ •,651+02 6,Zl!•02 J,61!+02 l,TS!+OZ J,54!+01 O,OO!•Ol 

4,T41•0l l 1 Tll•Ol l,T5!•01 t,Ol!•Ol 4,•t!•Ol •,••t•Ol 0,00!•01 

T,J8!•01 4,22!~01 Z~TZ!•Ol l 1 6l!•Ol T,64!•02 l,59!•02 O,OO!•Ol 

6 1 61!+01 l,JZ!+Ol 7~11!+00 1,58!+00 l,2Z!+OO t,•1!+00 11 13!+00 

J,•l!+OJ J,4Tl+OJ t~ll!+OJ l 1 ll!+OJ t,14!+0J 4,0T!+OZ J,OO!+OZ 

1,111+01 1,s11+0• 5~5Z!+o• 1~•11+10 •.•or+to t,tt!+tt a,oar+11 

NORMAL (!NGIN!!AING STANOAADl CONDITIONI AA! 21 OtG C AND 76014M HG~ 

A!AOOYNAN!C DIA~!T!AI AA! CALCULAT!D H!A! ACCORDING TO N!AC!A, 

H20 • 8,00 

6,S40T!'.+OJ HG/DNC~ 

fl'l I. TEA 

e 

0 0 00!'.•0l 

o'.00£•01 



HYPOTHETICAL RRINK TFST • cvr, STAG~ 0 • ST~Gf 5, NO FILTER 

TMPACTOR FLO-RATf • n,n31 ACF~ SAMPLING OURATION a 15 1 ~0 MlN 

?~PACTOR PRESSURr n~oP c 0.4 IN. OF HG 

ASSUM~O PARTICLE OENSlTY • 1~00 GM/CU,CM~ STACK PRESSURE a 30,~0 tN, OF HG 

GAS COMPOSITION (PFPCENT) 

IMPACTOR STAGE 

STAGE INDEX NUMAER 

~50 CMJCROMFTERS) 

MASS CM?LLlCRAMS) 

MG/DSCM/S'UGE 

CUM, (MG/ACM) SMALLER THAN 050 

CUM, (MG/ONCM) SMALLER THAN 050 

CUM, (GR/AC,) SMALLER THAN 050 

CUM, (~R/DNCF) SMALLER THAN 050 

GEO, MEAN DlA, (MICROMETERS) 

OM/DLOGO (MG/ONCM) 

DN/OLOGO (NO, PARTTCLESIDNCM) 

Cti2 s 12.BB 

eve so 

l n, 21 

CO s ll,CO 

Sl 

3 

Si! 

4 

83 

5 

02 • 5. '52 

SS 

o,&7 

111,,11 11,12 2,qo 2,1b 1,03 1.u o,Jo 

4,115E+03 T,23E+Oi! l,43E+02 i!,55E+n2 t,113E+02 l,311!+02 3,54E+01 

o,oo 

1,nqf+03 &,20E+02 4,00E+n2 2,3&E+02 t,12E+02 2,28E+01 o,OO!•Ot 

1,11qE+03 11,115!+02 b~23E+02 3,117E+02 t,75E+02 3,54E+OI o,ooe-01 

4,7UE•01 2,71E•01 1~75!•01 t,03F•01 4,111E•02 11,QllE•Ol O,OOE•Ot 

T,38E•01 4,22E•01 2,72E•OI t 1 b1E•01 7,114E•02 t,55E•02 0 1 00!•01 

11,lltf+Ol t,3tE+OI T~SqE+OO 4 1 411E+OO 3,t!F.+00 1,7qE+OO t 1 02E+OO 

l,4!E+03 3,3QE+03 l,llE+Ol t,28E+03 1,llllE+03 3,114E+02 2,72E+02 

2,'58E+07 ?.,AbE+nq '5,70E+nq 2,75!+10 l,OllE+lt t,2TE+t1 4,qb!+tt 

NORMAL (ENGINEERING STANOA~D) CONOJTTONS ARE 21 DEG C ANO T60MM HG 0 

AERODYNAMIC DIA~ETERS A~F. CALCllLATEn HERE ACCnRnING TO THE TASK GROUP ON LUNG DYNAMICS, 

H2C'I • 11,0n 

6 1 ]407f+03 MG/DNCM 

l'ILTEl'f 

o,oo 

o~ooe .. 01 

3,23f .. ot 

O,OOf .. 01 



w 
w 
0 

JHPACTOA FLOWRATF • o,n31 ACFM 

tMPACTOR PAlSSUQf ~R~P a 1.2 t~, nF MG 

A81UME~ PARTJClf nF~SJTY a Z.40 GHICU,CM, 

GAS COMPOSJTJON CPF.ACENll 

CALC 1 HASS LOAOtNG • 4,&J~~E•Ol GR/ACF 

?HPACTOR STAGF 

STAG! INDEX NUM~fR 

osn CM?CAOM!T!AS) 

MAIS (MILLir.RAMS) 

MG/DNCM/8TAG! 

CUM, PERCENT OF MASS SMALLER TMAN n~n 

CUM, (MG/ACM) SMALLER TH•~ o~o 

CUM, (MG/ONCM) SMALLF.R THAN 050 

CUM, CGAl&CF) SMALLER THAN 050 

CUM, (GR/ONCF) SMAlLER THAN 050 

GE0 1 MEAN DlA 1 tM?CAOM!TlRS) 

OH/OLDGO (MG/ONCMl 

ON/OLOGO CNO, PARTICLES/O~CMl 

IMPACTOR TEMPERATURE a 330 1 0 F a 16~,6 C 

STACK T£~P~AATUAf a 3JO,n F a 165,6 C 

~AMPLING DURATION a 15,00 MJN 

MAX, PARTICLE DIAMETER • 168 1 0 MICROM!T!RS 

co • o,on 

1,tnTJE+OJ MG/ACM 

H20 • ~.oo 

1,8Z09f+OJ MG/ONCM 

so Sl 

3 

83 

t,74 

84 

5 

FILTfR 

8 

•.1z z,qo 2,1• 1.~1 1,1s 01 10 01 10 0,1, 

1,~4!+02 3~62!+02 2,10!+02 2,04!+02 t,47E+OZ 3,75!+01 l 1 25E+OI 2,37!+01 

l4~t3 l~JO 

6,42F+02 4,22F+02 Z,~8!+02 t,30!+02 O,Oftf+Ot ~ 1 20E+Ol 1,44E+01 

t,06E+03 6,,4!+02 4,25E+02 2,21!+02 1,31!+01 3 1 62!+01 2,37E+Ol 

2,81!•01 t,~5!•0t t,IJE•nt 5,8TE•02 t,,bE•02 •,62!•03 •,JIE•OJ 

4,62!•nt J,OlE•Ol t,86E•01 q,•6!•02 3,ll!•OZ 1,58!•02 t,04E•OZ 

J,15E+Ol 4,,2!+00 2.~B!+no t,,QE+OO 1,\3(+00 6,20!•01 J.~lE•Ol 1,16!•01 

5,Ub!+02 t,31F.+03 l 1 33E+03 t,73!+03 J,qnf+02 2,b1!+0l 3 1 84[+01 71 88!+01 

1,t6E+o1 •,llE+o• o,u6E+1n 1,15!+11 ?.,1sr+11 e,•1E+t1 •.uoe+tl l,t4!+13 

NORMAL (fNGtNEER?NG ST&NOARO) cnNOITtON8 4RE 21 OEG c AND 7•0MM HG, 



HVPOTH!TlCAL 8RtNK TEST • STAG! 0 • STAGE 6, FILTER 

IMPACTOR FLOWRAT! • o,olt ACFM tMPACTOR T!MPERATUR! • 33n,o F • 165,6 c SAMPLING DURATION • 15,00 MIN 

IMPACTOR PRESSURE DROP • 1~2 IN, OF HG STACK T!MPERATUR! • 330~0 F • 165,6 C 

ASSUMED PARTICLE O!NSITV • t~oo GM/CU,CM~ STACK PRESSURE • 2•.so IN, OF HG MAX, PARTICLE OtAM!T!R • 260,J MICROH!T!RS 

GAS COMPOSITION (PERCENT) C02 • 12,se co • 0~00 NZ • 73,60 n2 • 5,52 H20 • 8,00 

CALC~ HASS LOADING • 4,8l88E•Ot GR/ACF 

IMPACTOR STAGE 

ITAG! lND!X NUM8!R 

050 (MICAOM!T!RS> 

MASI (MILLIGRAMS> 

MG/DNCMllTAI! 

CUM, P!ACENT OF MASS SMALL!A THAN 0$0 

CUM, CMGIACM) IMALL!R THAN 050 

CUM, (MG/ONCM) SMALLER THAN 090 

CUM, (QA/ACF) SMALL!A THAN 050 

CUM, (GA/DNCF) SMALLER THAN 010 

GEO, M!AN DIA, CMICAOM[T!RS) 

QM/OLOGD CMG/DNCM) 

ONIOLDGO (NO, PAATICL!SIDNCM) 

1,1013[+01 HG/ACM 

so S1 

2 

82 

l 

SJ 

4 

2,88 

6,12 z~•o 2,16 t,6J 

1,64!+02 ]~62!+02 2,10!+02 2,04!+02 

]8~1] 12,14 

84 

1,Jl 

85 

6 

1,00 

l,18 O,JO 

l,47[+02 J,15!+01 

0,57 

0,10 

1,25!+01 

l~JO 

6 1 42!+02 4~22!+02 2 1 58!+02 t,14!+02 4,48!+01 2,ZOE+Ot t,44E+Ol 

11 06!+0] 6~•4E+02 4,29!+01 1,11!+02 7,37!+01 J,62!+01 2,J7E+Ot 

2,81!•01 t~85E•Ot 1,ll!•Ol 5,87!•02 t,•6!•02 ,,62E•OJ 6,Jt!•Ol 

4,62!•01 J~Ol!•Ol 11 16!•01 q,66!•02 J,22!•02 l,581•02 t,04!•02 

FILTER 

8 

2 1 11!+01 

5 1 24!+01 7~8JE+OO 4,65!+00 J,2l!+OO 1,•4!+00 l 1 14!+00 7,50!•01 4,00E•Ol 

5,4•!+02 l~OO!+OJ t,J•E+Ol 1,83!+03 4,JOE•02 J,16t+D2 5,0•E+Ol l,88E+Dt 

7 1 ]0!+06 5,58!+oq 2 1 64!+10 t,OO!+ll l,13!+11 4,06!+11 Z,JOE+ll 2,J5E+lZ 

NORMAL C!NGIN!EA!NG ITANOAAD> CONDITIONS ARE 21 DEG C ANO 760MM HG~ 

A!RDDYNAMIC DIAMIT!RI ARE CALCULATED MIR! ACCORDING TO M!RC!R, 
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HVPOTMfTlCAL RRINK T£ST • STAGE ~ • STAGF ~. F!LTfR 

JMPACTnP FLOWAATf • n,031 AC,M 

TMPACTOA PAl:SSllRf' IHrnP • t,i! JN, nF HG 

ASSUMED PAATJCLE DEN81TV • t~no GM/CU.CM~ 

IMPACTOR ffMPfAATUA~ • J]O,O r • 165.6 C 

STACK T~MPfAATUAF. • lJO,O F • 165,6 C 

SAMPLING DURATION • 15 1 00 ~IN 

GAS COMPOSITION CPF.ACENTl C01 • 12,l!ll co • o,no 02 • 5,'52 1o120 • e,oo 
11 820•!+03 MGIDNCM CALC, MASS L~AntNG • u,eJAAE.ol GA/ACF 

THPACTDR SHGE 

STAGE INDEX NUHAFA 

nso (HlCROMETEAS) 

MAIS CMtLLlGAAMS) 

MG/DNCH/STAGE 

CUM, PERCENT OF MASS SMALL!~ TMAN 050 

CUM 1 (MG/ACM) SMALLER THAN OSO 

CUM 1 (MG/DNCM) SMALLER THAN 050 

CUM, (GAIACFl SMALLER THAN o~o 

CUM, tGA/ONtF) SMALLE~ THAM 0'50 

GEO, M!AN DtA, (MfC:AOHETEA!ll 

OMIOLOGD fMGIDNtM) 

ON/Dl.DGD (NO, PARTTCLE8/0NCM) 

80 91 

l 

Si! 

J 

t.1013E+n3 MG/ACM 

!I] 

s 

SS Fii.TU 

e 

6,12 2.•o 2,1• 1,•J 1,1e 01 10 o,to 0,1• 

T.64£+02 J~62E+oz 2,10E+02 Z.04E+OZ t,47!+02 J,75!+01 1,25E+Ol Z,J7E+Ot 

Se.oz Je,1J ZJ.JZ 12,1• ·~OS l,•• t,JO 

~,41.E+n? 4,22!+02 2,SBE+02 l.34!+0Z G,48!+01 2,ZOE+Ot l,44[+01 

1 1 06£+03 b,•AE+02 4,ZSf.+02 2,21!+02 T,JTE+OI J 1 b2!+0l Z,3TE+01 

2,81E•01 t.~SE•Ot l,llE•OI S,81!•02 1,qbE•OZ q,blE•Ol 6 1 31!•03 

G,b2E•OI l~OJE•Ol t,&b!•Ot •,b6E•02 3,22E•OZ l 1 98E•02 l,04E•02 

5,21'-+0l T,TOE+OO 4,52E+OO 3,15!+00 1,etf+OO l,n2[+00 •,27!•01 3,16!•01 

S,A7E+02 l,38!+03 t,l5E+OJ 1,17!+03 4,04Et02 2 1 84!+02 4,ZbE+Ol 7 1 88!+01 

,,40E+nb S,T7E+oq 2,T•E+to 1,08!+11 1.30!+11 5,07E+tt 3,30!+11 4,7SE+t2 

NORMAL CFNGtN£EAING ~TANnAAO) CONDITIONS 1AE 21 OfG t lND 7b0MM MG, 

Af~ODVNAMIC DU14f'TFA!I A'1E CALCllLATEI' HERE •cr.nAOtNG TO THE TASK GlfOUP ON LUNG DVNAMJCS, 



w 
w 
w 

HYPOTMFTTCAL ~R1~K TEST • STAGE O • STAGf 5, FTLTER 

l"'PACTOR TE,..PERATllRf • 3nn,o F • 1'18,q c SA"'P~ING DURATION a 15 1 00 MJN 

lMPlCTOR PRtSSU~E nROP = o.u tN. nF HG 

ASSUME!l PARTICLE DENSITY a 2~40 Gl"/CIJ,CM~ 

GAS COMPOSlTlON (PfRCtNT) 

IMPACTOR STAGE 

STAGE INDEX NUMRER 

050 (MJCAOMETEASJ 

MASS (MtLLIGRAMSJ 

MG/ONCM/STAGE 

CUM, PERCF.NT OF MASS SMALLER THAN 050 

CUM 1 (MG/ACM) SMALLER THAN 050 

CUM, CMG/DNCM) S"'ALLER THAN 050 

CUM, CGRIACF) SMALLER THAN 050 

CUM, CGR/DNCF) SMALLER THAN 050 

GEO, MEAN DIA. ("'ICRO"'ETERS) 

OM/OlOGO (MG/ONCM) 

DNIOLDGn (N0 0 PARTJCLES/DNCM) 

STACK TEMPERATURE .. ]on.o F • 148.• c 

sr•c~ PRESSURE • 3n,oo IN, OF HG 

co .. o.on 

so 91 

2 

Si! 

J 

SJ 

5 

7,23F.+02 3~43E+02 2 1 55!+02 l,q3E+02 l,3q!+02 3 1 54!+01 

57.73 17,71 22,79 11~53 3,18 1.11 

6,35E+02 4,15£+02 2,51E+02 1,27!+02 3.72E+01 1,44!+01 

q,eAE+02 b~a5E+02 3,90E+02 l,q7E+02 S,7•E+01 2 1 24[+01 

2 1 77!•01 1,AlE•Ot 11 10E•01 S,54E•02 t,b3E•02 6 1 31E•03 

4,32E•01 2,82E•Ot l 1 70E•Ol 8,b2E•02 Z,53!•02 9 1 81!•03 

3.3JE+Ot 4.86E+on 2,84!•~" l,91E+OO 1.12E+OO 6,l~!•Ol 

5,l4E+02 1 0 30E+03 t,2bE+03 l 0 64E+03 J,71E•02 2 1 56!+02 

t,11E+07 e.98E+oq 4,lqE+IO 1,12!+11 2,13E+l1 A,65!+11 

NORM•L (fNGJNEfRINC STANDARD) CONDITIONS ARE 21 DEG C AND 7bOMM HG 0 

HZO a 8,00 

1,7107E+03 ~GIONC~ 

'llTfR 

7 

3~ 1JE•Ol 

1·,11u+o1 

1,15E+l2 



HYPOTHfTtr.AL ARfN~ TEST• STAGF 0 •STAG~ St FtlTFR 

lMPACTOR 'LOWRATF • o,oll ACFM IMPACTOR TEMPERATUllE a JOO,O F a 101\,q C 

STAC~ TfMPERATURF • 100,0 F • \4~.q C 

SAMPLING DURATION • 15,00 flllN 

tl1PACTn11 PR!SSllllf' n11nP • o.o 1~1. nF MG 

ASSUMFn PARTICLE nfNIIT¥ • 1~00 GM/CU,CM, MAX, PARTICLE DIAMETER • 2b0 1 l MICROMETERS 

CAI COMPOStTIO~ CPEACENT) 

IMPACTOR STACE 

ITAGE ?ND[X NUM8FR 

050 CMICROM[TEPS> 

MAii fMILL!GRAMi) 

fllG/DNCM/8UGE 

coz • \2,81\ 

CUM, PERCENT OF MASS SMALLER TMAN 050 

CUM, (MG/ACM) IMALlfA THAN 050 

CUM, (MG/DNCM) SMALLER THAN 050 

CUM, (GR/AC'> SMALLER THAN D50 

CUM, (GA/DNCF) SMALLER THAN D50 

GEO, MEAN DIA, (M!CROMfT(RS) 

Dfll/DLOGD (MC/DNCM) 

ON/DLOGO (NO, P&RTttLESIDNCM) 

so 

IO,J8 

co • ,,,no 

St 

2 

sz 
3 

83 

0 

S5 

6 

0,12 z,qo 2,10 1,01 1.1• 0,10 

7,l3E+Ol l~OJ[+OZ Z,5SE+OZ 1.•1r+nz t.l•E+Ol 3,54!+01 

s1.11 11.11 zz.1• 11.s1 1~1" 1~11 

0 1 15!+02 o,t5E+02 Z,51E+OZ l,ZTE+OZ J,TZE+Ol 1,44!+01 

• 1 88E+02 6,45E+02 l,•OE+oz t,•TE+OZ 5,1•!+0l 21 24!+01 

l,11E•Ot l,8lE•Ot t,IO!•Ot 5,50E•OZ l,63E•02 o,llE•OJ 

o,32!•01 2~8Z!•OI 1,TOE•Ol &,•2E•OZ z.51E•02 •• ~!!•OJ 

~.zor+ot 1,11c+on o,58£+oo 3,22!+oo 1.•1r+oo 1,11£+00 

S1 11E+02 1,33!+03 t,31!+01 1,74[+03 4,01[+02 J,OOE+02 

T,n3E•O• s.~ZE+oq 2,olE+lO •.•oE+IO t.ttE+ll a,02E+l1 

NOAMAL CENGtNfEAtNG STANDAllD) CONOITI~NS A~E 21 DEG c ANn 1o0HM HG, 

AE"OO'OIAMtC DlllolfT!RS AR! CALCllLAT!n HERF ACCnADING TO MERCER, 

1410 • ti'. 0 0 

1 0 7101£+03 MG/D~C~ 

nLT!A 

1 

o~u 

2~24t:+Ol 

fl .•• 5£•01 

T~46h01 
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HVPOTHF T ICAL ~RJ~ll< HST • STAr.F (I • STAr.1". c;, F Tl. TER 

IMPACTOR fLO~RATE • o,n3\ ACF~ IMPACTOR TEMPERATURE • 100 1 0 F • lll8 1 9 C 

STAC~ TfMPERATURf • 300 0 0 F • 11l8 0 9 C 

SAMPLING DURATION • 15 1 00 MIN 

TMPACTnR PRFSSlH1f OFlnP • o.u I'< 1 OF HG 

ASSUM~n PA~TTCLE n~~SITV • l~O~ GM/CU.CM. 

C•LC, MASS LOAOTNG • ~.805&E·OI GR/ACF 

tMPACTt\R STAGE 

STAGE JNDf.~ NUM~ER 

D~O (M!CROMETERS) 

MASS (MILLIGRAMS, 

MG/ONCM/STAGf 

CUM, PERCF.NT OF MASS SMALLER THAN nso 
CUM, (MG/ACM) SMALlfR THAN OSO 

CUM, (MG/ONCM) SMALLER TMAN nso 
CUM, (GR/ACF) SMALLER THAN DSO 

CUM, (GR/DNCFl SMALLER TMAN nso 
GEO, MEAN DIA, (MICROMETERS) 

DM/OLOGO (MG/ONCM) 

ON/OLOGO (N0 1 PARTJCLES/DNCMl 

so 

lO .n 

co • n,oo 

St 

2 

&2 

l 

SJ 85 

" 5 

0,12 2~90 2,10 1,01 l.te 0,10 

7,2lE+02 l,UlE+02 2 1 55E+02 1,93E+02 l 1 39E+02 loS'IF.+Ol 

s1. n 11.11 11.53 1 ~JI 

o.lSE+02 4.t5E+n2 2.s1E+02 1,27E+02 3.12£+01 l,4U!+Ot 

9,8AE+02 o,USE+oz 3,90E+02 t.97!+02 5,19E+01 2,2uE+Ot 

2,77F.•01 \,A\[•0\ t,\O!·~l 5,54[•0l \,olE•02 o,llE•O] 

U,32E•Ot 2,82E•Ot t,70!•01 8,62!•02 z.SlE•02 9,81E•O] 

S,17E+Ot 7.59£+00 4 1 4oE+OO l 1 11E+OO \,79E+OO !,OZE+OO 

5 1 \5E+02 t.S1E+03 t,lAf+Ol t,68E+Ol 3,8U£+02 2,7Zf+02 

7,t2E+06 5,10E+09 z.75!+t0 1,0oE+11 1.27!+11 4,96E+t1 

NORMA\. C!NGINF.ERINr. SlANOAAO) cnNnITIONS ARE 21 OEG c AND 7~0MM HG, 

AEROO'l'NAMIC DIAMETERS A~E C•LCUL ATED HEPE ACCORDING TO THf TASK GPl\IJP ON \,.UNG DYNAMICS. 

M20 • 8,00 

t,7107E+O~ MG/DNCM 

f' ti.. TEfl 

7 

0, 19 

i!~i!4!+01 

&,\8E•O\ 

7~UoE+Ol 

o~04E+1l 
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tM-•cTnP FLOWPATF. • o.n1t ACF~ 

lMPACT(IR PRf8SllAf !')U('IP c l .Z tN 1 OF MG 

A88UME(I PARTTCLF nFNSITV • 2~40 GMICU.rM. 

lMP4CTOA TEMPERATUAF • 100.n , • 1a~.Q c 
STACK Tf.MPlRAT~R[ • 'oo,o , • \48,Q c 

STAC~ PRESSURE • 3n,no JN, OF MG 

8AMP~ING DURATION a 15 1 00 MIN 

GAS CO~POSITfnN CPEPCE~T> C02 • 12 0 8!1 co • n.oo N2 a 73,bO fll • 5,52 HlO • A,no 

\ 1 ?001!+01 MG/O~CM cue. llUS L!HnH1r. • a. 77':17E•Ol GRIACF. 

IMPACTOR STAGE 

STAGf JNOFll NllMllfR 

050 (MtCROMfTERS) 

MASS (MILLIGRAMS) 

MG/DNCM/STAGE 

CUM, 'fRCENT OF MASS SMALLER TMAN D~O 

CUM, (MG/ACM) SMALLFR THAN 050 

CUM, (MG/!')NCM) SMALLER TMAN n~o 

CUM, (GR/ACF) SMALLER TMAN o~o 

CUM, (GR/DNCF) SMALLER TMAN 050 

GEO, MfAN OtA, (MtcAnMETEAS) 

flMIOLOGD (MG/ONCM) 

ONIOLOGn (NO, PARTJCLESIDNCM) 

so 91 sa S5 

l II 5 1 

0,12 2.•o 2,10 1,01 1,18 n,10 0 1 10 o,oo 

1,23!+02 3~113E+OZ 2,55E+02 t,Q]f+02 l,3Q!+OI l,Sa!+Ol 1,18!+01 O,OOf•n1 

6.Z~E+n2 11.08£+02 z,oaf+n2 1,20!+02 1 0 0•!+01 1,5•f+oo o,OO!•Ol 

Q,77E+02 6~1Gf+02 l,1QE+02 l,87!+02 o.73E+Ol t,l8!+nt O,OO!•Ol 

2,711!•01 l,78E•Dt t,07r•Ol 5.2af•Ol t,ll!•OI J 1 l2f•OJ O,OO!•Ol 

4,27!•01 2.11!•01 t,66!•01 8,16£•02 2,01!•02 !,1~!•03 O,OOl•Ol 

\,,lE+Ol 4,~b!+OO 21 84£+00 t,47[+00 t,ll!+OO ~,t?E•Dl 1 1 •1!•01 11 77£•01 

5,t4E+02 l 0 30E+DJ l,26E+03 l,64E+D3 3,71E+02 21 55!+02 1 1 68!+01 01 00!•01 

l,llE+07 8.Q&f+OQ 4,J4!+10 t,72E+ll 2.llE+ll 8 1 65!+11 6 1 12!+11 O,OOE•OI 

NORMAL CfNGtNEERlNG STAN~ARO\ CONDlTlONS ARE 21 DEG C AND 7b0MM MG 0 
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kYPOTHETICAL ~RTNK TEST • ~TAGE n • STAr,F ~. NO FJLTEA 

IMPAr.TnA FLOWRATF • o,nlt ACFM IMPACTOR TfMPERATUAF a ]00 0 0 F a 1411,Q C SAMPLING OURATTON a 15 0 00 Ml~ 

ASSUMED PARTICLE nENSITY a l~OO GM/CU,CM, STACK PRESSURE s 30,00 TN, OF HG MAX, PARTICLE DIAMfTER a 2&n,3 MICROMETERS 

GAS COMP05ITION CPfACfNTl C02 c 12,1111 c:n • o,on HZO • S,00 

t,7nOIE+03 MG/DNCM CALC, MASS LOADING a 4,7757[•01 GR/ACF 

IMPACTOR ~TAGE 

STAGf INDEX NUMAFA 

050 (MJCAOMfTEAS) 

MASS (MILLIGRAMS) 

MG/DNCM/STAGE 

CUM, PERCENT OF MASS SMALLER THAN DSO 

CUM, (MG/ACM) SMALLF.A THAN 050 

CUM, (MG/ONCM) SMALLfR THAN DSO 

CUM 0 CGAIACF> SM&LlfA THAN 050 

CUM, (GA/DNCF) SMALLfA THAN 050 

GEO, Hf.AN DIA, (MtrROMfTERS) 

DMIDLOGO (MG/DNC~) 

ONIOLOGO (NO, ~AATTCLES/ONCM) 

St 

2 

s.n 

S2 

] 

S'J Sii SS 

5 ., 
FlL TfR 

e 

&0 12 2,qn 2 0 1& t,&3 t,18 0,10 0,10 o,oo 

7,23E+02 ],43E+02 2,55E+nz t,q3f+02 t,]qf+02 ],54!+01 l,18E+OI O,OOE•OI 

o,oo 

&,28E+02 4,08E+O? 2,44E+02 1,20E+02 3,04E+Ol 'f,~qE+OO 0 0 00E•Ol 

Q0 77f+02 6,]4f+02 3,'fQE+02 l,87E+02 4,73E+Ol lol8!+01 O,OOE•Ol 

?.,74£•01 t,78E•Ol 1 0 07[•01 5,24E•02 t,13E•02 l 1 32E•03 o,OOE•Ot 

4,27E•Ol 2,77E•Ol 1 1 bbE•Ot 8 0 t~E•02 2,07E•OZ 5,t•E•03 O,OOE•Ot 

S,20f+OI T,7\E+oo 4,58E+no l.22E+OO t,Qlf+OO l,t2f+OO 7,lqE•Ol 3,,4[•01 

S,\7E+02 t,33f+O' t,Jl!+O] t,'f3E+03 11,07!+02 z,qq[+02 4,AIE+~l o,OO!•Ol 

1.01E+Ob 5.52f+Oq 2,61!+10 q,qoE+tn t,llE+ll 4,0t!+lt Z,2Af+l1 0,00[•01 

NORMAL (fNGJN[f.RJNG STANDARD) CONO?Tl~NS ARE ?1 DEG C AND 7b0MM HG 0 

AERODYNAMIC DUMF.TER5 ARf CALC:llLATEn HERE Hr.nRDJNG TO MERCER, 



MVPOTMf.TlCAL ~RINK TEST • STAGE O • STAr,F h, NO FtLTER 

IMPACTOR FLOWRATE • 01 011 ACFM 

IMPACTOR PRfSSUR[ OROP • l~Z IN, OF MG 

ASSUMED PAATtCLE OENSlTV • t~on GM/Cll,CM~ 

JMPACTOA TEMPERATUAF • 300,0 , • 148,0 C 

STACK TEMPERATURE • 300,0 F • 148,• C 

STACK PAFSSURE • Jn,oo tN, OF HG 

SAMPLING DURATION • is.on MIN 

GAi COMPOSJTt~N tPtACfNT) C02 • 12 1 88 CO • D,00 

7~42•2£•01 GR/ONCF 

HZO • ~.oo 

l 1 ?00l!•03 MG/DNCM CALC, MAIS lOAOlNG • 4,7757£•01 GP/ACF 

tMPACT~R STAGf 

STAG! tNDfi NUM8fA 

050 (MJCAOM[T!AS) 

MAIS CMILLlGAAMS' 

MG/ONCM/STAG£ 

CUM, PfACFNT 0, MASS SMALLEM TMAN 050 

CVM 1 (MG/ACM) SMALLER TMAN 050 

CUM, (MG/ONCM) SMALLER THAN nso 

CUM 1 (GA/ACF) 9MALIEA TMAN 050 

CVH, (QR/ONCF) SMALLER THAN 050 

G!O, MEAN OJA, (MtCROMET!RS) 

OM/DLOGD (MG/DNCM) 

DN/OLOGD (NO, P&ATtCLES/DNCMl 

so St 

2 

S2 

] 

IJ 

• 
15 

• 
t.t• 

•• 
1 

&,12 2,•o z,10 1,01 1,11 o,so 01 10 o,oo 

7,23E+02 3~4JE+OZ 2,SSE+oz t.•1!+02 l,l•E+02 1,94[+0\ l,ll!+Ol O,OO(•Ol 

o,oo 
b,28f+02 4,08E+02 2,44[+02 l,ZOE+OZ J,04E+Ol ?,5•l+OO 01 00!•01 

•,11E+OZ ·~JOE+oz J,7•!+n2 l,87E+OZ 4,Tl!+OI t,t8E+OI O,OO!•Ol 

21 14E•O\ l~78E•O\ l,07!•01 5,21E•02 t,SJ!•O! 1 1 32!•03 01 00!•01 

o.21E•Ot Z.77!•01 l,oo!•Ol a.l•!•OZ 2.07!•02 5,1•!•03 O,OO!•OI 

5,11!+0t 7~5•E+OO 41 16!+00 J,tl!+OO t,?•E+OO 11 01!+00 o1 23!•0l 1 1 15!•01 

~,15£+02 t,3\E+OJ t,Z8!+03 l,•T!+OS 1,8SE+OZ 21 701+02 4,0•l+Ol 01 00!•01 

7,t2E+O• 5,70!•0• 2,15[+\0 l,Oo!+tl t.Z7F+tl 4,•sr+ll J,IO!+ll O,OOE•Ol 

NORMAL (fNGINf!At~G STANOARD) CONDITIONS AAr 21 DEG C ANO 760MM MG. 

•ERODVNAMtC Dl•M!TFAS iR£ CALCULATED HERE ACCORDING TO THE TASK GROUP ON LUNG DYNAMICS, 



HVPOTMETlCAl BPJNK TFST • STAGE 0 • STAGf S, NO FJLTFR 

IMPACTOR FLOhRATE • o,n31 lCFM SAMPLING DURATION • 19,00 MIN 

STACK TEMPfRATURF a 300,0 F • 148,9 C IMPACTOR PRESSURF DROP • n~u IN, OF HG 

ASSUMED PARTICLE OfNSITV • 2~40 GM/CU,CM~ MAX, PARTICLE DIAMETER • 168 1 0 MICAOM£TE~S 

C02 • t2,8A 

CALC, MASS LOAOtNG a Q1 742&E•OI GR/ACF 

JMPACTO~ STAGE 

STAGE INDEX NUMBFP 

D5o CMtCROMEfERS) 

MASS (MILLIGRAMS) 

MG/ONCM/STAGF 

CUM, PERCENT OF MASS SMALLER THAN DSO 

CUM, CMG/ACM) SMALLER THAN OSO 

CUM, IMG/DNCM) SMALLER THAN n5o 

CUM, (GR/ACF) SMALLER THAN DSO 

CUM, CGR/ONCF) SMALLER THAN 050 

GEO, MEAN DIA, (MICROMETERS) 

OM/DLDGO (MG/ONCM) 

ONIOL0GD (NO, PARTICLES/ONCMl 

so 

co • 0,00 

SI 

2 

S2 

l 

oz • s,sz 

l,0853E+Ol MG/ACM 

S3 

Q 

SQ 

5 

85 

&,12 2,90 2,1& t,63 l,18 n,30 

7,21E+02 l.41E+02 l,5SE+02 1,93E+02 t,39E+OZ l,54E+Ol 

0~00 

&,20E+02 u,nor+o2 Z,lbE+nz t,lZ!+nz 2,28E+Ol o,OOE•OI 

9,&SF.+02 &,21E+nz l,&7E+02 l,7SE+02 l,54E+Ol n,ODE•OI 

2,71E•Ol 1,15E•OI l,OlE•Ol 4,•1!•02 9,9&E•03 01 00!•01 

a,22f•Ol 2~72E•Ol l,blE•Ot ?,60!•02 t,55!•02 O,OO!•Ot 

3,llf+Ol 4,8&E+on ~.84E+OO 1,•?E+OO l,12E+OO 6,18!•01 

~.t4E+OZ t.JOE+03 1.Z&E+n] l,~QE+Ol l,71E+02 z.56!+02 

l,llf+07 8~98E+oq 4,l9E+to l,TZE+tl 2,13!+11 8,b5E+ll 

NORMAL CENGINEERING STiNOARO> CONDITIONS ARE 21 DEG t AND TbO~M Hr., 

HZO • e,oo 

l,b882f+OJ MG/DNCM 

flLTER 

7 

o,oo 

J,7JE•Ol 

01 00!•01 

O,OOE•Ol 



w 
.ii. 
0 

MYPOTHFTlCAL ~Pl~K TEST • ~TAGf n • STAGF ~. NO FJLTFA 

IMPACTOR 'LOWRATE • n,nll ACFM IMPACTOR TEMPE~ATURE a ]00 1 0 F a 148,9 C 

STACK TEMPERATURE a 100,0 F a 108,• C tMPACTOA PAEISURE OROP a o.o JN. 0, MG 

AS8UM!O PAATlCLE OfNSlTY • 1:no GM/CU.CM~ STACK PRFSIUAE • Jo,oo tN. 0, MG MAX, PAATICL! OJAMET!A • 2~n,l MtCROM!T!RI 

GAS COMPOSITION (PERCENT) 

CALC, MAIS LOADING a 11.Ja?bE•O! GA/ACF 

IMPACTOR STAGE 

STAGE INnElt NIJMMA 

050 (MJCAOMETERI) 

MAii CMILLIGAAMS) 

MG/DNCM/STAGf. 

CUM, PERCENT 0, MASS SMALLER TMAN 050 

CUM 1 (MG/ACM) SMALLER TMAN 050 

CUM, CMG/ONCM) SMALLER TMAN nsn 

CUM, (GA/ACF) SMALLER THAN 050 

CUM 1 CGP/ONC'> SMALLER TMAM 050 

GEO, MEAN OJA, CMICROMETEA9) 

DMIDLOG~ (MGIDNCM) 

DN/DLOGD (NO, PARTJCLESIDNCM) 

co • o,oo 

7~3776E•OI GR/OMCF 

so St 

l 

5, 7J 

u 
J " 

Sii 

5 

oz • 5,U 

85 

6 

6,1z 2~•0 1,1• 1.•1 t,18 o,io 

7,2Jf+01 J,llJF+oz 2,55E+OZ l,•J!+02 1,J•!•02 J,511!+01 

57,17 16.~8 Zt,76 10 1 36 2~10 o.oo 

6,20E+02 4,00E+02 2,l6E+02 l,12!+02 2,28f+Ol 0 1 00!•01 

•,65E+02 6,2JE+02 J,67[+nz l,75E+02 J,54£+01 o,oOE•OI 

2,71F•Ol t~75E•Ot l,OJE•OI 4,•lE•OZ •,96£•03 01 00!•01 

11 1 22!•0\ 2~72!•01 t,6tf•Ot 7,64E•OZ t,55!•01 0 1 00!•01 

5,zor.+01 1~11E+oo o,58r+oo J,ll!+oo t,•tr+no 11 1Jr+oo 

5,17E+OZ t,33!+03 t,Jt!+Ol t,7~E+OJ 0,07!+02 J,OOE+Ol 

7,nJE+06 5~5ZE•n• Z,6tf+t0 •,•o£+l0 1,11!+11 4,0Z!+\l 

NORMAL CEMGJNfEAlNC STANnA~O) r.ONDITIONS ARF zt DEG c AND 760MM MG, 

AEAOOY~AMtC DJAMETFAS ARf CALCULATED MER! ACCOAOTNG TO MERCER, 

M20 • 8,00 

\,6882£+01 MG/ONCM 

l'IL T!A 

' 
o,oo 
O,OOhOI 

11,•S!•l!t 

O~OOE•Ot 

0~00!•01 



MVPOTHETICAL ARINK TF.ST • STAGf 0 • STAGf 5 1 NO FILTER 

IMPACTOR FLOWRATE • 0 1 031 ACFM IMPACTOR TEMPERATURE • 300 0 0 F • 148,~ C 

STACK TEMPERATURE • 300,0 F • 148,q C 

SAMPLING DURATION • 15 1 00 MIN 

IMPACTOR PRfSSURE o~OP • o.4 IN, OF HG 

ASSUMED PARTICLE DfNSITY • 10 00 GMICU,CM~ STACK PRESSURE • 30 1 00 IN 1 OF MG 

GAS COMPOSITION CPERCENT) co2 • 12,se 

CALC, MASS LOAOING • 4,7426E•01 GR/ACF 

IMPACTOR STAGE 

STAGE INDEK NUMBER 

OSO (MICROMETERS) 

MASS (MILLIGRAMS) 

MG/DNCM/8TAGE 

CUM, PERCENT OF MASS SMALLER THAN DSO 

CUM, (MG/ACM) SMALLER TMAN D50 

CUM, (MG/DNCM) SMALLER THAN 050 

CUM, CGRIACF) SMALLER THAN 050 

CUM, (GR/ONCF> SMALLER THAN 050 

GEO, MEAN DIA, (MICROMETERS) 

OM/OLOGo CMGIONCM) 

DN/DLOGD (NO, PARTTCLES/ONCM) 

so 

co • o,oo 

81 

2 

82 

3 

n2 • 5,52 

1,0853E+03 MG/ACM 

S3 84 95 

4 s 

b,12 z,qo z,tb t,bl 1,1e 0,10 

7,2lE+02 l,43E+02 2,55E+02 l,q3E+02 t,l9E+OZ 3 1 54!+01 

57.17 0,00 

&,20E+02 4~00E+02 2,3bE+02 1,12!+02 2,28E+Ol O,OO!•Ot 

q,bSE+OZ b~2lE+02 3,b7E+02 t,75E+02 3,S4E+01 O,OO!•Ot 

2,7\E•Dt t~75E•01 \,Ol!•Ol 4,91£•02 9,9bE•Ol 0,00£•01 

4,22E•01 2~72E•Ot t,b1E•Ol 7,b4E•02 t,55E•OZ 0 1 00[•01 

5,tT!+Ot 7~5qE+OO 4 1 46!+00 3,ttE+OO l,79E+OO t,02£+00 

5 1 t5E+Ol 1,31!+03 l,l8!+03 l,68E+03 J,84[+02 l,1lE+Ol 

7,t2E+06 5~TOF+~q 2,75E+to t,06E+tt t,21E+tl o.qbE+ll 

NOAMAL (ENGTNEEAING STANDARD) CONDITIONS ARE 21 DEG C AND 760MM MG, 

AEROOVNAM7C DIAMETfAS ARE CALCULATED HFAE ACCORDING TO THE TASK GROUP ON LUNG OVNAMICS, 

HlO • e~oo 

1,688ZE+Ol MG/DNCM 

'IL TEA 

1 

o~oo 

0~00!•01 

b 1 18E•Ot 

O~OO~•nl 

O~OOE•f1 



IMPACT"A ,LOWRAT! • 0,031 AC,M 

IMPACTOR PR!llUR! DROP • l~l IN 1 O' MC 

AllUM!D PARTICLE O(NllTY • a:ao GH/CU,cM: 

IMPACTOR T!MP!RATUR! • J]O,O , • l•I•• C 

ITACK T!MP!RATUR! • SJ0,0 ' • l•5 1 • C 

STACK PR!llUR! 1 29 1 50 IN 1 DF HG 

COl 1 ll,11 co • 0,00 

0,6lTlt•Ol GRIONC' 

It 

MIO • e,oo 

1.os••!•OS MG/DNCM CALC, MAii ~OAOtNG • Z,IOTTl•Ol GR/ACF 

IMPACTOR ITAG! 

ITAG! INO!X NUMl!R 

0,0 CMICRDM!T!RI> 

MAii (MILLIGRAMS) 

MG/DNCMllTAO! 

CUM, P!AC!NT D' MAii IMALL!R THAN 090 

CUM, (MO/ACM) IMALL!R THAN 090 

CUM, (MGIONCM) IMALLIR THAN 050 

CUM, CGRIAC') IMALL!R THAN 050 

CUM, COA/ONCF) IMAll!~ THAN 050 

oro. M!AN DIA, (MtCRDM!T!RI) 

OMIDLDGD (MGIDNCM) 

DNIOLOGD (NO, PARTJCL!llONCM) 

IJ 

2 

IS 

s 
•• 
• 

I! 

' 
•• 
• 

0 1 19 

O,lO 

J~•l!+02 2,TO!+OI 2,01!•01 1,•T!+OI S1 T!!+Ol t,19!+01 2,ST!+OI 

•1~11 ao,1• 10,•1 •·•' s,•1 1,21 

·~211+01 1,111+01 1,Jot+o1 0,111+01 1,1ot+o1 1,001+01 

·~·4!+01 1,19!+01 1,11£+01 T,JTl+Ol 1 1 61!+0\ l 1 1T!+ftl 

l~IS!•Ol 11 13!•01 9,IT!•OZ l,••!•OI •,61!•01 6 1 Sl!•OS 

s:oJ!•Ol l,l•!•Ol ··••!•02 J,IZ!•OI l,91!•01 l,01!•02 

Z~IT!+Ol 1,18!+00 l,••l+OO l,lJ!+OO 6 1 20!•01 S,6J!•Ol S,TJ!•Ol 

Z~lT!+OI l,JS!+OJ l,TJ!+OS J,90!+02 21 91!+02 J,14!+01 T,ll!+Ol 

l~llf+OT ··••t+lO t,TS!+ll 2,181+11 a,•t!•lt 6,40!+11 1,21E+1r 

NORMAL (!NGIN!!RING ITANOARO) CONOITIONI AR! 21 DEG C ANO 760MM HG~ 



HYPOTH!TICAL BRINK TEST • STAGf. I • ~TAGF 6 1 FILTER 

fMPACTnR FLO~AATE a 0 1 031 ACFM IMPACTOR TEMPERATURF. a 330,0 F • 165 1 ~ C SAMPLING DURATION • 15 1 00 MIN 

IMPACTOR PRESSURE nROP • 1.2 fN 0 OF HG 

ASSUMED PARTICLE DENSITY s l~OO GM/CU,CH~ 

STACK TEMPERATURE • 330 0 0 F • \65,6 C 

GAi COMPOSITIO~ (PERCENT) eo2 i 12,ae 
CALC. MASS LOADING s 2 0 8077l•OI GR/ACF 

TMPACTOR STAG! 

STAG! INDF.X NUMAEA 

050 CMICAOMETEASl 

MASS (MILLIGRAMS) 

MG/ONCM/STAGE 

CUM, P!ACENT OF MASS SMALLER THAN 050 

CUM, CMG/ACM) SMALLER THAN 050 

CUM, (MG/DNCM) SMALLER THAN 050 

CUM, (GA/ACF) SMALLER THAN 050 

CUM, (GA/DNCF) SMALLER THAN 050 

GEO, M!AN OIA, (MICROMETERS) 

DMIDLOGO (Mr,IDNCMl 

DNIOLDGD (N0 0 PARTICLES/DNCM) 

co • o,oo 
4 0 6172£•01 GR/DNCF 

02 • 5,52 H20 • 1,00 

l,0566f+OJ MG/DNCM 

9\ 82 

2 

84 

4 

SS 

5 

FI~TER 

T 

z.qo l,16 10 03 1.1e 0,10 0,10 o,1q 

3,62£+02 2,70E+02 2,04E+02 l,47E+02 3 1 75!+01 11 25!+01 2,J1!+0l 

4,22E+02 2,SBE+02 t,34E+02 4 0 48£+01 2 1 20!+01 t,44E+Ol 

6 0 q4E+02 4,25E+02 2,21!+02 1,37E+Ol 3,62!+01 2 1 31!+01 

l,85!•01 l,l3E•Ol 5 0 87!•02 l 0 q6E•02 9 1 62E•03 6 1 31!•03 

3,0JE•Ol 11 86£•01 9,66E•02 J,22£•02 l 1 58E•02 11 04!•02 

3~89E+O! 4,65E+OO 3,21E+OO t,q4E+OO 11 14!+00 T,SO!•Ol T,01[•01 

2,tq£+02 1,39£+03 t,83£+0J 4,10!+02 3,16!+02 5,09£+01 ?188!+01 

7,t2E+06 2 1 64£+10 l,ODE+ll t 1 t3£+11 4,06!+11 2 1 30£+11 4.32!+11 

NORMAL (fNGIN~!RING STANDARD) CONDITIONS ARE 21 DEG C AND 7&0MM HG, 

AERODYNA~IC OtAMFTFRS AAE CALCULATED HERE ACCOADJNG TO MERCER, 



HYPOTH[TICAL 8AtNK T!IT • ITAQ[ l • ITAG[ &, 'tLTEA 

IMPACTOR ,LOWRAT! • 01 0Jl AC'M 

IMPACTOR PR!llUR! DROP • 1~2 IN, 0, HG 

AllUM!D PARTICLE O!NllTY • i:oo GMICU,CM. 

IMPACTOR T!MP[RATUA! • JJO,O ' • 165,6 C 

STACK T[MPEAATUA! • 110,0 ' • 165,6 C 

IAHPLlNG DURATION • 15 1 00 Mlk 

COi • 12,81 

CALC~ MAIS LOADING • l,80TTE•Ol GRIAC' 

IMPACTOR STAGI 

ITAGI lMD!X MUM8!A 

DSO CMtCROMITfRI> 

MAii CMILL!GAAMI) 

MGIDNCMllTAG! 

CUM 1 P!RC!NT D' MAii IMALL!R THAN DSO 

CUM, CMG/ACM) IMALL!A THAN 090 

CUM, CMGIDNCM) IMALL!R THAN DSO 

CUM, CIR/AC,> IMALL!A THAN DSO 

CUM 1 (GA/ONC') IMALL!A THAN 050 

G!O, M[AN DIA, CMtCRDM!TEAI) 

OMIDLOQD CMGIONCMJ 

ONIDLDGD (N0 1 PAAT!CL!llDNCMJ 

co • o,oo 

81 12 

2 

13 

J 

14 

4 

15 

s 
o,ea 
o,so 

HIO • 8,00 

l,0566(+03 MQIDNCM 

•• 
• 

0,45 

0,10 

J~61E+02 21 70!+01 2,04!+01 l,47!+01 J,TS!+Ot t,2!!+Dl l,JT!+Ol 

69~71 40,l• 20,•2 '·'' 1,4J '·'' 

1,211+02 2,ser+o1 l,S4E+o1 •,•81+01 1,101+01 s,••1+01 

6~•4!+02 4,l!!+OZ 2,21!+01 ?,J?!+Ol S1 6l!+Ol l,JTE+Ol 

t~IS!•Ol l,lS!•Ol S,IT!•OZ t 1 •6!•DI •,62f•OJ 6 1 Sl!•OJ 

l~OS!•Ol l,16!•01 •,66!•01 S,IZE•OI 1,ser.01 t,04!•01 

J~IS!+OI 4,Sar+oo J,lS!+OO l,81!+00 l,Ol!+OO •• 17!•01 6,21!•01 

2~18!+02 l,lS!+OJ l,T1l•OJ a.o•r+OI 1,14[+02 4,26!+01 T,&l!+Ol 

T~Jl!•O• a.T•!+lO l,08!+tt l,SO!+tl ,,O?[+tl 1,JO!+ll •,ZT!•lt 

NORMAL ClNGtN!!AlNG ITANOA•01 CONDITIONS AR! 11 O!G C lMO T•OMM HG. 

AERODYNAMIC D%AM!TfAI AA! CALCULAT!O H!Af ACCOADtNG TO TH! TASK GROUP ON LUNG OVNAM[CS, 



MVPOTHETICAL BRINK TEIT • STAG! l • STAGE 5, FILTER 

IMPACTOR FLOWRATE • 0,031 ACFM IMPACTOR TEMPERATURE • 300,0 F • 148,• C 

STACK TEMPERATURE • 300.0 F • 148 0 • C 

SAMPLING DURATION • 15 1 00 MIN 

IMPACTOR PREISURE DROP • 0~4 IN. OF HG 

ASSUMED PARTICLE O!NSITV • 2~40 GM/CU 1 CM~ STACK PRESSURE • JO,oo IN, OF MG 

co2 • 12.ee co • 0~00 

4~Jt•tE•01 GR/DNCF 

8\ 

CALC 1 MASS LOADING • 2~7745!•01 GR/ACF 

IMPACTOR STAQ! 

STAGE IND!X NUMBER 

050 CMICROM!TERI> 

MAii (MILLIGRAMS) 

MG/DNCM/ITAG! 

CUM, P!RC!NT OF MAii IMALL!R THAN 050 

CUM, CMG/ACM) IMALL!R THAN 050 

CUM, (MQ/ONCM) IMALL!R THAN 050 

CUM, (QR/ACF> IMALL!R THAN 050 

CUM, CGR/DNCF) IMALL!R THAN 050 

G!O, MEAN DIA~ (MtCROM!T!RI) 

QM/DLOQO (MQ/DNCM> 

DNIOLOOD (NO~ PART!CL!SIDNCM) 

82 

2 

83 

J 

15 

5 

2~90 2,16 1,•J l,18 o,Jo 

3~43!+02 2,55!+02 1,•3!+02 1,39!+02 J,54!+01 

4 1 15!+02 2,51!+02 t,27E+02 J,72!+01 t,44!+01 

6~45!+02 J,•O!+OI t,97!+02 5,79!+01 2,24!+01 

10 81!•01 t,lO!•Ol 5,54!•02 l,•3!•02 6 1 3l!•OJ 

2~82!•01 1,101.01 8,•2r.02 2~5l!•02 9,81!•0J 

2~45!+01 2 1 84!+00 l,97!+00 t,12!+00 •,ll!•Ol 

2~05E+02 l,Z•!+OJ t,•4!+03 3,Tl!+OZ 2 1 56!+02 

1~1or+o7 4,J•r+10 l,72r+11 2,1J!+t1 a,•5r+11 

NORMAL f!NGIN!!RINQ ITANOARO) CONDITIONS AR! 21 DEG C AND 7•0MM HG, 

H20 • &,Oft 

9,8T•T!+02 MG/DNCM 

FILTER 

• 
0,1• 

2~24!+01 

3,1JE•Ol 

7~4.!+01 

4,42!+11 



HVPOTHFTICAL ~HINK T!ST • STAGE 1 • 8TAGf 5, FILTER 

IMPACTOR 'LO~RATf • o,olt AC,M IMPACTOR T[MPfRATUR~ a ]00 1 0 , • 148,q C 

STACK T£MPER&TUAE • 100,0 F • 14~,q C 

SAMPLING DURATION • t~.oo Ml~ 

IMPACTOR PAt9SllW£ l'IAOP • ll~Q HI, OF MG 

ASSUMED PARTICLE OfNSITV a 1,00 GMICU,CM~ STACK PRESSURE • Jo.on tN, OF MG 

IMPACTOR STAGE 

STAG! !NO!X NUMBER 

050 (MJCROM!TEAS) 

MASS (MtLLIGAAMS) 

MG/tH•CM/STAG! 

COi' a ti! 0 tlll 

CUM, PERCENT 0, MASS SMALLER THAN D50 

CUM 1 (MG/ACM) SMALLER THAN D50 

CUM, (MG/DNCM) SMALLER THAN 050 

CUM, (GR/ACF) SMALLER THAN 050 

CUM, fGRIDNC') SMALLER THAN D50 

G!0 1 MEAN DIA, (MICROMETERS) 

DMIDLOGD (MQ/DNCMJ 

DNIDLOGD fNO. PAATtCLEl/DNCM) 

Cll • 0 0 00 

4 0 lt•t!•Ot GR/DNC' 

SI Si! 

2 

IJ 

J 

2,111 

02 • '1,52 

84 

z.•o z.s• t,•s 1.11 o,so 

J.4JE+OZ Z,55!+02 t,•SE+02 t,3•!+02 J 1 54!+0l 

4~\SE+OZ 2,51E+OZ 1,21!+02 l,12[+0\ 11 44!+0\ 

·~45!+02 J,•O!+OZ t,•1!+02 5,1•E+Ol 21 24!+01 

l 1 At!•Ot t,tO!•Ol 5 1 5A!•02 t,63!•02 •,lt!•OJ 

Z0 8Z!•Ot 1,10!•01 8,621•02 Z0 5l!•02 •,ll!•Ol 

J 0 86f+OI 4,51!+00 J,2Z!+OO 10 •l!+OO 11 13!+00 

z,01!+02 t,Jt!+oJ t,1a!+OJ a,01r+n2 1 1 00!+02 

•.&•!•O• 2,•t!+to •,•o!+IO l,tlE•ll 4,02!+11 

NORMAL ([NGtN!F.RtNC STANDARD) CONDITIONS APE ~t DEG C AND 160MM HG, 

AEltODVNAMIC DU~F.Tf"lfll ARE CALCIJUTED HERE ACCORDING TO MERCE'R 1 

H20 • 1,00 

• 1 11?6?[+02 MGIDNCM 

FILTER 

• 

···•U•Ol. 

1 1 46HDt 

l ~lllht I 



w 
ti:. 
-...J 

IM,ACTOA 'LOWAAT[ 1 O,Oll AC,M IMPACTOR Tl!MP!RATURI! • JOO,O , • 148 1 9 C 

STACK T!MP!AATUA! • JOO~O , • 148,4 C 

SAMPLING DURATION • 15,00 MIN 

tM,ACTOR PAEllUAI! DROP • 0~4 IN, O' HG 

AllUM!D PAAT?CLI! Dl!NllTY • 1~00 GM/CU,cM: STACK PR!SSUA! • Jo,oo IN, 0, HG MAX~ PARTICLE DIAMETER • Z•0,3 MICROM!T!RI 

GAi COMPOSITION CP!AC!NT) coz • u.u co • o,oo NZ • 73,60 02 • !I, !12 

CALC, MAii LOADING • 2, 7141!1[•01 GA/AC, ll~Jl61E•Ol GAIDNC' 6,J4'0l!+OZ MIU ACM 

IM,ACTOR ITAG! 81 u SS S4 15 

STAG! tND!X NUMBER z 3 4 !I 

090 CMtCROM!T!AI> !1~61 J,!15 2, '72 t,t8 o,n 

MAii (MILLIGAAMI) 1,•o 2,U t,U l,U O,JO 

MQ/DNCM/ITAGl J',4J!+Cl2 l,'55!+111 t ~·3!+!12 t I J9!+0Z J,'541!+01 

CUM, P!RCl!NT M MAii SMALLER THAN D!O 6!~Jl :s•,41 1',•a 5,86 2,21 

CUM, CMG/ACM) IMALL!R THAN DSO 4~ 15!+02 z,St!+o2 t',2'1!+02 J, 12!+01 l 1441!+01 

CUM 1 (MG/DNCH) IMALLlA THAN 050 6~4!ll!+OZ J,•O!+OZ 1,•n+oz '!5, 7'!+01 2,24!+01 

CUM, CIR/AC') IMALL!A THAN DSO l ',U!•Ol 11 101!•01 5,'!511!•02 1,Ul!•OI 61111!•03 

CUM, CllllDNC'> IMALLIR THAN 050 2·1 811!•01 t,101!•01 l,UhOZ l,!IJl!.OZ •,8t!•OJ 

HO, MUN DU, (M!CADM!T!AIJ J~H!+ot 11,46[+00 J, l ll!+OO l, 1'!+00 t,Ol!+OO 

DMIDLDGO (MQ/DNCM) 2,06!+02 t ,H!+OS l,Ul!+OJ J,84!+0I 2,11!+02 

DNIDLOGD (NO, 'ART!CLlllDNCM> 1 I OJ!+06 2, 15!+10 l,06!+ll 1,ZU+ll 11,'6!+11 
' 

NORMAL Cl!NG!N!!RING STANDARD) CONDIT!ONI AA! ZI DEG C AND 160MM HG, 

A!AODVNAMIC DIAM!T!AI ARE CALCULATED HIA! ACCORDING TD TH! TASK G"OU~ ON LUNG OV~AMICI, 

H20 • 8,00 

•,87•7!+02 MGIONCM 

l'?L T!lt 

6 

o.u 
Z~ZllE+Ot 

6, 18E•Ol 

1~46!+01 

2.4!1!+11 



HYPOTHETICAL IRtNK TEIT •STAGE 1 • STAGE ., Nn ~ILT!R 

fMPACTOR 'LOWRAT! • 01 031 AC'H 

IMPACTOR PRlllUR! DROP • 1~2 IN, O' HG 

AllUM!D PARTICLE D!NIJTV • 2~40 GMICU,CM: 

IMPACTOR TEMPERATURE • 300 1 0 , • 148,• C 

STACK T!MP!RATUR! • JOO~O , • 14&,• C 

SAMPLING DURATION • 15 1 00 MIN 

STACK PR!llUA! • JO.DO IN, 0, MG MAX, PARTfCL! D!AM!T!A • 168 1 0 MJCROM!T!AS 

GAi COMPOSITION CP!AC!NT> coz • 11,ee co • o,oo 

4~16••!•01 GAIDNC' 

NZ • 13 1 60 02 • 5,52 HlO • s,no 

CALC, MAii LOADING • 2,7446!•01 GRIAC, 

IMPACTOR ITAG! 

ITAGI INDEX NUHllA 

OSO CM!CAOM!T!RIJ 

MAIS (HILL!GRAMIJ 

MG/DNCM/ITAGI 

CUM, P!RC!NT 0' HAii IHALL!R THAN 050 

CUM, (HQIACMJ IHALLIR THAN 050 

CUM, (MllDNCM) IMALL!A THAN OSO 

CUM, CGRIAC,J IHALLER THAN DSO 

CUM, (IRIONC'> SMALLER THAN 090 

GIO, MIAN DtA, (HtCAOMIT!RSJ 

OMIOLOOo tMG/ONCHJ 

ONIDLOGO (NO, PARTICL!llONCMJ 

61 Z80Tl+OZ MG/ACM •,TTOJ!+OZ MGIDNCM 

St sa 

z 
Z,25 

13 

J 

14 

• 
O,TZ 

., 
' o,SJ 

•• 
• 

'1LT£R 

T 

l,•o 2,1• l,63 1,11 n,10 01 10 o,oo 

J~4Jf+OI z,SS!+OI t,•JE+O! l,Jtf+02 J,S4!+0t l,lll+Ol 0,00!•01 

··~·] Jl,11 1•,11 Q,84 1,11 o,oo 

1,08!+02 1,11r+o1 1,10!+02 J,04!+01 T,S•!+OO O,OO!•Dl 

·~]4!+02 J,T•r+oz l,IT!+OI 4,TJ!+Ol 1,111+01 O,OD!•Ol 

l~11!•0t 1,0T!•Ol S1 24f•OI 1,JJ!•OI 1,Jl!•OJ O,OO!•Ol 

2~T7!•01 t,66f•Ol t,l6f•02 l,OT!•02 5,t6!•0J O,OO!•Ol 

2,4!!•01 2 1 14!+00 t,•T!+OO t 1 t2!+00 61 lT!•OI J,.J!•Ot J,Tl!•Ot 

2~05!+02 t,l•r+oJ t,64!+01 s.Tl!+OI 2,59!•02 J,68!+01 O,OO!•Dl 

l~IO!+OT 4,J•!•tO 11 12!+11 l,IJ!+ll l 1 6S!+tl 61 12!+11 O,OD!•Ot 

NORMAL (!NG!N!fRING STANDARD> CONDITIONS ARI ll O!G C AND T•OMM HG, 



MYPOTMETJCAL 8RIN~ TEST• STAGE 1 •STAGE &, NO FILTER 

IMPACTOR FL~~RATF a 0,031 ACFM 

IMPACTOR PRESSURF nRnP • 1~2 IN, OF MG 

•SSUMEO PARTICLE DENSITY • 1 0 00 GM/CU,CM~ 

IMPACTOR TEMPERATURE • 300,0 F • 148,q C SAMPLING DURATION • 15,00 MIN 

STACK TEMPERATURE a 300,0 F • 14A,9 C 

STACK PRESSURE • 30 1 00 IN, OF MG MAX, PARTtCLE D!AMETER • ?.&0,3 MICROMETERS 

GAS COMPOSITION CPFPCENT) CO? • 12,A8 co • o,oo 
4.2~9&E•01 GR/ONCF 

M20 • 8,00 

CALC, MASS LOAOJNG a 2,744bE•Ol GR/ACF 

JMPACTOA STAGE 

STAGE ?NOE~ NLIM8ER 

050 (MICROMETERS) 

MASS (MILLIGRAMS) 

MG/DNCM/STAGE 

CUM, PERCENT nF MASS SMALL~R TH•N 050 

CUM, (MG/ACM) SMALLER THAN 050 

CUM, (MG/ONCM) SMALLER TMAN 050 

CUM, (GR/ACF> SMALLER THAN 050 

CUM, (GR/DNCF) SMALLER THAN 050 

GEO, MEAN DIA, (MICROMETERS) 

OM/OLOGO (MGIDNCM) 

ON/OLOGO (NO, PARTJCLESIONCM> 

81 52 

2 

S3 

J 

2,ea 

a 

S5 

5 

9,7103E+02 MG/ONCM 

0,5b 

2~90 2,1& 1,~3 t,18 0,30 0,10 o,oo 
3~U3E+02 2,5SE+02 t,•3E+02 !,3qE+02 1 1 54!+0\ l 1 l8E+Ol O,OOE•Ol 

38,81 19,11 4,84 1,21 o,oo 

4~08E+02 z,a4f+02 t,20!+02 3,04£+01 7,59E+On o,OOE•Ol 

&,3AE+02 3,79£+02 1,87£+02 a,73!+01 1 1 18!+01 O,OOE•Ol 

t.78E•OI 1,07F•Ol 5,iA!•02 t,33!•02 3 1 32E•Ol 0 1 00!•01 

Z,77E•Ol t,&&E•Ol 8,l&E•OZ Z1 07E•OZ ~.t&E•03 0 1 00[•01 

l~8&E+n1 4,58!+00 3,22!+00 1,91!+00 l,12E+Oo 7,39£•01 &,93!•01 

2,n7E+02 t,31!+03 1 1 73!+03 4,01~+02 Z,99!+02 4 1 81!+01 O,OOE•Ot 

&,86£+06 2,&1!+10 9,90E+l0 1,11!+11 4,01£+11 2 1 Z8E+ll O,OO!•Ol 

NORMAL CENGJNEER!NG STANOARO) CONOITIONS ARE 21 DEG C ANO 7&0MM MG, 

lERODVNAM?C OilM~TERS ARE CALCULlT!O ~ERE ACCORDING TO MERCER, 



IMPACTOR 'LOWRAT[ • 00 0Jl AC'M 

!HPACTOR PR!llUR! DROP • l~Z IN, O' HG 

AISUM!O PARTICL! O!NllTV • t:oo GMICU,CM~ 

IMPACTOR T[MP!RATUR! • J00 0 0 ' • lA8,• C 

STACK T!MP!RATUR[ • JOO,O , • 148,• C 

&TACK PR!ISUR! • lo.oo IN. 0, ~G 

SAMPLING DURATION • lS.OO MIN 

GAi COMPOSITION (P[RC!NT) coz • tz.ea eo • o~on 

4~Z•••!•Ol GR/ONC' 

HIO • &~00 

•,770)!+02 MG/~NCM CALC, MAii LOAOlNG • 2,744•!•01 GRIAC' 

IMPACTOR ITAG! 

ITAGI tND!X NUMB!R 

050 CMICROMIT[RI> 

MAii (MlLLlGRAMIJ 

MG/DNCM/ITAG! 

CUM 0 P!RC!NT 0' MAii IMALL!R THAN 090 

CUM 0 (MG/ACM) IMALLIA THAN 050 

CUM 0 (MG/ONCM) IMALL!R THAN 090 

CUN 0 fGR/AC') IMALL!R THAN DSO 

CUH 0 (QR/ONC'> IMALLIR THAN 090 

GI0 1 M!AN DIA 1 (MICROM!T!RI) 

DM/DLOGD CMGIDNCMJ 

ON/DLOGO (NO, PARTtCL£11DNCM1 

ll 12 

I 

•,2807!+01 MG/ACM 

IS 

J 
•• 
• 

1.1• 

l.t• 

19 

s 
•• 
• 

4~0&[+01 1 1 44!+02 lol0!+02 1 0 04[+01 7,S•!+OO 01 00!•01 

•~J4!+02 J,7•£+01 l 0 IT!+OZ 4,TJ[+Ot l 1 l8!+0l 01 00!•01 

1~78!•01 1,0TE•Ol s.2•!•01 t.JJ!•OI J,Ji!•OJ o,oor.oa 
2~77!•01 1,••!•0I 1.161•01 Z,OT!•OZ 9,161•01 O,OO!eOI 

'ILT!R 

' 
o.oo 

J~IZ!+Ol ··••r+oo J.tl!+OO 1.T•!•OO i.01r+oo 6,IJ!•Ol •·l•!•Ot 

1~0•!+02 t,21!+0J l 1 6T!+OJ J~IJ!+OZ l 1 T0!+02 41 06!+01 O,OO!•Ot 

T~OJ!•O• 2.1sr+10 t,O•!•lt ,.211+11 •·•S!+ll s.zor+tt o,OOl•Ot 

NORMAL C!NllHE!RIN; STANOARO) CONDITIONS AR[ Zl OEG C ANO T60MM HG, 

A!RODVNAMtC OtAMET!RS AR! ClLCULAT!n H!R[ ACCORDING TO TH! TAIK ~ROUP ON LUNG OVNAMICS, 



HV,OTH!TICAL BA?NK TEST •STAG! l •STAGE 5, NO FILT!R 

?M,ACTOR FLOWRAT! • o.olt ACFM 

IMPACTOR PR!SSUR! DROP • 0~4 JN, 0, HG 

AISUM!D PARTICLE D!NSlTV • 2:ao GMICU,CM: 

IMPACTOR TEMPERATURE • 300~0 , • 148,q C 

STACK T!MP!RATUR! • JOO,O , • 148,9 C 

GAS COMPOSITION (PERCENT) coz • 12,88 co • o.oo 
4:2180!•01 QRIDNCF 

St 

CALC, MASS LOADING • 2,7115!•01 GR/AC, 

IMPACTOR STAGE 

STAGE INDEX NUMBER 

050 (M!CROMET!RS> 

MASI (MlLLtQRAMS> 

MQIDNCMISTAQE 

CUM, PERCENT 0, MASI IMALL!A THAN D50 

CUM, (MG/ACM) IMALL!R THAN D50 

CUM, (MQIDNCM) SMALLER THAN 050 

CUM~ (Gii/AC,, IMALL!R THAN 050 

CUM• CGR/DNC'J IMALL!R THAN·D50 

Q!O, MEAN DIA~ (MJCAOM!T!AI) 

OMIDLDGD (MG/DNCM) 

DNIDLDGD <NO~ PARTICL!llDNCM) 

S2 

I 

SJ 

J 

84 

4 

o,U 

S5 

5 

2:•0 2,16 t,6J t,11 0,10 

3~43!+02 2,55!+01 1,•J!+02 1,3•!+02 J,54!+01 

64~50 38,0T 18,12 J~6T 01 00 

4~00!+02 2,36!+01 11 12!+02 2,21!+01 0 1 00!•01 

6~23!+02 J,6T!+02 1,75!+02 J,54!+01 01 00!•01 

1~75!•01 l,OJ!•OI 4,91!•02 •,•6!•01 O,OO!•Ol 

2~72!•01 t,6S!•01 7,641•02 t,55!•01 O,OO!•Ol 

2,45!+01 21 84!+00 t,•7!+00 1,12E+OO 6,18!•01 

2~05!+02 t,26!+0J 1,64[+03 J,71!+02 2,56!+02 

1~10!+07 4,S•E+lO l,TZ!+ll l~ll!+ll &,65!+11 

NORMAL C[MGIN!!RING STANOAROJ CONO?T?ONI AR! Zl O!Q C ANO 760HH MG~ 

MZO • 8,00 

•,6!ZZ!+OZ MG/DNCM 

FIL TEA 

• 

3, ?3E•01 

o'.oot•ot 

O,OO!eOl 



w 
l.11 
N 

HYPOTHETICAL ARJNK TFST •STAGE I • STAr,E ~. NO FILTER 

IMPAtTnR FLOWRATF • o,n11 ACFM 

IMPACTOR PRESSURE ORMP • o~a IN, OF MG 

UIU"4f0 PAR TI CL! DENSITY • l ~on GMICll,CM', 

IMPACTOR TE~PEAATUA~ • 3on,o , • 1118,0 c 

STACK TEMP(AATURf • 3no,o F • 14~,9 c 
SAMPLING DURATION • 15,00 MJN 

STACK PRESSURE • Jo.no IN, OF HG 

GAi CQMPOSITTON (PERCENT) CO? • li.',88 co • n,oo 

CALC, MASS LOADING • 2,1t11§E•OI GlflACF 4,2t80E•Ot GRIDNCF 

lM"ACTOR STAGE SI 

STAGE INDEX NUMA[R 

050 (MICROMETERS) 5, 73 

MASS (MILLIGRAMS) 2~90 

MG/DNCM/8TAGE J~an+nz 

CUM, P!RCENT OF MASS S"4ALL!R THAN 050 U~'50 

CUM, (MG/ACM) SMALLER THAN 050 11,00!•02 

CUM, ('1G/DNCHJ SMALLfA THAN 050 6,23[+02 

CUM 1 (GA/AC') SMALLER THAN 0'50 t,75E•Ot 

CUM, (GR/DNC'J SMALLER TMAN 050 2·, 1Z!•O I 

GEO, MEAN DIA, CMICROHEH'RS) J,HE+Ot 

OHIDLOGD (MGIDNCM) Z,07E+OZ 

ON/DLOGD (NO, PAATTCLES/DNCM) 6,A6E+06 

NORMAL (ENG!NEERIN~ STANDARD) CONDITIONS ARE 1t DEG C AND 760M"1 HG, 

AERODYNAMIC DUMf'TEPS ARF: CALCULATED HERE Ar.toRDtNG TO HERCER, 

12 

2 

J,h 

Z, 16 

Z1 55E+OZ 

38,07 

Z,JH+OZ 

J,6TP:+n2 

I 1 0lf•OI 

t 1 6lE•OI 

11,ser:+oo 

I 1 Jl!+O:S 

21 6l!+t 0 

MAX, PARTICLE DtAMETEA • 260,J MICROM!TERI 

N2 • 71,60 02 • '5. '52 

6,2047E+02 '1GIACM 

SJ Sii SS 

:s II 5 

2,8" t,29 0,98 

I ,63 I I t8 o,so 

t,9JE+llZ I I J•E+OZ 3 1 511E+llt 

18, U J,67 0 I 00 

I 1 UE+OZ Z,ZSE+Ol 0 1 00E•Ol 

t,75E:+02 3,511!+01 O,OOE•Ot 

11,91!•02 9,4'6E•OJ 01 00!•01 

1 ,UE•OZ t,SSE•OZ 01 00!•01 

J,ZZE+OO 1,•u:+oo l 1 tlE+OO 

I I 711E+OJ 4,07E+02 J 1 00E+02 

9,90!+10 t,tlE+ll 11,0ZE+I t 

H20 • 8 1 00 

9,6522E+02 MG/ONCM 

l'tLT!lt 

6 

o,oo 

O~OO!•Ol 

6,95!•01 

O~OOf•OI 

o.OO!•Cll 



HYPOTHETICAL BRINK T!ST • STAGE l • STAGE ~. NO FlLTER 

IMPACTOR FLOWRATE • O,OJl AC'M IMPACTOR TEMPERATURE • 300 1 0 F • 148 1 • C 

STACK TEMPERATURE a 300,0 F • 148,q C 

SAMPLJNG DURATION a 15 1 00 MIN 

JMPACTOR PR!SSUR! OROP • 0:4 IN, OP HG 

ASSUM!D PARTICLE DENSITY • i:oo GMICU,cM: 9TAC~ PRESSURE a 30,00 tN 1 OF HG MAX, PART?CL! O?AM!T!R • 2•0,3 MtCROM!TERI 

GAS COMPOSITION CP!RC!NT) coz • 12,88 

CALC 1 MASS LOADING a 21 1115!•01 GR/ACF 

IMPACTOR STAG! 

ITAG! INDEX NUMBER 

OSO (M!CROMET!RS) 

MAii (MILLIGRAMS) 

MGIONCMllTAG! 

CUM 1 P[AC!NT OP MAii IMALL!R TMAN 050 

CUM, CMG/ACM) SMALLER THAN 050 

CUM 1 (MGIONCM) IMALL!R THAN 050 

CUM, (QR/ACF) IMALL!R THAN 050 

CUM, CGRIONCF> SMALLER THAN 050 

G!0 1 M!AN D!A 1 (M!CROM!T!RS> 

DMIDLOGO (MGIDNCM) 

ONIDLOQO (NO, PARTtCL!810NCM) 

en • o,oo 

4:2180!•01 GRIDNCF 

Sl 12 

2 

6,204TE+02 MG/ACM 

SJ 

J 

14 

4 

95 

5 

2~•0 2,t6 l,6J t.18 0,10 

1:43!+02 l,55E+OI t,•3!+02 1,3•!+01 J,54!+01 

64~50 38,0T 18,12 J,61 0,00 

•:ooE+02 2116!+02 1,1Z!+02 2,28!+01 o,OOE•Ol 

6:21!+02 l,6T!+OZ 1,15!+02 J,94!+01 01 00!•0\ 

1:T5!•0t 1,03!•01 4,qt!•02 q,q•!•OJ 01 00!•0t 

2~T2E•01 11 61!•01 1,64!•02 1,55!•02 01 00!•01 

3,82!+01 4 1 46!+00 J,ll!+OO t,T•!+OO 11 02!+00 

2~06!+02 1,28£+01 1,•a!+os J,&4!+02 z.12r+o2 

7 1 03!+06 2,TS!+tO 1,0•E+tl t,27!+11 4,•6!+11 

NORMAL (!NG!N!ERING STANDARD) CONDITIONS ARf Zl O!G C AND 760MM HG~ 

AERODYNAMIC DlAM!T[RS AR[ CALCULATED H[RE ACCORDING ro TH[ TASK GROUP ON LUNG DYNAMICS, 

H20 a 8,00 

9 0 6!Z2!+0Z MG/DNCM 

'ILTER 

• 

n,OO!•Ot 

O~OOE•Ol 
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t.J 
U1 
U1 

HVPOTH!TICAL UNtVfRS?TV nF WASHJNr.TnN MARK tll 

IMPACTOR FLDWRATE a 01 500 ACFM 

IMPACTOR PREISUR! OPOP • 10 0 JN, 0, HG 

AllUMED PARTICLE O!NSITV • 2~34 GMICU 0 CM 0 

QAI COMPOSITION CPERCENT) 

CALC. MASS LDAOING • 214939E•02 GR/ACF 

IMPACTOR STAG[ 

STAGE lNOEX NUMBER 

050 (MICROMETERS) 

MAIS (MtLLlGRiMS) 

MGIDSCMISTAGE 

CUM 1 P!RC[NT 0, MASS SMALLER TMAN 050 

CUM, CMG/ACM) SMALLER THAN D50 

CUM, (MGIDNCM) SMALLER TMAN 050 

CUM, (GRIAC,) SMALLER THAN 050 

CUM, (OAIONCF) SMALLER THAN 050 

G!O, MEAN or•. (MlCROM[T[RS) 

OMIDLDGO fMGIONCM) 

ONIOLOOD fN0 0 PARTICL!BIDNCM) 

IMPACTOR TEMPERATURE • 213 1 3 F • 100 0 7 C 

STACK TEMPERATURE • 113,l F • 100 1 7 C 

SAMPLI~G OURATlON a J0 1 00 MIN 

Sl 

STACK PRESSURE • 22,96 IN. OF HG 

92 

2 

co • o.on 

9l 

3 

SA 95 

5 

96 

• 

02 • 5,02 

97 

7 

0~16 

HtO a 1 0 61 

l 1 0S4•!+0! MGIONCM 

F!LT!R 

8 

5~93 2,61 J,01 5,81 4,01 1180 0,40 0,67 

1,53!+01 l,llE+Ot 1129!+0\ 2,48[+01 1 0 71!~01 7,68!+00 1,71!+00 2 1 86!+00 

75 154 64 1 77 52 1 35 28,JS 11,84 4 1 41 2,76 

4,llE+Ol 31 70!+01 2,99!+01 11 62!+01 61 76!+00 2 1 52!+00 11 58[•00 

7,82!+01 6,70!+0\ 5 1 42E+Ol 2 1 94!+01 l 1 23E+Ot 4 1 57!+00 1,86!+00 

t 1 88E•02 l 1 b2E•02 t,31E•02 7,08E•03 2,q5f•03 1110!•03 6 1 8•1•04 

3,42!•02 2,93!•02 21 37!•02 t,28!•02 5,35!•03 21 00!•0J l 1 15l•OJ 

3,47E+Ol 8,00E+OO 5,27E+OO 2,23E+OO t,OJE•oo 6,06E•Ol 2,&tE•Ol 1,12!•01 

t 1 80E+Ol •4 1 80E•02 J 1 4l!+Ot 61 6b!•Ol 5 1 82!+01 4 1 51E+Ot J,44[•00 •,50!+00 

2,J5E+05 •l,56!+09 11 42!+08 41 92!•09 4 1 29!~10 11 66[+11 t,26!•11 51 48!+12 



JMPAtTnA 'LnWAAT! • n,sno AC,M 

IM'ACTMA PRESIURF DROP • 1,0 fN 1 0, HG 

AISUM[D PARTJCLF DENSITY• l,00 ~M/CU,CH, 

CALC, MASS LDAntNG • 2,a•J•E·OZ G~l•C' 

I M'AC TOil I TAGF 

ITAG! INM[• NUH~ER 

D'O (HJCRMMfT[AS, 

MAIS (MJLLIGAAHI) 

MGIDIC1141STAGr 

CUM, '!AC[NT OF HAii SMALLER TMAN 050 

CUM, (MG/ACM) IMALLrA THAN nso 

CUM 1 (MG/MNCH) 8HALL!R THAN 050 

CUM, CGAIAC,) SMALL!A TMAN 050 

CUM, CORIDNC') IMALLfR TMAN 050 

Qf0 1 MEAN DIA, (MICROM!T!AI) 

DMIOLOGD (MGIDNCH) 

DN/DLOGn (NO, PAATICL[l/DNCM) 

IMl'ACTOA TEMPEIUTllAE • j?l],3 , • tnn,7 r. SAMPLING DURATION • J0,00 MIN 

SI u 

2 

U,IJO 

r.o • n,oo 

93 

3 • 
u 
5 

02 • 5,02 

7 

Hi?O • 8 1 .S 

11 034•!+02 MG/DNCM 

'IL T!:A 

8 

~.•3 1,•1 J,ot s.~1 0,01 11 1n o,ao o,•7 

1.,53[+01 t,1tr+o1 1,2•r+o1 Z,48[+01 t,71[•01 ,,.1!+00 l,71E•DO 2,8•E•OO 

U,77 u.u 
4,JIF•Ol J.?o!+Ot z.••r+ot t,•2F+Ot •.7•!+00 2,52!+00 l,58!+00 

7,12[+01 6 1 70!+01 5,0ZF+Ol 21 •4'-+0t 1 1 23!+01 4 1 171•00 1,l•l•OD 

t,18[•01 1 1 62!•0! t,31'-•02 7,08!•01 2,•5E•03 11 10!•03 •,&•1•04 

1,42E•02 2,•JE•OZ Z1 37!•0Z 11 28£•112 5,35E•03 2,00E•Ol l,25E•Ol 

•.11r+o1 1,2•E+n1 ~.11r+oo s,•tr+oo 1.1er+oo 1,12!+00 •.s2r.01 z,•7!•01 

t,8t!•OI ···••E+OZ 3,51!+01 7,04,+0t •,a•f•01 5.4•E+n1 a,83!+00 •,50[+00 

t,50E+05 ·•.e•E+08 t,t•E+Oe 2,~4E+o• Z,21E+10 7,50!+10 3,66!+10 6,92f+ll 

NOAMAL cENGtNEEAING STlNOAAD) CONDITlONI APE Zl nEG c AND 760MM MG, 

•!•DDV"IAHJt: DTAMFT!AS AR! CALCllLATEn H!Pf ACCnltl'T'-'G TO MERCf:A. 



MVPOTMETICAL UNIV!Rl?TV 0, WAIM!NGTON MARK JII 

IMPACTOR ,~OWRAT! • 01 900 AC'M 

IMPACTOR PR!llUR! DROP • 10 0 IN, 0, HG 

AllUM!D PARTICLE O!NllTV • l,00 GMICU,CM, 

GAi COMPOSITION (PERCENT> 

CALC~ MAIS LOADING • 2,493•!•02 GR/ACF 

!MPACTOA STAG! 

ITAG! IND!~ NUMB!R 

D!O (MlCROM!T!RI) 

MAii (MlLLlGRAMll 

MGIOICMllT4G! 

CUM, P!RC!NT O' MAii SMALL!A TMAN D!O 

CUM, (MG/ACM) SMALLER THAN 050 

CUM 1 (MG/ONCM) IMALL!R THAN DSO 

CUM 1 CGRIAC,) IMALL!A THAN D!O 

CUM, (GAIDNC') IMALL!R THAN 010 

0!0 1 M!AN DIA, (MtCROM!T!AI) 

OM/DLOQO (MQ/ONCM) 

DN/DLDGD (NO, PARTtCL!SIONCM) 

IMPACTOR TEMP!RATUR! • 213,J , • 100,T C 

STACK TEMPERATURE • ZIJ,J f • t00,7 C 

81 92 

2 

co • o,oo 

SJ 

J 

5,JO 

14 

N2 • 74 1 34 

85 

5 
•• 
• 

o,a2 

oz • 5,01 

17 

1 

HID • l,•I 

l 1 0J49!+02 MG/DNCM 

FILTER 

B 

1,•1 2,•1 1,0\ s,e1 0,01 i,10 o,oo o,•T 
2,!J!+OI 1,11!+01 1,2•!+01 2,48!+01 11 71!+01 ?,•IE+OO 11 71!+00 2,B,1+00 

21,JB 

4,JlE+OI 3,TO!+Ol a.••t+Ol l,62E+01 6,16!+00 2,SZE+OO t,Sll+OO 

7,12!+01 6,TOE+Ol 5,42!+01 2,94!+01 l,ZJE+Ol 4,57!+00 Z,8•1+00 

t,88!•02 t,•2!•01 t,Jtt•OI 7,0B!•OJ 2,9!!•01 t,tO!•OJ •,B9E•04 

J,41!•02 z,•3!•02 2,JT!•02 l,28!•02 S,JS!•OJ Z1 00!•0J \ 1 25!•0J 

61 10!+01 t,Zl!+Ol 8,ll!+OO J,48E+OO l,•!1+00 91 91!•01 41 95!•01 21 10!•01 
I 

1,Bl!+Ol •9,86!+02 J,46!+01 61 79!+01 6 1 04!+01 41 1JE+Ol J 1 15!t00 •,SOE+OO 

11 52!+0! •1 1 01!+09 1,21!+01 J,08!+09 2,!8!+10 91 50!+10 •,06!tl0 l 1 9Sl+IZ 

NORMAL (!NGIN!ERING STANDARD) CONDlT?ON8 ARE 21 DEG C AND 7•0MM HG, 

AEROOVNAMIC DXAMET!RI ARI CALCULATED HERE •ccnRDtNG TO TM! TASK GROUP ON LUNG DVNAMIC8, 



w 
l.11 
(X) 

111l1111t1?~??2?~??~13~1J,,J33aaanU4Q4U455~~~~5~55~6b~~bb6b67777777777A 
t2JQ~~78Q01?~4~b7~Qn1?lU~~7~~0,21a~h7RQOt?~4~~7~qn121~~67AQn1?3U~61~qnt?145b7~QO 

····--·····-···········-·---·-·-·-----·-···----····--··-························ o" no 
c I 0 R ~ v F R s T n ~.I ' T F ~ , F n p ~ F T F (H~ !"I I n G v p F' 5 F ~ I( c H ' I II.I c • 
nt 
22.Q6 ?t'·' 2''·'?.~~ ,n.n20n,nonn1 
.111' .nonn ,A1J~ .~~~o .o~~~ 

~.h7 n.an t.~o u.n1 5,At '·"' ?.~1 ~.q3 
o.snn 
~VPOTHFTtrAL MF TFl"Pnt rir,v Rl:.SF:U~t~, TNC. 
no 
STOP l')nr,non 



MYPOTM!TICAL M!TfOROLOGY R!8EARCM, tNC, 

IMPACTOR FLOWRATE • 01 500 ACFM 

lMPACTOR PR!SSURf DROP • 2~1 IN, nF MG 

ASSUMED PARTICLE DENSITY • 2~14 GM/CU,CM~ 

CALC. MASS LOADING • 2,4q3qE.oz GRl4CF 

tMPACTOR STAG! 

STAG! IND!X NUMS!R 

050 (MJCROMETERS) 

MASS CMtLLIGRAMSJ 

MG/PSCM/STAGE 

CUM, P!ACENT OF MASS SMALLER TMAN D!O 

CUM, CMGIACM) SMALLER THAN D!O 

CUM, CMG/ONCM) SMALLER THAN 050 

CUM, CGRIACF) SMALL!R THAN 050 

CUM, CGRIDNC~) S~ALL!R THAN DSO 

G!Oo MEAN OtA, (MtCROMETERS) 

OM/OLOGD (MG/DNCM) 

DN/DLOQD (NO, PAATICLESIDMCM) 

IMPACTOR TEMPERATUR~ • 213,3 F • t00,1 C 

STACK T!MPERATUR! • 213,l F • 100 1 1 C 

SAMPL?NG nuRAT?ON • 10.00 MtN 

MAX, PARTICLE DIAMETER • 100 1 0 MICROMETERS 

81 

co • n,on 

4,SZ23E•02 GRIDNCF 

82 

2 

SJ 

1 

85 

! 

86 

6 

0,33 

ST 

1 

HZO • a.•s 
l,n34•E+02 MG/ONCM 

FlLT!R 

~ 

5~q3 2,61 !,Ot 5,81 41 01 11 80 n,40 ",61 

Z~53E+Ol 11 11!+01 t,2q!+01 2,48!+01 l 1 11E+Ol 1,68!+00 \ 1 11E+OO 21 86E+OO 

15,54 &4,11 52,35 28,18 ll,84 4,41 2,16 

4,31!+01 3,TOE+Ol J,99!+01 1,62!+01 6,76!+00 2 1 52E+OO 1,58!+00 

1~82£+01 6,TOE+Ol ! 1 42!+01 Z.94E+Ol l,23!+01 A,5T!+OO 2,86!+00 

t,88!•02 t,62!•02 t,Jl!•02 7,08!•03 Z,•5!•0] 11 10!•03 6,8,!•0U 

3~4Z!•02 2,~S[•Oi l,!?!•02 l,28!•02 S,!!!•O! 2,00!•0! 1,IS!eOS 

l,34!+01 S,9UE+OO 4,68!+00 2,Zl!+OO 9,62!•01 4 1 &•!•01 2,74E•01 t,S9!•0t 

t,63!+01 •2.11!+02 u,q•E+o1 •.10!+01 5,22!+01 2,60!+01 9,q1!+00 •,sor+oo 

J,56!+05 •8 1 23!+08 J,•5!+08 4 1 11!+0• 4 1 18!+\0 2 1 05!+11 l,q4!+tl t,•4!+12 



MYPnTM[TfCAL M!TF.OAnLOGV A!SrAACH, INC, 

tMPACTOA 'LOWPATF. • 0,500 AC'M 

tMPACTOA PAESSUA! n•oP • 2,3 IN, 0, HG 

ASIUM!n PARTICLE DF.NSITV • 1~00 GM/Cll,CM~ 

CALC, MAii LOADING • 2.4•S•!•02 GA/AC' 

JMPACTOA ITAG[ 

ITAG! INDEX NUMllA 

DSO (MfCAOM!T!AIJ 

MASI (M!LLiGAAMIJ 

MGIDICM/ITAGE 

CUM, PIRC!NT 0' MAii INALL!A THAN 050 

CUM, (MGIACMJ IMALL!A THAN D50 

CUH, (MGlnNCM] SMALLER THAN DIG 

CUM, (OAIAC'J IMALLEA THAN 050 . 
CUM, CGAIDNC~] IMALL!A THAN DSG 

G!O, "!AN or•. cHrc•oMETE••> 

OMIDLOGD (MG/nNCMJ 

ONIDLOGD (NO, PAATJCL!llDNCMJ 

IMPACTOR TEMP!AATUAE • lll1l ' • 100,1 C 

STACK T!MPEAATUAE • ~1]~3 ' • t00,1 C 

IAMPLJNG DUAATfON • JG,OG MIN 

81 

co • o.oo 
4.522]!•01 GA/DNC' 

12 

2 

Sl 

] 

IA 15 

I 
•• 
• 

01 • s,02 

11 

1 

A,74 •,84 S,51 2,J4 1,1• 0,10 n,5A 

HZO • l,•S 

1,Gl4•!+01 MG/nNCM 

'ILTEA 

I 

5.•J 2,•1 ] 101 5111 4,01 1110 0,40 O,•? 

2.s11+01 1,111+01 1,2•1+01 2,41!+01 l,111+01 1,•11+00 11111+nn 2,8•!+Go 

11,11 

4,Jl!+Gt J,10!+Gl 2,••!tOl l16l!+Gl • 1?6l+GO l1ll!+GO 1111!+00 

7,82!+01 6110!+01 9142!+G1 l,•4!+Gl l,IJ!+Ol 4,9?1+GO 1116!+00 

t,88f•G2 t,•2!•01 l,Jl!•OI T,Gll•OJ l,•51•GJ l1IOl•GJ 6,l•l•G4 

1.41!•GI 2,•sr.01 l,J7!•GI 1,ll!•GI l,Jl!•OJ l1DO!•OJ l,ISl•OJ 

s.111+01 •,211+00 1,1•1+00 s,1•1+00 1,611+00 •.111•01 •,111.01 J,111•01 

1,•41+01 •1.111+02 1,101+01 •·••1+01 1,111+G1 s,111+01 l,14!+01 •,so1+0G 

2.2•1+05 •S,1•1+01 2,44!+01 1,111+0• 1,011+10 1,1sr+10 1,18!+11 1,2R!+tt 

NO~MAL (!NGl~!EAING STANDARD) CO~Olf!ONI AA! 21 D!G C AND 7•0MM MQ~ 

A!AODY~AMJC 0IAMETEA8 AR[ CALCULATED H!A! ACCDADtNG TO M[RC'.A, 
STOP oonooo 



MVPOTM!TZCAL MET!OROLOGV R!S!ARCM, JNC~ 

IMPACT~- FLOWRAT! • o,'500 AC'"' 

IMPACTOR PRESSURE DROP • 2~3 IN, OF MG 

ASSUMED PARTICLE DENSITV • 1~00 GMICU,CM, 

QAS COMPOSTTION (PERCENT) 

CALC, MASS LOADING • 2,llQJQEeOZ GR/ACF 

IMPACTOR STAG! 

STAGE 7Nl)EJ( NtJp.llJ!R 

050 CMICRnMETERS) 

MASS (MILLIGRAMS) 

MG/OSCMlllTAG! 

CUM, P!RC!NT OF MASS SMALLER THAN 050 

CUM, (MG/ACM) IMALL!R THAN 050 

CUM, (MGIONCM) SMALLl!R TMAN D50 

CUM, (GRIACFl SMALLER THAN 050 

CUM, (QRIDNCFJ SMALL!~ TMAN 050 

GEO, M!AN DIA, (MICROMETERS) 

OMIDLOGO (MGIONCM) 

DN/DLOGO (ND~ PART?CLESIDNCM' 

IMltACTOR 1'!MPERATIJRE • 213,S F • 100,7 C 

SUCK f!MPERATllRE • 2tl,J Fa 100,7' C 

MAX, PARTICLE DIAMETER • 305,• MICROM!T!RS 

co • o,oo 

11,5221!•02 GRIONCF 

Si! 

2 

SJ 

3 II 

2.21 

S'5 

5 

02 • '5,oz 

., 

H20 • e.u 
11 03114!+02 MG/DNCM 

I' IL TEA 

8 

5,43 2,,1 3,01 5,81 11,01 t,80 0,110 016? 

2,'5J!+Ot 1,t1E+01 1,2Qf+Ot Z1118!+01 1,?1!+01 T,•SE+OO 11Tt!+OO Z1&•E+OO 

r~.511 •"·'' 51135 ze1J& 11,e11 11,111 Z1T• 

11~]1!+01 J,70!+01 1144!+01 11•Z!+OI • 17•!+00 2152!+00 t,58!+00 

.,~82E+Ot •,TOE+Ol '5,llZE+Ot 21411!+01 1123!+01 ll15T!+oo 118•!+00 

1188!•02 1162!•02 11 31!•02 T108!•0J Z.451!•03 t,tO!•OJ • 184!•011 

3,42!•02 l.QJ!•Ol Z,J7!•0Z 1128!•02 S,JS!•OJ 2100!•03 1125!•0J 

5,13!+01 Q,15E+OO 1,Z3!t00 31115!+00 t,54E+oo T18llE•Ol 11,83!•01 2188!•01 

t 0 6Jf.+Ol •Z.13!+02 ' 101!+01 •,llZ/!+01 ! 0 1111!+01 Z18l!+Ol 1115!+01 4,50E+OO 

2,31!+0'5 •5.30!+08 2,53!+11~ z,qQE+04 2 0 85!+10 l112f+ll 1,4~!+11 1,•3E+11 

NORMAL (!NGlNE!R!NG STANDARD) CONDITIONS ARE 21 DEG C ANn 760MM MG~ 

A!RODYNAM?C OlAM!TERS AR! CALCULATED MERE •CCORDING TO TME TAS~ GROUP ON LUNG DYNAMICS, 
STOit 0011000 



w 

°' N 

CARD COLUMN 
NUMBERS 

nATA DECk FnR PRnGRA~ MPPR~r. 

tl11tt\tt1~~22~222?23~'3ll3ll,444a4aaaaa55S~~~~5S~&~~bb6~~b67777777777B} 
t2JU5h789ot2la~&7Rq0123QSb7~qot23U5~7Aq0t?34~67A901234~&78Q012lU5~7Aqot~345~78qo 

········-·····------·-·····-··----···---·-···----······························· 0200 
CIORS VERStO~ 1 TEST FnR ~RINK. 
03 
~q.so 33n,o llo,02~4n t5,0t6A,ntt6t 
,1aoo .~ooo .aono .~&oo ,oeoo 
O~lq 0~10 n~30 1~t8 1,63 2~16 2,QO 6:12 39,38 
0,0310 

COLl•tt !•13•76 t450 4UA? 
oa 
2q~50 310,0 330,02~40 tS,OtoA,Ot16t 

,t400 ,oooo ,8000 ,0&00 ,0800 
o,23 ~.10 n,a3 t,45 t,16 2,A3 t,q7 '-,37 a9,t5 

0,0310 
COLl•5 1•13•7& t7t5 2UAI 

01 
29,50 330,0 l30 1 02~an 15,0tbe,ntt&t 

,t400 .~~no ,Aooo .n~no ,nano 
0,02 0,01 n,2A 1,20 t,~u t,77 ?,?5 t.78 25,?.U 

0,0110 
COLl•T 1•1l•76 \A??. tOUAt 

01 
lo,oo lao,n 1an.02.4o \~,OtbA,~tt&t 

,1400 1 0000 .~~no .n~oo .o~no 
o,t4 o,on n,to o,58 o,Aa n,4A n,Ao o,7S 81 21 

0,0310 
COLl•tO 1•14•7h 1~20 tUAI 



w 
O'I 
w 

(14 

10.on 11.1s,n 145.~2.~n 15,0tbe,nt1bt 
.11.1~0 .onoo .eono .oboo ,oRoo 

0,11.1 n,oe o.tQ n.ua n,Al o,An 1,06 1.11 \Q,Qh 
0,0310 

COLl•tC' 1•1LI 71) H1on 51JAt 

0" 
aq,q1 315,o lt~.02~"0 ts,01~~.ottht 

1 1400 ,0000 ,AOOO ,0600 ,OROO 
o,zt o~nA 0,21 1,1s ,,2q 2.20 2,s2 ~.1q 52,28 

0,0310 
COLI•tl 1•15.76 1115 AUAI 

00 



cou.11 t•ll•h 111'lo a11A1 

IMPACTnR 'LOWRATF • o,031 AC,M 

IMPACTOR PRESSllRf OROP • 1.2 I'", OF MG 

ASSUMED PARTICLE O~NSITV • l~llO GMICU,CM: 

IMPACTOR TfMPF.RATUP~ • 330,0 , • 165,6 C 

STACI< T!'"MPERATIJRF' s Hll,O F • 165,6 C 

C02 • {2,811 co • o,oo 

2~91150£+00 GR/DNCF 

H20 • a,oo 
6,73•l!t0l MGIONCM tALC, MASS LOADING• 1,7•08E+OO GR/AC' 

IMPACTOR STAGE 

ITAG[ ?NDEW NUMA!R 

050 (MICROMETERS) 

MASS (MILLIGRAMS) 

MG/ONCMISUGE 

eve 

11,no 

SI 

J II 

14 

ft 

o, 7l 

SS 

7 

16 

8 

0,25 

FILTER 

' 

1• 1 111 6,12 2.•o 2,16 t,ftJ 1,1& o,Jo 0,10 0,1• 

11 1 •2E+OJ 7,64!+02 J,62E+02 2 1 70!+02 2,011!+02 t,117£+02 3 1 75!+01 t,25!+01 2,J7E+01 

CUM, PERCENT 0' MASS SMALLER TMAN 050 27,02 o,J5 

CUM 1 (MG/ACM) SMALLER THAN O~~ 

CUM, (MG/nNCM) SMALLER THAN 050 

CUM, (GR/ACF) SMALLER THAN 050 

CUM, CGR/DNC'> SMALLER THAN 050 

G!O, MEAN DIA, (MICROMETERS> 

OM/OLOGD (MG/DNCM) 

ON/DLOGD (NO, PARTtCLESIONCM) 

l,\\£+01 6,112[+02 4~22£+~2 2,56£+02 1,14E+02 4,G6E+01 2 1 20!+0\ t,•~!+01 

1 1 ~2£+03 l,06!+03 6~•11£+02 a,25!+02 2 1 21!+02 7,37!+01 J,62E+Ol 2 1 31!+01 

a,Rllf•Dl 2,RlE•Ot 1.85E•nl t,lJE•Ol 5,8TE•02 t,96!•02 ,,62E•OS •,Jt!•Ol 

T,•6E•Ol 4,62E•Ol J~OJ!•Ot t,86!•01 • 0 66[•02 J,22!•02 t,58[•02 1 1 04E•02 

a,JOE+Ol 8,51f+OO o.•2E+OO Z,88E+OO t,••E•OO t.tl!+OO 6,IOE•Ol 3,6JE•Ol t,16E•Ot 

11 1 15!+03 J,5JE+03 l~JTE+Ol t,33!+03 t.7JE+03 J,qOE+OZ 2,67!+02 31 94!+01 11 88!+01 

a,\6£+01 a,a6E+09 ·~tlE+09 •,&6!+10 t,T5E+ll 2,18E+lt a,•t!+lt •,aO!tll l,141+tJ 

NORMAL (!NG?NEERING STANDARD) CONDITIONS ARE 2\ OEG C AND 760MM MG, 



w 

°' U1 

cou .. 5 1.13 .. u, p11,; 211•r 
IMPACTOR FLOWRATE • o,n31 ACFM SAMPLING DURATION • 15 1 00 MIN 

IMPACTOR PRESSURE nPOP • 1,2 r~. OF MG 

ASSUMED PARTICLE ~FNSITV • 2,40 GMICU,CM~ 

IMPACTOR TEMPF.:RATIJPE a 330 1 0 F • lb5 1 b C 

STAC~ TFMPERATURE • 310,0 F • 165,b C 

COi! • ll',811 CO a O,(IO N2 a 73 1 110 H20 • e·,oo 
1,41•1!tOJ HG/DNCH CALC, MASS LOAOING • 1,Qll1~E+OO GRIACF 

JHPACTOR STAG! 

STAGE INOEW NUMBER 

050 (MJCROMETEPSl 

MASS (MILLIGRAMS) 

MG/DNCM/ITAG! 

eve 

11,no 

4,5484E+Ol MG/ACM 

S3 

5 

84 

II 

55 

., 
0,53 

u 

8 

l'ILT!R 

' 

CUH, PERCENT OF MASS SMALLER THAN 050 11,QJ 1J,Q8 tO~bQ 5,Qb 4,02 t,60 n,88 0,38 

CUH, (HG/ACM) SMALLER THAN D~O 8,1bf+02 b,lbE+Ol 4~8bE+02 2,1lE+n2 1,83!+02 '7,ZQE+Ol 41 03!+01 11 75!+01 

CUH, (MG/DNCM) SMALLER THAN D50 

CUH 1 (GR/ACF) SMALL!A THAN D50 

CUH, (GR/DNCF) SMALL~R THAN nso 

GEO, M!AN DIA, (MJCROM!TERSl 

DM/DLOGD (HG/ONCM) 

DN/DLOGD (NO, PARTJCLES/DNCMl 

1,34!+03 1,05!+03 1~qqf+02 4,4fiE+02 l,01!+02 l,20E+02 b 1 112!tOl 2 1 87!+01 

3,Sbf .. 01 2,78!•01 2,12E•Ol 11 18!•01 8,00E•n2 3,1•!•02 11 111!•02 '7 1 63£•03 

5,llbE•Ol 4,5'7!•01 3~4QE•Ol l,•SE•Ol l,32E•Ol S,24!•02 Z,8•!•02 l 1 2b!•OZ 

4,JOE+Ol 8,40!+00 4,82E+oo z,•3£+00 t,•4!+00 t,OS!+OO b,08!•01 2,•J!•OI l,14E•Ol 

5,18E+03 t,2b!+Ol ·~•8E+02 1,88!+03 8,50E+02 5,05!•02 41 50!+02 71 28!+01 .,,4!+01 

~.l'OE+OT t,'70!+0• '7,0TE•o• s,•8!+10 •,JtE+tO 3,44!+11 t,!•!+12 2,Jt!+lZ S,Ofi!+lJ 



w 
O"I 
O"I 

C0Lt•7 1•13•76 1Rll IOUAI 

IMPACTOR FLOWPATE • 0,011 ACFM SAMPLING DUAAT!ON • 15,00 MIN 

lMPACTnA PAESSUR! DROP a 1~2 IN, OF HG 

Al8UM!O PARTICLE OFNSITV a 2~40 GMICU,CM~ 

IMPACTOR TEMPERATURE a Jl0 1 0 F a 165,6 C 

STACK TfMPEAATURf a 330,0 F • 165 1 6 C 

GAS COMPOSITION (PERCENT, COl • 12,118 en • o,oo 
t.8365f+OO GAIDNeF 

1o120 • e~oo 

4,ZO!•!tOJ MG/DNCM CALC, MASS LOADING a t 1 lt68E+OO GAIACF 

JMl'ACTOR STAGE 

ITAG! JNO!W NUMRfR 

D!O (MTCROM!T!AS) 

MAIS CMILLIGAAMI) 

MG/ONCM/BTAG! 

CUM, tMGIACM) SMALLER THA~ 050 

CUM, (MG/DNCM) IMAlL!R THAN 050 

CUM, (GA/ACF) IMALL!R THAN 050 

CUM, (GA/DNCF) IMALL!A THAN 050 

HO, MUN OU, (MICROHr:TEAS) 

OM/DLOGD (MG/DNCM) 

ON/DLOGD CNO, PARTICLEl/DNCM) 

eve 

11,00 

80 

2 

St 

3 

sz 

2,5556E+Ol MGIACM 

• 
S5 

., •• 
8 

o,u 

FIL T!R 

• 
25,14 1,78 2,25 t,77 1,oa 11 20 0,28 0,01 0,02 

l,tSE+OJ 2,22f.+02 2~81!+02 2,Zt!+02 t,Jo!+02 t,50!+02 J,50!+01 e,74E+OO 2,SOE•OO 

1', 70 

6,3•E+02 5,04!+02 3~33F+02 1,•8!+02 1.t•!•OZ Z,81!+01 •• sa!+OO t,52!+00 

l,05f+03 8 1 28!+02 5,47E+02 J,2•!+02 t,9•!+02 4,62!+01 11 12!+01 2
1
50!+00 

Z1 7•E•Ol 21 20!•01 1~45!•01 &1 ••!•02 5,21!•02 t,23!•02 2 1 99!•01 •,64!•04 

a,s•E•Ol 3,62!•01 2~1•!•01 t,42!•01 8,57!•02 2,02!•02 4,91!•03 t,Ot!•Ol 

a,JOE+Ol 8,JSE+OO 4,76E+on 2,86[+00 l,R8E+OO •.o•E•Ot 4,90!•01 2,51!•01 t,04!•01 

2,~6!+0J 9,44E+02 l,l0E+03 1 1 1~!+03 1,45[+02 1,25£+02 4,82!+0Z t,80!+01 8
1
30!+00 

2,61!+01 l 1 27E+Oq 8,IOE+09 4 1 03!+10 8 1 88E+tO 3,48[+11 31 26!+12 81 40!+ll 5,•0E+l2 

~OAMAL ([NGl~!EAfNG 8TANDAA0) CONDITIONS A~! 21 DEG C ANO 160MM MG, 



COLiwtO l•t4•1b t520 IUAI 

IMPACTOR FLOWRATE • 01 031 ACFM SAMPLING DURATION • 15 1 00 Ml~ 

IMPACTOR PRESSURF DROP • 1.2 IN 0 OF HG 

41SUMEn PARTICLf DENSITY • 2~40 GM/CIJ,tM, 

IMPACTOR TEMPERATURE • 340 1 0 F • ITt 1 t C 

STACK TEMPERATURE • 140,0 F • 111,t C 

STACK PRESSURE a 10 1 00 JN, OF MG MAX, PARTICLE DIAMETER • 161 1 0 MICROMETERS 

GAi COMPOSITION tPERCENT) C02 c t2,88 co • 0,00 

b~532~E•OI GR/DNCF 

H2D • 8,00 

11 4•4•(+03 MG/DNCM CALC, MASS LOADING • l,9892E•OI GR/ACF 

IMPACTOR STAGE 

STAG! fNDEX NUMAER 

050 (MICROMETERS) 

MAii (MILLIGRAMS) 

MG/DNCM/STAGE 

eve so 
2 

St 

3 

82 13 

5 

S5 

T 

FILTER 

CUM, PERCENT OF MASS IMALLER TMAN 050 Jl,10 25,4b 18~]0 14 1 ]1 1,32 2,50 11 lb t,t• 

CUM, (MG/ACM) SMALLER THAN 050 2,A•E+02 2,32E+02 t,bTE+02 1,l1E+02 b,6A!+Ot 2,28E+Ot t 1 0bE+Ot t,O•t+Ol 

CUM, (MG/ONCM) SMALLER THAN 050 

CUM, (GR/ACF) SMALLER THAN D50 

CUM, (GR/DNCF) SMALLER THAN D50 

GED, MEAN DIA, (MICROMETERS) 

OM/DLOGD (MG/DNCM) 

DN/DLOGD !NO, PARTICLES/DNCM) 

4,74E+02 3,81E+02 2,14E+n2 2,t4E+02 l,O•E+02 J,13E+Ol 1 1 14!+01 l 1 14E+Ot 

t,26E•Ot 11 02E•Ot 1.30E•02 5,11£•02 2,•2E•02 •,•&E•Ol 41 &5!•03 41 65!•03 

2,01E•Ol t,bbE•Ot 1~20!•01 9,J5E•02 4,T8E•02 t,&3!•02 1 1 bl!•OJ T,bl!•OJ 

4,llE+Ol 8,42[+00 4,T8!+00 2 1 81£+00 l,89!+00 •,tl!•Ot 4 1 93!•01 2,59£•01 11 05!•01 

~.b4E+02 J,9o!+02 a,t8!+n2 J,t•E+OZ b,00£+02 t,5oEt02 2,14!+02 o,OO!•Ol 5,18£+01 

e,ooE+Ob 5,21£+08 J~04E+09 t,OTE+lO 1,04!+10 t,b5!+tl t,AJ!+l2 O,OO!•Ol o,ot!+lJ 

NORMAL (!NGINEER?Nr. STANDARD) CONDITIONS ARE 21 D!G C AND 1o0MM MG, 



tOLI•tZ l•t4 76 1600 ~UAt 

lMPAtTOP FlOWRAT! • 01 031 ACFM SAMPLING DURATION • IS,00 MIN 

IMPACTnR PRfS8UR( nROP • 1:2 tN, OF MG 

AllUM[D PARTICLE O~NSITY • 2~40 GMICU,CM: 

IMPACTOR TEMPERATURE • 34~ 1 0 F • 173,• C 

STAC• TEMPERATURE • ]45,0 F • 173,q C 

STACW PRESSUR! a 30 1 00 fN 1 OF HG MAX, PARTICLE DIAMETER • 161 1 0 MICROMfTfRI 

GAi COMPOSITION (PERCENT) coz • 12.88 co • 0 1 00 

1~3448[+00 GA/DNCF 

N2 • 1s,on 02 • s.sz w20 • 1~00 

J,0773f+OJ MG/DNCM CALC, MASS LOADING a 8,l60•E•Ol GR/ACF 

IMPACTOR STAGE 

ITiGf INDEX NUMB[R 

D50 (MfCAOMETERS) 

MAii (MILLIGRAMS> 

MG/DNCMllTiGE 

CUM, (MG/ACM) IMALLER THAN 050 

CUM, (MG/DNCM) SMALLER THAN 050 

CUM, (GR/ACF) IMALLfR THAN o~o 

CUM, (GR/DNCF) IMALL!R TMAN 050 

GEO, MfAN DIA, (MJCROHETERS) 

OM/OLOGD (MG/DNCM> 

DN/DLOGO (NO, PARTYCLE8/DNCMJ 

eve 80 St 

3 

l!,08 

IZ 

Z,37 

13 

5 

84 

6 

0,10 0,16 

l•.•• 1,11 1,o• 0,80 o,83 o,44 o,t• 0,06 o,14 

2,50E+01 l,3•!+02 l,33E+oz l,OO!•OZ l,04[+02 5,51!•01 Z,38E+Ol 7,5lf+OO l,J5!•0l 

10~00 b,15 o,sJ 

3,52E+oz 2,61r+o2 1,&1!+02 t,26!+02 6,3or+ot 2,••r+o1 1,521+01 1,06!+01 

5,7•E+oz 4,4lE+02 3,08!+02 2,08!+02 l,04!+0Z •,81!+01 1,50!+01 l,15!•01 

l,54E•Ol l 1 17E•Ol 8,16!•02 5,51!•02 2,15!•02 l,Z•f•OZ· 6,64f•OJ 4 1 65E•OJ 

2 1 5JE•Ol t,•2!•01 1,35!•01 •,Olf•02 1,54!•02 Z,13!•01 11 0•!•02 7,66!•01 

4,1tE+Ol 8,46!+00 ·~86!+00 z,•5!•00 t,•5!+00 1,06!•00 6,IZ!•Ot 2.•l!•Ol t,15E•Ol 

2 1 12E+OJ 5,•ZE+OZ 5,38!+02 5,JJ!+OZ 6,0•E+OI t,54!+02 t,••E•02 l,••E+Ol ! 1 12!•01 

l,IOE+01 7,80[+0ft J~TJE+o• 1.••E+to 6,5J!+to t,OZE•ll 6,•tE•tt 4,52!•11 J,OlE•lJ 



COLI•lJ 1•15•76 Ill~ RUAI 

IMPACTnA FLOWRATE • o,Oll ACFM IMPACTOR TEMPERATURF • 315 1 0 r • 157 1 2 C SAMPLING OUAATJON • 15 1 00 MJN 

IMPACTOR PRESSURE ORl)P • ! 0 4 JN, OF Mr. 

ASSUMED PARTICLE OF.NSITV • 2~40 GMICU,CM~ 

STACK TF.MPERATUAF • 115,0 F • 157,2 C 

MAX~ PARTICLE DIAM!TER • 168 1 0 MICAOM!T!RI 

GAS COMPOSITION CPF.RCENT) 

CALC, MASS LOADING • 1,Q4l2E+OO GR/ACF 

IMPACTOR STAGE 

STAG! INDEX NUMBER 

D50 (MICROMETERS) 

MASS (MILLIGRAMS) 

MG/DNCM/STAGE 

eve 

10,58 

so 
2 

co • 0,0(1 

91 

3 

1.50 

4 

S3 

5 

02 • '5,52 

95 

7 

1120 • 8~00 

7,0754!+03 MG/DNCM 

h 

8 

FtLTU 

s2,2e 2,1q 2.52 2,20 1.zq 1,15 n,21 o,os 0,21 

5,q3E+03 2,71E+02 2,8&!+02 2,50E+o2 l,4&E+02 1,31!+02 2 1 3RE+Ot Q,08!+00 2 1 J8!+0l 

CUM, P!ACENT OF MASS SMALLER TMAN nso lb,12 12,2Q 8,25 4,72 2,65 O,RO n,47 o,J4 

CUH, (MG/ACM) SMALLER THAN 050 7 1 17E+02 5,46E+02 3~67E+02 2110F.+02 1118!+02 3157E+01 21 07!+01 t,50!+01 

CUM, (MG/DNCM) SMALLER TMAN 050 

CUM, (GR/ACF) SMALLER THAN 050 

CUM 1 (GAIDNCF) SMALLER TMAN D50 

GEO, MEAN DIA, (MICROMETERS) 

DM/DLOGO (MG/DNCM) 

DN/DLOGD (NO, PAATlCLES/DNCM, 

!,!4E+03 8,70£+02 S0 83E+02 J,J4E+02 t,8TE+02 5,68!+01 J 12Q!+Ot 2138E+Ol 

3,IJE•Ol 2,3Q!•Ol l~&OE•OI Q1 17E•02 5,14!•02 10 5&E•02 Q,04!•03 61 95!•03 

4 1 QQE•Ol 3,80!•01 2~55F.•OI ! 146E•OI 8,18!•02 2,48!•02 t 1 44!•0Z t,04!•02 

4,22E+OI 8,08E+OO 4,&4E+on 2,82E+OO l,8&E+no 1,0lE+OO 5,84!•01 2180!•01 t,o•!•Ol 

a,Q4E+03 t,lbE+03 l,lb!+03 l1llE+OJ 8,5tE+02 3,64E+oz 11••!•02 1,75!+01 7,•lf+Ot 

5,2~E+07 t,75E+Ot t.23E+OQ 4174£+10 11 0bE+lt 2,78!+11 71Q4E+l1 6 1 32!+11 4114!+13 

NORMAL CENG?NEEA!NG STANDARD, CONDITIONS ARE 21 D!~ C ANO 7&0MM HG, 



w 
-..J 
0 

CARD COLUMN 
NUMBERS 

11Slltl111Zl2222222?J13133J33J4a4a444U44555555~55~b~b666b6b67717777777A} 
12l45b78,0t21U5b78~01234Sb78~~12l4S&7Aqoi?!4~~78Q0\234~b78qOt2345~18Qnl2l45b7~QO 

······················-························-·····-·························· 
00 



CARD COLUMN 
NUMBERS 

11t111t1tt222?22?2223ll3l\,33~auaaaa~4aa5S55555~~56b~&~b66&b7777777777R} 
t23Q5~18q01234Sb7AqOt23ijSb7Rq01?345~7Aq01?.3U~~78qo1234Sb7Aqn12l45~78Qn,2345b7AQ~ 

----·······-·-··--·····--···-·-----··-·-·-·--···--------···-·-·········--·····-· t 1 t 1 
1111011 
11110000 
OU1011 
11110000 
Ottl011 
11110000 
011101\ 
ttt1oonn 
011101! 
uunooo 
0111011 
1111 oonn 



lt:->I 1.-{J ,f ESI 2-~ ,IESI 3-o .rts1 4-+ ,lf51 5-x 
IESI 6;IE ' 
ml-'4 1-G-71i 1.fiJ 4MI 1a1 

Ill = 2.41 aw: 
1a4 

~ r--.. 

u.. 
""" *a° ~ ~ 
u 
< ~ 
'\.. 103 0 el 
(!) + '-J 

~ i g '-J el 

~ 
z 

~ x H 
0 

H ~ ¥ + 
10-1 cs D A 8 ¥ < _J 

D .Px _J 1a2 ffi 
~ 

A it < 
~ 

AD ~ • w 
oX > w • 10-2~ > 

i D H x < 
J- :5 < 1a1- « + 
_J 

~ ::l 0 

~ 
LI 

10-3 

0 

1cP 
10-1. 1cP 1a1 1a2 
PARTICLE DINETER CMICROvE I ERS) 

372 



COLl•U 1•15•7& 11]5 lllJAT 
RHDa 2,110 

CUMlJLATIVf 
INTERVAL OJAMETER PEPCENT CONr.ENTRATJON 

( 14 I CROt.iS) 

Iii 2.soe.01 3, 72E•01 

b 2,711E•01 3,111E•OI 

1 2,Qbf•Ol 3,llQF.•01 

8 3,2'5E•Ol 4,02E•Ol 

q 3,St>E•Ol t1, !14E•Ol 

10 3,711E•01 ti,29E•OI 

ti 11 1 15!•01 4 1 52f:•01 

l2 ti,118E•Ol II, 17E•01 

l3 11,l!llE•OI '5,0'7E•Ol 
w 
-.J l 11 5,30E•Ol '5,S'SE•Ot 
w 

15 5, 73E•OI 6,12E•Ol 

l• 1> 1 18E•01 6 1 8bE•Ol 

t7 6,'78E•01 '7,l!QE•Ol 

111 7,32E•OI 11,llbE•OI 

IQ 8,0lE•OI l,l)ZEtOO 

20 11,61!•01 l,lllE+OO 

2t Q,36E•01 1,28E+OO 

u t,03!+00 t,117E+OO 

n t,t1E+OO t 1 1>'5E+OO 

211 1,20E+Oo 1,115E+OO 

25 1,31E+OO 2,12F.+OO 

211 I ,1.12E+OO 2, J7E+OO 

n 1,SJE+OO 2,66F.+00 

211 1,&8E+no 3,n5E+OO 

2Q I ,61E+OO l,llH+OO 



10 t 11J1J!+OO l 1112E+OO 

11 2 114!+00 4,lbE+OO 

12 1,12E+oo ll,lt7f+OO 

n 2,50E+OO 5,lli!E+OO 

34 l,1"E+OO b 1 lliE+OO 

15 2,CJU+OO IJ 1 77E+OO 

h l 125E+OO 7,'il!+OO 

:u 1,sor+oo 11, t5E+lln 

38 1, 78[+00 8,771!+00 

let 11 1 15E+OO •,llCJP'+OO 

40 11,UE+OO t ,Ol!+Ol 

II l 11,811!.+00 l 10bE+Ol 

az 5, Jor+oo l,llE+ot 

llJ 5,1JE+OO t • 1111!+ 0 l 

w "" fl,l8E+OO 1,14!+01 
-..J 
~ 4!S 6, 78!+00 t 1JO!+ot 

"• '7,3U+OO t,35!+01 

.., 11,0U+OO l 111lE+OI 

Ill 8,UE+OO l 11l?!+Ol ,,. CJ,lU+OO l ,52E+Ol 

!SO t ,OlE+Ot t ,ME+Ol 

!It t, tl!+OI I 1UE+OI 

52 t,ZOE+Ol t,711E+Dl 

S1 t,31!+01 t,87E+OI 

511 t ,llU+Ol l, "E +II l 

5i; t 153f'+Ol l,lllE+Ot 

5fJ t ,U!+OI ?,35!+01 

i;7 l,81E+Ol 2 1 511F'.+Ot 

511 t,•t.E+Ol 2,7'5E+OI 

511 t', l 4!+01 l,114E+tH 



bO l,ll'-+01 l,11E+OI 

61 2,!illf+tll 1,bllF+Ol 

6l i',711E+01 3,1111£+01 

"3 2,'16E+OI 11,26£+01 

bl& l,i.>r;E+OI 11 1 bbE+01 

ft!i 31 '50E+n1 '5,0lE+Ol 

66 1,78£+01 '5,3bf+ll1 

b1 11,1sr+o1 5 1 7Rf+Ol 

b8 a,118£+01 fi,lllE+Ol 

"" 11,811£+01 fl 1 50E+01 

70 '5 1 10E+OI fl,'12£+01 

71 '5, 73E+OI 7,2&£+01 

12 fl,18!+01 1,'5'11!:+01 

n fl, 711£+01 7,1171!:+01 w 
.....i 711 7,32F:+OI 8,21E+Ol Ul 

75 8,0JE+Ol 8,blE+OI 

7b 8,fl7E+OI 8,87E+OI 

71 QI Jb! +O I '1,llE+Ol 



COL.1•13 I •I '5•16 l t]I§ llUAt 
"Hfl• 1.40 GM/CC 

Cl>UNGE IN 
INTUtYAL DIAMETf.R MAS8 CONCENTRATION 

(MICRONS) (MG/l'>NM1) 

l,50f.Ol l ,5'SE+Ot 

2 2,CJ5f•Ol t 1CJ•E+Ot 

J 1.11n:.01 2 1 95E+Ot 

II 11,09[•01 4 10!+0 I 

'5 11,au:.01 ?,Ztr:+llt 

6 5,nr-01 t ,J7f'+02 

' 6, Tl[•Ot I 1 92!+02 

e 7,•IE•OI 2,114£+02 

• 9 1 Jlf•Ol J, I 0!+02 

10 t,IOf:+OO J,'4!+02 

w It 1, ne:+oo 5,0ZE+02 
....J 

°' 12 1,5J!+OO 6,111!+02 

IJ t,80£+00 8,0lt!+OZ 

Ill 2, IZ!+Clll 1 1 01E+CIJ 

15 2,§0E+OO l ,UE+OJ .. 2,CJ§E+OO 1 1 34E+OJ 

11 l,llTE+Oo t,ll!+Ol 

II! 11,0U+OO t ,26E+03 

" 11,lllE+OO t ,ZOE+OJ 

20 ~,IJ9E+OO t I tl!+O] 

21 6 1 ?IE+OO I, 119!+01 

u .,,oa+oo I, UE+OS 

n 9,li?E+OO 1,?.JE+Ol 

211 1,IOE'+OI t,50f"+O] 

25 1,2CJl+Ol l,1r;F+01 



w 
-...J 
-...J 

26 

21 

29 

2q 

30 

31 

32 

33 

14 

35 

36 

n 
38 

!,53E+OI 3,GZf+03 

1,tlOE+Ol ll,27E+03 

l,12E+'l\ 5,3&!+01 

2,'SOE"+Ot 6,12F.+03 

2,qi;r+o1 IJ,92E+O] 

3,47!.+0t 7,35E+03 

a,nqE+nt 7,59E+03 

41 93£+01 7,51E+03 

5,flqE+Ol 7,t4E+03 

6, 71E+Ot 6,59F.+03 

?,91!+01 5,1!!3!+03 

4',32£+01 '5 1 01&E+03 

l,IOE+OZ 4 1 t'Of'+O] 



COLJ.IJ l•IS•7• t 135 llUAT 
AMO• 2~110 GMICC 

tNT!AVAL Of AMETER 
CHANGE JN 

NlJMSER CONCENTIUT?Olll 
(fl4lCRO"I> (NlllOl.IMJ) 

2,5()£•01 1,•oE+ll 

2 2 1 •IJE•O I ft,tOE+tt 

J J,07h01 5,llZE+l 1 

A 11,o•E•Ol 5, t7!+11 

9 11 1 13!•01 5,t IE+ll 

• 5,•9E•Ol '5,•ll'•l l 

7 •• 1lE•Ol !l,HE+t I 

8 7,9l!•Ot 3,9J!+tt 

' 9,32[•01 J,0'5E+t t 

w 10 I, t Ol!'.+00 Z,HE+l 1 

-..J 
l 1 t,2'!+00 t,84!+lt X> 

u t ,5Jf+OO t, llJ!+' l 

tJ 1,11or+oo t, tO!+lt 

l4 2 1 UE+OO 11,115!+10 

15 l,'SO[+llO ll,Hhto 

16 2 1 95!+00 11, 18!+10 

17 ],417[+00 l,5o!+to 

Ill 11,09[+00 I I IHI!+ t 0 

,. 11,U!+OO 8,50!+09 

lo 5,UE+OO 4 1 fl•f+O• 

21 • 1 '7lE+OO l',lll'IE+O• 

2Z '7,•tE+OO t ,81E+D• 

n •, li!+Oo 1,21!+09 

211 t,tOE+Ol •,OlE+08 

25 l,Z•E+ftl 8 ,601'+08 



2b 11 t;lE+Ol 7,bSF.+OA 

27 t 1 80E+OI '5 1 8lE+OA 

21! 2 1 UE+01 11,117f+08 

211 l,SnE+O\ 3,12£+08 

JO ~ 1 4'5E+Ot 2,1SE+08 

JI l 1 117f +Ot l ,110f'+08 

J2 11,0llE+Ol 8 1 711E+07 

JJ ll,83E+01 '5,32E+07 

Jll 5,bllE+O\ 3,118E+07 

3'5 f.l,7tE+Ol 1,711£+07 

:s. 7,lllE+Ol ll,3'1E+06 

:n 11,JlE+Ol 11, 115!'.+0b 

38 1,IOE+02 2,52h0fl 

w 
....i 
\.0 



au-a i-'15-11i ttii w 
IHl=~mltt 

1a4 
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""-J 

'-J 

~ 
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H 10-:1.tj 0 
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0 
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lll.I-13 i-15-71i 11.Ji llMI 

lllJ:: MIMI 

99.99 

~~ 
99.9 
99.5 

99 
98 

95 
~ 

90 z 

~ BO 
w 70 a.. 
w 60 

50 > 
H 40 
~ 30 < 
_J 20 
~ 

10 :::l u 
5 
2 
1 

0.5 
0.2 
0.5 o.o 

0.01 
10-1. 1rP 1a1- 1a2 
PARTICLE DIAMETER CMICRCMETERSl 
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CARD COLUMN 
NUMBERS 

111t1tt1tt~2222?.222?3~3~3J333Jaoaa~a4444S,55555~S5b6&6b6b66677777777778} 
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CIDAS VERSION l TEST FOR BMJNI<~ 
AHO• i! 0 llO GMICC 

MUN CUMULATIVE UPPER CONFJnENCF LnWFR CONFt~ENCE 
INTERVAL OUMF.TER MASS CONCf NTAATJON l.IM!T LI"'JT 

CMfCAONS) (MG/ACM) (MG/ACM) Cl'IGIACM) 

1 i! 0 50E•01 00 00E•Ot t.50E•02 •t 0 50E•02 
2 2. 7lE•Ot J~HE•OI J,b9E•OI 3 0 09E.nt 
:s 2,915E•Ot 1 0 l6E•01 7 0 8IE•OI b,t;ZE•Ot 
II :S,20E•Ot l 0 t'SE+OO t 0 211E+OO t,Ob!+OO 
5 3,117!•01 t.70E+OO I 181E+OO l,58!+00 
(t :S 1 17E•Ol z,u2E+OO 2,'SbE+llO 2,2H+Oo 
7 4,0•E•Ot 3,5i!E+OO 1, nr+oo 3,211E+OO 
II 11,llSE•OI 5.ICJE+OO '5 0 bOE+OO 41 79E+OO • 11,ne:.01 7,bllE+OO 8,llOE+OO b,CJl'E+OO 

lO 5,ZllE•Ot l 0 13E+OI t.211!+01 t,02!+01 
11 '5,bCJE•Ot l 0 bOE+OI t,74E+OI l 0 4'3f+OI 
1Z b, tBE•O 1 2,11r+o1 2.JbE+OI l 0 CJ8E+Ot 
1J b,7lE•OI 2.81E+01 3.03E+OI 2,5•E+Ot 
14 7,28E•Ot l~ll"E+Ol 3. 73E+ol 3,22£+01 
u 7,'1E•Ot 11, UE+Ot 11,llbE+Ot 3,88E+Ot 
u 8,58!•01 ll 0 81!E+Ol 5, tU+ot ll,57E+Ol 
17 CJ 0 32E~Ot 5~bOE+Ot 5.93E+Ot '5 1Z7E+Ot 
18 t ,ou:+oo b0 HE+Ot b 0 67E+OI 5,0E+Ol 
1' t,tO!+OO 7~07E+Ot 70 llZE+Ol 6, 7l!+Ot 
20 1119E+OO 7~82E+Ot 8,lCJE+Ot 7,115E+Ot 
u 1,2•E+oo 8~b1E+Ot 8 ·, ••E+O 1 11,Z!E+Ot 
22 t,lltE+OO 9 0 U6E+Ot 9.87E+Ol 9,0U+OI w 2J 1153!+00 t'.oaE+o2 t 0 08E+02 ct,ctb!+Ot 00 24 lobfiE+OO 1_.15!+02 t 0 20E+OZ t,tOE+nz U1 
2'5 l,llOEtOO t ,28E+OZ t I JlE+02 t,22!:+02 
u 1,•5E+OO t,113E+02 t,llctf+02 1,37E+02 
27 2,t2E+OO t,b!E+OZ l ,b8E+02 t,5'5E+OZ 
Z8 2,30!+00 l.112E+D2 1~89[+02 '· 75!+02 
2• 2.50!+00 2,011E+o2 2,ttE+02 l,CJbE+02 
JO 2o7lEtOO 2,21!•02 Z~35E+02 2,1•,+02 
31 z,•SE,j.oo 2,51E+OZ z,tttE+Oi! 2,42!+02 
lZ l 0 20E+DO 2. hE+02 2,BSE+02 2,UE+02 
33 3,47E+OO 2,•u+o2 l~l0E+02 2 0 89E+OZ 
JG :s.nE+no 1.22E+02 J,33E+02 J,UE+02 
35 11.o•E+no 1·0 45E+02 J,56E+02 l, 34E +o.! 
lb llo4'5E+oo 1·.bbE+02 l~ 77E+02 3.55!+02 
37 4o8l!+OO 3~81E+02 l,••E+02 3,76F+ll2 
38 s,211E+no 4,08E+02 11,20E+02 3,•fiE+02 
l• s.OE+on 4".2•f•02 11,112E+02 11,111!:+02 
110 11.tBE+no 11~5tE+02 u ,611E+02 11,l8E+02 
111 bo 71E+OO 11 1 7tE+02 11,BllE+02 11,!!58E+02 
112 7 0 28E+OO ll.88E+02 '5,0t!+OZ ll,7'SE+02 
II] 7,CJIE+OO '5,06E+02 5~20E+02 11,93E+02 



CIDRI V!llS!ON l T!ST 
RHO• Z~40 GM/CC 

FnA 8RINIC 0 

TNTUVAL ntAMETEll R!COROS EWCLUDEO 'ROM MEAN 
CU~ULATIVE MASS CONCENTRATION 

l io501!•0l l ., 
l Z11l!•Ot 3 '7 
J l.195£•01 1 

" 3110!•01 3 
5 l1UE•Ol J • 31 '71f'•Ot l ., u.o•E•Ot NONf 
II 41119!•01 NON! 
• 11.nr-01 NONE 

10 '51Z4E•Ol NONE 
ll '51 .. E•Ot NONE 
lZ 61 U!•Ol NONE 
lJ 6111!•01 NONE 
u 7118!•01 NON! 
ts 71•l!•Ot NONE 
1• "I 511!•0 I NON! 
t T •1JH~Ot NON! 
111 l 101!+00 NON! 
1• 1110!+00 NONE 
20 11nuoo NOlll! 

w ll t 1Z•!+OO NON! 
CX> zz t. u r+oo NON! 
°' n I ,51!+00 NOlll! 

211 l 1 .. !+00 NON! 
H t,110[+00 NON! 
Z• t .•u+oo NON! 
ZT Z1l2E+on "ION! 
211 l1JO!+OO NON! ,. 2,50!+00 NONE 
JO 2171!+00 NON! 
31 Z1•5r+oo NONE 
JI J,ZO!+OO NON! 
SJ J,111!+00 NON! 
J4 3117!+00 NON! 
J'5 4,0•E+On NON! 
J6 11,an+oo NON! 
1'7 41113!+110 NONE 
H 5oillE+Otl NONF' ,. "5,69E+llO NONI! 
40 6olllE+OO "IONE 
"l 6, 71!+00 l 
Ill ?,2~E+OO l 
llJ 7,•lE+OO t 



ClDRS VERSION 1 TEST FCIM flRINl< 0 

RHO• 2 0 110 GlollCC 
MEAN Cl.'MULATJVE UPPER CON'IDENCE LO~ER CONFlD!NC! 

TNTERVAL DIAMETER MASS CONCFNTRATTON LIMIT LfMTT 
(MJCRON!ll CPF.RCE'H) CPERCENT) (PERCENT) 

t 2,50E•OI 01 00!:•01 4,81JE•Oll .4,811F•Oll 
2 z.71E•01 1.IOE•02 1,20E•02 1,01£•02 
] 2 0 115E•nl 2,HF.•02 2.511E•02 2,12E•02 
II J,20E•OI J 0 74E•02 11,0JE•Oi! 3,45E•02 
5 ],117E•Ot 5 0 5i'E•02 5,lllJE•02 5,Utf'•02 
ft 3.77E•Ol 7~1!ftE•n2 11,311E•02 7,Jllf•OZ ., 11,0IJE•Ol 1·.lllE•Ol t.ZlE•Ot t ,Ob!•1'1 
8 11,11'SE•01 t ·.ft'IE•Ot 1,82E•OI 1.se.r..01 ,, 11,llJE•OI 2~50E•Ot ?. , 7lE•ll l 2,27E•Ol 

10 5,211E•01 J~ft8E•01 11.0lE•OI J,HE•01 
ll 5.ft9E•Ol 5,20!•01 5,ft'l'E•Ot II, 'f2E•OI 
u b,18E•Ot 7~0ftE•Ol 7,ft7E•Ol ft 14ftE•OI 
1] It, 7l!•Ot 4',15!•01 IJ,81!E•OI 8,112£•01 
14 7,&!BE•Ot t,1U:•OO t,Zi!E+OO l,0'5f+OO 
l '5 'f 1 11lE•01 t 1UE+OO 1,11se:+oo l,2bE•OO 
l ft e.seE.01 l,'51JE+OO 1,bllE+OO 1,411!+00 
17 11,UE•Ot 1~82E+OO t,C13E+OO 1,11E+OO 
18 1,01E+on 2,0ftE+OO 2.17'!+00 l,11'5E+OO 
sq 1,tOE+OO 2,:SOE+OO 2,112E+OO 2,18E+ll0 
20 lot"E+On 2'15'SE+no 2,67'!+00 2,113£+00 
2l 1,24'E+OO 2,80!+00 2~"3!+00 2,ft8E•OO 
22 1 0 111!+00 l~Oe!+OO 3,21E+OO 2,115!+00 

w n 1 o53E+OO l~J'IE•OO 3~53E+OO l,24!+00 
CX> 211 11ftftE~OO :s, 711!+00 J,81JE+OO 3,'J8!+00 -.J 25 1.eoE+oo 4 0 lftE+OO 4.JlE+oo J,lllJE+OO 

Zit l,115E+OO ll~hE•OO 11,85!+00 11,UE+OO 
27' l1t2E+OO 512ftE+OO 5,llftE+On 5,05E+OO 
28 2,JOE+Otl 5.112E+OO ,,·, 151!+00 '5,ftllE•OO 
211 2,50!+00 ft~bllE+OO &,88E+OO ft,311E•OO 
10 2, 'f\£+00 1,4oE+Otl 7 ,UE+OO 1 ,UE+OO 
]1 2,IJ5E+OO 8, 14'E+OO e,118E+oo 1,8"E+OO 
J2 3o20E+OO ",llllE+OO IJ,2taE+OO 8,ft7!•00 
n l1117E+OO 9,'7SE+oo t,OlE+Ot 9,42E+Oll 
311 :S,77'E+OO 1.05E+Ol 11 0M+Ol t,n2E+01 
35 11,011E+oo t,t2E+01 t,lftE+Ot t,OIJE+OI 
]6i 11,115!•00 1, UE+Ot t ,2JE+01 t, tftE+Ot 
n 4,8JE+OO t,2&E+01 t,30E+Ol 1,22E+nt 
18 5,211!+00 l 1 3JE+01 1,ne:+o1 l,21JE+01 
n '5,ft9E+OO l 0 411E+01 t ,llllE+OI t,31>E•01 
110 et,IBE+on l~117'E+Ol t,51E+OI 1,113£+01 
II l t>,TtEtOO l~53E+Ol t',57E+Ot 1,UqF+Ot 
Ill 7. 28t'.+ no 1,'51JE+OI t,UE+n1 l 155E•OI 
43 7,CJIE+On l~&5E•Ol 1,&IJE+OI t,&OE•Ot 



ctnRs V!Rlt~N t TEST 
R~ne 2 1 110 Gf'llCC 

Fn• 8AtNK 0 

M[AN CMAN(if 8T&N!HRO UPPER CONFlnENCf ~O•ER CON,tO!NCE 
tNT!ltVAL OhMfT!lt IN MASI cnNCENTRAT!O~ OEYIATinN LJMJT LIMIT 

CMG/ONMJ) fM(i/ONM'J) CMG/ONM]) (MG/(INM]) 

' 2,5t\£•0t 1~112!+01 l~Uf.+(111 1.1111!'+01 t .HE+Ot 
I lo•U•OI 1,.,.E+lll 7,.UE+On 2,02!+01 I 150E+Ol 
J 1.117!•01 z,ethOl •,118£+00 J,tlf'+CI! 2,n£+01 
0 lleO•!•Ot 6,UE+Ot J,55f;+(lt 7,MIE+Ot 5 1 57E+Ot 
'5 11,!IJE•Ol l,116!+02 '• t5r+Ot t • 7JE+02 l,t•E'.+02 • Se••E•Ol 2~110h112 1,5Jf•02 Z,ftH'.+02 l,•5E+02 

' 611lE•Ol J,OO!+l)l l ,'2f.+Ol J,57!+02 2,4JE+02 • 1,•tE•Ol 1,211e:+oi! 2_,00E+02 J 1AlF+Oi! 2.ur+oz • "·12!•01 J,30f•02 1, UE + Ol J 1ME+Oi! 2.eor:.02 
lO 1, tor+oo J~IU!+02 l ~37!+02 J 1AIE+OZ J 100E+OZ 
ll 1.1n+oo s,nE+nl t ,U!+02 11,UE+OZ J,UE+02 
II 11'53E+'Jll 4 1 !IP:+OZ z.sn+oz "·28f+02 J, 71!+01 u 1,aor~oo •,11•h02 J,UE+Ol 1.11u+02 S 15JE+U 
lll 11 llf:+OO 9,nr:+oz 11, 10!+02 t 1 01E+OJ 7,67h02 
19 l,SO!+OO 11 011!+03 11,•U+OP 1,Ur+OJ •.011!+02 u Zo•H+OO 1,ue:+u 1J,11n+u t 12•E+OJ •,61!+02 
17 J,ll?f;+OO 1,01!+0J a,•11e:+o2 t ,1l!+OJ •, t8!+02 
II 41nhOO t,•H:t0I 11,21!+01 t, tl!+OS 8,70!+02 ,. 41llJ!+OO •.59!+02 J, 111!+111 1.07h0J 9,114!+02 
20 '516'!+00 ., 72!+02 11,61!+02 loll!+OJ e,1sr:+o2 
It 6 1 ?\EtOO 9,o'JhU J, t4E+OI •,o•E+OI 1,00E+02 
H .,,.11+00 9,IU+OI J,19!+02 •,J•E+OI 7,litf+OI 

w 
(X) 
(X) 



CIDRS VERstOlll l TEST FOR 8RtN1< 0 

RHO• 2,110 GM/CC 
INTERVAL. DU14ETER RECORDS EXCLUDfD FROM MEAN 

CHAlllGf. IN ~ASS CONTRAT!ON 

l 2,50E•Ot l 1 
2 2,•5!•01 3 
l 1,ll'Pf•Ot ] 
II 11 0 09E•OI NOPlf 
5 11 1FllE•01 NONf 
6 5,fl•E•OI NONE ., flo 11E•OI NONE 
I ?,91E•OI NONE 

• q,ue:~n1 NONE 
10 t.toe:~on NONE 
11 t.2•!+00 NONE 
12 1 ,isn~on NONE 
ll l180E+OO lilONF 
14 2.12!+nn NONE 
1'5 2,50E+OO NONE 
u 2o95E+OO lllONE 
l1 3,47!+00 NONE 
u 11,09E+OO NONE 
t• 11,lllE+OO NONE 
20 5169£+00 NONE 
21 fl,11E+on 1 

w 2l 
00 

.,,.,tE+oo 1 
l.O 



cJnAa Y!AS?ON I T!ST 
AHn1 z,110 GMICC 

'OA 11PfNK 0 

M[AN CHANG[ STANOAltO UPP!A CON,t[)£NCE LOWEii CON'1nENC! 
?NTUVAL OhMfTER fN NUM9~A CONCENTRATION DEYtATfON LIMIT l tMtT 

(NO/ONMJ) (NO/ONM]) (NO/[)NM]) (1110/0NM]) 
1 2o50E•OI f,UP:+lt 81 HE+ IO TI 5" + 11 fl,91E+ll z l1'5hOt 5,llllE+ll 214JE+I I 11,2•£+1 t 11,ue:+11 
l J,nr.01 5,J4£+11 1,SOE+ll 5,'4£+1 I 4 1 1IE+ll 
II 11,0•E•Ol T,UE+ll 11,ttE+ll ll,9tE+tl fl,115f+l 1 
5 11,UhOl t ,nn+u 11,1111£+11 1,llf + t2 11,JU+tl • ~ •• n.01 I ,Ollf+l2 6,UE+ll 1.211r+12 e,•u:+t 1 

' 6171[•01 1 1•ZE+tt 5, 06E+l l q,113E+t l 11,au·+1 t 
a T, 1Hh01 '5,2u:+11 l,22l+l t ,, It 7E + 1 t o,2U+ l l • tt,H!•Ot l,Z5E+t1 t ,611E+t 1 J,TlE+tl Z, 1"!+1l 

lO 1,101+00 2,0llE+tl 8,22E+ to 21HE+tl t,&OE+tl 
1t 1.1•r+oo 1,JTE+ll fl 1 Uh10 t,55£+11 l 1 U!+tl u l 1 S1E+OO 1 ,ou:+tt 5,HE+IO l 1 1 A!+ t I 8,411!+10 
lJ l1llOf+OO a,an+to 4 1 l'IE+10 1,ozt+u ?,5flr+to 
l4 21 UE+OO 7,42£+10 J,42£+10 11~114E+l0 6,40£+10 
l5 21901+00 5,JIE+IO 2136£+10 6,llU:+ll! o,Ue:+tO t• 21'5hOO J,50!+10 1, 7'lE+10 11 101E+l0 ,, .. !+10 , ., J,471+00 2,01!+10 •,HE+H 2,JOE+1t1 t,711f+l0 
Ill 11~o•r+oo t 1 15E+IO 11,en:+o• t 1 JOEttO 11 01!+10 
t• 11.n1+00 11 1 H!+H 2,U!+o• 71lllE+11• s,•1r+n 
20 5.••r+oo 11 120!+0. 1,•n+o. 11 180!+0• J,•tE+H 
21 •• 71!+00 2, Ut+O. e,nE+oe 2.110!+0• 1,au+n 

w u 7,911!+00 1 1 Jla!+H l 1Ut+08 t .istE+n• t. ur+n 
ID 
0 



CJDRS VERSlON l TF.ST FOR BMJNK~ 
~HO• 21 110 GM/CC 
INTERVAL DIAMETER RECORDS FVCLUDED FR~M MEAN 

l 
z 
J 
II 
5 

• 1 
~ 

• 10 
11 
u 
1J 
111 
15 

" 11 
u 
t• 
20 
21 
22 

STnP 

Z1'50E•Ol 
l11J5E•Ol 
J14'1E•Ol 
11,o•!•Ot 
ll18J!•O' 
51et•E•Ol 
eto 11E•Ol 
71•lE•OI 
q,'JZE•Ol 
11lOE+OO 
11.HE+OO 
t,'53[+00 
l 180hOO 
Zo li!E+OO 
2,'50E+OO 
z,•S!+OO 
314'7!+00 
ll 10•E+OO 
a1ne:+ot1 
'51ne:+oo 
fl11lE+Ol'I 
1,•1e:+oo 

000000 

CHANGE tN NUMBER cnNCFNTRATtON 

3 7 
J 
] 

"'IO""E 
NONE 
NONE 
NONE 
NONf" 
NONf 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NON[ 
NONE 
NONE 

l 
l 



-~ u 
< 
' ~ 
'-J 

~ 
H 

~ 
0 
_J 

~ 
~ 

w 
> 
H 
I-
< 

~ 

1a4 

1cF 

1a1 

1cf' 

CDl!i Wlillll 111.5T RI IBIL 
1111 = e.41 fill[[ 

• • • • :I 

I 

I 

I 

I 

I 

I 

i0-.1 •• 1rf' 

• • • • • 

PARTIO E DI!V£TER 

392 

-LL 

1CJ° ~ 
' ~ (!) 
'--' 

~ •• •• H 

10-1.~ 
_J 

~ 
w 
> 

10-2~ 
< 

~ 
10-3 

1a1 1fi!-
CMICROEIEF6l 



CJD!i ttll!ilift 1 1l!iT Fii ... 
llO= ~.4at[ 

EB.99 

~~ 
99.9 
93.5 

99 
98 

95 
t-

00 
~ 80 ~ w 70 CL 

w 60 
50 > 

H 40 
I- 30 < 
~ 20 :J •• ~ •• a 10 • • • • 5 • • • • 2 • • 

1 • • 
0.5 • 
0.2 • 
o~ • o. • 

• 
0.01 

10-1. • 1cP 1a1 1a2 
PARTICLE DI/4JETER CMICRCMETERSl 

393 



""' 

~ 
0 

' {!) 
~ 
"'-J 

D 

8 
d 
' ~ D 

1a4 

103 

1o= 

1a1-

Oll5 WJl!illl 1 lE!iT RI Ell. 
Ill = 2-4) a« 

I 

1IIII1I 

I 
I 

I 

.I 

1IIiIUn 

1r:f'_,__._~~t----+-+-++-4 ......... __.__..,_..........,~ 
10-1. 

PARTICLE DIN£TER CMIOU£TER5l 

394 



1a14 

1ct 

ams 'IR5llJI 1 TEST RR llfJll. 
llJ : i!a4J till(.[ 

• 1111 
II I 

I 
I 

I 
111 

I 
! 

I 
I 

I 
I 

I 
1· 

1r:f'-1--_.__1-+-+~...._~ ...... +.++-___.__.._.~~ 
10-~ 1cP 1a1 1cF 

PARTICLE DIAtvETER CMiffi{)E.TERSl 

395 



CARD COLUMN 
~•TA ~FC~ FnR PRnGRAM ~PP~OG NUMBERS 

!tltittttt?.22~2?Z2223J33333J3]4~0~4UQ4405~5~555~5Shbh&~~bb6~7171177777R}/ 
12345o78QOt23U5b7AQot~JQ;o76QOt234~&18QOt23~~b18QOll34,678QOt?345~7~Qnt2l4S&1~Qn 

···································-···············-···························· <HOO 
tIDRa VE~SJDN 1 TEST FOR ANDERSEN, 
OJ . 
~Q,42 2eo,o 2eo,02,4n120. so, 1 

,14 1 00 ,AO ,Oh 1 08 
0,58 0,17 1,8Z 1,13 t,bO 1.&q 2,~1 ~ 1 87 5,SO 
• 401 

1tOLO•t~ t•1'•7& t&10 PoqTs ,,~,1 
02 
2q,45 1on,o 1on,02~ao qo, s~. t 
.t~ ,oo ,80 ,06 ,08 
2,11 t,24 ~.et 4,73 ?,QT l,7~ 1,1q ~.83 u,tl 
,415 

tCOLO•ll t•tb•76 131~ PO~TS 4 1 5,~ 
04 
30,06 285,0 2~~.02,40 84, so, l 

,14 1 00 ,80 ~O& ,O~ 
l,08 2,0t l,52 S,13 3,~7 2 1 &1 2,Q5 ~.12 S,40 
,J,6 

tCOLO•J7 1•\Q•Tb 1544 PORTS a,~,b 
04 
lo,oo 2eo,o lso,02~qo120, so, t 
,t4 ,00 ,80 .~~ ,08 
01 22 o,13 t,AQ 2,A2 1,q1 ,,~? 1,&~ 1,ll 2,as 
• "t 0 

tCOL0•3' 1•20•76 OQ4J PO~TS 11 ? 1 3 
05 
10~00 2~n.o 2eo,02~ao120. so, t 

,14 ,oo .eo .~b .o~ 
o,oo o.~1 t,52 ~.11 ?,33 2,uA 2.ta ~.th 3,ns 
, 3tH 

tcnL0•40 1•20•76 09a5 PORTS 4,5,& 
(tO 



ICOLO•lt l•lJ•7• l•JO PORTS t,z,J 

IMPACTOR 'LOWAAT! • o,uot AC,M 

l"PACT"A PA!llUA! DAOP • 0,2 IN, O' MG 

AllUM[D PARTICLE DENSITY • z.ao GM/CU,CM~ 

IMPACTOR TEMPEAATUA! • zao,o , • IJ7,e c 

STACK T!MP!RATUA! • 280,0 ' • lJ7,8 C 

coz • 12,88 co • o,oo OZ • S,SI HZO • s~oo 

21 2817!+01 MG/ONCM CALC 1 MAii LOADING a •,aSSIE•OJ GR/AC' 

IMPACTOR STAGE 

ITAG! INO!X NUMS!R 

OSO (MICROMIT!AI) 

MAii (MILLIGAAMIJ 

MG/ONCM/ITAGI 

CUM, (MG/AC~> IMALLIA TMAN 050 

CU", (MGIONCM) IMALL!A THAN OSO 

CUM, (GA/AC'> SMALLER THAN 050 

CUM, CGRIONC'> IHALL!A THAN 050 

GEO, MEAN OJA, (MJCROM!T!RI) 

DM/OLOGO (MG/DNCM) 

DN/DLOGO tN0 1 PARTTCL!l/ONCM> 

11 12 

I 

IJ 

J 

14 as 

5 

l,7S 

•• 
• 

0,81 

17 

' 
•• 
• 

0,25 

5,•o z,11 z~s1 l,•• 1,•o J,lJ 1,ez 0,11 o,ss 
6,2J!+OO J,2!!+00 z,•t!+OO 1,•l!+OO l,ltl+OO J~SSE+OO 2.0.r+oo 1,lt!•Ol 6,571•01 

l,OTl+OI 8,•J!+OO 6,71!+00 5,50!+00 o,JJ!+OO l,OJ!+OO 6,971•01 •,261•01 

l,&&1+01 s,JJl+OI l~O•!+Ol 8,10!+00 ··••r+oo J,1•1+00 11011+00 •,S?l•Ol 

a,•t!•OJ J 1 7T!•OJ 1~95!•0J 2,ll!•OJ l,lt!•OJ 8,11!•04 J,051•04 l,l•!•OI 

7 1 1S!•OJ 5,IJ!•OJ l~S5E•OJ J,TZ!•OJ Z,9Z!•OJ l,J7!•0J 4,Tl!•OI Z,87!•01 

1 1 08!+01 8,41!+00 6,JT!+OO 4,12!+00 2,IJ!+OO t,18!+00 61411•01 J,5T!•Ol 1,78!•01 

8,18!+00 l,Jl!+OZ l,Jl!+Ol l 1 lll+Ol 61 11!+00 l,01!+01 l10lltOl l,JTl+OO 21111+00 

T,24!+05 l,79!+08 4,lZE+OT t,J5!+08 J,40!+08 5,20!+09 J 1l01+l0 Z,Jt!+lO J 1 ll£+ll 

~0-MAL C!NGIN!!RING STANDARD) CONOITIONI AA! 21 o!; e ANO 760MM MG~ 



w 
\0 
CX> 

lCOLO•Jt l•t••76 1ss• PnRTI 4,S,• 

IMP4CTOR 'L0WRAT! • 01 415 AC,H SAMPLING DURATION • •o,oo MIN 

ll41'ACTOR PRUIUltf DROP • O~J IN, Cl, MG SUCK T!HP!RATl)ltf • JOO,O , • su.• c 
AllUM[Q PAATICL! D!NSITV • 2 0 40 GMICU,tM~ ITACIC PR[SSllR! • z•,45 IN, 0' HG MAX, PART!CLf D!AM!T!R • !0 1 0 MJClllOM!T!ltl 

GAi COMPOSITION (P!RC!NT) COi • 11.88 CO • 0 0 00 NI • 7J,•O 02 • 1,11 H2D • 8~00 

a,Stll!+OI MG/DNCM CALC, H411 L040ING • 1,&S••!•02 GR/AC' 

Jl'tll'ACTOR ITAGI! 

ITAll INDEX NUMl!R 

010 fMICROMIT!RI> 

MAii (MJLLIGRAMIJ 

MG/DNCM/ITAGf 

CUM, P!RC[NT 0, MAii IMALLIR THAN 010 

CUM, (MG/ACM) IMALLtR THAN DIO 

CUM, CMGIDNCM) IMALL!R THAN ~so 

CUM, (Git/AC') IMALL!R TMAN 050 

CIJM, tGltlnNc,, IMALL!R THAN 050 

110 1 M[AN DIA, (MICROM[T!AI) 

OH/OLOOD (MOIDNCMJ 

DNIDLOGO (NO, PARTICL[llONCMJ 

II u 

I 

u 
J 

IS 

I 

.. ., II 'II.HR 

'·'' 
4,IJ 

•,1'!+00 

81,H 

l,Ht+OI 

• • 
1,11 •,1• s,11 l,TT 01 11 

l,IJ J 0 1• J,T• 2,•7 •,TJ 

1 1 24!+00 4,Tl!+OO 5 1 61!+00 41 411+00 7,0•l+OO 

TS,14 •J~?S 50,11 l•,•1 12.11 

1,qq!+OI t~••[+Ot t,JS!+~I 1.011+01 6,01!+00 

' 
0,11 

z.u 
4,IU+OO 

u,u 
'.!lo3'E+OO 

• 
o,H 
1,u 

11 Ur+OO 

'·" 1,ur.00 

1,18!+01 1,111+01 2~6Tt•o1 1,111+01 1,66!+01 •.ssr+oo 1,111+00 1,16r+oo 

•,16E•OJ 8,6•!•01 T0 !8t•OJ 5,ltt•OI 4,ll!•OJ 20 6l!•OJ l 1 47[•0J •,14!•04 

l ,5U•02 

l,04!+0I 

T .nr+oo 
T,ur+os 

t,Jll•OI l~t71•02 •,lll•OJ 

1,0?!+00 6,201+00 1,•sr+oo 

t,121+01 2~1Jl+Ol J 1 04!+0l 

Z,76!+08 1~11!+01 J,•af+OI 

1,16!•01 4,t6!•0S 11 Jll•OJ l 1 l&l•OI 

2,111+00 t,101+00 •.•sr.01 s.••r•ol 

1,111+01 z,tlt+os 2,o•r+os ·~•sr+oo 

t,O•E•O• •,•TE•O• •• 1or+10 t.06l•tl 

1,esr.01 

11 llhOI 

le'l!+U 



lCOLO•JT l•t••T• tSGQ PDATI o,5,• 

IMPACTOR ,LOWAATE • O,J•• AC,M SAMPLING DURATION • 84 1 00 MIN 

IMPACTOR PREllURE DROP • 0~2 IN, OF MG 

AllUM!D PARTICLE DFNllTY • 2~40 GM/CU,CM 0 

IMPACTOR TEMPEAATUA! • 185 0 0 F a 140 1 • C 

STACK T!MPERATURF. • 285,0 , • 140 1 • C 

MAX, PARTICLE DIAMETER • 90 1 0 HICAOHETERI 

GAi COMPOSITION (PERCENT> C02 • 12,88 co • o.oo MIO • ·~oo 

41 ••?7E+Ol MG/DNCM CALC 1 MA88 LOADING • l,340JE•OZ GR/AC, 

IMPACTOR STAG! 

ITAG! IND!X NUMB!R 

050 CMICROMET!RS) 

MAii CMILLlGAAMI) 

MG/DNCMl8TAG! 

St S2 

2 

SJ 

l 

14 15 

5 

o,•4 

ST 

' 
88 

I 

5,oo 2,12 z~•s 21 •1 1,21 s,73 1,sz z,01 11 01 

e,T2E+OO 3,75!+00 4,TTE+oo 4,22!+00 S,21!+00 •.1•!+00 S,••!+00 S,2!!+00 ,,,4!+00 

CUM, P!ACENT 0, MAii SMALLER THAN 050 81,Jt 

CUM, (MG/ACM) SMALLER THAN OSO 

CUM, CMG/DNCM) IMALL!A THAN 050 

CUM, (GR/AC,) IMALL!A THAN 050 

CUM, (GA/DNC') SMALLER THAN 050 

G!O, MEAN DIA, (MICROMtT!RS) 

OM/OLOGD (MG/DNCM) 

ON/DLOGD (NO, PAATICLES/ONCM> 

2,49!+01 2o25E+OI t,93!+0! 11 •0E+Ol 1,J1!+01 T,Ol!+OO 3,281+00 11 151+00 

J,80E+Ol !,42!+01 2,•4!+01 2,52!+01 t,••E+Ol t,07!+0l 4,•9!+00 11 74!+00 

t,O•E•OZ •,82!•03 8~45!•03 7,24!•0J S,72!•03 l,OT!•OJ 11 4J!e03 9,0l!•04 

t,•oE•OZ t,4•E•OZ t,2•!•02 l,10!•"' 8,7t!•Ol 4,•?E•OJ 2,181•01 T,•J!•O• 

2,04E+Ol 8,2tE+OO b,JJ!+oo 4,04!+00 2,5ZE+OO t,35!+00 6,•6!•01 J,••!•Ol t,6T!•Ol 

l,l2E+Ot 2,76!+02 2,24E+Ot z,J8!+01 2,2•!+01 z,•,E•01 2,t•l+Ol ••• 4!+00 5,80!+00 

t.o~E+06 3.•7E+08 7,04!+07 2,81!+0& t,tJ!+O• •,TS!+O• ~.08!+to t,81!+11 •.&•!•lt 

~ORMAL (!NGINEERING STANDARD> CONDITIONI AR! 21 DEG C AND ToOMM HG, 



.i:.. 
0 
0 

lCOLD•J• 1•10•76 O•OJ PORTS t,l,J 

IM•ACTOR FLO~RAT[ e n,010 ACFM 

IMPACTOR •R[ISUR[ DROP • o.J IN, OF HG 

AllUM£0 PARTSCL[ OFNIIT~ • z~ao GMICU,CM~ 

IMPACTOR T[MP[RATUR[ • zeo,o , • lJ7,I c 

SUCK T!~P[lhTllRf • UO,O F • lJ?,8 C 

aT•c~ PAPllUR! • 10,00 JN, 0, HG MA•. PAATttL! DtAMET!A • ,o,o HICROMITIRI 

GAi COMPOSITION (PfRCENT> COi • 12,H co • o,oo 
7,0••0f•OS GRIONCF 

oz • s.sa H20 • 1~00 

11 •&771t01 MG/DNCM CALC, MAIS LOADING a 0,6•7ol•OJ GR/ACF 

lltll'ACTDR lhG[ 

•TAGI l~D[• NUM9[R 

090 (MICROM[T[RI> 

MAii (M!LLIG•AMI) 

MQ/DNCM/ITAG[ 

CUM, (MGIACMJ IMALL!R TMAN 010 

CUM, (MG/ONCMJ IMALL!R THAN DSO 

CUH, (GR/ACF> IMALL[A THAN 090 

CUM, (GR/ONCFJ IMALL!R THAN OSO 

l[O, M!AN or•. (MfCROM[T!RI> 

OM/DLOGO (MG/ONCMJ 

DNIDLOGD (NO, PARTtCL[l/DNCM) 

l,O•lt!•OI MG/ACM 

u n •• I'S •• n 
1 

H nLTER 

z J " ' • I • 
•.11 7,91 o,H s.n '·'' o,u 
l,Oft t,ZJ t,•8 11 91 11 91 l,AZ 11 19 01 7J 0,21 

l,TO!+OO l,J4l+OO \,IJl+OO 1 1 091+00 21 01!+00 J,OT£+00 21 05!+00 71 tl(•01 li1t!•Ot 

n.n .. ,. .... 
•.•or+oo 1,011+00 &,111+00 s,osr+oo o,o•r+oo z,oor+oo •.•Zl•Dt l,ser•ot 

l,JSf+Ol l,ll!+Ot l,OJ!+Ot l,ZJ!+OO •,tsr+oo J,0•1+00 l,OJl+OO l,l•!•Ol 

J,l•!•OJ J,SO!•OJ l,•l!•OJ 21 JT!•ft3 l 1 7ll•OJ &,•ll•O• 1 1 •1!•00 • 1 tOl•OS 

S,8•!•0J S,Jt!•OJ l~Sl!•OJ J,•O!•OJ l 1 •tf•OJ t,JSt•OJ o,91!•01 11 09!•01 

Z,Ol!+Ol e,ost.oo 6,20!+00 J,96[+00 2,47!+00 t,Jll+OO ••• 11.01 J,IOl•Ol l,6S!•OS 

J,4J!+OO •.&•l+Ot ·~s•1+00 1,111+01 ··••r+oo ··••r+oo T,TTl+OO 2,Jl!+OO T,9ll•Ol 

3 1 30!+05 t,SO!+OI l,IT!+OT l,Stf•OI A,711•01 J,43!•09 1 1 961+10 Q~TJl~IO 1~1•!+11 

NOJMAL (tNG1Nf£JINQ ITANOARO) CONOIT!DNI AR! 21 DlG C ANO 7b0MN HG, 



\COLO·•~ 1•20·7• o•a5 PORTS 4,5,• 

1MP,CTOA 'LOWAAT! • 0,161 AC,M SAMPLJ~Q DURATION • 120 1 00 MIN 

IMPACTOR PRESSURE DROP • 0,2 IN 1 OF MG 

ASSUMED PARTICLE D[NllTY • 1~40 GMICU,CM~ 

IMPACTOR TEMPERATURE • 210 1 0 F • tJ7,I C 

STACK T[MPERATURE • zao,o , • t!f ,I c 
ITACK PRESSURE • 30,DO ?~. 0, HG MAX, PARTICLE DIAM!T!R • 50 1 0 MICROM!T!RI 

GAi COMPOSITION CPfRC!NT) coz • U,88 co • o,oo 01 • s.u HIO • 1,00 

l,•JJ•f+Ol MG/ONCM CALC, MAIS L0An1NG • 5,57•~!·03 GR/ACF 

Ifl41'ACTOR STAGE 

STAGE INDEX NU'48!R 

050 (MICROM!T!RS) 

MASS (MILLIGRAMS) 

MG/ONCM/ITAG! 

Rt n 

z 
1,01 

n 

J 
•• 
4 

!IT 

' 
H 

I 

FIL TEA 

• 
J,oe 1,t• 1,1a 2,•1 z,JJ z.11 t,52 01 01 o,oo 
3,•0!+00 2,531+00 1,55!+00 z,•O!+OO 2,73!+00 J,t,!+00 t,781+00 l,t•!•02 01 00f•OI 

CUM 1 PERCENT OF MASS SMALLER THAN D50 11,JT 55,tl 110. I l •.u 0,112 o,oo 
CUM 1 (MG/ACM) SMALLER THAN 050 

CUM 1 (MG/ONCMl SMALLER THAN D50 

CUM, (GR/ACF) SMALLER THAN 050 

CUM, (GR/DNC'> SMALLER TM&N n50 

GEO, MEAN or•. (MICROH!TERS) 

DM/DLOGD (MG/ONCM) 

DN/01.0GD CN0 1 PART1CLES/DNCM) 

11 011!+01 1,72!+00 T,011!+00 5,tZE+OO 31!2!+00 11 23!+00 5,4\E•OZ 01 00!•01 

l,,7E+Ot 1.Ja!+Ol 1~07!+01 T,7•!+00 5,0JE+oo t,8•E+OO 8,t•E•02 0,00[•01 

G,5111•03 J,llE•OJ 3,08E•OJ Z,Zll[•OJ 1,A5!•0J 5,JfE•04 Z,J•!•OS O,OO!•Ol 

•,8S!•OJ 5,71!•03 11~••!•03 J,3•!•0] 2,20!•03 1,13!•04 J,11!•09 O,OOE•Ol 

z,o•E•Ol 8,Z8!+00 •.33!+00 G,05!+00 2,G7E+OO l,Z•!+OO 6,8•!•01 J,7•E•Ol l,14!•01 

a,•8!+00 1,21E+o2 1.201+01 1,••1+01 1.o•!+Ol •,72[+00 8171!+00 2,55!•01 0,00!•01 

G,2•!+05 1,••£+08 l~TTE+07 11 ••!+08 5,•5!+08 J 1 8•E+O• 21 17£+10 J,14!+0• 01 00!•01 



~ 
0 
N 

CARD COLUMN 
NUMBERS 

1111ttt\1!222222222233l~JJllllUijUU44l14445~5~5~S~55bb6~b6~6b67777777777~} 
1234S678QOt2l45&7AQnt234~b7RQ0\2345b78~012l4~~78qo1234~~78Q~t2345678Qn!2l45b78QO 

·······················--········-···-·················-···-·-·······-·········· no 



CARD COLUMN 
NUMBERS 

11111111112222?2222?.333'3~J~'~aaaauauuaas55555555;b~b&bbh~h~777777777TA} 
t2345678q~t?34Sb7Aao12Ja~h78qo173a~~1eqot234~~78qo12la;~1eq~t?3a5~7BQot2345b7~QO 

·········-·-··-············------···~--~·-·-·------··········-·················· 
tl t l 
1111011 
11110000 
0111011 
t111ooon 
0111011 
11110000 
0111011 
11110000 
0111011 
tlt10000 



IESI i-0 .ttsl 2-t. .IESI 3-0 .IESI 4-+ .ltsl 5-x 

,-... 

~ 
LL 

,-... 

i 10-2~ ~ 
a~ LI ' < a A §;i fr: 

' 1d- A 

' 
+ l!l 

~ 
.._ 

AO M .._ l!l 
Q. 

ii z 
~ H a )( 0 
H 10-3 tj 0 A at-< _j 
0 

0 )( _J 1r:P c.n 
(fl 

ffi IP < 
~ 

< a ~ w 
> w 10-4~ > 

H + < 
I- _J 
< 10-j_ :J 
_J 3 ~ )( LI 
::i u 

10-5 

10-2 
10-:1 irP 1~ 1cF 

PARTID E DI.MEIER (MIDU£TER5l 

404 



C0LO•J'7 t •l'•U t'Sllll PORTS 11 1 '5,• 
"HO• Z,40 

CUMULATIVE 
INTERVAL DUMET!" PERCENT CONC!NTRATtO~ 

(MICRONI) 

5 1,50!•01 11,04!+00 

6 1. ue:.01 4,60!+00 

., 2,•6!·01 5, 11!+00 

8 3,Z5!•01 5,80!+00 

• J,50!•01 6,411!+00 

10 l, 18[.0 l T,14!+00 

l1 4 115E•Ol 8,04!+00 

u 11,48!·01 8,'6!+00 

u 4,841•01 •,•n+oo 

111 '5,JO!eOI t,UE+Ol 

.i::.. 11!1 !,TJE•Ol 1,lllE+Ol 
0 
U1 t6 6,18!•01 I 1l'f!+Ol 

t7 6. 78!·0 l t,511!+01 

l ,_ 7,Jl!•OI 1170!+01 

1' 8,03!·01 t ,U!+Ol 

20 8 ,.,r.o l 2,0T!+Ot 

zt •,!&£-()\ i!,26!+01 

n 1103!+00 2,50E+OI 

n 11 l1E+OO 2,70!+01 

211 I ,20E+OO 2,41!+01 

H I ,JSE+OO J,11!+01 

u l 14C!E+OO J,J4!+01 

21 l ,53f+OO J,6U:+ot 

u 1 1 118E+OO l,81!+01 

24 l ,lll!+Oll 4 1 07!+0\ 

30 t ,4oE+OO 4,21E+Ot 



JI Z 1 lllhOO 11,a'l!'.+OI 

u z,ur+no a,UE+Ol 

u 1,50!+00 a,85!•01 

u 2 1 'Pli!+OO '5,0S!+Ot 

J!S l,•U+OO 5.20!+01 ,, 
J,H!+OO 5,3'!+01 

n J,SO!+OO 5,54!+01 

JI s. 711!+00 5,70!+01 

n 11,IU+OO '5,•0E+Ol 

40 4,111!+00 6,0H+Ol 

41 •,811!+00 6,lA!+Ol 

•• S,JO!+OO 6,95!+01 

4J !, U!•OO 6 1 10!+01 

u 6 1 11!+00 7,0U+Ol 
A 
0 49 6, 71!+00 7,31!+01 

°' 16 1,ur+oo 7,U!+Ol 

.., l,OSl+OO 7,•!!+01 .. 1,61!+00 1 1 21!+01 

•• •,H!+OO l,U!+Ol 

so l ,OH+Ol 1,nr+o1 

St 1,tl!+Ol 11,86!+1H 

u 1,201+01 •,Ot!+Ot 

5J I ,Jt!+Ot •,tn:+ot 

54 1,au+ot •,ZH:+Ol 

!S I 15Jl+Ol •,S?!+Ol 

'U I 1 611t:+Ol •,O!+Ot 

57 11 111£+01 •,nr+ot 

58 t,•6E:+Ot '·5•~+01 

5' l,l4t:+Ol • 1 6U+Ot 

60 2,32!+01 •,70!+01 



•• 2.511!+01 •.15E•Ol 

"' 2. 111!+01 •.'7H+Ol 

u 2e••E+Ol 9e82E+Ol 

.,, 1.25E+Ol ,,H!+Ol 

H J.50!+01 • 1 &9!+01 

,,,, :s. '78!+01 •,'2E+Ot 

u 4. t SE+Ol •.95E+Ol 

u 4 1 119[+01 9 1 98F.+Ot .. 11,84E+Ol l,00!+02 



COl.O•'S1 \ •l ••7tt 
ltHO• 1,11n GM/CC 

\'5111 PORll 11,5,• 

IMT!RY&I. 
CM&NG! Pl 

01 AM[H,R MAIS COMC[MTRATJON 
(MICRONI) ( MG/ONMJ) 

1.isot:-01 •,1oe:+oo 

l z,•5E•Ol 'f,!3!+110 

J l,1111•01 •,2•!+00 

Ii li 1 0ltf;w0l t, t5e:+O l 

! o,8J!•Ol l ,02!+01 

• 9,6'h0l 1.ne:.01 
., •, '1 t'.•O l l 1 0U+Ol 

8 ,,.u.01 Z,J~!+Ol 

• it,UhOl 2,ur+o1 

10 t,IOhOO 2,•u+o1 

ll l,llt!+OO J,Oll!+Ot 

""' 0 ll \,UhOO s,on+ot 
00 

lJ t ,IO!+OO z,eu+ot 

u 1 1 tH+OO l,!8!+01 

u 1,5oe:+oo 1,sn+o1 

,. 1,lt•J£+00 2,ZO!+Ol 

l., 1,an:.00 I, t!!+Ol 

'" o,Olt!+OO l,11!+01 

1' 1,IJt'.+00 J,00!+01 

zo ~.Ut:+OO ',41£+0 l 

Zl •• 'fH'.+Oo l,?0!+0\ 

u T,•t!+OO J,•ltE+Ot 

ZJ •,UE+OO J, U!+Ol 

Z4 !,10!+01 z,:U!+Ot 

'' t,2'!+01 , ,.5!+01 

Zti 1,51!+01 1,i'Z!+OI 



l? t,llOE+Ot 11 ,tJ•H''.+00 

111 Z,li'!+Ot o, ?IJE+Oo 

2" Z,'50£+01 '5,'HE+OO 

JO Z,Q'5!+01 Q1 78E+Oo 

ll J, ll'J'f:+ 0 l 4,28!+00 

JZ 4,09!+01 J,93!+00 

:n II ,8JF+Ol J,6GE+OO 

]4 '5,&9!+01 l,]'5!+00 



COl.O•l? l•lq•h 
Rl10• 21 110 GMICC 

15411 PCIR'\'S 11.5,b 

tNTUYll 
CHANGf IN 

OUMETE.R HUM6£R tONC!NTRATlON 
tMJCQON8) !NO/ON.-)) 

2,50!·01 J, llE+tl 

l 2,9U•Ol 2 1 J4E+l 1 

J J, 111!•0 t 1, fflE + lt 

41 o,09!•0l t, Jl!+\t 

lj o,llU•Ol 1.011+1 t 

• , •• u.01 T,01£+10 

' •,?tf•Ol IJ.UhlO 

8 T,•tf•Ol 1,ur:.10 

• '· Jlf•ot 2,Uh10 

10 t 1 lOf+OO t • TSE+IO 

ii:.. 
ii l,2'£+01) 1 allhlO 

f-1 u t, SSl!+OO •,uE+n 0 

11 \,80t:+OO J,a1r+n 

u 2, 12!+00 Z, l!H:+°' 

l IJ Z,!Ot:+OO l .21!+09 

16 z.•n+oo •.ur+oa 

11 J,47!+00 o,oct!•Oe 

tll o,ou+oo z,nt+oe 

l• o,nt:+oo Zeli!'-+08 

i!O s.••t+oo t ,IJl!+Oll 

lt fJ,Tl!+Oll •, nE+OT 
u T,•tt:+OO IJ,•5!+o7 

23 9, lZ!+OO l,<17!+07 

l4 l,lOhOl t ,J9E+07 

2'5 t,29E+OI &,06!+06 

l• t,5Jf+I!! 2, 1lE+06 



Z1 1,llOE+Ot l,UE+Oll 

211 2 012E+111 5oUE+05 

n 2 050E+Ot 2.81E+05 

JO 20Q5E+OI 1.1111!+05 

Jt J, 11'7!:+ 0 t 8013!+04 

Jl 11,0QE+Ot 11,5'5!+04 

n 4,113!+01 2 0'58!+011 

311 ... ll'IE+Ot 1.11sE+o11 
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0 
_J 

ffi 
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w 
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1a1 

1rf' 

1DlJ}-JJ 1-i.9-1' 1544 Pll1S -4.5.6 
llJ : la4J IJW: 

~ 

u... 
10-2~ 
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~ 
H 

10-:3~ 

ffi 
< 
~ 

w 
> 

10~~ 
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~ 10-1. ~ 
i0-5 
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PARTID E DIMETER CMICRc::METEF6l 
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w 
> 
H ._... 

~ 

sgg~ 
99.8 
99.5 

99 
98 

95 
90 

80 
70 
60 
50 
40 
30 
20 

10 
5 

2 
1 

0.5 
0.2 
0~1 

0.05 
0.01-+--+--+-+-++++...----+-+-+-+-t-++H---+-+-+-++++H 

10-:1. 1.r:f' io:L 1a2 

PARTID E DIAMETER CMICRCNETERSl 
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1a13 
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~101-1 
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di w1CJ10 
d 
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• 
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§ 
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d 1ci 
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1cP 

1a5 

~1' 1-i!-1' 1544 Pim .C.5.6 
IHI : f.41 lilllI 
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CARD COLUMN 
NUMBERS 

DATA DFC~ FOR PPnG~A~ STATJS 

ttttttt1tt~?2?2?22??333'3'33J'aaa~uuuu4a5~~5~S5~55~6b6hb~b&b77777777778} 
t234S~1aqo12Ja5&7~qn121a5&7AQ012JU5b7~q01~3U~67RQ0\23USb18Q0123U5b18Q012JU5b78~0 

--·-····--·····-----·········-------·-······--·····-··--························ 
2 
1000001111 
o,ooo 
21 



CIDAS VEASI~N l TEST 'OR •NOl!'.HSEN, 
AMO• 2,110 1;"4ICC 

"4UN CUMULATIVE UPPEA CONFIOENCE LO~!~ CONrtO[NC! 
INTERVAL DhM!T[A MASS CONCENT~ATJON LIMIT LIMIT 

(MJCRONS) (MG/ACM) (MG/ACM) (MG/ACM) 

l 2.50!-0l o,onr:•ol 7,&n•ol • .,.e•r.03 
I 2,TIE•Ol 3,0!•02 5. '11E•02 l, 22!•02 
J 2,qSE•OI •. 315£•02 1oi!6E•OI f>, UE•02 
4 J,20!•01 1 1 UE•Ol z,Ollf•OI t ,zor:.ot 
~ J,111r:.01 Z~ll1E•OI Z0 91E•OI 1,•or:.01 • 3.T1t•01 'S,!!E•Ol 3,4l[•(\\ z. 1u.01 ., 11,o•E•OI 11,llOP:•Ol 5,10!•01 3,f>•E•OI a 11,415!•01 5,h!•01 f),1181!:•01 4 0 8'5E•O\ 

' 11,el!•OI T~ ll•E•O I e.o•E•ot 6 0 21£•01 
10 5,211r:.01 8,931!'.•0I 9 0 98E•Ot T,ME•Ot 
11 5. f)9[.(I \ 1 ·.I Of:+OO 1.22r:+oo 9,1'5!•01 
lZ 6,t8h01 l,l41E+OO I ,411!+00 t 0 UE+OO 
u f>o Tll!'.•01 1 ~U!+OO \ • hE+OO l,48[+00 
111 1,28!•01 t,94£+00 2,09E+OO \,19£+00 u ., • 911!'.•01 z,HE+OO z,1111e:+oo Z, tlE+Oo ,. 8,'!18[•01 2~U!+OO z. eze: +on 2,ll'tE+OO 
l1 9,J2!•01 J,Of>E+oo ],23!+00 2,88E+OO 
u \. 01!+00 l,11n+oo J ,f>'S[.+00 J,28E+OO 
19 l,tOE+OO 1.ur:+oo 11,08!+00 J,119!+00 
10 lol•E+OO ll~'SO!+OO 11,5\E+OO 4,\0[+00 

.i::. 21 l,29[+00 11.12£+00 11 0 93!+00 4,51!+00 ...... 2Z 1,111!+00 '!l~l2E+OO '5.311!+00 11,90!+00 
-.J 23 \,51E+OO 5,5oe:+oo '5. 111E+OO 5,Zf>E+OO 

Ill t ,e.f)[+OO 5,llf>E+OO 6 0 lt1E+OO 5,f>\[+00 
n l,80!+00 &, ZO!+OO &,14'5!+00 '!,'fll!+OO 
Z6 1.•n+oo ,,, ue:+oo 6118!+00 &0 U!+OO 
Z7 2, tzE+OO 6 0 8!!+00 ., • on+oo &,511!+00 
H 2 • 'SO[+M T 0 lt!+OO ?.!9!+00 &0 lllf+OO 
n Z,'!IO!+OO '1,141!•00 'f I 70!+00 7 • ll!+OO 
10 2 1 T\t+OO l ,l!hOO r,,()\[+00 T,lll!+OO 
Jl 2,q'5!+00 81 OJE+OO e.llE+OO 7 0 '1JE+OO 
'II 3,IOE+OO e 0 U!+OO e.•u+oo ll, M>hOO 
n 3, 11'1!+00 e~'fl[+OO 9.02!+00 8,40f+OCI 
:u l 1 T'7E+OO 9,09f+OO 9,140£•00 e,'77E+OO 
J'5 14,09!+00 9.'50!+00 q,821!'.+00 9, lllE+OO 
3ft "·"5!+00 q,9~E+oo 1.on+o1 q,UE+Oo n 4,83!•00 t.05E+Ol t,08!+01 l .OH'.+Ol 
Jll 'l 0 211E+OO l .tOE+Ol l,UE+Ol t .01e.01 ,. 5 0 09E+OO lolf>!+ol t.1•!+01 1,12!+01 
110 • , \8[+00 l~Zi!E+Ot 1,ibE+Ot \,t!IE•Ol 
111 f> 0 1lE+OO l ~28!+01 t.JlE+Ot l ,Z'5e:+OI 
142 T 0 Uf+OO \.l~E+Ol 1.laE+O\ \,3\!+01 
43 ?, 1111E+OO t'0 11tf•Ol l,115E+OI t,J'7f+Ol 



ClDRS VERSION \ TEST ,QR ANDERSEN, 
IU40• Z,411 Q11ICC 
lNTl!RYAl OIAH,T!A ~ECO~DS EXCLUDED 'AOM MfAN 

' I 
J 

• • • ., 
• .. 

lO 
H 
u 
lS 
14 
u 
u 
lT 
u 
l• 
ICI 
11 
u 
IJ 
14 
115 ,. .., 
H ,. 
JO 
Jl 
SI 
n 
Jll 
Jl5 
H 
n 
:u 
Jit 
110 ., 
Ill 
llJ 

1,50!•0\ 
2eTl!•OI 
la4'15t•OI 
JelO!•Ol 
J 1 4'1E•Ot 
'J • .,.,, •Ol 
11,0•!•0l 
A,11'5!•01 
4,U!•Ol 
1!1 1 211E•Ol 
,,ll•E•Ot 
11 1 tlll!•O l 
11,Tt!•lll 
'f,HE•Ol 
T,•lE•Ol 
l,'8!•01 
•,U!•Ol 
l,OlhOO 
lelO!+llO 
1.1•1+00 
\,l•r+DO 
l.•ll+OO 
1 .isn+oo 
l ,H!+OO 
t .eouoo 
I 14"5!+00 
2e lH+OO 
21 JO!+OO 
2.tor+oo 
2,Ttl+OO 
l1•1JShOO 
:hZO!+OO 
J,an+oo 
:s.nt:too 
1,0191:+00 
llo11'5h00 
lleU!+llO 
'5,24!+011 
'51ll•E+OO 
&1 l&E+OO 
& 1 TtE+OO 
TeHE+OO 
Ta 1HE+OO 

CUMULATlV[ MASI CONC!NTRATION 

'5 
NON! 
NON! 
NON! 
NONE 
NON! 
NON' 
NON! 
1'i0N! 
NON! 
NON! 
NONE 
NON! 
NONI! 
NON! 
NON! 
NON! 
NON! 
lllON! 
NON! 
NOlll! 
NON! 
NONI! 
NONI! 
NONI 
NON! 
NON! 
NON! 
NON! 
NONI! 
NON! 
NONI! 
"'0N[ 
NON! 
NONI! 
NONI! 
NON[ 
NON! 
"ION[ 
NON! 
NON[ 
NON! 
NON! 



CIOAI VERSION l T!8T FOR ANO'-RSEN, 
AHO• 2 0 40 GMICC 

MEAN CUMULHtV! UPPER CONFlOENCE ~OWER CONFtOENCE 
INTERVAL DIAMff[R MASS CONC!NTRATTON LIMIT LIMIT 

tMtCRONSl (PfRCENTi (PERCENT) (PERCENT) 
1 2150!•01 0 0 00E•Ol ll 0 lllE•Ol all,14E•"2 
2 211'l!•Ot l.82E•Ot 2.9qE•Ot &.J8E•02 
J Z1C15E•Ot ll,'90!•0t 6,f>OE•OI J.2\!:•01 
4 J,20!•0\ 8'0 llCJE•Ot t,OTE+OO b1JlE•Ot 
5 1.11n.01 1,26[+00 1,'5JE .. oo 9,CJ7[•01 
• J 1TT!•Ot l~TllE+OO tt.o•E+oo 1.11n+on 
1 11,0IJ!•Ol 2,Jor:+oo <'.1>7!+00 l,IJll[+OO 
e 11,11'5!•01 2.9'7[+00 J, J9E +OO 2,511!+00 
q 11 0 8J!•Ot J, T5f:+OO 4,24E+OO J,27!+00 

10 5,211!•01 11,b&!+OO 5 I j!J!.+OQ 11,tU+OO 
l l 5.6•!•111 5,TeE+oo 6.39!+00 5,l&E+OO 
u "·'"!•01 7,0U+OO 7,Ti!!+OO 11 1 37F:+Oo 
lJ &aTl!•Ot 8,!5tE+OO 9,24E+OO '7,79[+00 
l 11 1,H!•Ol t,Oi!!+Ol l,09E+01 91391':+00 
l5 71•tE•Ol 1,20!+01 1,28!+01 I, U!+Ot 
111 ll,5M•Ol l.39!+01 t,118!+01 t,Jlf:+Ot 
t'7 9, 1ZE•Ol l~&OE+lll I ,&9E+Ol 1,51E+01 
l& 1101!+00 1,8ZE+Ol I ,91E+01 1,7i!+OI 
\It 1110!+00 2, OllE+O l 2,111!+01 1,911[+01 
20 1119!+00 2,i?llE+Ol 21J&!+Ol z .15r:+o l 
2l 1129!+00 Z,117!+0 l l,S9E+Ol 2,l&E+Ot 

.i:::. 
21 l 1 lll!tOO Z,&ll!+Ol 2,l!OE+Ol 2157!+01 
23 115:U:+01) Z,88E+Ol J,Ot!+OI 2,7&!+01 I-' u lall&!+OO J,on:+ot J 1ZO!+Ol 2,911!+01 \,0 
15 11llOEtOO 3,Z5E+Ol J,31J!+Ol 3atl!+Ol 
Z& 1,95!+00 3f41!+0l 3,!5!iE+OI J,i!ll!+Ol 
27 2,ut+oo 3.57!+01 3,12!+01 J 0 4J!'+Ot 
211 21JO!+OO J~7JE+Ol 3.1111!+01 31SM+1>1 
29 2150!+00 J,&•!+Ol 11,0llE+O\ 1. "4h0\ 
]0 21 7lE+tlo 11. 05!+0 l 11,i!OE+Ol J 18IJE+Ol 
S\ i!195E+OO 11,ZlE+Ol 11,37£+01 11.05!+01 
JZ 3.10!+00 11,J&E+Ol 11.511!+01 4ai!i!!+l>l 
n J,111!+00 11,'5'7£+01 11, 7JE+01 ll 0 lllE+Ot 
Jll 3.77!+01! II~ hE+Ol ll,9J£+0t 11.110!+01 
15 11.0'fl!+OO ll~'f8!+0l 5.15E.+Ot ll 0 8lE+Ol 
Jll 11,11!1!+00 5 1 li!E+Ol 5,3'E+Ol 5105[+01 
37 11,83!+00 5,118[+()1 5,&llE+Ot 5,31!+01 
H s,z11e:+oo s, 77!+01 5,IJ5!+01 s.s•e:+o1 
n l51lt'f£+M ti,07E+01 e.,2fJE+01 5189£+01 
110 &118!+00 &.llOE+Ol 61 58E+Ot flai!IE+Ol 
II t b,71£+00 &.T'SE+Ot 6,9l!+OI 6 0 S3E+OI 
112 7129!+011 7.0ll!+Ol 7,lbE+01 &187£+01 
113 11'HE+oo 7 1 110!+01 7,Mt+Ol 7,i!O!+Ol 



CIDRI V!A8lON t T!ST 'OR ANO!R!ll!:N, 
,_MOa Z,40 GIAICC 

"IEAN CMANGE STANDAlll'I UPPER CON'!DfNC! LOWEil CON'10F.NCE 
tNT£RVAL DtAM!T[P JN MASS cnNCENTRATJON DEVIATION LIMIT l.fMtf 

CMG/DNM]) (MG/DNM3) (MG/ONM3' (MGIONIA3) 
l 2,50[•01 "~58!•01 11,02''.•0I I, Jl!:+CIO 6,0ll!-01 
a 1,lf5[•01 Z,711!+00 z.••E+On 3. 711!+00 I, 75E+OO s :S,ll?!•Ol :S,UhOO :s. 73!+00 11,811!'+00 l,llOl+OO 
II 11,0•!•0l 5,.011[+00 ll,61f!+O(I fl 1 fll!+OO 3 1 111E:+OO 
!J 11,U!•Ot 1 ,o'SE+OO 5,83!+011 8,1111£+00 !J,IO!+OO • '!l,flll!•OI 11 1 76!+00 f1 1 8IE+OO l,P.OE+OI 7,1111[+00 
1 fl,71!•01 1,ne:.01 fl 1 8llE+OO 1,5Zl!+OI l 10fll+Ol 
8 7,lll!•Ol l ,!16!+01 6, 11!•00 1,'l'llE+OI t,Jll!+Ol • 11,UE•OI l,7'!1!+01 7~11!+00 1 1 0E+OI 1.s1r+o1 

10 1,101+00 1,au:+o1 1 I ?S!+OO 2 1 O?P:+OI I ,!15[+0l 
11 l,Z•!+OO l, Ul:+OI 8,511!+00 l,Ol§E+Ot 1,491+01 
u 1,53!+00 '· ~'9!+0 I lf,ZOE+OO 1 1 110!+01 1,18£+01 
lJ 1,8or:+oo 11 110!+01 "· 'n+on 1. 71!'.+0I 1.10!+01 
14 z. su+oo 1,z•E+ot ~.'!Sl!+OO I ,!17!+01 1,001+01 u l,50!+00 1,2n+o1 7, 711!+00 t ,l§!JE+Ot t,OU+Ot 
t• z.•St+oo 1,HhOl 7,27!+00 1,U!+Ot l,l4!+0t 
17 J,111!+00 11 5U+OI 1 ,5SE~OO 1,81!+01 1,s11+01 
ll 4,o•r.oo 1 .. l'!S!+ Ol 8 1 11!+00 2, U!+OI 1. 57[+0 I 
I• 11,U!+llO Z,H!+OI 11,42!+00 2,flO!+OI t,•7r+Ot 

or:. 20 5 1 U!+OO l,60!+111 I 0 03E+OI z.115!+01 i! • i!flf+O I 
N 21 •, ?IE+OO 2,U!+Ol 1.on:+o1 S 0 l IE+OI Z,4or+ot 
0 II 7,111[+00 2.u.r.111 l 1 Oll!+O I J,tl!+O\ 2,4t!+Ot 



CIORI V[RllON I T£8T 'OR AND!Rl[N, 
IU40• 2 1 110 GMICC 
INTIRVAL OIAM!T!• R!COROI !XCLUDEO 'RnM M!AN 

1 
I 
J 
II 
'5 

• ., 
8 

• lO 
11 
ti 
lJ 
111 
n ,. 
u 
ti 
1• 
20 
u 
u 

2.50!•01 
21ttU•Cll 
l111'1[•0l 
ll10ll!•Ol 
111111!•01 
'51fllt£•01 
fl1'1l[•Ol 
'7,ltt[•Ol 
q I 32!•0 l 
1 ol OE+OO 
\ 1Z•E+OO 
I 153!+00 
1180!+00 
21 U!+OO 
2151'l[+OO 
i1ct'5!+00 
J1117!t00 
ll10•!+oo 
ll1U!+OO 
5,••r+oo 
fl1T1!+00 
71'1!+00 

CHANG[ lN MASS CONTRATJON 

5 
NONE 
NON! 
NON! 
NONE 
NON! 
NON! 
NON! 
NON[ 
NOl'<I! 
NON( 
NON! 
NON! 
NO"I! 
NON! 
NON! 
NONI! 
Nl'.IN( 
NOllll! 
NONI! 
NON! 
NON! 



CJORS VERSinN I TEST P'OR ANOfRSfN, 
"HO• 2,110 GMICC 

?NTEllVA~ 
MEAN CMAl'IC:f STANl)UD UPPER CONll'IOfNCf LOW£A C:ONll'll'lENCE' 

OlAMfTER IN NUMAf'A CONCENTRATION OEVUTICIN LIMIT LIMIT 
(NQ/l)NM]) (Nll/ONlllJ' (NOIONM]) (NO/ONMJ) 

l f!,50£•01 11 11\eE+to 11,IJOE+lO 6,65!+10 l,lOE+lO 
l z. "'S!:•o l 11,53!+10 •,2•E+IO 1,l6E+ll 'S,4Jt+10 
J J, 117£•0 I 6,•2E+IO 1,0llE+lO •,lll!+I 0 •,'56!+10 
II 1.1,0'IE•OI 5,84!+10 5 11.11.!!+tO 1,66!+10 11,ol!+to 
'S 11,U!•OI 11,1n!+10 11,13E+to f),311!+10 l,61!+10 
6 'S,6•!•01 11,UE+l o 2 1•11E+IO '5,20!+!0 l,Z1!+IO 
1 l>,11!•01 J,llll!+IO l,UE+IO o,Ol!+tO z_ ne:.10 
8 T 11H!•Ol 2 1'51E+to 11011£+10 2,H!+IO Z,15!+10 

' •,32!•01 ! , ?i!E+IO 6,••E+o• 11•5E+t0 1,01+10 
10 1110!+00 1,0CJE+lo 11,115!+0'1 t,Zll!+lO 'l,JU+09 
ll 1,z•Etoo 6,115£+0• 3113!+0• 1,50!+09 'S,llhOIJ 
u I 1'SJE+OO J,56£+0• l,OllE+O• 11 125!+0• Z,llf!+O• 
lJ 11110!+00 t,•i!+Oq l,2'5!+0• 11,JJE+o• t ,'SO!+H 
lll lo U!+Oo 1,01!+0• 7,10!+08 1,3tE+o• 8,JU+Oll 
\'S Z,'S0!'.+00 11,511£+08 3,0E+08 1,nE+ne 5,h!+08 
u 2.•5!+00 4,J0!+08 Z,211£+08 '· 0'5!+08 J,SU+OI 

"' J,117!•00 2,•n+011 1,113[+08 J,115!+08 Z,OhOll 
ll 11,nr:+oo Z, tll!+Oll •,OllE+01 z,1111E+oa l,IZ!+OI\ 

'' 11,nr:+oo 1,U!+Oe 6,H!+n'J' 111\ll!+Oll 1,s.e:+oe 
.i;.. 

zo 'S,6'1!+00 t,tH+oe 11,116!+01 l,Z1!+0I •,16f+01 

"' 
ll 6111!:+00 1 1211!+01 1,eu:+o1 11 1 Zl !+O'J' •• Jlll+01 

I\.) u T,ltl!+OO 1&,U!+OT 1,UE+GT '5 100£+01 l,U!+0'7 



CIDRI Y!RlrnN 1 T!IT ,OR ANO!Rl[N 1 
RHO• 11110 GM/CC 
JNT!'RVAL OUM!T!R R!COROI EXCLUDEO 'ROM MEAN 

CHANG! tN NUMBER CO~CENTRATtON 

1 z,,O!•Ol 'J 
I la•'SE-Ol NONE 
I J. 41!•0 l NON[ 

• 1 10'!•01 NON! 
s ll1U!•OI NON[ 

• 5,tt•!•Ol NOii!! ., 61"1E•Ol NON! 

' 11•1£•01 NON[ 

• •1UE•Ot NON! 
lO 1110£+00 NON! 
II t a2•E+OO NON! 
u t1n£•00 NON! 
lJ 11 80[+00 NON! 
lll 1112!+00 NON! 
u 2150[1'00 NON! ,. la•!IE+OO NON! 
SY J14"hOO NON! 
u 1110.!•00 NON! 

"' 11,UhOO NON! 
IO s ... r:.oo NON! 

""" ll b1 "1E+On NON! 
N H Yo•l!+OO NON! w 



~ 

u.. 
"" 10-2~ a ' < •• Hi 
~ 1cf •• •• ...._, 

•• ...._, •• ~ • 
~ 

• • H 

• 10-3~ H I 

~ I _J 

_J 1cf' I 

~ ~ I 
f ~ w 

w I 
> 

10--4~ > 
H ._ 

I ~10-
1 

10-s 

10-2 
10-1. • 1r:P 1~ 1cf-
PARTIO E DI~ CMICRCJ£1 ERSl 

424 



(]1115 'ltll5D 1 1E5T Rm MB!iiBI. 
ID= MIMI 

99.99 

999~ 
99.9 
99.5 

99 
93 

..... 95 
z 9) 
w 

~ 00 
70 I 

I 
60 • w 50 • > s• 

H 40 •• ..... 30 •• • 
20 • • • 
10 • 

I 

5 I 
I 

2 I 

1 I 
o.s I 
0.2 
o~ o. 

0.01 
10-1. id' ia1 1<f! 
PARTID E DI~ CMic::R:J.£1EkSl 

425 



-
~ 
' ~ _, 

0 

B 
_J 

~ 
~ 
0 

103 

1a2 

1~ 

1rf' 

Oll5 WJl5D 1 1E5T RI MWa 
Ill = l.41 aw: 

I1IIIJIHIII 
II 

1II 

I 

!III 

10-1..,..._-+-,._..__~..,___.__,,,~~....,_..__.-+-+-........ 
10-:1. id' 1a1 
PARTID E DIAMETER CMICRCJJEIERSJ 

426 



1a7 

1a5·-t--+--+-+-++t~---l-+--+-HH+H~+-1--f4-a-u.M 
10-i. icP 
PJ\RTIO E DIAMETER CMICRCMETERSl 

427 



CARD COLUMl'I 
NUMBERS 

111t1t1tt,????.22222?33333333334auu4au44455~5SS~555~bb6b6h6b~7777777777A} 
t23~Sb78q01?145b7RQOt2345b78qo12Ju5&7890t2~4567~Q01234~b78q012~4~~TRQOt23~5&7S~O 

·---------·-···-···-······--··----·-··--········-------··-·····················-ClORS VERSION l TEST Fn~ PfNFTRATION•FFFICTfNCV, PENTRA 
no 



CfDAS VEFtSION I TF.ST ll'OR PfNfTHATION•fFFfCf~NCY~ PENTRA 
RHO• 2·, 1&0 GM/CC 

UPPER CONFIDENCE LOWER C~Nll'IO!NCE 
AVP:RAGf L f"'IT OF LIMIT 011' 

fNTEFtVAL DIAMfT[A £FFICH:NCV EFF?CJENCV Ell'FICIElllCV 

I ' 0,2'500 c1J,21lCJll 1111,11870 112,0121 
Z, 0. 2•111 811,1125CJ 87,l'i115 81 ,U23 
3, n,311111 87,0212 llCI~ 1I2Z 1111 .• 111123 
11, 0 1 1lOIJ5 cn,31101) 113,'5'i8i! 111,Zll7 
'5. o,1&827 q'§,1012 115,1111112 Cll.i, U6"5 l 
6. 0. 5f1Clt) CJ5,113'78 110', 11os1.1 115, II 1 ll2 

'· 0,6707 qi§. 70"53 CJ6~1113A 115,2267 
8, 0, TCIOll 9'5 1 1 TCJa 115,ot;&O Clll,70i!8 
CJ, 0,113111 CJll,7063 9'5, 1 '-33 1111, i!llll3 

10, \ ·• 01111"5 llll,b757 11'5~111110 1111,211111 
11, 1,2111111 9'5, Zlllli! Cl§, 7 l ii!fl CJll,8'§58 
12, I, 52oll 110,118118 CJ&,117li! CJll,011811 
13, 1, ncn 111 ,1111ns 11e,0118i! 117,51128 
111, 2. 12011 0,55311 11e,11e1 911,311115 
15, 2,5000 Cl8,7bllll 11e,e11oti 118,6]13 
16, Z,111169 CJ8,71i!l CJe,e1130 118,6'512 
11, J.111.n CJ8,5lt1 Cl8 1U5fl lf8, Jqflfl 
u. 11, 011117 98, 11113 11e,1ou2 CJ7,Cl901l 
1', 11,8267 97 ,fli!14 o,eou 117,143110 
20. 5,,6H6 •17,3225 97,51139 .. 111,1011 
21, 6, 7067 96,5711 CJe.,8522 90,i!lllf' 

~ 22, T,11057 96, 67110 •ti. 91164 Clfa,14015 
N 
l.O 



0.01 

430 



CARD COLUMN 
NUMBERS 

1ttltt1ttt?2?22~2???3333333333aauuaauauuss5555~~SShb66~~hhh&11777777778} 
1234567AO~t23U5&7~q012!45o7~Q0,23«5n78q01234Sb7Rqo\2~4~b18q0123U~b7B~Ot?3U5&7AQO 

·········---···············-·-----·-·······-·········-·····-··--·····-···--·-·-· CIORS VE~stnN 1 TEST FnR PENET~ATJnN•fFFICIEMCV. PfNLOG 
0 
STOP ()OQtHIO 



CtDllS ll!'ASION 1 
AMOa 2~QO OM/CC 

TP'ST FOR PfNtTMATtnN.f,FTCIENCY 0 PENLOG 

UPPER CONFIDENCE LOWF.M CONF!OfNCE 

lNTEAllAL 
A\'[RAG[ LtMtT Of LIMIT OF 

OJAMfTFR !HlCtP'NCY E'rTC tENCY EHtCifNCY 

t I 0,25011 tn.iuo qu.u1110 qz,01n 
2. 0 .2•111 eu.1125• 111,1"q5 81.flC>iU 
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SECTION 6 

PROGRAM LISTINGS 

A source listing of each program in the cascade impactor 

data reduction system follows. The six mainline programs are 

first, arranged in alphabetical order. Before each of these 

programs is a simplified flowchart. Next are the subroutines 

and function subroutines, also arranged in alphabetical order. 

No flowcharts are provided for these. 
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BEGIN 
PROGRAM 
GRAPH 

EAD IN FROM FILE 
10: NO. IMPACTOR 
RUNS, CODING FOR 
IMPACTOR TYPE, 
GENERAL ID. PHY
SICAL DENSITY, 
PLOTTING MAX'S 

MINS. 

READ FROM CARD 
CODING FOR DETER
MINING GRID SIZES; 
CODING FOR SAME 
GRAPHS FOR ALL 
RUNS OR READ IN 
INDIVIDUALLY. 

YES 

READ IN PLOT 
CODING ONCE 
FOR ALL RUNS. 

NO 

REl'.D IN PLOT 
CODING FOR 
ONE RUN. 

WRITE PLOT CODING 
FOR ONE RUN IN 
ONE RECORD OF 
FILE 8. 

YES e 
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ASSUMED UNIT DENSITY 

• CUM. MASS LOAD.· llAW DATA 
• DM/DLOGD ·RAW DATA 
e DN/DLOGD - RAW DATA 
e PLOTS BASED ON CURVE FIT 

DEFINE FIRST 
RECORD NUMBER 
TO RETRIEVE DATA• 
2; DEFINE LAST 
RECORD NUMBER 
AS LAST EVEN 
RECORD WITH DATA. 

SET CODING TD 
GIVE "llAW DATA 
PLOTS'' 

DEFINE INCREMENT 
TO SKIP BETWEEN 
Fl LES READ • 2. 

READ RECORD FROM 
FILE 10 TO GET RAW 
DATA PLOTTING 
INFORMATION 

DEFINE Al'PROPRIATE 
RECORD IN FILE 8 
CONTAINING PLOT 
COOING BASED ON 
FILE 10 llECORD 
NUMBER JUST READ. 
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ASSUMED PHYSICAL DENSITY 

• CUM. MASS LOAD - RAW DATA 
e DM/DLOGD · llAW DATA 
• DN/DLOGD ·RAW DATA 
• PLOTS BASED ON CURVE FIT 

DEFINE FIRST RECORD 
NUMBER TO RETRIEVE 
DATA• 1; DEFINE LAST 
RECORD NUMBER AS 
LAST ODD RECORD 
WITH DATA 



CUM. MASS LOAD. 
RAW DATA 

DM/DLOGD 
RAW DATA 

DN/DLOGD 
RAW DATA 

ALL FITTED DATA 
ON RAW DATA 

UNIT 
DENSITY 

YES 

STOP 
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PHYSICAL 
DENSITY 

CUM. MASS LOAD. 
RAW DATA 

DM/DLOGD 
RAW DATA 

DN/DLOGD -
RAW DATA -

ALL FITTED DATA 
ON RAW DATA 

NO~ 

NO~ 



YES 

CALL WALL Y1 TO 
DRAW GRIO AND/OR 
PLOT RAW DATA. 

YES 

CALL WALL Y2 TO 
DRAW GRID AND/OR 
PLOT RAW DATA. 

YES 

CALL WALLY2 TO 
DRAW GRID AND/OR 
PLOT RAW DATA. 

YES 

CALL WALLY3 
TO DRAW GRID 
AND/OR PLOT 
RAW DATA 
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YES 

CALL WALLY3 TO 
DRAW GRID AND/OR 
PLOT RAW DATA. 

SET CODING TO GIVE 
FITTED DATA PLOT 
OF CUM, MASS LOAO
ING OR OM/DLOGD 
OVER RAW DATA. 

YES 

CALL WALL YI TO 
DRAW GRID ANO 
PLOT RAW DATA 
POINTS. 

YES 

CALL WALL Yl TO 
DRAW GRID AND/OR 
PLOT CATA. 

YES 

CALL WALL YI TO 
DRAW GRID ANO 
PLOT RAW DATA 
POINTS. 



CALL JOE1 TO Pt.OT 
FITTED CURVE "(0 

RAW DATA CUM. 
MASS LOAD. <~ 
POINTS FOR ASSUMED 
UNIT DENSITY. 

YES 

CALL CUMPCT TO 
DRAW GRID AND 
PLOT FITTED CURVE. 

YES 

CALL WALLY2 TO 
DRAW GRID AND 
PLOT RAW DATA 
POINTS 

CALL JOE2 TO PLOT 
FITTED CURVE 
BASED ON DERIVATION 
OF CUM. MASS LOAD. 
FIT FOR ASSUMED 
UNIT DENSITY 

NO~ 
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CALL JOE1 TO PLOT 
FITTED CURVE TO 
RAW DATA CUM. MASS 
LOAD. <Dso POINTS 
FOR ASSUMED PHYSICAL 
DENSITY. 

YES 

CALL CUMPCT TO DRAW 
GRID AND PLOT FITTED 
CURVE. 

YES 

CALL WALL Y2 TO 
DRAW GRID AND 
PLOT RAW DATA 
POINTS 

CALL JOE2 TO PLOT 
FITTED CURVE BASED 
ON DERIVATIVE OF 
CUM. MASS LOAD. FIT 
FOR ASSUMED PHYSICAL 
DENSITY 

NO~ 



SET CODI NG TO 
GIVE SPECIFICALLY 
FITTED DN/DLOGD 
CURVE BASED ON 
DERIVATIVE OR 
CUM. MASS LOAD 
CURVE. 

CALL WALL Y3 TO 
DRAW GRID AND 
PLOT RAW DATA 
POINTS. 

CALL JOE2 TO PLOT 
FITTED CURVE BASED 
ON DERIVATIVE OF 
CUM. MASS LOAD. FIT 
FOR ASSUMED UNIT 
DENSITY. 

SET CODING BACK 
TO GIVE FITTED 
CUM. MASS LOAD. 
CURVE OR FITTED 
DM/DLOGD CURVE. 
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SET CODING TO 
GIVE SPECIFICALLY 
FITTED DN/DLOGD 
CURVE BASE ON 
DERIVATIVE TO 
CUM. MASS LOAD 
CURVE. 

CALL WALL Y3 TO 
DRAW GRID AND 
PLOT RAW DATA 
POINTS. 

CALL JOE2 TO PLOT k 
FITTED CURVE BASED 
ON DERIVATIVE OF 
CUM. MASS LOAD. FIT 
FOR ASSUMED PHYSICAL 
DENSITY. 

SET CODI NG BACK 
TO GIVE FITTED 
CUM. MASS LOAD. 
CURVE OR FITTED 
DM/DLOGD CURVE. 



C MAIN PROGRAM GRAPH 
C*************************************************************************** 
C• THIS MAINLINE IS USED AS A •TRAFFIC DIRECTOR'• THE INDIVIDUAL 
C* DATA RECORDS ARE READ SUPPLYING IDENTIFICATION CODING, 
C• EXPERIMENTAL nATA POINTS, ANO COEF,ICIENT VALUES FOR FITTING 
C• CUMULATIVE HASS LOADING DISTRIBUTION~ CODES FOR PLOTTING 
C• INSTRUCTIONS ARE READ IN AND SUBROUTINES ARE CALLED TO PLOT 
C• ACCORDING Tn THESE. 
C*************************************************************************** c 

c 

IlllTEGER VV 
DOUBLE PRECISION XNOPEN(t0) 1 V0(10) 
DIMENSION FILNAMCZ>,FGRAPMCZ) 
DIMENSION IDALL(80,,GEMAX(2),GEMINC2) 1 DMMAX(2),0MMJN(2),DNMAX(2) 
nIMENSION ONMJN(2),DPMAXC2) 1 0PMINC2),CIJMAXC2),CUMINC2) 1 IDC80) 
DIMENSION DPC(A),CUMGC8),0MDLD(qJ,GEOMncq>,DNOLDC9) 
COMMON IMPAC,tDALL,RH01 1 GEMAX,GEMlN,OMMAX,OMMIN 1 DNMAX,ONMIN 
COMMON DPMAX,OPMJN,CUMAX,CUMIN,ISilt,ISIZ2,ISIZ1 
COMMON I8,NFtT,ID,RHO,OMIN,T~S,POl,FGCS),DMAX,DPC,CUMG,oMoLD 
COMMON GEOMn,oNDLD.GRNAM,MPLOT,DSMA,VV 
COMMON IllG,XMAX 1 XMIN,YHAX,VMIN,XS,VS 
COMMON CVC!,~c1,Hon,MS 
COMMOtil XNDPEN 
DATA ,lLNAM/'KMC00'1'18lN 1 / 

DATA ,GRAPH/'GRAPH', 1 08IN'I 
DATA IBLIC/O/ 
CALL OEfINECto,lSl,101,FILNAM,I\0 1 0,0,0) 
CALL nEFINE(8,t5,50,FGRAPH,ItO,O,o,o) 

C NRUN • NUMBER 0, RUNS 
C JMPACs1 • ANDERSEN IMPACTOR USED. 
C •l • BRINK IMPACTOR USED. 
C •3 • UNIVERSITY OF WASHINGTON MARK III IMPACTOR USED. 
C •4 • MRI IMPACTOR USED. 
C IOALL • GENERAL IDENTIFICATION LABEL, USUALLY INCLUDES PLACE 
C AND DATE nF RUNS, INLET OR OUTLET ANNOTATION, ANO RUN NUMBERS. 
C RHOt • PHYSICAL DENSITY OF PARTICLES CGMICC) 
c 
C THE FOLLOWING ARE MAXIMUM AND MINUM VALUES OF ALL RUNSt 
c 
C GEMAX,GEMIN • MAXIMUM,MINIMUM GEOMETRIC MEAN DIAMETER (MICRONS) 
C DMMAX,OMMJN • MAXIMUM,MlNIMUM CHANGE JN MASS LOADING (MG/DNMJ) 
C ON~4X 1 0NMIN • MAXIMUM,MINIMUM CHAN'E IN NUMBER LOADING (NOelDNM!) 
C OPMAX,DPMTN • MAXIMUM,MINIMUM CUT POINT DIAMETER (MICRONS) 
C CUMAX,CUMIN • MAXIMUM 1 MINIMUM CUMULATIVE MASS LOADING (MG/ACM) 
c 

c 
c 

READC10'10t)NRUN,IMPAC,IDALL,RM01,GEMAX,GEMIN,DMMAX,0MMIN,DNMAX, 
10NMIN,DPMAX,OPMJN 1 CUMAX,CUMIN 

C TME ISIZ1 VAPIABLE IS COOING TO INDICATE ~HETHER CU"ULATIVE MASS 
C LOADING AND CUMULATIVE l MASS LOADING PLOTS ARE TO HAVE A STANDARO 
C RANGE ANO NUM9ER 0' CYCLES tISIZt • 0) OR WHETHER THESE ARE TO RE 
C DATA REGULATED CISIZ1 • I). !SJZ2 IS SIMILAR CODING FOR MASS SIZE 
C CONCf~TRATION GRAPHJ !Sill IS SIMILAR CODING FOR NUMBER SIZE 
C CONCENTRATION GRAPH• 
c 
C IREPET • CODING ,OR READING IN GRAPH CODING VALU!S MPLOT,J1,J2, ••• , 
C JPb (S(E BELOW)• IREPET • 0 • READ IM THESE VALUES ONCE AND LET 
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1 
l 
3 

" 5 
b 
7 
8 
q 

t 0 
t t 
12 
1l 
\0 
u 
t,, 
17 
18 
19 
zo 
21 
22 
23 
20 
25 
2& 
27 
2ll 
29 
30 
31 
]2 
33 
34 
!S 
36 
37 
!8 
3q 
"0 
41 
Ill 
4l 
44 
GS 
06 
01 
oe 
GCJ 
50 
51 
52 
53 
50 
55 
5b 
57 
5ll 
5q 



e 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

600 
601 

THESE VALUES RE THE SAME FDR ALL RUNS TO BE PLOTTED, IREPfT NOT • 
0 • READ IN GRAPH COOING FOR EACM AUN CNAUN SETS OF GRAPM CODING), 

READCl1•00)JSJZ1 1 ISIZ2,JSIZl,JREPET 

MPLOT > 0 • HAkf. NEW GRID FOR EACH •RAW DATA' PLnT CCONTROLLED 
~v Jt • J6), 

MPLnT c 0 OR a O • PLOT SIMILAR TYPES OF 'RAW DATA' ON SAME GRID 
AS PREVIOUS GRAPH, 

FOR ALL GRAPH CODING LISTED 8ELOWr 0 • HAKE PLOT INDICATED 
~OT • 0 • SUPPRESS PLOT 

Jt • J] APPLY TO GRAPHS WHERE AERODYNAMIC DENSITY IS ASSUHEOI 
Jt • •RAW DATA' CUMULATIVE MASS LOADING VS, 050 
J2 • •RAW DATA' MASS SIZE CONCENTRATION VS, GEOM, MEAN DIAMETER 
J3 • •Raw DATA' NUMBER SIZE CONCENTRATION vs, GEOM, HEAN DIAMETER 

J4 • J6 • AS FOR Jl • JJ RESPECTIVELY FOR ASSUMED PHYSICAL DENSITY 

JPt • JP] ARE FOR GRAPHS WHERE AEROnYNAMtC DENSJTV IS ASSUME~I 
JPt • FITTED CUMULATIVE MASS LOADING DtSTRJBUTJON SUPERIMPOSED 

ON A GRAPH OF THIS 1 RAW DATA' , 
JPCNTt • FITTED CUMULATIVE I HASS LOADING DISTRIBUTION GRAPM 
JPl • HASS SIZE DlSTRJBUTJON FROM CUM, FIT SUPERIMPOSED ON A GRAPH 

OF THIS 'RAW DATA• 
JP3 • NUMRER SIZE DISTRIAUTION FROM CUM• FIT SUPERIMPOSED ON GRAPH 

OF THIS 'RAW DATA' 

JPO • JP6 • AS FOR JPl •JP] RESPECTIVF.LY 'OR ASSUMED PHYSICAL 
DENSITY• 

IF JRfPET s o, READ GRAPH CODING WMICH WILL APPLY TO ALL RUNS, 

IFCIREPET)6nl,&Ol,602 
READ(2,q02)MPLOT,Jt,J2,J3,J4,J5,J6 
READC2,q02)JPt 1 JPCNTl 1 JP2 1 JP3,JP4 1 JPCNT4 1 JP5,JP6 

THIS LOOP READS GRAPH CODING FOR !AC~ RUN CI, IREPET NOT • 0) AND/OR 
STnRES CODING FOR EACH RUN ON FILE, 

602 DO 650 L•l,NRUN 
IFCIREPET)605,615 1 605 

605 READ(2,q02)MP~nT,Jt,J2,J3 1 J4,J5,Jb 
R!ADC2,q02)JPt,JPCNTl,JPl 1 JPl,JPO,JPCNTG,JP5,JP6 

615 WRITE(8•L)MPLOT,J1,J2 1 J3,J4,J5,J6 1 JPl,JPCNT1 1 JPZ,JP3, 
tJP4,JPCNTo,JP5,JP6 

650 CONTINUE 

ISIG•O • GIVES PLOTS OF •RAW DATA' POINTS. 
ISIG>O • GIVES PLOTS OF FITTED CURVE ON TOP D' 'RAW DATA' POINTS. 

5600 
c 

ISIG•O 

c 
c 
c 
c 
c 
c 

EVEN RECORDS ARE READ COfNSITY•t,O GM/CC) ,OR JNDEX•l•l AND 7 1 

000 RECORDS ARE READCDENSJTY s PHYSICAL DENSITY) 'OR INDEX • 4•6 
AND Ae THUS1 

!STAT • 'IRST RECORD • l FDR ODO RECDRbS 1 • Z FDR EVEN RECORDS 
!END • LAST RECORD 
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'° 61 
bl 
63 
64 
65 
66 
61 
68 
6'f 
10 
11 
72 
n 
1" 
75 
16 
17 
18 
7q 
AO 
81 
82 
83 
84 
85 
86 
81 
88 8, 
qo 
'l 
'2 
93 
u 
q5 
96 

" 98 
qq 

100 
101 
10~ 
10] 
104 
105 
106 
107 
108 
109 
ltO 
1 tl 
tt2 
1 tJ 
110 
tU 
116 
ltT 
118 
l 1' 



INC•2 120 
GO TO C7t0,7t0,710,720,7?0,720171017201,INOEX 121 

710 ISTRT:2 tZ2 
IENDsNRUN•2 121 
GO TO 730 1~4 

?20 tSTRTcl 12~ 
IENOs(NRUN•2)•l 126 

c 127 
c THE FOLLOWJNG LOOP CONTROLS CALLS TO SU8ROUTINES ~HtCH PLOT, 128 
c AL~O, FOR INnfX c 7 OR 6,TABULAP LINf PRINT OUTPUT ,OR 12q 
c CUMULATIVE PfRCENT PLOTS, D~/OLOGO PLOTS, ANO DN/DLOGO PLOTS 130 
c RESULTING FROM FIT WILL qf PRJNTE~. WHEN •J• VARIABLE USE~, 131 
c 'RAW OATA' ONLV IS PLOTTED. WHEN 'JP' VARIABLE USED, 'RAW DATA' 112 
c AND FITTED DATA PLOTTED, PLOT CONTROL VARJARLES (Jt•J&, 133 
c JP1•JP&,JPCNTt 1 JPCNT4) VALUES ARE DETERMINED FROM READING FIL~~ 114 
c VARIARLE • n tF PLOT IS TO BE MADE, : t IF PLOT NOT TO BE MAD!, 135 

730 DO 7qo IAV:ISTRT,IEND,INC 116 
c 137 
c BELOW ARE THE VARIABLES TO BE READ FROM FIL! 10, 138 
c IS • RECORD AND RUN NUMBEP, PROGRAM AT PRESENT tlq 
c DEStGNE~ FOR 25 RUNS, EACH WITH CALCULATIONS FOR 2 DENSITIES, 140 
c THUS THERE CAN RE 50 R!CORDS, ONE RECORD CR!CORD 55) USED FOR 141 
c GFNFRAL In ANO OTHER INFORMATION APPLVJNG TO ALL RUNS. 142 
c NFJT • NUMBER OF DATA POINTS FROM CUMULATIVE MASS LOADING 14] 
c CALCULATIONS TO B! FITTEO, 144 
c GRNAM • MAXIMUM MASS LOADING (MG/ACM) 145 
c IO • JOENTJFJCATION LA8!L FOR THE RUN 146 
c RHO • OENSJTV CGMICC) c t.O FOR EVfN IS 147 
c • PHYSICAL DENSITY FOR ODO IS 148 
c TTK • IMPACTOR TEMPERATURE CDEGREES KELVIN) taq 
c POA • GAS PRESSURE AT IMPACTOR JNL~T (ATMOSPHERES) 150 
c FGH20 • PERCENT WATER CONTENT OF GAS 1S1 
c DPC • CUT POINTS OF IMPACTOR STAGES CM!CRONS) 152 
c CUMG • CUMULATIVE MASS LOADING AT EACH STAGE (MG/ACM) 151 
c DMOLD • CHANGE JN MASS LOADING AT EACH STAGE CMG/ONM3) 154 
c GEOMO • GEOMETRIC MEAN DIAMETER CMJCRONS) 155 
c ONOLD • CHANGE IN NUMBER LOADING AT EACH STAGE CNO,/ONM!) 15& 
c GRNAM • MAXIMUM MASS LOAOJNG CMG/ACM) 157 
c MPLOT • c 0 MAKE NEW PLOT FOR TMES£ CUM,,DM/DLO, ANO DN/DLO PLOTS 158 
c • l SUPERJMPOS! DATA ON PREVIOUS PLOT 15q 
c NOTE1 CVC3 THROUGH MS APPLY ONLV WHEN !MPAC s 2 (J 0 E, WHEN USIN~ 160 
c ~RJNK IMPACTOR,, OTHERWISE ALL ZERO•S MAYE BEEN LOADED HERE, 161 
c CVC3 • APPROXIMATE MINIMUM PARTICLE DIAMETER (MICRONS) CAUGHT BV 162 
c CYCLONE C?F INCLUO~O' 16! 
c MCl • 0 • CYCLONE USED 164 
c • l • CVCLON~ NOT USED 16§ 
c MOO • 0 • STAGE 0 INCLUO£n 1b6 
c • 1 STAGE 0 NOT INCLUDED 167 
c MS • LAST STAGf OF IMPACTOR, MS = EITHER 5 OR ba 168 
c VV • ORIGINAL NUMBER OF POINTS FROM CUMULATIVE MASS LOADING 16q 
c CALCULATIONS (MAY OR MAV NOT ~E LESS THAN NFIT,) 1TO 
c XOPEN(l),t•l,NFJT • GEOMETRIC MEAN DIAMETERS (MICRONS) cnRR~SPONDING 171 
c TO YOCI),Ist,NFJT~ (NOTEr TMIS ?S JNOfPENDENT VARIABLE, 172 
c YO(Jl,I•t,NFJT • CUMULATIVE MASS LOADING VALUES CMG/ACM), 1Tl 
c 174 

800 REAOCtO•tAV)tS,NFIT,GRNAM,IO,RMO,TkS,POA,FG(5),0SMA,DMAX, 1T5 
lOPC,CUMG,nM~LO,GfOMO,DNOLD,CYC3,MC3,MOO,MS,VV, 1T6 
2(XNOPENfI),l:t,NFIT) 1 (Y0Cl) 1 lc1,NFITl 171 

JREC=CIS+1l/2 178 
lFCIREC 0 GT 0 NRUN)GO TO yqq l7q 
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READCR'IRfC)MPLOT,Jt,JZ,JJ,J4,J5,Jb,JP1,JPCNT1,JP2,JP31 180 
tJP4,JPCNT4.JP5,JP~ 181 

c \112 
C••••******************************************************************* 183 
c * * * • * 184 
C IN~EW•JSIG * MAJOR •PLOT CONTROL• RESULTING PLOT * DENSITY 185 
C • .SUB'S USED• VAPJlBLE * * 1116 
C * * • • * t 8T 
C••••******************************************************************* 188 
C••********************************************************************* t~q 
C * * * * * lCJO 
C t * o * ~AlLYt * JI •CUMULATIVE MASS LOAOI~G •AERO, 1Ql 
C * * * * CMG/ACM AND GR/ACF) •~1,0GM/CC 1Q2 
c * * • * vs. * 1 en 
C * * * * PARTICLE DIAMETER * 1Q4 
C * * * * P4ICRONS) * 1Q5 
C * * * * OR CUMULATIVE MASS PLOT• 1•6 
c * * * • * 1Q7 c....................................................................... 1CJ8 

c * * * * • llJQ 
C 2 * 0 * WALLY2 * J2 •CHANGE JN CUM, HASS LOAD• A~RO. 200 
C * * * * (MG/ONH3J * 201 
c • • * • vs. * 202 
C * * * •GEOMETRJC MEAN DJ AMETER * 203 
C * * * • (MJCRONS) * 204 
C • * * * (Oil OMIDLOGD PLOT) • 2(15 
c * • * • * 206 
C••••**~**************************************************************** 207 
c • • • • * 208 
C J * 0 * WALLV3 * J3 •C~ANGE JN CUM. NO, LDAn,• AERO~ znq 
C * * * * tN0 1 /0N143) * 210 
c • • * • vs. • 211 
C * * • •GEOMETRJC "'fAN OIU4ETER * 212 
C * * • * (MICRONS) * 2t3 
c • * • • en~ ON/DLOGD PLOT> * Zt41 
c • • * • • 2t s 
C••••******************************************************************* 216 
c • * * * • 217 
C 4 * 0 * WALLY! * J4 * CUMULATIVE MASS •PHYSICAL 2tR 
c * • • * • 211J 
C••••******************************************************************* 220 
c * * * • • 221 
C S * 0 * WALLY2 * JS * ~M/DLOGD •PMYSICA~ ?22 
c • • • * * 223 
C••••******************•************************************************ 224 
c * * • * * 225 
C b * 0 * WALLY3 * J& * ON/DLOGD •PMVSICAL 226 
c * * • * * 227 
C•********************************************************************** 228 c zzq 
c 230 
C NnTEt FOA ANV OF THE tNDfX NUMB!AS t • &, THERE MAY BE ONE Pl~T 231 
C FOA EACH AUN JF MPLOT • Ot OR [ACH PLOT MAY CONTAIN SEVERAL 232 
C DATA SETS SllPfRIHPOSED IF HPLOT • 0 FOLL01i[D 8'1 MPLOT 11 1 fN fACM 233 
C OF THE SUCCEEDING OATA FtlES 1 DATA WILL BE SUPERIMPOSED ON THE 234 
C L&ST PLOT WHERE MPLOT • O, IT IS 'OR THIS FLEXIBILITV THAT ALL 2!~ 
C FILES ARE READ BEFOPE CHANGING 'INDfX• FOR INDEW • 1•6 1 THE~E'S 236 
C NO SUPERIMPOSITION FOR THE FOLLOWING PLOTS (INDEX • 7 AND 8). RESULT 237 
c WOULD er CLUTTERED AND CONFUSING AS PLnT CONTAINS RAW DATA AND 2!8 
C FITTED DATA POINTS. 239 
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c 240 
c ~41 
c * • * * * 242 
C 1 * l * WALLVl * JPl • CUMULATIVE MASS •AERO. 243 
C * * J0f1 * * * 2Utl 
c * • * * * 245 
C••••******************************************************************* 24b 
c • • * * * 2t17 
C 1 * * CllMPCT * JPCNTt • CUMULATIVE PERCE.NT •AEqo. l4A 
c • • • • MASS • zaq 
c * * * * • 2~0 
C••********************************************************************* 2Sl 
c * * * * * 252 
C 7 * 1 * wALLV2 * JP2 * OM/DLOGD •AERO, 2~3 
C * • JOE.2 * * * 2'5t1 
c * * * * * 255 
C*********************************************************************** 25b 
c * * • * * 2'5., 
C 7 * & * WALLYJ * JP3 * DN/DLOGD •AERO, 258 
C * * JOEz * * * 259 
c * • • • * 2&0 
C••********************************************************************* lbl 
c * * * * * 2b2 
C 8 * l * 'OLLV1 * JPU • ClJMULATIVE MASS •PHYSICAL 2b3 
C * * JOE 1 * * * 261! 
c * • * • * 2&5 
C•********************************************************************** 2~b 
C • * * * * 2&7 
C 8 * * CUMPCT * JPCNTU * CUMULATIVE PERCENT •PHYSICAL 2b~ 

C * * * * MASS * 269 
c * * * * * 270 
C•••******************************************************************** 271 
c * • * • • 272 
C 8 * * wALLV2 * JPS * OM/OLOGO •PHVSICAL 273 
c • • Jnf 2 • • • 27 a 
c * * * • • 275 
C•********************************************************************** 21b 
c * * * * * 277 
C 8 * ~ * WALLVl * JP& * ON/DLOGD •PHYSICAL 278 
C * * JOE2 * • * z7q 
C • * * * * lAO 
C•••******************************************************************** 281 c 282 

810 GO TO C731,732,733,734,7JS,7lb1137,T38l,tNOEX 2Al 
711 JF(J1,NE.tBLAK)G0 TO 790 2All 

CALL WALLYI 2~5 
GO TO 7qo 286 

732 lFCJ2,NE.t8LAK)GO TO 7QO 287 
CALL wALLV2 288 
GO TO 7qo zeq 

133 JFCJJ,NE.IBLAK)GO TO 7QO 2QO 
CALL WALLV3 2Ql 
GO TO 1qo 2Q2 

TlO TFCJ4.Nf.t8LAK1GO TO TQO zq3 
CALL WALLY1 zq4 
G~ TO Tqo 2•5 

TJS tFCJ~ 1 N£.IBLAk)~O TO T~O 29& 
CALL wALLY2 2•T 
GO TO 7qo 298 

13• IF(J6.NE.I8LAK)GO TO TQO zqq 
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CALL WALLVJ 300 
GO TO no 301 7)1 JIIG•t 302 
1F(JPt.~f .l8LAK\G0 TO 740 303 
CALI. WALL Vt 304 

140 !F(JPCNT1.NE.IBLAK)GO TO 750 ]05 
CALL CUMPCT 306 150 IFCJP2.NE.I8LAk)G0 TO 751 30'7 
CALL WALL Vl 308 

'751 IFCJP3.Nf.J8LAK)G0 TO 190 309 
TSIG•& 3t0 
CILL IULL VJ 311 
ISJG~t 312 
GO TO 7Cl0 313 138 IF(JP4.NE.IBLAk)G0 TO 755 314 
CALL WALL"t 315 

75'5 tF(JPCNT4.NE.TRLAK)G0 TO 760 31& 
CALL CUMPCT 317 760 IFtJP5 8 NE.I8lAK)GO TO 76 t 318 
Clll WALL Vl 31'> 

?ftl IF(JP&,NE,I8LA~)GO TO no 320 
ISIG•& 3Zl CALL WALLY] 32Z 
ISIG•t 323 no cnNTlt.IUE 324 

7'CJ CONTit.IUE 3l5 CJOO FORMAT(IJt) 3'2.& 
CJ02 FORHAT CAI 1) 327 soon STOP 328 END ]l'I 
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BEGIN PROGRAM 
MPPROG 

READ INPUT DATA 
FOR TEST 

CALC. GAS 
COMPOSITION. 
PRESSURE 
DROP. ETC. 

CALC. LOCAL 
PRESSURE AT 
EACH IMPACTOR 
STAGE 

CALC. GAS 
VISCOSITY 

CALC. MOLECULAR 
MEAN FREE PATH 

CALCULATE 05() 
OF EACH ST AGE 

CALC. CUMULATIVE 
MASS AND PERCENT 
OISTRIBU1 IQN 

CONVERT UNITS 
AND FIND MASS 
LOADING IN 
SEVERAL UNITS 

WAITE TEST 
INFORMATION 
OUT FOR THE 
IMPACTOR 
CONFIGURATION 
USED 

SUBROUTINE 
STAGE 

SUBROUTINE 
VIS 

SUBROUTINE 
MEAN 

SUBROUTINE aJT 

SUBROUTINE CUM 

CALC. SIZE DIS. 
TAIBUTION ON 
A MASS BASIS 
AND A NUMBER 
BASIS. ALSO CAL
ClJLATE GEOM. 
MEAN DIAM. 

FIND MAX ANO MIN 
MASS LOADING. MAX 
PARTICLE SIZE ANO 
~0':. 05() FOR THIS 

FINO MAX AND MIN 
GEOM. MEAN DIA .• 
MASS SIZE DIST., ANO 
NUMBER SIZE DIST. 
FOR THIS RUN 

= 2 (BRINK) 

ORDER Dso"S AND 
PARTl~LE SIZE 
BY MAGNITUDE 

CUMULATIVE 
MASS LOADINGS 
FOLLOW 050 ANO 
MAX PARTICLE 
SIZE ORDERING 

WRITE DATA 
FOR EACH RUN 
ONTO DISK-FOR 
USE OF OTHER 
MAINLINE 
PROGRAMS 

= 1 

@ 
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*1 

SUBROUTINE 
DMDNGD 

COMBINE ST AGE 
1 ANO 2 MASS 

~Ts';.':.~Es:Ni~o~ 
ARE NEARLY 
EQUAL 

SET DENSITY = 1 
RECALCULATE AUN 
FOR MERCER'S OR 
TGLD DEFINITION 
OF AERODYNAMIC 
DIAMETER 

NO~ 
~ 

YES 

[ 
STOP 



C•************************************************************************** 
C• 
C• 
C• 
C• 
C• 
C• 
C• 
C• 

'Tl-<!!J IS A FOPTRAN IV PRnGRAl-4 FOR CALClJLA'T!NG STAt;E CUT PO!'JTS, 
(D50'5) •~n TME P•RTICLE STZE D!STRT~UTTnN OF MA'TfRIAL COL• 
LEC'TEn PV A OSCAOE IMPACTOR~ COM .. ENT CARnS DESCRIRE TMF !~PllT 
, .. m CUTPllT raTA AlllO H~E IMPCIRTUIT CALCUtA'T!ONS. TMf PR('ll';IU .. 
HA"'DLES ·~~EPSEN, BRINK, UN!V!R!JTV nF wASMl~G'TON, •~n MP! 
!l'lf>ACTnR r')ATA·. 

C•************************************************************************** 
c 

C 
c 
c: 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

Y~TEGFP lC(A,U),VV 
REAL fMASS(q),!('.liMM(q),MASS(q),M"l,MU,lfll) 
n c I 'ALE p PE c Is I No~ )( •1 DPf: N c t (\) , v n c 1 0) , v A p n r 1 0) , VA RC ( 1 n) 
r')!MfNS!ON FILNAM(2),0PCDN(~) 
c n ...... 0 •:In IJMM v I I"' (A 0) 'p R c: lJ ( q, 'c U"I!; ( e) • c UMI-< r 8) • c UM I (fl) • c LIM J (II) • 

\DP~rr~n),OMAXXC5nl,CUMGFf~O),CUMG!C~O).G0M!NC50), 
2Gr')M&X(5n1,l"MM~(50),DMM)((50,,nNMN(SO),nNMX(~O),DPM!N(2),i"P1-4AXf2), 

'5 c " .. I " c 2 > , c: 11 •• • w c ? ' , GE"'! "' c 2 > , GE"' u r 2 1 , n M .. r"' c ;n , n .... • x r 2 ' , n N 1o1 r N r ? i , 
UDNMAW(2) 1 TOALL(ll0) 

CQM .. n~/RLOC~\/P~CB),MU,PnA,r,PA,Tr.J,FGC~l.OELPCA,u) 
cnMM0N/~LCICK2/TKJ,MM,L,RH('l,Q,nPC(fl1,CVC3,X,OCCA,~,u) 

c: ('IM~· ON /FIL nc K J /1-4 Ass, F. ri1.1R. TI( s. c Li"'M (Cl) • Pf" RC u ( q), 
I GR~IA 'r,R"S' [;RI.IA"' I GR"<S"' 
C!'M~ON/F1Lnr~a1R4,RfVN1C7),RfYN?C7),Frc11,"'C3,MS,nMAX,G~RNSCql,MOO, 

tnMnLncq),O"QLO(Q),GE.OMO(Q) 
c 1JM1•n•1/F1L OCK~t"C:llM, 1-4?.&CTv, "'"'C""O· "'"'•SS. ~'•E.Rn 
DATA nPCON/!~2P7,3,7A3E02,3.q2~.1.nq3fo3,q,37~1 
nATA Fll"AM/'IC'M(OO•,•tR!N'/ 
CALL nEFINf(1n.2~1.1n1,FJL"<AM,T!O,O,O,n) 

REAn CODE FnR T~PACTnR TYPE MPAC:Tv AND CODE F0R AE.RQOVNAMTC 
!'FN~!TV r'lEFP 1 ITlO'- Tn FIE USF.0 "IAfPC"I 
MPACTV : 1 • ANDE~SEN 

a 2 • ARINK 
: 3 • liN!V, '.'IF 10SMlNGTO\l.I (P!L.lT) 
s U • "'fTEOROl!'GV RESEARCM, INC, (MRI) 

"AFRO = 0 - rLASSIC nEF!NTTJON OF ~EROOVN~MIC OE~SITV 
• I • MERCER'S DEFINITION 

NMASS • ~o. OF "'ASSE~ TO BF RFA~. NO. nF STAGFS + ! FOP FILTfR 
+ 1 FOR r'VCLnf 1F CIF APPLICARLEl • 

NMA!i!SsCI 
!F (MPA(TV~GF,l)NMASS•A 

NCUM•7 
fF("'PACTY,EQ~1)!,(UM:8 

RfAn GFNFRAI rnE~'T!F!CAT!ON LABEL !DALL. INFORMATION 0"1 T~rs 
CARC PERTA!"'S TO ALL Rll"IS, MAY JNCLUr)F TEST SITE, OATFCSl, 
RllNNTf\JG cn~:r.)!TIONS, FTC. Tl'TS WILL Rf HE•D!N(; nF STlTISTICAL 
PRINT (lllT •~:n GIUPMS IF PROGRA"I S'TATTS IS Ru ... 
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c 
c 
C !ACH RUM HAI THE TH! CARD DATA SET Tn FOLLOW~ TH!Rf AR[ • 
C CARDI FOR !ACH RUN~ 
e 
c 
C R!AD CODE FOR IMPACTOR NUMBER, MPACNO, !ACH IMPACTOR IS 
C AltlGN[D l MUM~!R 10 TMAT CALIBRAT!ON COMITAMTI FOR 
C THIS IMPACTOR CAN 8! STORED IN 9LOCK DATA IUIRDUT?N!I 
C COM!Kl AND COM9k!, 
c 
c 
c 
c 
c 

c 
12 R[ADC21•~)MPACNO 

IF(MPACND>•!,•J,14 

C PO •• GAi PR!S9URl AT IMPACTOR INL!T: IHCH!I OF M!RCURV. 
C T'S •• T!MP!RATUR! O' STACK. DEGRE!! FAHRENH!IT, 
C T,I •• T!MP!RATUR[ O' IMPACTOR~ D!GR!!S FAHRfNHfJR, 
C RHO •• PARTtCL! D!~IITV, GRAMS/CUI?~ C!NTIM!T!R. 
C DUA •• DURATION OF IMPACTOR SAMPLING. MINUTES 
C DMAX •• MAXIMU~ DilM!T!R 0, MAT!A!ll CDLL!CT£D= MICRONI, 
C IF CJ Ul!D, MCJ•11 OTM!RW!I!, MCJ•o, 
C IF 10 Ul!0 1 MOO•lt OTM!RW!lf, MOO•O. 
C I, LAIT STAGE ll 15(16), Ml•!C6>, 
C IF BlCK•UP 'ILT!R Ul!D, ~'•tt OTHlRN!Sf, MF•O. 
c 

lA A!ADCZ 1 JOO)PO,TFl,T'I,AH0 1 0UR,OMAX,MCJ,MOO,MS,MF 
c 
C R!AD IN QA& COMPOSITION tN TH!S ~RDER••COZ(DRVl CO(ORV) 
C Nl(DAV> OZCDRV) H20 
c 
c 
C R!An IN STAGE COLL!CTIONS IN MILLIGRAMS tN TMIS ORD!Rt 
c FILTER ITAG!S(6,!,o,1.2,1,o> Cl OR CZ 
c 

c 

R!ADfZ1106) (MA8S(I)1!•1,NMAll) 
DO zqq I•t,NMASI 
MASSCI)•MASStI)/tOOO,O 

2'>9 CONTINU! 

C A!AO IN IMPACTOR SAMPLING FLOW RATE IN AC,M 1 

e 
e 
C R!lD IN TEST IN,OAMATtONCDlT!,TtM!,ETC.l B£TW£!N COLUMNS 
C ! TO !l~ PUT A l IN COLUMN 1 0 

c 
A!lDC2.t00">lO 

c 
C NRUN II ?ND!X FOR NUMB!R ~F RUN8 A!ADa 
c 

NRUN•NAUN+l 
c 
C IF CALCULATIDN8 'OR BOTH D!FINIT?ONS 0, AEROOVNl~IC DIAM!T!A ARE 
C D!l!AED, ?NPUT DENSITY A~O • loO AND NAEAO JI S!T • 0 80 THAT 
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60 
fl 1 
62 
bl 
64 
65 
66 
u 
61\ 
61J 
70 
11 
n 
n 
74 
7~ 
7tt ., ., 
78 ..,, 
M 
81 
82 
83 
~4 
85 
86 
8'7 
8& 
8Q 
90 
01 
q~ 

0 
QO 

95 
IJ6 
ttT 
qp 
qq 

100 
101 
102 
103 
HCI 
tn! 
1n6 
107 
toe 
too 
110 
!t t 
11Z 
111 
1111 
1t5 
tU1 
117 
111' 
119 



c 
c 
c 
c 

t 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c: 

'TGL~· ~~FJNITION OF AERO. DtAMfTEP IS USED FOR tST COMPUTA• 
TION nf osa·s. cuM. MASS L0A01NGS, ETC: (MERCER'S DEftNIT10N OF 
AERO. ntAMfTER JS USED FOR 2NO COMPUTJnN. PHYSICAL DfNSJTY 
COMPUTIONS NOT ~ADE.> 

NAF,"RO:MAfRO 
JFCRHn.fQ.t.> NAEROaO 

CHANGE DPY GAS COMPOSITION TO WET. 

DO 251 l•l,, ll 
FGtJ)cFGCJl•Ct.o-FGC5)) 

2'5t CONTINUE 

..-~ tS TME AVF:IUGE MOLECIJLAR W[IGHT OF THE Fl.UE GAS. 

MMsaG.tO•FG<1>+28.0l•FGC2J+2B.oZ•FGcl>+12.oo•FGC4J+te.oz•FGC5> 

CHANGE THf Tf~PEHATURE OF GAS JN THE JMPACTOR TO DEGREES CENTI~RADfe 

CMANGE TMF TEMPERATURE OF GAS IN TMf TMPACTOR Tn DEGREES KELVtN. 

TKT:?73.0+C5.0•(TFT•32.0l/q•Ol 

CHANGE THE TEMPERATURE OF GAS JM THE J~PACTOR TO DEGREES RAN~JNE. 

CHANGE THE TfMPERATURE OF GAS JN TMF ~TACK TO DEGREES KEL~IN. 

TKS:~73.0+(5~0•(TfS•3Z.o,1q.o) 

CALCIJl.ATE THE FLOW RATE FOR JMPACTnA CONDITIONS JN ACFH. 

CALCULATF DROP JN PRESSURE ACROSS THE JHPACTOR I~ JNC~ES OF 
MfACURY. 

J:rHPACTV 
IFCJ.fQ.G)J:'i 
IFCJ.EQ.2.AND~~S~E~.6)J:G 
OPsDPCONCJ)•CD•Q•PO)/TRl•HM/AA 

CHANGE OP TO ATMOSPHERES. 
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120 
tn 
122 
123 
1~4 
12'5 
1 i.»6 
127 
128 
12q 
no 
1'J 1 
t32 
133 
134 
t35 
136 
tH 
na 
13q 
100 
14 t 
142 
141 
1 a a 
145 
146 
147 
t 48 
, Qq 

t'.iO 
t '51 
152 
153 
15" 
155 
15b 
157 
Pi8 
1 liq 
160 
161 
lfoi2 
t f'-3 
16 a 
165 
l6b 
l 61 
168 u,q 
170 
111 
112 
tn 
1'4 
175 
176 
t 17 
171' 
17q 



c 
C THIS IUB~OUTtN! CALCULAT!I THE LOCAL PA!llUA! AT EACH ITAG!e 
c 

CALL STAG! 
c 
C THIS IUBROUTJNE CALCULAT!I TH! GAS VJSCDllTV. 
c 

CALL VU 
c 
C TMJI SUBROUT!NI! CALCULATES THI! MOLECULAR MEAN 'REE PATH. 
c 

CALL MUN 
RHOt•t,O 

2010 CONTINU! 
18•11+1 
tFCRHD•t,O>Zoo2,2002.200A 

2002 DMAX•DMAX•IQPT(RHOt) 
c 
C THIS IUBRDUTtN! CALCULAT~I THI! DIO OF EACH STAGE. 
c 

2008 CALL CUT 
c 
C THIS SUBADUTINI! CALCULATl!S THE CUMULATIVE MASS AND CUMULATIVE 
C P!ACl!NT DISTA18UTION. 
c 

CALL CUM 
c 
C THII LOOP CMANnl!S TH! 'LUE GAS CDMPOllTION TO P!RC!NT. 
c 

2011 DO SO 1•1 1 5 
FGtl>•'GCI>•tOO,O 

10 COlllTINUI! 
c 
C TMtS LOOP INW!RTS THI! OAD!R OF THE MAIS, CUMULATIVE MAIS LOADING 
C c DSO, AND CUMULATIY! P!RC!~T MAIS LOADINQ c DSO. 
c 

e 

NMAlstaNMUl+t 
DO SO l•l 1 NMASS 
J•NMUSl•I 
?MAISCJ)•HASSCI, 
PRCUCJ)•P!RCUCJ) 
JCUMM(J)•CUMMCI> 

SO CONTINUE 

C THIS LOOP CHANGES MASI/STAG! FRON IRAMI TO MILLIGRAMS, 
c 

c 

DO 224 I•t,NM&SS 
IHASICI>•IMASStl>•lOOO,O 
?CUMMCl)•ICUMN(J)•lOOO.O 

ZZ4 CONTINUE 
l'(NPACTV•Z)501 1 50Z,50t 

501 MLhNCUM 
MMM•t 
GD TD 503 

502 MLl•MCJ+MOp+6 
MMM-J•CMC]+MOO) 

C THll LOOP CALCULATES CUMULATIY! MASS LDADlNG c STAGE D!O T~ 
C MILLIGAAMI P!A ACTUAL CUBIC METl!A(CUMGl, GAAINI P!A ACTUAL 
C CUBIC ,DOT (CUMH), QAAtNI P!A DRV NORMAL CUBIC 'DOT (CUM!,, 
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180 
181 
Ul 
18] 
1e4 
185 
1 (16 
tH 
188 
189 
191) 
191 
Ui 
ten 
lCJ4 
1'5 
U6 
1''7 
ue 
l•• 
lOO 
2fl1 
lOl 
2(1'3 
204 
205 
206 
207 
20" 
20• 
210 
211 
212 
213 
214 
!15 
lU 
11'7 
Zt8 
zu 
ll" 
Ht 
222 
zn 
2i4 
ZZ5 
2h 
2l7 
ue 
ll• 
l'30 
231 
232 
233 
nu 
215 
Z311 
237 
2J8 
n• 



C ANO MJLLJGAAMS PER ORV NORMAL CUBJC MET!R CCUMJ). 
c 

c 

903 DO 504 I•t,MLS 
J•l+MMM 
'C•PACU(J)llOo.o 
CUM8Cl>•GRNAM•'C 
CUMH ( t) •GANhPC 
CUMl(l)•GRNl•'C 
CUMJ(!)•GANIM•'C 

500 CONT!NU! 

C TMlt LOOP CALCULAT!S TH! MILLIGRAMS P£R D~Y ~OAMAL CUSIC METER 
C PEA ITAGI. 
c 

DO '505 l•t 1 t.IMASI 
GGRNl(l)•(CIMAll(l)•ll.4J2t)IC('*DUR•2t4.0•POA)/CT~S*la0)))/f(t00 8 

tO•'l<!>>1100~0>•2Z&e.s•11000.o 
505 CONTINUE 

c 
C THIS ITAT!M!NT WAIT!I TM! T!IT IN,ORMATJONa 
c 
c 
C THJS ITATM!NT WRIT!I TH! IMPACTOR 'LOW RAT! • T!MP[AATUA!, SAMPLING 
C OURATIONr PARTICLE D!NSITY, ITAC~ PR!SSUR!, ANO MAXIMUM PART!CL! 
C DIAMETER. 
c 

c 
C THIS ITATEMENT WRIT!S THE 'LUE GAi CDMPDllTIDNa GRAINS PER ACTUAL 
C CU8IC 'DOT, THE GRAINS PER NORMAL DRY CUIJC FOOT, TH[ 
C MILLIGRAMS P!R ACTUAL CUBIC M£T£R, TH[ MILLIGRA~S P£R NORMAL 
C DRY CUBIC M!T!R, 
e 

~RIT£(J1202) ,1(1),,G(2),,0(3),,G(4),,G(5),CRNA 1 GRNS,GR~AM,GRNSM 
c c ITAG! COLUMN H!AOINGS, oso•a. Ml8S/STAGE, MASS L0ADI~G/8TAO£. 
C I TOTAL MASS/STAIE, A~D CUMULATIV! HAii D!STRIBUTIO~ AR! ~RITTEN. 
C ,0.MAT Ul!D D!P!NDI ON TYPE 0, 1MPACTDR 1 

c 

c 
c 
c 
c 
c 
c 
c 
c 
e 

1001 
c 
c 
c 
c 

GO TO csoo1,Jtoo,J200,1200),MPACTY 

THIS IECT?ON WRIT!I STAGE COLUMN H!lOINGS, D!O'I, MAISllTAG€. 
NAii LDADING/ITAGE, CUMULAT1V£ P!RC!NT MAii LOADING c STAGE 
DSO, AND CUMULATIY! Mlll LOADING ~ ITAG! D!O ,OR AND!RS!N 
I Ml' ACTOR: 

THJI ITAT!M!NT WRITES TH! D50'1 'OR EACH ITAGE~ 

WRJTE<J,J20J) CDPC(I),t•l,8) 

THIS ITATM!NT WAIT!I TM! MAii COLL~CTED PER STA;i, TH! NAii LOADING 
PER ITAGE 1 AND TH! P!RC!NT 0, TH! TOTAL MAii ON !AC~ ITAGl, 

WAITE(J 1 l11l) tlMASIC%i,I•t1•>•CGGANICl>1l•t1•J,fP~CUfl+l)1!•l.~) 
c 
C THIS ITATEMINT WRITll TH! CU"ULAfJVE NAii LOAOINll fN MJLLIGR&HI 
C PER ACTUAL CUltC M!T!R, MILLIGRAMS P!R DRY NORMAL CUBIC MFTfq, 
C GRAINS PEA ACTUAL CUllC 'OOT, AND GRAINS PER DRY NORMAL tU8!C FOOT 

452 

240 
241 
Ul 
243 
200 
245 
21f> 
247 
218 
249 
250 
251 
252 
253 
254 
255 
21§f> 
25'7 
2'8 
15q 
160 
ilt., 
lbi 
2&3 
lb4 
lU 
i!b& 
2b1 
i?b~ 
2bq 
270 
l?\ 
27? 
273 
l14 
n5 
lh 
217 
278 
27• 
HO 
Hl 
282 
283 
28" 
Z85 
286 
211 
2U 
280 
HO 
201 
lOi! 
lOl 
2'4 
l'l5 
lob 
l'7 
ZCJR 
2qo 



C , ,OA !ACH ITA;f, 300 
c 1n1 

•AtTE(J,Jtll) tCUMACtl.I•l11) 1 (CUMJC!).t•1.1) 1 CCUMM(?),I•t 1 8J 1 (CUM J02 
lICI),I•t,I) 303 

CO TO J]OO 304 
JlOO Ml•MS+MOO 305 

MZ•Ml+MCJ+MOO 30• 
M]•MI 307 
I,CM8•!)]ltO,Jtt01llOS 30~ 

Jll9 Ml•M2+l 309 
JtlO CONTINUE 310 

I'CMCJ,N!,l)&n TO l•O lll 
c 312 
C THIS SECTION WRITES STAG! COLUMN H!ADINGI, D!O'S, MASS/STAGE, 311 
C MAIS LOADING/STACE, CUMULAT!V! PE-C!NT MAIS LOADING c JTAAE 314 
C O!O, AND CUMULATIY! MA~I LOADING c S!AGE 010 'OR BRINK 3t5 
c IMPACTOR WHERE F!RIT ''ITAG!'' JI eveLON[, 3!• 
e 111 

t,fMSa5)100 1 I00,500 31' 
c 119 
c 1zn 
C THIS STATEMENT WRITES TH! COLUMM,MfADtNGI 'OR TH! CTCLON! AND STAGES lZl 
c so.11,12.ss,sa,15,1,.AND TM! 050 1 1. 122 
C 3Zl 

100 WAIT!CJ 1 ZJJ)CVCJ,CDPC(I),t•l 1 M1) 3~4 
GO TO •I! ll5 

C 3Zb 
c THIS ITATEMENT WAITES TH! COLUMN M!AnINIS FOR TH~ CYCLON! A~O STAGES 327 
c 10,11,12.ss,11.s5,1 •• s,,ANO TH! D!O'I~ l2R 
c 329 

100 WRIT!CJ 1 20J)CVCJ,(OPCCI>.t•11Ml) l~O 
c 33! 
C THIS STAT!M!NT WAITES TH! MASS COLLECT!O ON EACH STAGE, 332 
c 333 

•25 CONTINUE JJI 
WAIT!(J,2!0) 335 
WRIT!(3 1 Z11) CtMAS8CI>,I•t,M2) 33• 
I'CMZ 1 EQ 1 7) WRIT!(3,ZZ7) IMASS(t) 331 

c 3]~ 
C THIS STATEM!~T WRIT!& TM! GRAINS 'fR NORMAL ORV CUBIC 'OOT PER STAG! 3Jt 
e 300 

t'tM2•7) 5t2,!tl,5t3 3U1 
St2 WRIT!C3 1 242) fG9RN8CI),I•t,M2),GGRM8Ct) JU! 

QO TO !14 343 
!13 WRITEC3 1 Z04) CIGRNICI),l•t 1 t) 3U4 

c 145 
C THIS ITATfM!NT •RIT!S TM! CU~ULATtV! PERC!MT 0' MASS c D50. 34~ 
e 301 

Sl4 WRIT!Cl,215) (PRCUCI+ll1I•t,MJ) 348 
c 349 
e THIS STATfMf~T WRIT!I TH! CUMULATtV! MAIS IN M!LLI9AAMI •r~ ACTUAL 350 
C CU!!C MET!- IMALLER THAN 050, 151 
c 352 

wRtT!(J,210) 153 
WRIT!(J,221> CUMGCll J5a 
WRIT!(J,223) CCUMGCI+l)1I•t,Mt) 155 

c 35b 
C THIS STATM[NT WR!T!I THI CUMULAT!V! MASI IN M!LLI~RAMS P!R OAV 357 
C D-Y CUl!C MfT!R 1 158 
c 359 
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WR?T!(S,217) 1~0 
WAIT£(J,l2l> CUMJ(1) 161 
WRtT!(J,!2S) (CUMJ(l+l>rl•t,Ml) 3,z 

c 363 
C TMll ITAT!M£NT MAIT!I TH! CUMULATIVE MAIS IN GAA!NI PfR ACTUAL 36G 
C CUBIC 'ODT IMALL!A THAN 050. 365 
C JM~ 

WA!Tf(J,Zt•> 1•7 
WAITECJ,221) CUMH(1) 368 
WAIT!(J,223) (CUMHCl+t>,I•t,Ml) 36~ 

c )70 
C THIS ITAT!MENT WRITES THE CUMULATIVE MAii IN GRAINS •Eq DRV NORMAL J7t 
C CU~lC 'DOT IMALL!R THAN D!O. J1Z 
c 173 

•RITE(J,ZJ!) 374 
WRIT!(J,221) CUMJ(t) 375 
WRITECS,2Z3) CCUMICl+t>,!•t,Mt) 376 
GO TO 3300 377 

2•0 l'(MOO.N!.I) GO TO 2•1 378 
c 37• 
C TMIS SECTION WRITES STAIE COLUMN MEADIN&I, 050;9, ~ASS/STAG!, 180 
C MAIS LDADINl/ITAQE, CUMULATIVE 'fRCENT MAIS LOADING c STAC! 381 
C 0,0, AND CUMULATIVE MASI LOADING c STAGE 050 'OR 8AJNK 381 
C ?M,ACTOR WHER! 'tRST ITAi! • STAG! o: 383 
c 384 

l'(MI.~) 410,410 1 520 385 
c 31• 
c 117 
c THIS STAT!M!~T WRITES TH! COLUMN HEADJNGI ,OA STAGES so,st,12,S], 188 
c 14,15,1'· 38• 
c J•o 

•to WRITEcS,2J•> l•l 
90 TO 121 HZ 

c J•l 
c THIS ITAT!M!NT WRJTEI TH! COLUMN MEADJNGI ,OA STAGtS so,s1,s1,SJ, 3q4 
C l&,15,1•,S' J•S 
c 3•6 

~20 WR!T!(J,lO!) ]qT 
c 3•~ 
C THIS ITAT!M!NT WRITtl TH! D!O'I• 3•• 
c 400 

121 WRIT£(1 1 20•) (DPC(l)1l•t,Ml) 401 
c 401 
C TMtS ITATEM!NT WAITES TH! "ASS COLL!CT!D ON !ACH STAGE. 403 
C ona 

WRtTE(J,ZZO> ao~ 
MRJT!(J,i22> c!NA81Cl•t>.!•t·M2) 4n6 
I,CMZ.!Q •• ) WR?T!(J,221) !MASSC•> 407 

c •os 
c THJI If 4T!M!NT WRIT!I TM! QRA!NI P[R ~ORMAL DRY CUBIC ,DOT P~R on• 
C IUG!. 410 
e au 

f'tMZ••> 422,422,423 4fZ 
122 WRJT!(l,201) (&GRNl(I+l),l•t,MZ),GGRNlt•> 413 

00 TO 114 414 
421 WRtTl(J 1 ZO•> (GGRNSCI+l),1•1 1 8) 415 

C Gl~ 
C THIS ITAT!M!NT MR?TES TH! CUMULATfY! ,!RC!NT OF MAIS SMALL!R TM&N 417 
C THE D!Oa 411 
c 41 q 
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424 WRITE(l 1 Z08) CPACUCl+l),t•t,MJ) 420 
c 121 
C THIS STATEMENT WRITES TH( CIJMULAT?YE HASS ?~ MILLIGRAMS PER ACTUAL 422 
C CUBIC M!T!R SMALL!R T~lN DSO. 421 
c 424 

WRITEtl,ZlO) 42~ 
WAJTE(l,Zl8) (CUMG(!),I•t,Ml) 426 

C 41T 
C THIS STATM!NT WAITES THE CUMULAT!V! MASS IN MllLIGRA~I PER DAV 4l8 
C DAY CUBIC METER, 42q 
c 4lft 

WAITECJ1Zlf) 431 
WRtTECJ,219) (CUMJ(l),I•1 1 Ml) 4J1 

c 433 
C TM!S STATEMENT MRITE8 THE CUMULATJY! MASS lN G•AINS PER ACTUAL 434 
C CUBIC ,OOT IMALL!R THAN DSO. AlS 
c 4lb 

WAJT!CJ,Zt•> 411 
WRITE(J,ll8) (CUMHC?),t•t1Hl) 418 

C IJ• 
C THIS 8TATEMfNT WRJT!S THI CUMULATtVE MASS IN GRA?NS P!R ORV NORMAL 440 
C CUBIC FOOT SMALLER THA~ D!O~ 441 
c 441 

WAlTECl,235) 441 
WA!TE(J,218) (CUMJ(l) 1 I•t 1 Ml) 444 
GO TO lJOO 115 

c 446 
c THIS S!C'JON •AIT!8 STAI! COLUMN HfA~INGS, D!ois, MASS/STAG!, 447 
C MAIS LOADING/STAG!, CUMULATIY! '!•CENT MASS LOADING c STAGE 448 
C D!O, AND CUMULATIV! MAIS LOADING c 8JA&I DSO 'OR 8•TNK 44q 
C IMPACTOR WM!R! ,!AST STAGE • STAGE l. 4§0 
c 4~1 

2&1 !'CMS•!) 430,4J0,530 4~2 
c 45! 
c TMIS STAT!N!NT WAlT!S TH! COLUMN HEAnINGS 'OR THE STAGES s1,s2,s!, 454 
t sa,s!,8'~ us~ 
c 45• 

4JO WRITE(l,23Q) 457 
GO TO 441 4!8 

c 459 
c TH!S STATEMENT WRITES TM! COLUMN M!ADt~GS ,OR TM!S STAG!S 8t,s2,s3, 4•0 
c S4,s5,Sb,s,. 461 

530 WPITECJ,240) 462 
e 463 

e "'" C TMJS STATEMENT WRlTfS TM! 0!0 1 8~ 4b5 
c 46b 

441 WPITECJ,23~) (DPCCI+l),I•l,Mt) 467 
t 4bR 
C THIS STATEMENT WRITES TH! MASS COLLECTED ON EACM STAG!. Ubq 
e 010 

WRITE(l,220) 471 
WRJT!(S,~2!) C!MAl8(l+2l,I•t,M2) 472 
I'C~2.EQ 0 S> WAtTECJ,227) IMASSC9) 473 

e 474 
t T~IS ITAT!M!NT WAIT!S TM! GRAINS PER NORMAL DRY CUBIC 'OOT PfP 475 
C STAG!. 47b 
C 477 

I~CM2•!) 442,442 1 443 478 
442 WAITE(l,ZJ7) f~G•H8fI+2),Iat,M2),GGANSfq) 479 
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GO TD 1a4 
llJ WR!T!(J.2J8) (GQRNSCI+l),I•t1•> 1GGANS(O) 

c 
C TH!I ITAT!MfNT WRITES TH! CUMUL4TIYE ~!RCENT OF MASS ' D,O, 
c 

c 
C THIS STATEMENT WRITU TH! CUMULATIVE f'IUIS IN MILUGPAMS PER ACTUAL 
C CUBIC M!T!R SMALLER THAN 050 1 

c 

c 
c 

lllRIT!CS,210) 
WRITE(J,ZZ•> (CUMGCI) 1 t•t,M1) 

C THIS STATMENT WRITES THE CUMULATIVE MAii IN MILLIGRAMS ~!P ORV 
C DAV CUBIC M!T!R, 
c 

WltlT! ( J 1 lt?) 
WRIT[(J,21•> (CUMJ(!),t•l 1 Mt) 

c 
C THIS STAT[M[NT WtRT!S TM[ CUMULATIVE MASI IN GR4JNS PER ACTUAL 
C CUBIC 'ODT &~ALLER THAN D50, 
c 

lllRITECJ, 219) 
•RtT!(J 1 22•> (CUMHCI),I•t,Ml) 

c 
C THIS STAT!MANT WRITES TH! CUMULATIVE MAIS I~ GRAINS PER ORV STANDARD 
C CllBIC 'DnT SMALLER THAN 050, 
c 

c 
c 
c 
c 
c 
c 
e 
c 
c 
uoo 

c 
c 
c 
c 

llfRIT!(J,U5) 
wRIT!CJ,22•> CCUMICI>,t•t,Mt) 
GO TO noo 

T~IS llCTJON WRITflS STAG[ cnLUMN H£4DINGS, oso•s. MASS/STAGE. 
MAIS LOADING/STAGE, CUMULATIVE 'fRCENT "All LOAD!NG c STAGE 
D!O, AND CUNULATIV! MASS LOADING c STAG! D50 FOR UNtV!ASJTY 

0' WASHINGTON (PILAT) IMPACTOR OR 'OP MRI IMPACTOR. 

THIS ITAT!M!NT WA!T!I TME D!Ois 'o• !ACM STAGE. 

W~ITECJ,620J) CDPC(I),tat,T) 

TMll ST4TM[NT WRITES TM! MASS COLL!CT!D P!R STAG!, THE MASS Ln•otNG 
PER STAG!, AND T~E P!RCENT D' TME TOTAL MAIS ON EACH STAGE, 

WRJT!(S,6111, CfMAllfI1,I•!,8),fQORNl(t).t•t,81,cPRCUct+t).!•t,7) 
c 
C THIS ITAT!M!NT WRIT!I THE CUMUL4TJVE MASS LOAO!NGS IN MILLIGRAMS 
C PER ACTUAL CUAIC M[T!R, ~ILLIGRAMS P!R DRY NORMAL CUBIC METER, 
C GRAINS P!R ACTU4L CURIC ,OOT, AND GPAtNS P!R DAV NORMAL CUBIC ,DOT 
C 1 ,OR EACH STAGE, 

WRITEcJ,•114) fCUMG(J).l•l1T),(CUMJcI).t•l.?),(CUMHCI>.I•t17>,rr.uM 
110>,Ut,7> 

c 
!JOO cnNTJNUE 

c 
c THII SUBROUTINE CALCULATES TM! II!! nISTRIBUTION ON ' MASI 84SJS, 
c 

CALL l'>"'ONGO 
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00 
181 
482 
HJ 
084 
U85 
AH 
ll 8., 
4H 
0@19 
490 

"'' aqz 
093 
49ll 
GQlj ... 
49? 
498 
499 
5 0 0 
501 
5tll 
503 
504 
505 
506 
SH 
501 
50. 
510 
111 
SU 
5t3 ,14 
515 
SU 
511 
5 t" 
519 
5Ztl 
Sit 
521 
513 
5?4 
5l5 
5C'6 
5l7 
518 
Sl9 
530 
nt 
532 
'533 
534 
515 
51ft 
51'7 
538 
sn 



c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

3305 
3310 

131'5 
332n 

33&0 

3370 

3400 

3500 
3550 

3570 
3575 

c 
c 
c 
c 
c 
c 

4000 
4030 

01on 
4130 

WRITE NORMAL CE~~INEFRING STAHDAPOl CONDITIONS. 

WRITE C], 243) 

TF MAl<I~G CALCULATIONS FOR ASSUMfO AERODYNAMIC DENSJTV, T~IS 
SECTION ~RITES ~HETHER 1 TGLn' OR M£RCER DEFINITION U8EO. 

YF(~HO•t.Ol3305,3305 1 332n 
IFCNAER0)33t~,33tO,Jll5 
WRJTE(3 1 244) 
GO TO 3320 
WRJTE(3,245) 
CONTINUE 

FINO MAlCIMl!M AND MJNJMLJM CUMULATIVE MASS LOADINGS (CUMGt CISl 
AND CUMGFCJS), RESPECTIVELY), MA~IMUM PARTICLE SIZE CDMAXXCIS)l, 
AND MINIMU~ ~50 (OPCFCTS)) FOR THIS RUN, NC s NO, OF CUM, 
MASS LOADINGS TO BE CHECKED, NO • No: OF DSO~S TO BE CHrCKEO~ 

IFCMPACTY•2l33&0,~370,3360 
NC•NCUM 
NDcNCUM 
GO TO 340n 
NC:;"' l +HC 3 
NOcMl 
NCt:NC+l 
NDt:NO+t 
IFCMPACTY,fQ:Z.ANO,MOO.EC,O)ND!cNOt+t 
00 3500 J:t,NC 
K::rNC:t•J 
CUMGF(IS)cCll"4G(K) 
IFCCUMGFCJS)l3500,3500,35SO 
CO~JTJNllE 

CUMr.1 Cl S) :c;RNAM 
DO 3570 J:,,NO 
l<:NDt•J 
OPCF(!S):nPC(I<) 
!FCOPCFCI5l)3510,3510,J575 
r.ONTINUf 
O~A)(XtlS):f'\MAX 

FIND MA>Cn1LIM A~D MINJMUM GF.OMETR?c MEAN l'>IAMETERS CGDMAXCISl, 
GOMJNCIS)), MASS SIZE DISTRtSUTION VALUES CDMMX(JS),OMMN(JS)l, 
AND NO, SIZE OISTRIBUTJQN llALLIFS (ONMXCIS),ONMNC!S)) FOR THIS 
RllN

0 

00 4000 Js,,N~ASS 
K:NMASS+1•J 
GDMJN(tS):G~OMf'\(K) 
IFCGDMJN(l8)~GT 0 0,0)GO TO 40ln 
CONTINllf 
GOMAXCISlsGEOMOC1l 
on IJ\00 J:t,NMASS 
OMMN(tS)sOMOLD(J' 
tFCOMMN(ISl.GT.o.o)GO TO 4\30 
CONTINUF 
Ll•J+t 
DO atso l:LL,NMASS 
IFCOMOLDCil.LT.oMM~(JS,,ANO,DMDLn(t).GT.O,O)DHMN(IS):OHOL~(I) 
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540 
Sat 
542 
543 
54U 
545 
Sab 
5tJ7 
'548 
549 
'550 
551 
552 
5'53 
5511 
555 
'556 
557 
558 
s•;q 
SM 
5bt 
5b2 
5bl 
115~4 
5&5 
Sf>& 
561 
5b8 
Sbq 
570 
571 
572 
513 
574 
515 
57b 
571 
578 
57q 
580 
5At 
5e2 
583 
5~4 

585 
58b 
581 
5ll8 
S8Q 
sqo 
5q1 
sen 
sen 
S•HI 
5~5 

5qb 
sen 
5qs 
'5CJq 



CONTINUE 
OMNxcr•>•DMDLDCt) 

asn 

~O 111~ LL•2,NMASI 
JF(DM~LD(LL,.GT.DHMX(l8))DMMXftS)a0MDLDCLL) 
CONTI1>4U! 

4i00 
4210 

DO 1200 J•1,~MASS 
DN~N(JS)sONOLO~J' 
JF(ONMN(JS>.GT.0 8 0JGO TO 4130 
CO~TINU~ 
LL•J+t 
DO 4!!0 leLl.NMASS 
If(DNDLD(l).LT~DNHN(Jl),AND.DNDLD(!)~GT.O.o)DNMNCIS)•DNDLntJ) 
CONT? NU~ 
O~MX(18)•DNOLDC1) 
DO 0115 LL•2 NMASS 
l'fDNOLDCLLl~GT.DNMX(ll))0NMX(!9)•DNDl~(ll) 

ozn 
c 

CONTI NU! 

c 
c 
c 
c 
e 
c 
c 

c 

YARD 11 l!T OF DMAX, eves <If B•!Nk AND CYCLONE tlS[D), O~O(ti. 
osocz>,.~.~.D50CLAST STAGE> IN TMJS ORDER, 
YA•e JS S!T 0, TOTAL MASS LOADING, MASS LOADING c CYCJ ti' BA?NK 
AND CYCLONE USED,, MASI LOADJNC c D!O(!),,,,~,MAIS LOADI~G c 
D50CLAST STAr.E> TN THIS OAO!A. VY • NUMl!R o~ YA•D AND va•e 
YALU!S. 

ORO t t hONU 
ORC C t)•CRNU• 
GO Tft (6J00,6J50,•JTS,6JY!),"''CTY 

C TM[ 050 1 1 OF STAGES t AND 2 0, TME ANO!Al[N, u. 0' w., 
C ANO MRI IMPACTOR AR! Y!RY CLOSE, TH!R!,ORE, THE 'ITTING 
C PRO~RAM JS S!T TO l&~OA! 050 AND 
C CUM, MASI LOADING OF SECOND STAG!. 
c 

•Soo Dn 63ZO !•Z.I 
Jst 
YF<t .EQ.2) Ja1 
VAROCihDPC(J) 
VARCfJ>•CU"IG(J) 

e.JlO CONT?tii!Uf 
VV•8 
QO TO UCIO 

U50 "40t•t 
IFCMC3•ll60ll,6010,•0to 

6010 VV•• 
V &"DC 2hCVC3 
GD TO 601'7 

60lt IFC"400•l)60t6,60lZ,60tZ 
bOt2 YV•8 

VAR0(2)•DPCCl) 
CHI T 0 flO 1' 

•OU VV•7 
VAR0(2)•0PCC2) 

•017 l'tMl•!)•OJt,60ll160JZ 
ft0J1 VV•VVal 
6032 NT•l•(MCJ+MOO+MOt) 

VUCC2>•CU~CCt) 
00 60)5 l•J,¥V 
VU,, CI> aOPC C NT) 
YARC(!)•CUMGfl•1) 
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600 
601 
602 
603 
604 
605 
_,Ob 
607 
&08 
,,,~ 

6t0 
bit 
6U 
611 
614 
615 
6tb 
611 
6te 

"' HO 
fJZl 
UL' 
•23 
624 
U!I 
6H 
U7 
618 
62• 
610 
6J1 
bl2 
631 
'-34 
635 
U6 
&31 
UA 
63CJ 
6ll!I 
641 
ft4l 
643 
6411 
f.14~ 
64b 
U? 
UA 
64fa 
65ft 
lt5l 
6!12 
65] 
b!lll 

ft55 
o'6 

'"' 658 
&§49 



c 
c 
c 
e 
c 

603'5 

617'5 

bllOO 

M'5n 
c 
c 
c 
c 
e 

6070 

6080 
c 
c 
c: 
c 
c 
c 

b081 

lllTcNT+! 
CONT!"llff 
GO Tl'l bUOO 
DO 63QO h2,7 
J•Y 
IFtI°.E0.2) J•t 
\/UO(!)•DPr(J) 
llARC:C?)sCU"'f;tJ' 
CONT Ii.JUE 
llV•7 

CMEC:I< FnR O VALUES I"I \/ARD ANI) \/ARC, SET NON 0 VALUES s X1.JDPH1 
At-JD VO VALUES, RE:SPECT!llEL V • FPIAL \IALllE OF NFJT IS ~IUIAFIER OF 
tXNOPEN,VO) POI"ITS TO RE F?TTED IN SPL!Nt, 

J111 
lF(MF 0 EQ 0 0)\lllsVV•1 
NF'IT•VV 
no &oso I•t,1111 
TF(VARD(T)•VAPCCI)l60ll2,60U2,60Ull 
"IFTT1HJFIT•! 
GO TO 6050 
XNOPEN[J)sVAROrl) 
YO(.l)s\/ARC:r!l 
JsJ•t 
CONTTNUF 

JN Tl-IFS~ 2 LMPS, INVERT ORD!'.R nF ltNllPfll AND vn I.E. NOloi 
(XND~PN,Yn)t JS nso OF LAST STAGE ANO CUM, MASS LOADING< T~JS 
0'50. 

no MHI Tsl,NF!T 
J:NFJT+t•l 
V4gnCrl11XN1'1PF.NfJ) 
VARC(J)aYQ(J) 
on ~oen Js!,NFIT 
XNnPE1.1(J)11\IARO(J) 
Yti(!)s\IH1C<!) 

nRDfR XNnPFN CI,E. D50jS AND MAX~ PARTICLE SIZ~) ev MAGNITUDE. 
VO nRnF'RIN~ FOLLn~s XNnPEN nRD~RING, ORDf~lNG OF (XNDPEN,VO) 
S~OULD REMAJN SAME EXCFPT FOR UNIV~ OF WASMINGTON STAGES I 
ANn 2 co~o(cl • nsoct)l. 

NFTT!11NFTT•I 
DO &nFl2 J:l,NF!T1 
K:Nl=J T•J 
l'l!"l 611"l hf,k 
LL•!•I 
! F ( X N ['l Pf N ( I ) • X '-'('>PEN (I l ) ) b 0 8 2 1 b 0 8 2 , b 0 A 1 
TEMPslO\lnPENrLL) 
XNnPf~(LL)aXN['lPfN(ll 

XNnl'EN(f l:TfMP 
TEMPa:vOrl.Ll 
vn (LL) •VO c J) 
YOOl=TfMP 
CONTINUE" 

OSMA s 5~4LLFST 050 FOR T~IS RUN. 

459 

&&n 
661 
&62 
&B 
6/,IJ 

665 
bbl> 
61.7 
et.8 
libQ 
b70 
1>71 
b72 
1'73 
671J 
~75 
b76 
677 
1.78 
l>H 
bl'I 0 

6A! 
&n 
6113 
611/J 
bA'5 
6Ab 
bFl1 
bA8 
t>Aq 
MO 
bCI 1 
l,)Q?, 

6Cl3 
f,Qlj 

6Q5 
6Qb 
1,r,7 
6QA 
f,QQ 

To Cl 
7111 
1fl? 
7n~ 

7nu 
705 
TOf. 
7117 
71\R 
70Q 
710 
7, 1 
712 
713 
71 t; 
71 c; 
71" 
711 
7tR 
71Q 



c 
C JV • NO. 0, CUM• MASS LOADIMG VS. D~O VALUES + l '"R MAW. 
c PARTICL'- nTAMETER vs~ TOTAL MAIS LOADI~G. C~AV AE > N,tT,) 
c 

c 
J\I•~ 
IF(MPACTV.!Q~l.OR.MPACTV.!Q.IJJV•? 

C TH! STATEMENT WRIT!I THE SEPfRATt IMPACTOR RUNS ON A ~ISK UNtT 'O~ 
C FURTHER MANIPULATION OF DATA IN TH! IUBllQUENT MAINLINE 
C PROGRAMS SPLINt AND GRAPH, 
t 

c 
c 
c 

~RtTEfl0 1 tSltS,NFtT,GRNAM,?D,RHO,TKS,POA,FG(5),DSMA,DMAX 1 
lDPC,CUM,,OMOLD,GEOMD,DNDLO,cvcJ,MC],MOO,~S. 
2JV,(WN0PEN(t),Iml,NF1T),(V0(1)1ffl1NFIT) 

CHANGE P!RCENT GAS CO~POSITICN TO 'RACTIDNAL GAS COMPOStTtnN~ 

DO 2030 Isl,! 
,Gt?l•'GCI)/100.0 

ZOJO 
c 

CnNTINUE 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

2020 

CALCULATl A NlW SET OF DATA ,OR RMO lQUAL TO UNIT DENStTV. 
ALSO, 1' RHO IS t AND TH! ·~co•o NUH~!R , IS, IS ODD THEN THE 
PROGRAM WILL CALCULATE 050 VALUfS ETC. 'OR A!RODYNAMtC OTAHETFRS 
BAl!D ON M!•c!•'S 01,IN!TtnN tN TME ~!•T PASS, rrs EVEN) 

l'CCIS+l)/l•IS/l)lZ1IZ,lOZO 
RHOt•RHO 
l'(RH0 1 EQ.t 1 JNA!RO•l 
RHOst.o 
GO TO iOtO 

THIS S[CTION 'INDS TH! MINIMUM (~XCLUDING 0) AND MAXtMU~ DSO•R 
CMAX, s HAX~ PARTICLE DIAM!T!R,, CUMULATIVE MASS LOADINC, 
GEOMETRIC MfAN OIAMfTERS, MASS SJZ~ DISTRIBUTION YALU!8, AMO 
NUMBER SIZl DISTRIBUTION VALUES FOR ALL RUNS~ THESE ARE USED Tn 
NAME GR&PMING LIMITS I' PLOT GPIDS ARf DATA REGULATED. 

~J DO 3000 Nal,2 
OPMINCN>•DPC,(N) 
OPMAXCN)•OMAXXCN, 
CUMIN(N)•CUMG,(N) 
CUMAX(N)•CUMGtCN) 
GEMIN(N)=GOMIN(N) 
'fMAX(N)•GDMAXtN) 
OMMIN(N)cOMMNtN> 
DMMAWfN)•OMMX(N) 
ONMIN(N)•DNMN(N) 
ONMAX(N)aDNMX(N) 
LL•N+2 
no 1oon t•LL,JS,2 
IFCDPC,Cf).LT.DPM!N(N))DPMIN(N)•DPC,CI> 
I'CDMAXXCI).GT~DPMAW(N))DPMAXCN,aOMAWXtI) 
IFCCU~G,Cl> 1 LT,CUMtNCN>>CUMfN(N)•CUMG,tf) 
l'tCUNllCIJ,DT,CUMAX(N))CUMAXCNl•CUMGtfl) 
I'CGD~lNCf),LT GfMJN(NJ)GfMIN(N)alDHINCJ) 
tFCGDMAXCI).GT~G!MAX(N))GEMAX(N)•IDMAXfI) 
tF(DMMN(IJ~LT 1 0MMIN(N))0MMIN(N)•D~MN(l) 
I~fDMMX(I) 1 GT 1 DMMAXCN))OHMAXC~>•DMNX(l) l'(DNMN(fJ.LT.ONMINCN))ONMfN(N)•DNMNCIJ 
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720 
ns 
722 
723 
na 
725 
126 
?l7 
121' 
7?'1 
73CI 
131 
1Jl 
133 
J]U 

735 
Hb 
H7 
ne 
'73CJ 
1an 
741 
T4?. 
71.13 
7 a 4 
745 
746 
74' 
741' 
1n 
750 
7~1 
752 
153 
750 
7-;5 
75& 
7'57 
758 
'~q 
7fl0 
7ftt 
hl 
7fJ3 
164 
7b~ 

7M 
767 

'~" ,,," 
11n 
Hl 
7'2 
'173 ,,. 
71S 
7'6 
T77 
778 
17• 



]000 
c 

JF(ONMX(Il.GT.ONMAX(N))0NMAX(N)•0NMXCI) 
CONT? NU! 

e 
c 
c 
c 

WRIT£ G!N[RAL IN,ORMATYON P~RTAJNING TO ALL RUNS INCLUOtNG CODE 
FOR IMPACTOR TVP!, gEN!RAL IOENTIFICAT?nN LASEL, PHVSJCAL 
DENSITY, AND QRAPHING LIMITS A8 'OUND ABOVE, 

WRITEC10'lOt)NRUN,MPACTY,IDALL1RMOl,GEMAX,GEHIN,OMMAX,DMMIN,ONMAX, 
1DNM?N,OPMAX 1 DPMJN 1 CU~AX 1 CUMIN 

HO ITOP 
'' FOR~AT(2CII)) 

lOOA FORMAT(tHt,l/,]X,80Al) 
100~ FORMAT(&OAt) 

JOO FORMATCF5.2,2,6,t,,4,2,2'5•lt6lt) 
t02 'ORMATC5F6~4) 
t06 FOR~AT(q,6,2) 
JlO 'DIMATC,1,4) 
lll FORMAT(qF6.2) 
112 'ORMATC,b,2,Ait,,b.2) 
101 'ORMATCtHO,ZX,iIMPACTOR 'LOWRATE • •,F~ 0 3 1 ' AC'M',l5X,'JMPACTOR TE 

lMPERATURE • ',F6.t1' F ••• ,~.1.• c•,1ax.•SAMPLING DURATION c ;,F6 
2 1 2,• MJN•,//JX,;IMPACTnR PR!SSUR~ DROP a ',F3,1 1 ' JN, OF HG' 1 7X,'S 
]TACK TIMP!RATUAE ~ 'rF6,l 1 ' F • ,,,5.1,' C',l/]X,'ASSUM!D PARTICLE 
4 0[N9ITY •• ,,1,1,• GM/CU,CM.•,5x,•sTACK PRESSURE • •,Fs.2• I~~ OF 
5 HG',5X,'MAX. PARTICLE DIAMETER• ',F,~lc' MICROMETERS'> 

102 FOQMAT(1H0,2X,'GAS COMPOSITION C'!RCENT) 1 ,11x,•co2. ,,,~.2.tox,'c 
10 • ,,,s~a.11x,;Na • •.,~.2,1ox,;n~ • ;,,~.2.1tx,•M20 • ',F5.2,111 
lX,'CALC. MASS LOA"JNG •',1P!l1a41' GRIACF•,tzX,1PElt.4,' GR/DNCF', 
lt2X 1 tP!tt,4,• MG/ACM',12X,lPEtl,A,' MG/~NCM 1 ,//3X, 1 IMPACTOA STAG~' 
4) 

zol FORMAT<·•~,4sx~·cvc•,ex,•so•,ax,•s1•,sx,•s2',1x,•s1•,ex,•~4•,ex,•s 
15•,8X, 1 S6' 1 5X,'FILTER',5X,//]X,'8TAGf !NOEX NUMBER '124X 1 '1',9X,'2 
2•,•x,•s•,•x,•o•,•x,•''·•x,;6,,9x,•1i,qx,;8',9x,'•'•''1X,•oso CMJCR 
JOMET!R9)i,z!X,F5.2 1 5X,7(,!~2 1 5X)) 

200 FORMAT(1HO,lX, 1 MG/O~C~/STAGE•,z~x.•ciPE9,2,1X)) 
aos FORMATC•+i,5ax,;so•,ex,'s1;,ax,•11•,ex.•ss•,ex,•s4•,ex,•s~·.ax.•s6 

1•,5x,''tLTER•,5x,11JX,•STAGE INO!X NUMB!R',JGx,•t•,9x,•z;,,x,•1;,q 
2x,•4•,tx,;, ••• x,••i,9x,•1•,•x,•~·.Tx,/iJX,'D50 (MICROMET!AS)i) 

lOb ~ORMATC1Ho,2x,•MG/DNCM/STAG!',J6X,8(1,E9,Z,1X)) 
207 FORMAT(lH~,zx,iMG/DNCM/STAG! 1 ,S6X,6CtPE•.2.1x),11X,1PEq,z1 
20~ FORMATftH0 1 2X,'CUM, PEACEMT OF MASS SMALLER THAN 050',10X,7(F6.?,4 

un 
!09 PORMAT(•+i,5tX,1CF5,2,5X)) 
210 '0R~ATCtHo,2x,icuM~ (MG/ACM) SMALL!R TMAN 050') 
ill FORMATCtHlr'R[VNOLDS NUMBERS ANO LlN!AR Y!LOCITV AT EACH STAG!•) 
!12 FOR~ATCtHo,sx,•REVN•DC•,1ox,•R!VM•J8PAi,tOX,'LI~·Y!L'> 
~tJ FORMAT(tM0,4X,,&.2,9X,,8 0 2 1 10X,FQ,2) 
~14 '0AMAT('+;,aox,9CF6,Z,4X)) 
ZlS FOR~AT(1H0,2X, 1 CUM 1 P!RCENT OF MAIS SMALL~R THAN 0'0',1W,8(F~.2,4X 

t)) 
216 FOAMAT(tMo,2x,icUM. (MG/ACM) SMALLER THAN 050'~ 
lt1 FOANATCtH0 1 2X,iCUM, (~;/ONCM) IMALl!R THAN D50') 
21"' FORMATC•+i,s1x,1r1PE•.z,1x>> 
Z1Q 'ORMATCtM0,2X,'CUM~ <l•IACF) S~A~LEA TMAN D'O•) 
220 FOR~4T(\M0,2X, 1 MAIS (MtLL!GRA~S)') 
Zil ~ORMAT(•+l,4tX,tP!• 1 2) 
211 FORMAT(•+•,5ox,e<Fo.2,ax)) 
21! FORMATt•+i,51x,1ctPE•,2,tx)) 
22! ,ORMATC•+;,•ox,1cf6,i1•Xl) 
22& FOAMAT(i+i,6lX16CtPEq,2,tX)) 
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'7M 
781 
18l 
18] 
7811 
185 
1U 

7"'' 788 
?efl 
7QO 
'91 
'7fl2 
7'3 
'70 
H5 
7'1b 
10 
1Q8 
7qq 
IMO 
~Ot 
802 
803 
An4 
805 
M11 
81'1'7 
808 
8f)Q 
810 
811 
812 
~ll 
IJ l G 
8lS 
810 
817 
8•~ 
819 
820 
A2l 
IZi 
Ul 
824 
825 
82& 
U1 
U8 
829 
no 
All 
812 
833 
ua 
81'§ 
Uh 
831 
838 
8Jfl 



Z27 FOAHAT<'+•,12tw,,•.z> 840 
2Jo ,ORM&Tf••;.4tx,7CtPE•.1,2x>> sot 
z33 FORMAT<i+•,1sx.•cYc 1 ,1x,•so•.1x.•tt•,1w,•1z•,ex,•s3•,ex,•ao•,ex, 1 s sa2 

l!•,15x,•,!LTE~·,!X,l/JX,•STAG! INQfX ~UMBER•,zox,•1•,qx,•~·.qx,•31 843 
z,tx.•4•,qx,•!;,,.,; •• ,,x,•7•,1tx,•8•,//JX, 1 D50 (MICR0HETERS) 1 ,12X, 84A 
3,5.2,5X~6('5~2,5X)) 845 2s• 'OR•ATC•+•,~1x,•so•,ax,•s1•,ex,•sz•,@x,•aJ 1 ,8x,•sa•,1x,•15•,15x,•, 846 
tlLTER•,5x,11Jx,•ST&GE JNOEX NUMB!R',Jax,•1•,tx,•~·.tx,•3•,qx,•1•,. 841 
2x,•5•,tx,•••.1tx,•1•,111x,•05n (M!CAOM!TE•I>'> 84~ 

235 fORMAT<1~0.2x,•cuM, (;R/nNCF> SMALLER THAN D!O') 84t 
236 '0RMAT(•+i,01x,o(~S.2,5x)) 850 
iJ' FO•MAT(1H0,2X,'HCID~CM/ITACE',46X,5(tP~t.2,1X),1lX,tPEt.2) 851 
ZJI ,ORMAT(\~o.2x,•~G/~NCM/STAG!',loX,6(t,!•.2,1x>,lPEt,Z) 852 
21• ,O•MATC•+•.01x,•s1•,ex,•sz•,ex,•s1•,ex,•a4•,ex,•s5•,1sx,•,rLTER•,5 851 

1x.111x,•8TAG£ INDEX NUM!ER',IAX,it•.•x.•2•,tx,•1•,tx,•1•,qx,•5•,tQ 854 
2x,•o•,111x.•050 (MJCAOHETERI)') . 855 

1•~ FOR~ATC•+•,01x,•a1•,ex,•sz',ex,•s3•,8x.~sa•,ex,•s~·.ex,•s6 1 ,sx~·'t 85• 
tLT£R',,X,//3X,•STAG! IND!X NUM9!R 1 ,44X,•t•,9x,•z•,9x,•1•,•x,•1• 857 
2.•x,·~·.•x,••'·•x,•1•,113x,•050 f~!CROM!T!RI)') 858 

IOI ,O~MAT(SHO,Zl,'CUM, PERCENT 0, MAIS SMALLER THAN 050',ZtX,•<'••1•• A!O 
1X)) . 8~0 

142 ,0.~AT(tHo,zx,•MG/OSC~/STAG!',Z6X,7ctP!9.Z,1X),1tX,lPEO,Z) 8~1 
llJ FORMAT(////lX,'NOAMAL CENG!N(!RI~C STANDARD) CO~DITtONS ARE Zt nEc 862 

1 t AND T•ONM MG•'' 863 
110 FQAM&T(llX,'AERODYNAMIC DJAM!T!RI AR! CALCULAT!D H!R! 1 , ~64 

t'ACCOROINO TO TH! TASK GROUP nH LUNG DYNAMICS.') 86~ 
ZIS 'ORNATC/lX,'A(RODYNAMlC DJAM!TfRI ARE CALCULATED H!A! '• 866 

t'ACCORDING TO MERCER.•) 867 
szo1 'OAM&Tf•+•,•sx,• s1•,1x,•1z•,1•,•1s•,1x,•11•,ex,•1s•,Ax,•so•,Ax,•s ftbR 

tJ•.~x,•se•.sx.•FtLT!R',5X,l/3X,'STAG! INDEX NUM8ER',24X,;t•,•x,•pr 8b0 
2,•x,i3i,•x,•o~.•x,•s•,•x,•••,9x,•T•,•x.•e•,9x,;••,111x,•050 CMit~o s1~ 
3M!T!RS)•,zzx,ACF5,!,5X)) . R7! 

3113 ,0AMATCt~0,2J,iMA8S fM!LL!GRAM9) 1 ,ltX 1 0CF•.l,4X),//]X,'MG/DNCM/STA 871 
lG!',Z6X,O(jPEo.2.1•>,113x,•cu~. PERCENT 0, MASS SMALLER THAN D5n', 87J 
11x.~co,,o,1,1x1> . e1a 

Jl1U ,QANAT(tMo,2x,•cu~. (MG/ACM) SMALLER THAN 050',9X,8(l,E•.2.1x),//3 ~75 
tx,•cUM, CHG/DNCM) SHALLE• TH•~ D50',8X.8(1PE•.z,tx),l/JX,•CUM. CGR 876 
2/ACF> SMALLER THAN oso•,•x,8tt'E•.2,1x,~//3X,'CUM. (QR/ON~,, SMALL 871 
J!R THAN 050•.ax,&CtP!O~l~tX)) . 878 

•101 FOAMATC•+•,45x,• a1•,ex,•az•.ex,•11•,er,•aa•,8x,•s5•,8x,•s••·8•,'s 879 
11•,5x,''ILTER •,ax,11!x,iST•GE tNDfX NUMBER',Z••,•t•.-x,•z• 880 
2,tx,•3•(•x,•••,•x,•s•,ox,•••,,x,•1•,ox.•e•,9x,• •,11Jx,•050 (MICRO &~l 
3METERS)•,z1x,1c,s.z,5x>> 882 

ott, FORMATClHO,ZX,iHASI (HtLLIGRAM8) 1 ,z3x,acF6.i,4X),//JX,'HG/DIC~/STA 88~ 
tG!•,2eX,8(tP!•~2.1x),//]x,•euM. P!RCf~T n, MASS SMALLE~ THAN D!ni, RSI 
2JX,1COPF•,1,ax,, 8~5 

btlO ,ORMAT(tMo,2x,•cuM. (MG/ACN) !MALLER THAN 0!0•,1tx,1<1PE•~z.tx),I/ R~o 
13x,'cuH. (MG/DNCM) IHALL[R THAN D50•,1ox,1c1PE9,2,lX),//JX,'CUM~ c AA1 
ZGA/ACF) IMAL~[R THAN oso•,ttX,T(lPE•.l.tX),//]X,'CUM, CGR/DNCF) SM 888 
]ALLER THAN D!O',tOX,1C1PE4,l,tX)) ~A9 

EMO e•o 
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BEGIN 
PROGRAM 
PENTRA 

READ IN THE 
GENERAL ID 
LABEL DES
CRIBING TESTING 
SITE, TIME. ETC. 

INITIALIZE CODING 
FOR PLOTTING PARAM
ETERS WHICH DEFINE 
MAX. & MIN. EFFICIENC 
VALUES 

READ IN CODING TO 
CHANGE EFFICIENCY 
PLOTTING RANGE OR 
NOT & CODING TO 
SURPRESS CONFIDENCE 
LIMITS OR NOT. 

YES 

READ IN CODING 
FDR NEW MINIMUM 
ANO THE FRACTION 
THIS REPRESENTS. 

OPEN ACCESS TO 
TWO SEQUENTIAL 
FILES: FILE 16 
FOR INLET INFOR
MATION; Fl LE 17 
FOR OUTLET 
INFORMATION 

READ THE DENSITY 
AND NO. OF RECORDS 
FOR THIS DENSITY 
FROM BOTH INLET 
AND OUTLET FILES. 
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NO ENTRIE.S IN INLET FILE 
FOR THIS DENSITY 

DEFINE THE TOTAL 
NO. RECORDS TO BE 
READ FROM OUTLET 
FILE 0 NO. RECORDS 
WIJTH DATA• 1 BUFFER 
RECORD 

READ AN OUTl ET FILE 
RECORD USING DUMWIY 
VARIABLE NAM( XXX 
FOR EVERY VARIABLE 
rTHESE VALUES ARl 
NOT USEDI 

YES 

YES 

NO ENTRIES IN INLET 
OR OUTLET FILE FOR 
THIS DENSITY 

NO 

C,,1- k:... trr.C ... ;::; TQ 

t;:E'!\JFl1' - ... E _JG 
PFOEJ...£1Li'!"V •il-~'. .. E 
OF W..AXtllil_:U ES:~! 
c:;:.._:v r:::t..c7,·~ 
FO~ v /.._¥ S 

CAL_ ~!)TP. Tl) 
;:i,f...-JA" --E LOG 
p;:>QEA81 :.... TY '.'A ;..:.JC 

:>~ Wt~'al;..JW E~F 

c,CJriitCY F~.C..CTl'J'1C 

F'.)R Y A.»S 

NO ENTRIES IN O\JTLET Fi LE 
FOR THIS ASSUMED DENSITY. 

STOP 

Df:;=INE THE TOTt..L 

NO RECORDS TO BE 
READ FROM tNLET 
FILE NO fiECORDS 
""'TH DATA-+ 1 
SUFFER RECORD 

R~AD AN '"LET 
f!LE RECORD US1,,,r_ 
DUWM Y VARIABLE 
~ME XXX FOR EVER·r 
VAAIA.EsLE {Tt-!E_SE: t..FI~ 

"-itQT IJSEJ 

YES 



DEFINE THE MAXI
MUM AND MINIMUM 
X-AXIS VALUES IN 
TERMS OF COMMON 
LOGS. 

DEFINE LENGTH OF 
X AND Y AXES IN 
INCHES AND AXES 
SCALE FACTORS IN 
INCHES/USERS UNIT. 

CALL SCALF TO 
STORE PEN ORIGINAL 
AND SCALE FACTORS. 

CALL YPROB TO 
DRAW THE Y-AXIS 
ON LEFT FOR EFFI· 
CIENCY USING 
NORMAL PROB· 
ABILITY SCALE 

BY CALLING FCHAR 
AND USING WRITE 
COMMAND, LABEL LEFT 
Y-AXIS AS "PERCENT 
EFFICIENCY". 

CALL YSLBL TO 
LABEL X-AXIS AND 
CALL XLOG TO 
DRAW X-AXIS 
USING COMMON 
LOG SCALE 

CALL XLOG 
TO DRAW 
X-AXIS USING 
COMMON LOG 
SCALE 

CALL FCHAR AND 
USE WRITE COMMAND 
TO LABEL X-AXIS WITH 
"PARTICLE DIAMETER
MICROMETERS" 

CALL YPROB TO DRAW 
THE Y-AXIS ON RIGHT 
FOR PENETRATION 
USING NORMAL PROB
ABILITY SCALE. 
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CALL FCHAR AND 
USE WRITE COMMAND 
TO LABEL RIGHT Y
AXIS WITH "PERCENT 
PENETRATION". 

CALL FCHAR AND USE 
WRITE COMMAND TO 
WRITE "'PENETRATION
EFF ICI ENCY ABOVE 
THE GRAPH. 

CALL FCHAR AND USE 
WRITE COMMAND TO 
WRITE GENERAL ID 
LABEL AND DENSITY 
ABOVE PLOT GRID AND 
ON LINE PRINTER. 

CAU. FCHAR AND USE 
WRITE COMMAND TO 
WRITE COLUMN HEAD· 
INGS ON LINE PRINTER 

FOR A GIVEN DIAMETER, 
DEFINE THE INITIAL 
VALUE OF AVG. EFFIC· 
IENCY AND CONFIDENCE 
LIMITS OF EFF. =</>.AVG. 
PENETRATION AND CON· 
FIDENCE LIMITS OF 
PEN = 1. . 

NO 

READ ONE RECORD 
FROM INLET FILE 160 
DIAMETER, AVG. INLET 
DMIDLOGD. STANDARD 
DEVIATION. AND NO. 
OF VALUES OF OM/ 
DLOGD AT THIS 
DIAMETER. 

YES6' 



~NO 
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YES 

SET COOING TO 
SIGNAL ALL OF 
INLET FILE READ 
FOR THIS ASSUMED 
DENSITY. 

NO 

R AD NE 
FROM OUTLET FILE 
17 DIAMETER. AVG., 
OUTLET DM/DLOGD. 
STANDARD DEVIATION, 
AND NO. OF VALUES 
OF DM/DLOGD AT 
THIS DIAMETER. 

SET CODING TO 
SIGNAL ALL OF 
OUTLET FILE 
READ FOR THIS 
ASSUMED DENSITY. 

ENO OF BOTH FILES 
FOR THIS DENSITY 



NO 

DEFINE AVG. PENE
TRATION AS FUNCTION 
OF AVG. DM/DLOGD AT 
INLET; DEFINE AVG. 
EFFICIENCY AS A 
FUNCTION OF 
AVG. PENETRATION 

NO 

DEFINE STANDARD 
DEVIATION OF PENE· 
TRATION AS y 
OF THE ABOVE 

DEFINE STANDARD 
DEVIATION OF 
PENERTRATION AS 
V-OF ABOVE 

DEFINE UPPER ANO 
LOWER CONFIDENCE 
LIMITS OF PENETRA· 
TION ANO OF EFFI· 
CIENCY AS FUNCTIONS 
OF AVG. PENETRATION 
AND STAND. DEVIATION 
OF PENETRATION 

DEFINE THE X·AXIS 
PLOTTING VARIABLE 
AS COMMON LOG OF 
THIS DIAMETER. ALSO. 
GIVE IT A VALUE JUST 
BEYOND EXCEEDED 
BOUNDARY IF NEEDED. 

SET CODING TD INDI
CATE CONFIDENCE 
LIMITS ARE NOT CAL
CULATED AT THIS 
DIAMETER AND 
ASSUMED DENSITY. 

YEse---. 
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SET CODING TO 
INDICATE CONFIDENCE 
LIMITS ARE NOT CALCU
LATED AT THIS 
DIAMETER AND 
ASSUMED DENSITY. 



YES 

YES 

CALL NOTRI TD 
DEFINE LOWER CON
FIDENCE LIMIT OF 
EFFICIENCY IN 
TERMS OF NORMAL 
PROBABILITY 

DEFINE PLOTIED 
LOWER CONFIDENCE 
LIMIT OF EFFICIE,.CY 
AS VALUE JUST BE
YOND PLOTIING 
LIMIT IF NEEDED. 

DRAW DASH AT 
LOWER CONFIDENCE 
LIAllT OF EFFICIENCY. 

YES 

CALL NOTRI TO 
DE~l"'-E AVG EFFl 
Ci ENCY IN TERMS 
OF NOA..-Al... 
PROBABILITY 

~EFINE PLOTTED 
.AVG. EFFICtE~CY 
AS VALUE JUST 
BEYOND PLOTTING 
U"'IT IF NEEDED. 

NO 
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DEFINE LOWER CQN. 

FIDENCE LIMIT OF 
EFFICIENCY AS EX
TREME NORMAL 
PROBABILITY VALUE-

DEFINE AllG. EFFI
CIENCY AS EXTREME 
NORMAL PR03A-
Bl LITY llALUE 



YES 

DRAW BAR FROM 
LOWER CONFIDENCE 
LIMIT OF EFFICIENCY 
TO AVG. EFFICIENCY. 

CALL SYMBOL TO 
DRAW CIRCLE 
AT POINT OF AVG 
EFFICIENCY 

CALL NDTRI TO DEFINE 
UPPER CONFIDENCE 
LIMIT OF EFFICIENCY IN 
TERMS OF NORMAL 
PROBABILITY 

DEFINE PLOTTED UPPER 
CONFIDENCE LIMIT OF 
EFFICIENCY AS VALUE 
JUST BEYOND PLOTTING 
LIMIT IF NEEDED. 

PLOT DASH AT 
UPPER LIMIT OF 
EFFICIENCY AND 
RAISE PEN. 

RAISE PEN 

DEFINE UPPER 
CONFIDENCE LIMIT 
OF EFFICIENCY AS 
EXTREME NORMAL 
PROBABILITY VALUE. 

469 

CHANGE AVG. 
FRACTIONAL EFFI
CIENCY ANO FRAC
TIONAL CONFIDENCE 
LIMITS TO PERCENTS 

TAKE ANTILOG OF 
PLOTTED DIAMETER 
VARIABLE TO GET 
BACK DIAMETER 

WRITE ON LINE 
PRINTER: DIAMETER 
INDEX NO., DIAMETER 
AVG. EFFICIENCY, 
UPPER LIMIT OF EFF. 
ll LOWER LIMIT OF EFF. 

YES 

RETURN PLOTTER PEN 
TO ITS "HOME POSITION' 
ON BASE LINE, 4.5 
INCHES BEYOND GRAPH. 

YES 

~ 

N~ 

N~ 



C HAtN PROGRAM PfNTRA 
C•************************************************************************** 
C• PENTRA COMPARES INLfT IMPACTOR DATA TO OUTLET IMPACTOR DATA TO FINO 
C• PERCENT EFflCJENCY. I~ OROER TO EXECUTE THtS PROGRAM THE JMPACTnR 
C• PROGRAM HPPROG HUST HAVF REEN RUN t~ ADDITION TO PROGRAMS 
C• SPLIN\ ANO STATIS. SPL1~1 USES DATA RECORDED 
C• DURING THE IMPACTOR PROGRAM EXECUTION IN ORDER TO MAKE FITS TO DATA, 
C• STATIS USES THfSf FITTED EQUATTONS TO FINO AVERAGE OM/OLOGD VALUES 
C• ANO STANOAPD OfVIATION AT SPECIFIED PARTICLE 
C• SIZFS, ANO STORES THESE VALUES 
t• tN THE APPROPRIATE IMPACTOR FILE. THfN PROGRAM PENTRA MA~ES A •PARALLE 
C• READING 0, BOTH INLET ANO OUTLET SFQUENTIAL FILES, CALCULATIONS 
C• VJELO PRI~T OUT ANO PLOT OF THE CONTROL DEVtCE•S PERCENT FFFICtENCV 
C* AT SPECJFI~D PARTICLE SIZES, 
C• USE THTS PROGRAM FOR 50 t CONFIDENCE LIMITS 
(•************************************************************************** 
c 

c 

OlMfNSTON FtlNM\(2l,FlLNM2(2) 
OtMfNSION IPROGC2),IDGENren),RAUFC8) 
EnUIVAlENCE CRBUF(t),RSLOT),(P8UF(2),DPLOTJ 
EUtJJ v ALEMCE cRRuF n >. avEH >. <RBUF ca 1 ,nuE l, cRsuF rs>, CLLEl 
EQllJVALENCF (RRUFC&l,AVPfNJ 1 CR8UF(7),CLUP),CRRUFC8J 1 CLLP) 
!'.IATA IRLA~/" •/ 
OATA FILN"ll"JWJOO•,•tAIN•/ 
OATA FlLNMll'JWJ00','2~lN"/ 

DATA OAST/"*****'/ 

C REAO THE GEN~RAL lOENTJftCATION LAPEL 
c 

REAO(l, lZl tl'>GfN 
c 
C I~IN ANO IMAX ARE THE CODE NUMBERS WHICH DETERMINE T~E RANGE OF THE 
C NnRMAL PRORA~tllTY SCALE TO AE PAINTED AS Y • AXIS FOR PLOT, 
C IMYN: 1& YJlLDS MINIMUM 80 PERCENT, IMAX 25 YIELDS MAXIMUM qq.qq 
C PERCfNT• FOR OTHER CODE VALUES ANO RESULTING PLOT RANGE, 5EE 
C SUBROUTINE YPROR, VMINFR C• ,800 FOR 80 PERCENT) IS MJNJMUM 
C FRACTIONAL EFFICIENCY ON PLOT, 
c 

c 

JMJN:1f1 
lMAh25 
YMJNFR':i:,Aoo 

C JCHRAN • 0 VMJN•tb,Y~INFR•.800• ICHRAN NOT : 0 1 READ IN THESE, 
C NSPr.ON :i: O •• PLOT CONFIOfNCE LIMITS IF POSSIRLE. 
C NSPCON NOT a O •• SUPPRESS, 
c 

c 

RfA0(2,50tlJCMRAN,NSPCON 
JFCJCHRAN)l8,tq,l8 

18 RE•ncz,soo>T~IN 
RfA0(2,51~)VMINFR 

C FILf tb CONTAINS INLET INFORMATION• 
C FJLF 17 CONTAINS OUTLET TNFORMATJON, 
c 

c 

lq CALL SEEk(!b,FTLNM!) 
CALL SEfk(17,FJLNM2) 

C WHEN MOEX :i: 1 SEARCH FILES FOR DATA WHERE RHO : PHYSICAL DfNSITY, 
C WHEN ~~EW • 2 SEARCH FILES FnR O•TA WHERE RH~ : 1.0 GM/CC, 
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t 
l 
J 
4 
s 
6 
1 
e 
q 

lO 
1l 
12 
tJ 
Ill 
ts 
1 ft 
17 
IA 
1q 
20 
21 
2? 
23 
24 
25 
?6 
l7 
28 
2q 
30 
11 
32 
H 
14 
35 
u 
37 
18 
3q 
40 
41 
42 
43 
4tl 
4S 
4ft 
"7 
48 
aq 
isn 
51 
52 
S3 
'5 ll 
'SS 
5b 
'57 
58 
~q 



C &O 
DO 200 MOEX•t.2 61 

c 62 
C IF nNF FllE DOES NOT HAVE COMPLETE R!CORDS FOR GIVEN DENSITY &] 
C ttNDJCATfO SY LASl OR LAS2 • 0) 1 AND TH£ OTHER FILE DOES, 64 
C THIS LATTER FILE MUST BE READ IN OROfR TO ALWAYS READ •PAR&LLEL' 65 
C PECORDS FRO~ EACH FILE. t.E. THE Z RECORDS READ, 1 FROM EACH FILE, bb 
C MUST REPRESFNT DATA &T THE SAH[ DIAMETER. THIS ORDER IS IMPERATIVE 67 
C SINCE THE FILES ARE SE~UfNTIAL CAS OPPOSED TO RANDOM FILES). &~ 
c LASt AND LAS2 ARE THE NUMBER nF RECORDS TO aE READ. 69 
c 70 

AEAO(t6lRHO,LASl 71 
READCt7)RH0 1 LAS2 72 

c 73 
C THF 'COMPLETE• FILE IS PEAD,ALTHOUGH ARGUMENTS ARE ONLY DUMMY 74 
C ARGUMENTS AND CAN NOT RE USED TO FTND PERC[NT EFFICIENCY. 15 
c 7& 

IHLAS1*LAS2) 126, 1Z6, 131 11 
126 lF(LASl•LASZltZT,200,129 78 
127 LENO:LASZ+1 7Q 

00 t2R t:t,LENO AO 
128 REAOC17)xxx,xxx,xxx,rxx ~1 

GO TO zon 82 
c 81 

tz~ LENOstASt+t 84 
DO no t•1.LENO 1'5 

110 REAOCt&)xxx,xxx,xxx,rxx ~b 
GO TO 200 A7 

c 88 
C NOTRt DETERMINES THE EXTREME Y • AXIS VALUES, VMAX ANO VMJN, IN 8q 
C TfRMS OF THE NORMAL PROBAAILITV SCALE. qQ 
c q1 

tll CALL NOTRico.qqqq,YMAX,D.IE) qz 
CALL NOTRI(YMJNFP,VMJN,D,IE) qJ 

c qci 
C THESE ARE THE fXTREME X • AXIS VALUES, XMAX ANO XHIN, IN TERMS O' q5 
C THE LOGtO SCALE, q& 
c q7 

XMAX=ALOGtOC\00 0 0) IJ8 
XMJNsALOG10(.t) qq 

c 100 
C lMfSE ARE THE LfNGTHS OF THE X AND Y AXES JN tNCHES, 101 
c 102 

XJNr.H:u.s 103 
YJNCH=b.S 104 

c l 05 
C XS AND YS APE THE SCALE FACTORS tINCMES/USER•S UNIT), 106 
c 10'7 

XS:XINCM/(XMAX•XMIN) 108 
YS:YJNCM/(YMAX•YMlN) lOq 

c 110 
C COOROJNATE~ XMl~J AND YO nEFINE THE LOCATION OF THE PEN IN TERMS OF 111 
C THF USER'S UNITS WHEN THIS PROGRAM ~EGINS. (XMIN,YMIN) ARE THE 112 
c cnnROJNATES OF THE USER'S ORIGIN. 1t3 
C SUBROIJTINE SCALF STORES ITS ARGUMENTS FOR USE RY OTHER PLOTTING t tU 
C SU9ROllTJNES, 115 
c t t b 

YOsYMJN•2,/VS 117 
CALL SCALFCXS,vS,XMJN,VO) 118 

c 11 q 
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C lHlS SECTION DP&~S THE Y • AXIS ON THE LEFT AND LABELS IT AS 120 
c 'PERCF.NT EFF!C I ENCY, I tzt 
c l2l 

CALL vPAOSCXS,VS,XMJN,O,JMIN,JMAX) 123 
xcs:,15 120 
YCS•,t5 125 
)(:XMIN•l,O/XS 126 
V:((VMAX•YMJN)/2.0)•VMJNa((q,O•VCS\/YS\ 127 
Pl•l,1415 128 
CALL FCHAR(x.v,xcs,vcs,Pt/2,> 12' 
wRtTE(7 1 3) 130 

c 131 
C THIS SECTJON ORAWS THE X • AXIS AND LABELS JT 'P&RTICLE 112 
C DIAMETER (MICROMETERS)•, 133 
c 134 

JXRANsXMAXwXMJN 135 
CALL XSLBLCXS,vS.XMlN 1 YMJN,JXRAN,XMJN) 136 
CALL XLOGCXS,VS,XMAX.YMIN,•l,JXRAN) 117 
)(S((XMlX•XMtN)/2,0)+XMt~-cct6,0•XCS1/XS) l3R 
YsVMIN•(,7/YS) 13' 
CALL FtHAR(X,v,xcs,vcs.o.) 140 
WRITECT,2) 1Gl 

c l42 
C TMIS SECTION ORA~S THE Y • AXIS ON TME RIGHT ANO LAB£L8 IT AS 1G3 
C 'PfRCENT PfNETAATION' 1 144 
C lG5 

CALL VPR08CXS,vs,XMAX,t,tMIN,JMAX) 146 
XaXMAX+t,0/XS 141 
V•f(VMA)(•V~JN)/2,0)+YMJN•((,,O•VCS)/YS\ 1D8 
CALL FtHARcx.v,xca.vcs.Ptll.> 1oq 
WRITEC1.t) t~O 

c 151 
C THtS SECTt~N WRITES •PENETRATJON•EFFICtENCY' ABOVE GRAPM, 151 
c 1'51 

xcs:.t2 154 
vcs~.12 155 
Xc((X~AX•X~IN)/2,)•X~IN•C(tl.•XCSl/X8) 1Sb 
YsVMA)(+,15/VS 151 
CALL FtHARcx.v,xcs,vcs,o.> tsa 
WPfTfC7 1 4) 15q 

c 160 
C THIS SECTION WPJT!S THE f.ENERAL tDENTI,tCATION LABEL IDG!N AND O!NSJTY 161 
C RHO AA0Vf PLOT AND AT TOP OF PAGE ON LINE PRINTER. 162 
c 163 

X:XMIN 164 
V:VMAX+.~/VS 165 
XCS:,05& 166 
YCSc,tOO 167 
00 30 l•t,1q 168 
J•~O•I \&q 
1Fft0GEN(J).NE,J8LAK)GO TO 40 170 

JO CO~TINUE 171 
Jst 172 

40 CALL FCHAR(X,v,xcs,vcs.o.> t7l 
~RITfC1 1 5)fJOG£N(!),t:t,J) 174 
X•X~tN 175 
VcVMAX+,2~/VS 176 
CALL FCHAR(x,v,xcs,vcs,o.> 111 
~P!TEC7 1 b)RHC 178 
wR?TEr3,1)CIDGfN(!),tct,J) t7q 
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WRITE(l,17)RHO 180 
c 181 
C THIS STATEMENT ~RITES COLUMN HEADINGS • 'IMTERVAL','DJAMETER•, 18l 
c •AVERAGE EFFICtENtv•,•uPPER CON'IDENCE LIMIT 0, EFFICIENcv• AND 181 
c 'LOWfR CON,IDENCE LIMIT OF E'FICIENcv•. 184 
c 185 

WR1TE(3 1 8) 186 
ISIG•O 187 
KSJG•O 188 

c 18• 
c THIS LOOP REAOS INLET AND OUTLET FILES • CALCULATEl,PLOTS, AND GIVES sqo 
C PRINT OUT FOR PERCENT EFFICIENCY. 1•1 
c l•l 

DO 100 NSLOTat,100 t•l 
RSLOT•NSLOT 1q4 
AVEFF•O.O t•5 
CLUE=o.o 1•6 
CLLE•o.o 1q1 
AVPENat.O lq8 
CLUP:t.O 1qq 
CLLP•t.o 200 
NCONaO 201 

C Z02 
C RECORnS ARE READ FROM IFtlE UNTIL !ND 0, RECORDS FOR THIS DENSITY 203 
C IS SIGNALED BV 5 ASTERISKS (DAIT). THEN ISIG SET • 1 UNTIL KFILE 204 
C READINGS ARE COMPLETED~ THIS JS DON[ LIKEWII[ fOR KFILE USING 205 
C KSJG : t IF tFILE SHOULD HAVE MORE RECORDS THAN KFILE. 206 
c 207 

IFCIStG,ED.t)GO TO 45 208 
READ(t6)DPLOT,AVIN,SIGIN,NIN 209 
lF(OPLOT.EQ.DASTlISIG•t 2\0 

45 IF<KSIG.EQ.t)GO TO 47 2tt 
REAOC17)DPLOT,AVOUT,StGOUT,NOUT 212 
IFCOPLOT 1 fQ 1 0AST)KSIG•t 211 

c 214 
C IF ENO OF RECOPOS FO~ THIS DENStTV HAS BEEN REACHED IN SOTH FIL[S, 215 
C ISIG • l AND KSIG :r: t. Zl& 
c 211 
C IF END OF RECORDS ~OR THIS D!NSITV HA8 REEN R!lCMED IN ONLY ONE 218 
C OF THE 'ILES, LOOP CONTINUES TO RETURN AND READ TM! LDNG[R FILE. Zt~ 
c 220 

47 !FCISIG+KS?G•t)2t0,100,150 221 
210 tF(AVIN•NIN•NOUT)2tS,2tS,220 212 
Zl5 NCON•l ~Z3 

GO TO 50 224 
220 lVPENmAVOUT/AVIN 225 

lVEFF•l.O•AVPEN 22b 
IFCNJN.EO.t.OR~NOUT.EQ.1> GO TO 221 227 
ROUTaNOUT 228 
RIN•NIN zzq 
TOUTsC0,674+(0.32*((ROUT•1e)**(•le07l)l))/8QRTCROUT) 230 
TIN•C0,674+CO.l2•CCRIN•l~)**C•1.072))))/SQRTCRJN) 231 
StGIO•AVPEN•AVPEN•C(TOUT•SIGOUT/AVOUT)•*2/ROUT+CTI~*SIGJN/lVIN)**2 232 

SIRIN) 233 
tF(SlG10)221,2211225 234 

221 NCONat 235 
GO TO 50 236 

225 SIGIO•SQRTCSIGIO> 237 
CLUP•AVPEN+SIGIO 2J8 
CllP• AVPEN•SIGIO 239 
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oe CLUE•t.O•CLLP 240 
tllf.•1 1 0•CLUP 241 

C Z4Z 
C THIS SECTION PLOTS THE AVERAGE P!RCENT EFFICIENCY NITM UPPER AN~ 24J 
t LOWER CONFIOENCE LIMITS VS, PARTICLE OtlMETER 1 244 
C Z45 

50 DPLOTaALOGIO(OPLOT> Zl6 
c 247 
C fUNCTIONS XVAL AND YVAL CHECK FOR VALUES OUTSIDE PLOTTING GRID. 248 
C ' VALUE ,25 INCHES OUTSIDE OF THE ~AID IS GIVEN TO ANY SUCH POJNTS 1 24q 
C OTMEA~tSE THE VALUE IS NOT CHANGED. 250 
c 251 

XNsXVALCDPLOT,WMAX,X~JN,XS) 252 
t 253 
C IF LOWER CONFIDENCE LIMIT CLLE IS TO BE OAAWN, FINO ITS VALUE 254 
C IN TERHS OF NORMAL PROBAAJLITY SCALE. 255 
t 256 

JFCNCON 1 NE~O.OA 1 NSPCON.NE 1 0) GO TO 327 257 
c 258 
c z5q 
C JF CLLE c 1 0001, SET VY • ARBITRARY NUMBER c YMIN 1 260 
c 261 

tF(CLLE• 1 00~\)J05,Jt0,310 262 
JO~ vv:.a.o 263 

GO TO 125 264 
c 265 
t JF CLLE JS ~ 1 qqqq, SET YV • ARBJTRARV NUMBER • YHAX 1 lb6 
t 267 

310 JFC 1 qqqq•CLLE)3l51320,J20 268 
115 vv:o.o 26q 

GO TO 325 210 
c 271 
C SUBROUTINE NOTRt(P,S,D,IE> FINOS TH~ VALUE 0, P IN T!RMS OF 212 
C NORMAL PR08A8ILITY SCALE FDR .0001 c P c .99q9• THIS RETURNED 271 
C VALUE IS s. 274 
c 215 

llO CALL NOTRl(CLLE,YV,D,I£) 27& 
c 217 
C CHECK TO SEE THAT LO•EA CONFIDENCE LIMIT IS WJTHtN PLOTTING 278 
C LIMITS. DRAW HORIZONTAL LOWER CON,IOENCE LIMIT TICK. 279 
c 280 

12~ YNcYV,L(VV,VMAX,YHtN,YS) 281 
XN•XN• 1 0l/XS 2e2 
CALL FPLOTC•2,XN,YN) 283 
XNsXN+.~6/XS 284 
CALL FPLOT(O,XM,YN) 215 
XN:XN •• OJ/XS 28& 
CALL FPLOTCO,xN,yN) 287 

c 288 
C FIN~ VALUE OF AVEFF IN T~RMS OF NORMAL PROBA81LlTY SCALE AS 289 
C FO~ CLL[ A~OVE~ 290 
c 291 

321 tFCAVEFF•.0001)3JO,J351335 2q2 
JlO VV••4,0 293 

GO TO 350 294 
115 JF( 1 9999•AVEFF)340,]45,3G5 295 
JOO YV•G•O 296 

GO TO lSO 297 
305 CALL N01RI(AVfFF,VV,D,IE) 298 

c 29q 
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C CHECK TO SEf THAT AVERAGE tS WITHIN PLOTTING LIMITS, DRAW 300 
C VERTICAL BAR FROM LOWER CONFIDENCE LIMIT TO AVERAGE, 301 
c 302 

350 VNsVVAL(VV,VMAX,VMtN,VS) 30] 
CALL FPLOT(O,XN,VN) 304 
JF(NCON.NE.o.oR.NSPCON.NE.O) CALL FPLOT(2,XN,VN) 305 

c 306 
C SUBROUTINE SVM80LCJ,S) DRAWS A SYMBOL DETEAH?NED BV I (HERE I • '• 307 
C THfREFORE DRAWS SOLID CIRCLE) INSIDE A SQUARE OF DIMENSION 8 0 108 
c 1n• 

CALL SV"BOL(0, 0 04) 310 
c 311 
C IF UPPER CONFIDENCE LIMIT CLUE IS TO BE DRAWN, FTNO ITS VALUE 312 
C IN TERMS OF NORMAL PROBARILITV SCALE~ 313 
c 314 

IFCNCON.Ea.o.AND.NSPCON.EQ.O)GO TO 1~4 315 
353 CALL FPLOTCl,XN,VN) 316 

GO TO 55 3t7 
JSQ IFCCLUE•.0001)355,lbO,lbO 318 
355 VV••4 0 0 ltO 

GO TO 375 lZO 
uo IFc.•o•o-cu1E>lb5,HO,no li!t 
365 VV•4 0 0 3?2 

GO TO 375 323 
370 CALL NOTRICCLUE,VV,O,?El 324 

c 325 
C CHECK TO SEE THAT UPPER CONFIDENCE LIMIT IS WITHIN PLOTTING 326 
C LtMITS 0 ORAW VfRTICAL BAR FROM AVERAGE TO UPPER CONFID!NC!. LIMIT 327 
C ANO DRAW HORIZONTAi. TICl< 0 328 
c 32• 

375 YN•VVAL(VV,VMAX,VMtN,VS) 330 
CALL FPLOTrO,XN,VN) 331 
XN•XN•,Ol/XS 332 
CALL FPLOT(O,XN,VN) 333 
XN•XN+,06/XS 314 
CALL FPL OT (•1 1 XN, VN) 315 

c 336 
C THIS LOOP CHANGES FRACTIONAL EFFICIENCY TO PERCENT !FFICI!NCV FOR 337 
C PRINTING 0 318 
c 33~ 

55 DO 60 Is3,5 340 
RBUFC!hRBllFCI>•lOO, 341 
IFCRRUFC!) 0 GE,100,0)RBUFCI)•l00 0 0 342 
!F(R8UFCI>.LE,n,O)R8UFCI)aO.o 343 

bO CONTINUE 344 
c 345 
C C~ANGE FROM LOGlO DIAMETER TO DIAMETER ,OP PRINTfNG 1 34b 
c 347 

0Pt.OT:10 1 0••0PLOT 348 
c 34• 
C WRITE DIAMETER ?NOE~ NUMBER, DIAMETER, !FFICIENCV, U'PER 350 
C LIMIT OF EFFIC!ENCV, &NO LOWER LIMIT OF !FF?CifNCV, 351 
c 352 

70 WR!TEC3,!t)CR8UFtI),I•115) 353 
100 CONTINUE 354 

c 355 
C RETURN PLOTTER PEN TO 8ASE LINE 3 INCMEI BEYOND GRID, TM[M R!ADV 356 
C FOR NEXT PLOT, 357 
c 358 

150 XN•XMAX+4 1 5/XS 35q 
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VN•VO 
CALL 'PLOT(O,XN,YN) 

ZOO CONT!NUf' 
l FORMAT(li,•PfRCENT PENETRATION') 
l FORMAT(lX,•PA-TJCLE DJAKETEA (MlCROMfT[AS)') 
l FOAHAT(Sl,'PfRC[NT Ef,ICt[NCY'> 
0 FORMAf(tX,•PENETRATlONwiFFtC!£NCY') 
S ,ORMAT(tX,IOAl) 
• FDAMAT(lX 1 'R"O• •,F4,2 1 ' GM/CC'J 
1 FORMAT(tHl11X 1 80AIJ 

tJ FOR~AT(tX,•RHO• •,Fo,2,• GM/CC') 
I FOPMAT(JIX,'UPPER CON,tOENCE',Jx,•LoWER CON,lOENCE'/, 

121x,•AY!AlG!•,11,•LtMJT o,•,11x,•LtM!T OF'I, 
21x,·t~TERYAL•,1w.•DlAH!TER•,1x,•£,,JCJ!NCY•,sx,•£,,ICtfNCY', 
lftX,•EFFJCtlNCV'I) 

11 FORMAT(6X,FJ~o.Jr,,a.o,5x,Fa.1,1x,Fa.1,t1x,, ••• , 
U FORMAT (80& l) 

SOO FORHATOU> 
501 FORMAT Ult) 
'510 FORMU(F5,t) 

STOP 
END 
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C MAIN PROGRAM PENLOG 
C••************************************************************************* 
C• '!NLOG COMPARES tN~ET IMPACTOR OATA TO OUTL!T IMPACTOR DATA TO ,!ND 
C• PERCENT f''ICJ!NCY. IN ORDER TO !XfCl•TE THIS PROGRAM THE JMPACTnR 
C• 'ROGRA~ MPPROG HUST HAVE RE!N RUN IN AODITION TO PROGRAMS 
C• SPLlNt ANO STATll, IPL!Nt UIEI DATA R!CORO!D 
C• DURING TH! IMPACTOR PROGRAM !XtCUTJON tN ORDER Tn MAKE ,tT9 TO DATA. 
C• STATIS Ul!S THESE 'ITT!D EQUATIONS TO 'IND AVERAGE DM/OLOGD VALUES 
C• ANO STANDARD O!~IATION AT 8PECI,IED PARTICLE 
C• StZ!I, ANO ITOR!I THll! VALU!I 
C* IN THE APPROPRIATE IMPACTOR FILE~ THEN PROGRAM PENLOG MAK~S A •PARALlE 
C* REA~INC OF BOTH tNlET AND OUTLlT SEQUENTIAL 'lL[S. CALCULATIONS 
C• Yt!LD PRtNT OUT ANO PLOT 0, THE C~NTROL OEV!C!•S PERCENT £''lCIENCV 
Ct AT SPECt,IEO PARTICLE II!£8. 
C• lllE THIS PROGRAM FOR 50 I C0N,ID£NCE LIMITS 
C••************************************************************************* c 

c 

DIM!NSIDN FILNM1(2),FILNM2(Z) 
O?MfNSIOM r~•OG(l),IDGENt80),R8U,t8J 
DIMENSION TVC10) 
!QU!VAL!NC! fR~UFCt),ASLnT) 1 (R8UF(i),DPLOT) 
EQUIVA~ENCE fRBUFCJJ,AVEFFJ,(RBUF(4J,CLU!),CRBUFC5l,CLLEJ 
EQU!VAL!NC~ (ABUF(~),AVPEN) 1 (RBUP(7),C~UP),(R9UF(8),CLLP) DATA TY1••.••·••.•s,••.•~,••·•·••.e,••.,,••.o,•a.n,•s.o,•o.n1 
DAU I8~AK/' 1 1 
DATA FllNMt/'JWJOO',•l8IN'/ 
nATA FtLNMZ/iJWJOO•,•zst~·I 
DATA OAST/'*****'/ 

C READ TH[ GENERAL lOENT!FICAT!ON LABF.l 
e 
c 
C NSPCON a O •• PLOT CON,IOENC! LIMITS IF POSSIBLE. 
C NSPCON NOT • O •• SUPPRESS~ 
c 

R!A0CZ 1 50l) NSPCON 
c 
C FIL! 16 CONTAINS INLET INFORMATION. 
C FILE 17 CnNTA!NS OUTLET IN,ORMATI~N, 
c 

c 
CALL SEEK C1~ 1 FILN~l) 
CALL SEEKC11,FILNMZ) 

C WMEN ~DEX • 1 SEARCH FILES FOR DATA WMERE RHO • P~YSICAL OENSJTV 0 

C WHEN ~DEX • l SEARCM 'ILES FOR DATA -MER! RHO • 1,0 G~/CC. 
c 

DO 200 MDEX•l 1 2 
c 
C IF ON~ 'ILE DOES NOT HAVE COMPLETE RECORDS FOR GIVEN D!NStTV 
C CINDICAT!D BY LAS1 OR LAS2 • 0), AND TM! OTH!R 'IL! DOES, 
C THIS LATTER Ftlf MUST 8E READ IN ORDER TO AL~AV$ READ 'PARALLEL' 
c RECOROI FROM !ACH FILE~ t.E. TH! ' •ECnRnS READ, l 'AOM !ACH 'ILE, 
C MUST R!~R!S!NT DATA AT THE S•M! DIAM!T!Ra THIS ORDER II tMP!RATIVf 
C SINCE THE 'ILES AR! B!OUENTIAL (AS OPPOSED TO RANDOM FIL!S), 
c LAS1 AND LAia ARE TH! ~UMB!R OF ~ECnADI TO I! AEAD~ 
c 

A!ADtl•'AH01LA8t 
REA0Ct,lRHO,LAS2 
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C flO 
c T~! •co~PLET!i ,!LE 11 R!AO,lLTHOUGM ARGUMENTS l~E ONLY PUMMY bl 
C A'GUMFNTS AND CAN NOT Bf UlfD TO FIND PERCENT E'FICIENCY. 62 
c 63 

l'CLA8l•LA82>t2•1l2,,tll 64 
12' IF(llSl•LUZ>UJ,IOO,Ullt 65 
tl1 LEND•lASl+t 60 

DO 128 l•l1LfND 67 
t21 AUOU 7)XU,XU, XO, IU f.18 

GO TO loo ~q 
c 70 

124 L!NnaLA9l+t '1 
DO ISO l•J,L!Nn 12 

UO RUDrt•)XXX 1 llU,XU,IU n 
GO TD 100 74 

c 15 
C TM!SE AR£ THt !XTA!M! Y • AXIS YALU!l 1 YMAX AND VMI"' IN T£AMI OF 1~ 
C THE LOGlO SCALE~ 17 
c 18 

lJl VMAX•AL0Gt0C10.0) TO 
YMJN•ALOGtO(~Ol) 80 

e 81 
C TM!IE &R! TM! !XTREME X • AXIi YALUf8 1 XMAI ANO IMJN, IN TERMS n' R2 
C TH! LOGtO SCALF. R3 
c au 

)IMAX•ALOOtnrtoo.o> 85 
XMI~•ALOGlOt~t> ~6 

c ~7 
c THESE ARE T~! L!NGTHS OF THE • A~D y AXES tN I~CMta. Re 
e e• 

•INCH••.§ Q~ 
YlNCHa&.5 qt 

c •z 
C XS AND VI AAf TH! SCALE 'ACTORS CINCHES/USER'S UNIT). q3 
c 04 

XSaXINCHlfXMAX•XMfN) o5 
YS•YINCH/(YMAX•YMJN) Qb 

c q7 
C COORDINATES XMIN ANO Y~ DE'INE TH! LOCATION OF TME PEN JN TERMS OF •8 
C TMf USER'S UN!TS WHEN TMIS P~O&RA~ BEGINS, (XM?N,YMJN) ARE TME qq 
C COORDINATES OF TH! UIER•S ORJGIN. tnn 
c SUBROUTINE SCALF ITOR!S ITS AR;uMrNTS 'OR USE AY OTHER PLnTTI~G tot 
C SIJB~OUTINES. 102 
c 10! 

YOsYMIN•2.IYS tna 
CALL SCALFCXS,YS,XMJN,YO' 105 

c t~b 
e TMtS S!CTtnN DRAWS TM! y • AXIS ON TH! RIGHT AND LAB!LI IT AS 107 
C 'P!AC~NT PENETRATION', tn@ 
c 1oq 

CALL YLOGCXS,vS,XMtN,VMAX,•111' SS~ 
CALL LGLBLCXS,vS,XMIN,YMIN,J,•2.,S> 111 
xesa.l§ 112 
YC9•.15 ttJ 
••XMTN•t.n1xs !tU 
Y•tCYM&X•VMJN)ll.O)+YMtN•[[•.o•vtal/Yll lt§ 
Pl•l.1415 11~ 
CALL ,CHARCX,v,xcs,vcs,Pt/2,) 117 
•RITEc7,1) tte 

e 1t~ 
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t THtS SECTION DAAWS THE X • AXIi AND LARELI IT 'PA~TtCLE 110 
e ~t•~ETER (HICAD~ETr~•>•. 121 
e 122 

IXA&NaXMAX•XHIN l?] 
CALL XIL8LCXl,Y81X~IN,YMtN,IXRAN,XHt~> t~4 
CALL XLOGCXS,YS,XMAX,YMIN,•l 1 !XPAN) 1?5 
Xa((XMAX•XMIN)l2~0)+XMIN•CCl•,O•XCS)/X8) 116 
Y•YMJN•(~7/YI) 117 
CALL 'CHAAClC,Y,XC8,YCl,O.) 128 
WRIT!CY,2> 12q 

C l]O 
C THIS SECTION OAAWS THE Y • AXIS ON TME LE'T AND LARELS IT AS 13! 
C 'PERCENT E~FtCIENCY', 132 
e tU 

CALL VLOG(Xl,YS,XMAX,YMIN,t,J> 134 
XCS•0,15 135 
YCS•0,15 tJb 
J•O t37 
DO 27 Iat,10,3 13~ 
J•J+l 13• 
XalCMAX+XCSIXS 140 
V•YMIN+J•t•,075/YI 111 
CALL ,CMAA(X,Y,xcs,vcs,o.) 14Z 
IFCI•3)2!,25,20 14] 

zn WRITECT,i?llTYCr> lU 
ll FOAMATftX,F4~1) 145 

GO TO l7 146 
25 WAITEC1 1 26)TV(!) 147 
26 'OAMATC1X,,5~l) t48 
27 CONTINUE toq 

X•XM&i+1.01x1 t5n 
V•CCVMAX•VMIM)/2~0)+YMIN•CC•~O•VCS)/YI> 151 
~ALL ,CHAA(X,v,xcs,ves,PI/2,) 152 
WAITEC7,3) 153 

c 1 su 
C TMTS SECTION WRITES 'P!NETAATION•EFFICIENCV' ABOVE GRAPH, 155 
c 15~ 

lCCS•,12 151 
vcs •• 12 158 
X•C(XMAX•XMIN)/2~)+XMIN•CC11~*XCS)IX8) lSQ 
VsV~AX+,75/VS 1b0 
CALL ,CMAR(X,v,xcs,vcs.o.) lb1 
W•ITECf ,~, 1b2 

e 1•3 
C THJS SECTION WRJTES TH! GENERAL IDENTIFICATION LA9EL IDGE~ ANO ~ENSITV lbU 
C RHO 4BOV! PLOT &ND AT TOP OF PAGE ON LfNE PRINTER, 1&~ 
c lbb 

x.x~rN 1•7 
V•V~AX+,5/VS tb8 
xcsc~n~b 1bq 
vCS•,tOn 170 
00 !O ?•1,Tq l71 
J•BO•I 172 
t'<IOGINCJ),NE,I!LAK)GO TO 40 173 

sn CONTINUE 174 
J•t 115 

AO CALL FtHARcx,v,xcs,vca,o~) l7b 
WAJTEC7,5)ttDGfNCil,I•t,J) 177 
X•XMJN 178 
V•V~AX+,25/VS 17q 
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CALL FtHAR(x.v.xca.vcs.o.> 1ao 
WRITE(J.6,RMO t8t 
WAITE<J,7>CIDGEN(IJ,t•t,J) 182 
wR!TEfJ,tll~MO 1~3 

C 18U 
C THIS STAT!"!NT WRITES COLUMN HEADJNGI • •INTfRYAL•,•DtAMETER•, 1~5 
c ;AVEAAGr !'FtCIENCY','UPPER CONFIDENCE LIMIT OF EFFtCJENCv• AND ,_~ 
C 'LOWER CON,tOfNCE LIMIT OF E'FICIENCY': 187 

c ·~~ WRJTE(J,8) 18q 
ISYG•O lQO 
KSIG•O 1q1 

C IQZ 
C TMJS LOOP A!ADS INLET ANO OUTLET 'lLEI • CALCULATES,,LOTS, AND GIV!S lQ3 
c PRINT OUT FnR PEPCE~T EFFICIENCY~ iqa 
e t•s 

DO 100 NILOT•t,tOO t•6 
RILOTcNSLOT lQ1 
lVEF'•O.O lQ8 
CLUF•o.o tQQ 
CLLE•o.o 2~n 
AV,EN•leO Znt 
CLUP•t.o 2n2 
CLLP•t.o 2n3 
NrO~•o 2ou 

c ao~ 
c ~EtnAol AR! ~EAO ,ROM tF1L£ U~TtL !ND OF RECORDS FOR THIS OFNITTY iOb 
c rs SIGNAL!O IY 5 AIT!RIIKS COAST,. THEN !SIG SET • 1 UNTIL k,JLE l07 
C R!&ntNGI &R(.COMPLITE~. THIS IS DONE LIKE•ISE 'OR K,IL! UStN~ 20~ 
C Kl!G • t IF I'll! SHOULD HAYE MOR[ RECORDS THAN KFJLf. 20Q 
c 210 

t'(lStG,IQ~llGO TO 4~ 2\t 
A£A~Ct•)DPLOT,AVTN.SIGtN.NtN 21? 
tFCDPLOT.~O.DASTlIIIG•t Z1~ 

4~ I,(KSJG.!O~t)Gn TO 17 21Q 
A!1nc1f)DPLOT,AVOUT,SIQOUT.NOUT Z15 
l,fDPLOT.EC.ftAITlKllG•1 it~ 

c 217 
c IF £Nn "' RECORDS ,OR T~IS DENSITY HAS e'!N REACMEO IN BOTH FilfS, 21A 
C ISIG • l AND Kltl • t. 210 
c z2n 
C IF ENO D' RECO•DI ,OR TMTS OENSJTY MAS 8£!N REACHED IN ONLY ONE 2~1 
C OF THE FIL!S. LOOP CONTINU!S TD RETUqN AND AE•D THE LONG!P FTLF. 2?2 
c il3 

OT I'fillO+Nltl•t)!t0,100,150 2?il 
llft l'f AVIN*NIN•NOUT)2151215,220 l25 
Z15 NCON•t l?b 

GO TO 10 227 
22n AYP!N•AVOUT/AVTN 11~ 

lVEFF•l.O•AYPEN Z2q 
IF(~lN.EO.t.oR.NOUT.EQ.1) ;o TOZZI 230 
ROUT•NOUT 231 
~JNaNJ~ 232 
TOUT•<0.•1o+co.32•((AOUT•l.)••<•t,C72),,)/IQRT(ROUT) 233 

c 234 
TfN•to.•14+C0,12•((RJN•l,)••f•l.Ofl))))/80AT(RlN) 235 

c 23b 
1raroa&YP£N•&VPfN•((TOUT•SJGOUT/AVDUT)••2/ROUf+CTtN•IJGIN/AVl~, •• 2 237 

l/RJN> z1e 
l'fStGl0)221122i1ZIS 2JQ 
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i2l NCON•1 240 
GO TO 50 241 

ZZ' SIGIOsSQRTCSIGlO) 24l 
CLUP•AVPEN+SIGTO 241 
CLLP• AVPEN•8tGtO 244 

48 CLUi•teO•CLLP 245 
CLLE•l.O•CLUP 24& 

c 247 
C THIS S!CT!ON PLnTS THE AVfAAG! P!RCE~T £PFJCIENCV WIT~ UPPER AN~ 248 
C LOW!R CON,IDENCE LIMITS vs. PARTICLE DIAMETER. z4q 
e 25fl 

!O OPLnTaALOGtOCO,LOT> 251 
c 25? 
c ,UNCTIONS XVAL AND VVAL CHECK FOR VALUFS OUTSIDE PLOTTING GRrn. 253 
c A YALU! .Z5 tNCM!S OUTSIDE OF THE GRIO IS GIV!N TO ·~v SUCH POfMTS. z'a 
C OTHERWIS! THE VALUE IS ~~T CHANGE~~ 255 
c 2'5& 

WNaXV&LtDPLOT,XMAW.XHIN,WS) Z~f 
c 25~ 
e r, LOWER CONFJOENC! LIMIT CLLE ts To BE ORAWN, F?ND ITS VALUE z5q 
C IN TERMS OF NORMAL PROBABILITY SCALE~ 2~0 
c 2bl 

IFCNCON.NE~O.oA.NSPCON.NE.O) GO TO 327 262 
lF(CLLP•.OOOt)l05rJ10,1tO ?&3 

J05 VV••5o.o 264 
GO TO 125 l6' 

110 VV•ALOGSOCtOO.O•CLLP> ?66 
c 267 
C CHECK TO I!! TM&T LD~fR CONFIDfNC! LtMtT ti ~IT~TN PLOTTING 268 
C LIMITS. DRAW HORIZONTAL LOWER CONFIOENC! LIMIT TICK. 269 
e no 

JZ5 YNaVVAl(YV.YHAW.V~IN.YS) 271 
XNaXN•.03/XS l72 
CALL FPLOTC•i.XN,YN) 171 
WNaXN+.06/XS 27U 
CALL FPLOTCO,XN.YN) 275 
XNaXN•.OJ/XS 276 
CALL FPLDTC~.XN,YN) 277 

127 IFrAVP!~•.OOOt,330,335,335 278 
130 vva.so.o 279 

GO TO ]50 2AO 
315 YV•ALOGtO(lOO.O•AVP[N) 281 

c 282 
C CHECK T~ SE! TMAT AVERAGE IS ~JTMIN 'LftTTING LIMITS. DRAW iAl 
C V!RTICAL BAR FQO~ LOWER CONF!Df~CE LfMJT TO AVERAGE. l8G 
c 285 

JSO YNaYV&LCYV,Y~AW,YMIN,YS) 286 
CALL FPL~T(O,WN,YN) , 2~7 
?F(NCON,NE.o.oR.NSPCON.NE.O) CALL 'PLOT(!,XN.YN) 288 

c 2~q 

c SURROUTIN! IYM80LCJ,S> DRAWS • SYM80L DETERMINED 8Y I CMER! I • q. zqo 
C THERE,ORl DRAWS SOLID CIRCLE) INSIDE A IQUAR! OF DIM(NllDN s. lqs 
c ~Ql 

CALL IYMROL(9,.04) zq3 
e zqa 
C IF UPP!R CONFID!NCE LIMJT CLUE 18 TO 9! DRAWN, 'TND !TS VALUE 2q5 
C IN T~RMS O' ~ORMAL PR08A8lLITY SCALE~ 2Q6 
c 2q1 

l'<NCON.£0.0.6ND.N8PCONe£Q 9 0)~0 TO 354 zqe 
JSJ CALL FPLOTCl,WN,YN) 2Q• 
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GO TO 55 Jno 
354 l'CCLUP-.onnt)35,,360,360 lOl 
JS' YY•-5o.o 3n? 

,0 Tn Jl' 103 
]60 vvaALOGt~ctoo.o•CLUP) ]OU 

c 10~ 
C CHECK Tn S!E THAT UPP!R CON,IO!NCl LIMIT IS WITHIN PLOTTING lob 
C Ll~ITSe D-AN VERTICAL ~AA ,ROM AY~RAGE TO UPPER CONFIDlNCf LJMIT 101 
C A~O DRAW HORIZONTAL TJC~~ 108 
c 1n• 

J15 YNaYVALtYV,YMAX,V"tN,YS) ltn 
CALL 'PLOT(O,XM,YN) 3tt 
XNaXN•e03/XS 112 
CALL 'PLOT(O,XN,YN) 313 
XNaXN+.Ob/XS Jt~ 
CALL 'PLOTf•t,XN,YN) 115 

c 3tb 
C THIS L~OP CHING!I ,RACTtONIL £''!Cf~NCY TO PtRCfNT ~'FICl!NCY ,OR 317 
C P~INTJNG. 118 
c ]tq 

55 D~ &O l•S,5 3~n 
ABUFfI)aRBUFCJ)•lOO. 121 
l'<R8UFfl)~;!.lOO,O)R9U'Ct>•lOO.o 3~c 
l'CR8U,Ct>.LE.O,O)R8U'fl'•O.O lll 

60 CONTINUE 12~ 
e li5 
C CHANGE FROM LOGlO DIAMETER TO DIAM!TER FOM PRINTING. 126 
c 3?7 

~PLOTafXP(l 8 302585•0PLOT) 32~ 
c l2q 
C WRJTE DIAMETER INDEX ~UMBER, DIAMET!A, !F,JCIENCV, UPPER 330 
C LIMIT OF E~FICIENCY, AND LOWER LIMTT OF !''tCtfNev, 331 
c 132 

10 wAtTEcJ,tt>c•~u,cJ>,t•s,5) 333 
lOO CO~TINUE 3JU 

C l~S 
C RETURN PLOTT!R PEN TO BASE LINE J JNCH!S 8!¥0ND QAtD. TM!N R~AOV 336 
C FOR NEXT PLOT, 3]7 
t 338 

150 XNaXMAX+G,!/XS 33q 
YNaVO 340 
CALL 'PLOT(O,XN,YNJ 341 

zo~ CONTINUE 3ai 
1 FOAMATCSX,;PEPC!NT P!N!TRATION•) 3&3 
2 ,OAMATCtx,•,a•TJCL! DI4M[T!R (Mtc•n~fT!AS)•) 3oa 
3 'ORMAT(lX,•PEPC!NT E''JCI!NCY'> 3a5 
4 ,ORMATttX,•P!METRATJONeEFF!CIEMCV'> 1Gb 
5 ,ORMATftX 1 80At> 347 
b 'OAMATCtX,;RMO• •,Fu,1,• OM/CC') JaA 
1 ,OAMAT(1M1,1x,~0•1> 3uq 

17 ,OR~AT(tX,•RHO• .,,4,2,' GM/Ct•) 310 
8 FOAM4TfJSX,'UPPER CON,fD!N,!' 1 JX,•LnW!~ CO~FIOENCE'/ 1 l~l 

l27X,'AVERAG£•,1x,•LIMtT o,•,11x,•LJMJT OF'I, 352 
23x,·t~TERVAL;,1x.'DIAMETEM•,Jx,•[,FtCJ!NCY;,5x,•EFFIC!ENCV', 35~ 
38X,•£,FICl£NCY'/) J54 

11 FORMATC•X,,J.O,JX,,8,a,5x,,1.1,7x,,8~··11x,,e.4) 355 
12 FOAHATCIOAl) 3,6 

500 FORHATCl?l) 3~7 
501 'OAMAT(2!1) 3~8 
510 ,OAH4TC,S.4) 3,. 
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BEGIN PROGRAM 
SPUN1 

SET INITIAL VALUES, 
READ NUMBER OF 
RUNS, NRUN, ON 
INPUT FILE 10. 

DEFINE 8 SUBINTER· 
VALS FROM LAST 
STAGE l>so AND MAX· 
IMUM DIAM. DEFINE 
4 SUBINTERVALS BE· 
lWEEN EACH STAGE 

Dso-

START LOOP OVER RUN 
INDEX. IAV. EACH PASS 
READS A SET OF CUM
ULATIVE MASS PLUS 
TOTAL MASS LOADING 
WITH 050 AND MAX 
DIAM. 

YES 

READ DATA FOR THE 
RUN. CUMULATIVE 
MASSES, D5CJ'S ETC. 

EFINE A NEW SET OF 
ATA POINTS BY TAKIN 
OG10 OF THE CUM. 

SSES AND DIAMETERS 

DEFINE, ON A COMMON 
LOG SCALE, 3 EQUALLY 
SPACED DIAMETERS 
BETWEEN EACH Dso
DEFINE 2 DIAMETERS 
BEYOND LOG(OMAXL 

MAKE 2ND ORDER OVER 
LAPPING POLYNOMIAL 
FITS TO 3 DATA POINTS 
AT A TIME. i.e •• 1, 2. 3; 
234, 345, ETC. UNTIL A 
SET OF CURVE FITS 
OVER ALL DATA EXISTS. 

READ SEQUENCE 
NO NUMBER OF RUN 

TO BE FIT. 

484 

SUBROUTINE 
SIMO 

CHECK SLOPE AT FITTE 
POINTS FOR EACH FIT. 
IF SLOPE 0. REPLACE 
THAT PART OF THE FIT 

ITH A STRAIGHT LINE 
ITH SLOPE 0. 

USE CURVE FITS TO 
DEFINE Y VALUES 
FOR THE SPACED X
VALUES (DIAMETERS) 
DEFINED ABOVE. 



GO TO NEXT INTERVAL 

FIT PARABOLA 
THROUGH FIRST l 
POINTS · ONE REAL. 
TWO INTERPOLATED. 

flNO FITTlNG 
PARABOLA FOR 
EACH INTERVAL 
BETWEEN THE TWO 
BOUNDARY POlNTS. 
REQUIRE FOLLOWING 
CONOITlONS FOR flT 

1. FIT CONTINUOVS 
ACROSS INTERVAL 
BOUNDARY 
2. FIT FIRST OERI· 
VATIVE CONTINUOUS 
ACROSS INTERVAL 
BOUNDARY 
3. FITTING PARABOLA 
FOR AN INTERVAL 
PASSES THROUGH 2ND 
POINT PAST THIS 
INTERVAL 

MAKE CURVE FIT 
FOR INTERVAL 

SAVE CURVE FIT 
COEFFIClENTS FOR 
EACH INTERVAL 

DEFINE A HYPERBOLA 
BETWEEN OMA.X AND 
0so OF THE FIRST 
STAGE. 

SUBROUTINE 
SIMO 

ADO A FICTITIOUS 
POlNT TO THE LEFT 
Of' THE FIRST POINT 
WITH AV-VALUE Of 
THE SECOND (INTER
POl.A TEDI POINT. 

FlT PARABOLA. 
THROUGH FICTITIOUS 
POINT. FIRST POI NT 
AND SECOND POINT. 

SUBROUTINE 
SIMO 

SUBROUTINE 
SIMO 

NO 

OH HYPERBOLA. DEFtNE 
8 EQUALLY SPACED 
POINTS fROM 0,,0 1 ST 
STAGE 10 OMAX. ANO 
2 POINTS BEYOND DMAX 

FOLLOW SAME PROCE
DURE AS ABOVE TO FIT 
A PARABOLA TD EACH 
IN"TERVAL BETWEEN 
ANY TWO POINTS ON 
HYPERBOLA FROM D!jO 
FIRST STAGE TO DMAX. 

YES----

DEFINE NO. INTERVALS .. 
NO. FITTED POINTS-1 
AND WRITE THIS NO. OF 
FITHD BOUNDARY POINTS. 
POINT VALUES, AND FITTING 
COEFFICIENT VALUES FDR 
THIS RUN IN ONE RECORD 
OFFILE11. 

67--NO 
STOP 
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C••••*********************************************************************** 
C• 
C• 
C• 
C• 
C• 

PROGR~M SPLTNt FITS LnGtOCCUMULATlVE MASS LOADING) VS LOGIOCD50) 
wJTH A SERIES OF nvtR LAPPJNG, CONTINUOUS lND DEGREE POLYNOMIAlS. 
ROTH THF POLYNOMIALS AND THEIR tSl DERIVATIVES ARE CONTINUOUS. 

C••************************************************************************* 
c 

c 

JlllTECP.:R VV 
OOURLf PRECISJON DLOGtO,XNDPEN(lO),vnt10> 
OOURLE PRECISION XTNC,VINC 
OIMfNSinN IDC8~),DPCC8),CIJMGC8J,DMDLD(q),GEOMO(q),~NOLDCq) 
DlMf~SION xc~11,vcs11,ACtb),BC4),CO~C50,J),C0EtC50,3) 
~IMENSION Wlt51),V1(51' 
DIMENSION FllSPLC21,FlLNAMC2l 
DIMfN~ION AA(q),R8C3) 
fQUJVALfNCE cx,Xt),(Y,Vl),(COE,coEl) 
OATA FILNAM/'~HCOO','taIN'/ 
DATA FILSPLl'FILSP•,•LBIN'/ 
CALL OEFINf(l0 1 25l,l01,FILNAM,IlO,O,O,O) 
CALL nEFINEClt.507,tOO,FJLSPL,Ito,o,o,o> 

c REtnPo tot CONTAINS GENERAL INFORMATION PERTAINING 
C Tn ALL RUNS, NPUNSNO. OF PUNS C2 RECORDS FOR EACH RUN) 
C 1SF1N : LAST RECOPn NUMBER CONTAINING INDIVIDUAL AUN DATA 
C IN FILE to, 

c 

RE A 0 ( t 0 •tot ) NRllN 
ISFtN • Nl:WN•2 

C kRfAO s O • MAKf FIT TO ALL S!TS OF CUM, MASS LOADING VI 050 
C VALUES OF FYLF, KREAD NOT • 0 • RfAO TN S!TS TO BE FtTTEn. 
c 

c 
C NN : NUM8ER OF SUBINTERVALS TO 8E SET UP IN LAST INTERVAL 
C RFT•FEN 050 OF tST STAGE AND DMAX. 
C N : NUMBER OF SUBJNTEAVALS TO 8E SET UP A!TWEEN EACH PAIR OF 
C 05n'S UP TO 050 OF lST STAGE, 
c 

c 

R:N 
DO 400 JNnEX•t,JSFIN 
IAVi:rlNOEX 

C JF ~READ ~OT s 01 READ RECORD NO, IAV FOR DATA TO BE FITTED, 
C Al SO, IF kRFAD NOT s O, LEAVE LAST CARD BLANK TO STOP, 
c 

c 

IFCKRFAO)lJ0,310,2 
2 REAl'lC2.tJIAV 

IFCJAV.EO,n)STOP 

C VALUES TO RE USED FROM READING OF RECORD AREi 
c NFTT • NUMRER OF CUMULATIVE ~ASS LOADING vs. D5n POINTS C+l 
C FOR TOTAL HASS LOADING VS, MAXIMUM DIAMETER) TO B! 
C FITTED. 
C XNOPfNCJ),Jsl 1 NFJT • SET OF 050 VALUES AND MAXIMUM OIAM[TFR. 
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t 
2 
3 
4 
!; 

" ., 
e 
q 

10 
t 1 
12 
13 
14 
t5 
16 
t., 

"' ,q 
20 
11 
22 
2l 
24 
?5 
26 
n 
2e 
2Q 
30 
31 
32 
33 
3" 
35 
36 
37 
3~ 

3• 
ao 
lit 
42 
43 
aa 
45 
46 
07 
48 
4q 
50 
51 
52 
53 
511 
55 
56 
57 
58 
5q 



c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

VOCl),J:t,NFJT • SET OF HASS LOADING VALUES. 
OTHER VALUES READ HERE ARE NOT USED~ 

110 READ(10 1 lAVJIS,NFlT,GRNAM,JD,RHO,TKS,PnA,FGH20,0SMl 1 DMAX, 
tOPC,CUMG,DMDLO,GEOMD,DNOLD,CYCl,MCJ,MOO,HS,VV, 
ZCXNOPEN(l),J:t,NFITJ,(YOrtJ,I:t,NFITJ 

NFtTt : NUMBER OF CU~ULATtVE MASS LOA~lNG vs. 050 POINTS 
CEXCLUDES TOTAL LOADING VS, OMAX), 
NPT a TOTAL NUMAER OF POINTS llSEO FOR FITTING BETWEEN <AND 
INCLUDING) ~AXJMUM PARTICLE SIZE ANO 050 OF LAST STAGE, 

NFJTt:NFIT•l 
NPT:((NFtTt•l)•N)+NN+l 
t-<FIT2:NFIT•2 

THIS ••oo too•• LOOP FITS A 2ND OEGREE POLYNOMIAL TO l 
LOGlO(CUMULATIVf MASS LOADING) VS. LOG10C050) POINTS ON EACH 
TRAVERSE, If 0 1 
LOG\ft OF CXNOPEN(\l,V0(\)),CXNOPEN(2),V0C2)) 1 (XNDPENCl) 1 V0(3)lt 

'' '' (XNOPEN(2),V0(2)) 1 (XNOPEN(J),VOC3)) 1 (XNOPEN(4) 1 Y0(4))f 
• I I' • • t • f • • t · · · ~ t , • ~ t 

' • • e e a• • e • e • • e I • I e e e e • I• I I. I I I I I I e I I I• I I. I •I e •I I I I I. I I• a I I I I ea J 
'' '' CXNOPEN(NFIT2),VO(NFIT2)),rXNOPENCNFITt),V0tNFITl)l, 

(XNOPEN(NFIT),VO(NFIT)) 
IF THE FITTING POLYNOMIAL MAS NON•N[GATIVE SlOPE AT BOTH 
LOGtOCXNOPEN(f),YOClll AND LOGtO(XNOPENCI+l) 1 YOCI+t)), THE 
FITTING COEFFlCIENTS ARE USED RET~EEN THESE 2 POINTS TO DEFINE 
l TNTER~EDIATF POI~TS EVENLY SPACED ON LOG10 SCALE. IF TMf~E rs A 
NFGATIVE SLOPf AT EITHER OF THESE 2 POINTS, A STRAIGHT LINE FtT 
RFTWEEN THE POINTS TS USED TO OEFINF THE 3 INTERM£01AT£ POINTS, 
THE VECTORS xt ANO Vt REPRESENT LOG10 OF ORIGINAL CUM• MASS 
LnAOING vs. o~o POINTS ANO THE FA~RICATEO INTERMEDIATE POINTS. 

THE NUMBER OF POINTS REPRESENTED BV TME Xl, Vt VECTORS rs 
CNFJT2•Ul+1+2. THERE ARF CNFJT2•4)+1 POINTS BETWEEN POINTS AT 
LOGtOCD50) OF LAST STAGE ANO LOG10(D50) OF lST STAGE INCLUSIVE, 
2 ~ORE ARE EXTRAPOLATfO BEYONO LOG10CD50) OF iST STAGE, 

00 100 lst,NFJT2 
JJ:N•t 
!F(NFJT~•J)Q0 1 R0180 

80 JJsN+? 
qQ M:(I•l)•N+t 

X\(M)a0LOG10(XNDPEN(l)) 
VtrM)s0LOG10(VO(J)) 
XJNC•CDLOGtO(XNnPENCl+ll)•DLOGtOCXNDPENCtJl)/R 

SJ~Q SOLVES ~ SIMULTANEOUS LJNEAR EDUATIONS, AX • B, HfRF 
N : 3 0 THE MATRIX OF COEFFICIENTS, A, IS DESTRnYEO JN TH£ 
CO~PUTATION. THE VECTOR OF ORtGINAL CONSTANTS, 8, IS REPLACED 

BV THE FINAl SOLUTION VALUES, VECTOR x: CO!FFICIENT ~ATRlX A AND 
CONSTANT VECTOR B AR~ OEFINEn IN THIS LOOP• 

1'.10 1100 II:1,3 
HH:J•\+II 
ACil>:DLOGtO(YO(~M)) 

K•l•tilel) 
00 1100 J:t,3 
H3sJ•1+J 

1100 A(K+J):OLOGtO(XNOPfNC~l))**Cll•l) 
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bO 
bl 
b2 
63 
64 
b'5 
66 
&1 
68 
6q 
10 
'1 
12 
n 
1U 
75 
76 
11 
78 
n 
80 
81 
82 
83 
84 
85 
8(. 
87 
88 
eq 
qo 
ql 
qz 
qJ 
qq 
q5 
CJb ,., 
QR 

'' 100 
101 
1 02 
103 
104 
105 
106 
107 
108 
10' 
110 
111 
112 
1 tl 
114 
115 
tt6 
1 t7 
118 
ltQ 



l<Ssn 120 
CALL SI~O(A,8,J,kS) t21 

c 122 
C USE STRAIGHT LINE FIT. NOT POLY FtT, tF NEGATIVE SLOPE AT £TfH£R 123 
C ENO r'IF OPlG!NAl INTERVAL. 12q 
c 125 

DO ttlq J:l,2 126 
SLOPEcRC2l+2~0*R(3)•Dl~GtO(XNOPEN(l+J•t)) 127 
IF<SLOPE)11~4,tlt9.1ltq 128 

1104 Rc2>=<DLOG10(V0(I+\)/VO(t)l) 12Q 
1/CDL0G10(XNOPENCI+1)/XNDPENCJ))) 130 

8Ctl=DLOGlOCYOtJ))•8(2)*DlOGtn(XNDPEN(tJl 131 
8(]):0.0 132 
GO TO 1120 133 

ll1Q CONTJNUE 13q 
llZO DO 100 J:t.JJ 135 

K:M+J 13b 
XlCk)sDLOGlO(XNnPENCI))+J•X!NC 137 
Yt(k)s8(1)+8(2l•X1Ck)+0(3)•Xl(K)•*2 118 

too CONTJNUf 139 
c 140 
c FIT THE FIRST 3 (X,Y) PnlNTS WITM A 2ND DEGREE POLYNOMIAL JN 1a1 
C OPOEP TO OEFtNE SLOPE AT (X(\),Y(\)). (NOTE • (X1,Y1) POJNTS ARE 102 
C EOUJVALfNT TO (X,Y) POINTSllJ) 143 
c 140 

104 00 110 1:1,1 145 
kaJ•Cl•t) 146 
DO t l 0 J• l , 3 J ll 7 
Ms\+(J•l)•N 148 

llO A(K+J)•X(~)••(l•t) l4Q 
00 115 I•t.3 150 
M:t+CI•l)•N 151 

ll5 RCTl•Y(~) 152 
kS:O 153 
CALL SIMQ(j 1 R,3,KS) l~Q 

c 1'55 
c CHfCk THE SLOPE OF TMtS CURVE FIT AT THE FIRST POt~T. IF tT JS 150 
c ~EGATIVE, ADO A POINT ON THE OTHER SIDE OF POINT 1 FROM THE 157 
c 2~0 POINT A ntSTA~CE (X(lJ•X(t)) F~OM XC1Je THE Y COOADt~ATE 158 
c V•LUE IS SET : TO Y(lle THE POLYNOMIAL FIT THROUGH THIS POINT, 15q 
c CXC1) 1 Y(tll 1 AND (XC2J,YCl)) ~UST ~AVE POSITIVE SLOPE AT t&n 
c tX(\),V(i)). 161 
c 162 

SL~Pf:8(?.)+2.n•~C3)•X(t) 163 
IFCSLOPf)4.\Q,1q lbU 

0 OD S tct,3 165 
5 A(f )•t 16& 

A(Q)slf(tl•(X(N+t)•lt(t)) 161 
AC7>=c•co>>••2 tb~ 
DO 10 1:1,2 l6q 
KsJ•I t'O 
DO 10 J•l,3 111 
Hs1+CCJ•2l•Nl 112 

10 A(k+J)SX(M)•*l 173 
ACtl•YCll 174 
DO 15 1•2 1 3 175 
Mct+C(t•2)*N) 116 

15 BCI)•Y(M) 177 
KS:O 178 
CALL SJMQ(A 1 8 1 J,KS) 11q 
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19 DO ZO l•t,l 180 
20 COECl,J)•A(J) 181 

c 182 
C II • FIRST INTERVAL FOR WHICH 'ITTJNG COEFFICIENTS ARE Df,IN£D. 183 
C INTSt • LAST INTERVAL WHERE POLYNOMJAL FITS "ERE USED TO FARR!• 184 
C CATE INTERMEDIATE POINTS. THE UPPER BOUNDARY 0, THIS INTERVAL 185 
C IS LOGtO(XNDPEN(NFJTt),YOCN,ITl)) MERE~ 186 
c 187 

II•t 181 
INTS1•NPT•NN•l 189 

c 1'0 
C THIS LOOP FINDS THE FITTING CDE,,ICJENTS ,OA EACH INTERVAL. THE 191 
C 3 EQllAT!ONS ARE SOLVED FOR 3 UNKNOWN COHFICIENT VALUES iroR THE 1'2 
C FITTING ZND DfGREE POLYNOMIAL. THE fQUlTIONS EXPRESS 3 t•l 
C CONDITIONS FOR THE FIT1 194 
C t. THE FITTING POLYNOMIALS O' THE 2 JOINING INTERVALS ARE 195 
C CONTINUOUS AT THE MUTUAL BOUNDARY POINT. fqb 
C 2. THE FIRST DERIVATIVES SAHE ARE CONTINUOUS AT THE 197 
C MUTUAL BOUNDARY POINT. 198 
C !. THE FITTING POLVNOHJAL OF THIS I TH INTERVAL (FITTING 1•9 
c BETWEEN POINTS t AND 1+1) G0£8 THROUGH THE CI+4)TH POINT, 2no 
C I.E. A POINT OUTSIDE TH[ tNT[PVAL. 'ITTING ROUTINE ••LOOKS 201 
C AHElDP~ TO LET COMING POINTS tN,LUENCE CURVE DIRECTION• 202 
C Z03 

23 DO 50 laII.INTSt 204 
JJaI 205 
8(1)•0.0 206 
DO 25 J•2.l 201 
K•I•l Z08 
IF<I.EO.l)K•I 20• 

Z5 BCt)•RCl)+(J•ll•CCOE(K,J))*XCtl••CJ•2) 210 
8(2,•COECK,l) Zll 
DO 30 JD2 1 l 212 

30 8(2l•BC2)+C0E(K,Jl•XCI>••CJ•1) 213 
BC!l•Y(I+l) 214 
DO 35 Ja t, 3 215 
L•t+CJ•tl•3 216 

35 A(Ll=CJ•1,•XCtl••(J•2) 217 
DO 40 J•l,3 218 
KaJ•l 219 
KK•!•K 220 

40 ACKK+2)•X(f )••K 221 
DO Ul J:1,l 222 
KaJ•l 223 
KK:3•K ll4 

43 ACKK+l):XCI+ll••K 225 
KS•O 226 
CALL SIMQ(A 1 8,J,KS) 227 

c 228 
C SAVE THE FITTING COEF,ICJENT VECTOR 8 WHICH FITS OVER INTERVAL 22Q 
C I AS COE. 2!0 
c 231 

00 45 J•t,l 232 
COECI,J)aBCJ> 233 

45 CONTINUE Z34 
50 CONTI~UE 23§ 

JF(JJ.EQ.CNPT•1))GO TO 55 236 
c 237 
C TMf LAST SERIES OF INTERVALS FOR WMtCH 'ITTING COE''ICIENTS ARE 238 
C TO BE DEFINED LIES BETWE!N LOG10(XNDP!N(NFITll,VO(NFTT1)) AND 239 
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C LOGlO(XNDPEN(NFITl.YO(NFIT)). THE POINTS ARE DEFINED ALONG 
C AN kYP[RBOLA RffWEfN THESf l POINTS 0' TH! 'ORN LOGlOCV> • 
C B(t) + BCZ> I x. 
c 

c 
c 
c 
c 
c 

HYPL•DLOGtOCXNDPfN(NFIT))•DLDGlO(XNDPfN(N,IT1)) 
XINC•HYPL/AA 
M•(NFift•t )*N+t 
XSURl•laDO/XNOPfN(NFITt) 
YSURtmV\(M) 
XSUBZ•t.OO/XNDPENCNFIT> 
YSU8laDL0GlOCYOCN,tT)) 
8C2>•<VSU8Z•YSU8l)/(X8UBZ•XIU81) 
BCtlaYSU81•AC2)*XSUBl 

THE NUMBER ~F POINTS TO BE US[D llO~G THE HYPERBOLA IS NN+2 • 8+la 
THE 2 ADDED POINTS ARE EXTRAPOLATED YALUEI BEVOND 
LOGtO(XNDPENCNFIT>,YOCNFfT))• 

N3•NN+l 
oo tno rat,NJ 
JaM+I 

USO 
c 

XlCJ)aXtCM>+I•XINC 
V1CJ)a8C1)+8C2l•C1.0/(10~0**Xl(J))) 
CONTINUE 

c 
c 
c 
c 
c 

c 

REDEFINE ••oo so•• LOOP INDEX ftEGINNING AND END~ BEGINNING 
INTfRVAL It ti 'IRST INTERVAL 0, MYP!R80Ll 1 BEGINS AT D50 OF tST 
STAGE. LAST INT!RVAL, INT8t, ENDI WITH DMAX. R[TURN TO TOP OF 
LOOP TO FIND FITTING POLYNOMIAL CDE''YCIENTS OVER TH!I! INTERVALS, 

I hNPT•NN 
P.ITSt•NPT.1 
GO TO Zl 

C INT • NUMBER OF lNT[RVALI ,OR ~MICH 'tTTlNG COEEF?CtENTS HAVE 
C BEEN DE,INED, 
c 

55 JNT:sNPT.t 
c 
C FILE NUMBfR OF FITTED POINTS, THE INT[RV~l BOUNDARY POINT 
C VALUES, ANO FITTING COEF'ICI!NTS ,OA EACH INTERVAL. 
c 

wRfTEC1t'IAV>NPT,CXlCI>,r•t,NPT),(Yt(IJ,I•t1NPT), 
tCCCOEtCJ,J) 1 J•t,ll,I•t,INT) 

UOO CONTINUE 
1 FORMAT ClIZJ 

fND 
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240 
241 
242 
2'43 
244 
245 
24b 
241 
248 
zn 
Z50 
251 
252 
253 
251 
255 
256 
257 
258 
Z5• 
260 
261 
262 
2U 
l64 
265 
266 
zu 
269 
2&'1 
ZfO 
211 
2Tl 
213 
2'74 
215 
Z16 
111 
219 
27fl 
280 
28\ 
21!2 
2f\3 
284 
2!5 
286 



DRAW GRIDS 
FOR CUM. LOAO. 
ING ANO CUM. 
PERCENT 

SUBROUTINE 
STPLOT 
IMDK • 11 

PAOVI DE GRAPH ANO 
LINE PRINTER OUT
PUT FOR AVG. CUM. 
MASS LOADING VS. 

.PARTICLE DIAMETER 
AND CUM. PERCENT VS. 
PARTICLE DIAMETER 

WAITE APPROPRI
ATE HEADINGS ON 
LINE PAINTER 

NO 

MDK 
•1 

BEGIN PROGRAM 
STATIS 

DETERMINE IF INLET 
OR OUTLET DATA ARE 
TO BE PROCESSED. SET 
UP APPROPRIATE 
SEQUENTIAL OUTPUT 
FILE 

DETERMINE IF UNIT 
OR Pl<YSICAL DENSITY 
DATA ARE TO BE AVE
RAGED, WHICH PLOTS 
ARE TO BE MADE, ANO 
PLOTTING RANGE FOR 
PLOTS 

YES 

EAO MAX DIAMETER 
OR PLOTTING (DEFAUL 

S 8.0 jMnl. READ FROM 
fl LE 10 DATA FOR THE 

UN TO BE ANALYZED. 

CONTINUE READING 
FROM FILE 10 -TOTAL 
MASS LOADING ANO 
LAST RECORD NO IN 
WHICH DATA IS 
STORED 

FINO AVERAGE MASS 
LOADINGS. EXCLUDE 
OUTLIERS. SET FLAG 
SO NO CONFIDENCE 
INTERVALS ARE 
CALCULA TEO. 

PROVIDE GRAPH, 
LINE PRINTER, AND 
FILE OUTPUT FOR 
AVG. DM/DLOGD 
VS. PARTICLE 
DIAMETER 

WRITE APPROPRIATE 
HEADINGS ON 
LINE PRINTER 
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MDK 
•3 

NO STATISTICAL CAL
CULATIONS CAN BE 
MADE. SET FLAG SO 
THAT PENTRA CANNOT 
BE EXECUTED WITH 
THESE DATA. 

NO 

4 
SUBROUTINE 
AVCON 

PROVIDE GRAPH AND 
LINE PAINTER OUT· 
PUT FOR AVG. 
DN/DLOGD VS. 
PARTICLE CIAMETER 

WRITE APPRO· 
PRIATE HEADINGS 
ON LINE PRINTER 

NO 

YE 

RETURN TO 
MAKE CALC· 
ULATIONS FOR 
AERODYNAMIC 
DENS1TY 

DRAW GRID FOR 
DN/DLOGD 
GRAPH 

SUBROUTINE 
STPLOT 
(MOK• 31 



FOR CUM. MASS 
ANO CUM. PER
CENT DEFINE 28 
DIAM. INCREMENTS 
PER~LOG 
CYCLE 

FOR DMIDLOGO 
AND DNIDLOGO 
DEFINE 14 DIAM. 
INCREMENTS PER 
COMMON LOG 
CYCLE 

FIND NO. OF POINTS 
AND MAX AND MlN 
VALUES FOR WHICH 
CALCULATIONS ARE 
TO BE MADE FOR AVG. 
CUM MASS. DMIOLOGD 
OR ON/OLOGO 

NO 

STAR L • WHICH 
DEPENDING ON VALUE 
OF MOK WILL FINO 
AVG. CUM. MASS, OM/ 
DLOGD. OR DN/DLOGD 
W/5/J% CONFIDENCE 
INTERVALS AT EACH 
DIAMETER. 

READ DATA FOR 
EACH IMPACTOR RUN 
FROM FILE 10. ALSO 
READ ALL CURVE 
FIT COEFF. FROM 
FILE II. 

NO 
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DRAW GRID FOR 
DM/DLOGD PLOT 

SUBROUTINE 
STPLO"T 
(MOK•2) 

WRITE INFORMA· 
TION INTO SEOUEN· 
TIAL FILE MPACFL 
FOR LATER USE BY 
MAINLINE PROGRAM 
PENTRA 

IGNORE MASS ON 
BACKUP FILTER. 
ASSUME ZERO MASS 
ACCUMULATION 
UNTIL LAST STAGE 
OF IMPACTOR 

START MASS ACCUM· 
ULATION WITH BACK· 
UP FILTER INCLUDED 
AT 0.25 µm DIAMETER 



AVERAGED 
VARIABLE 
DEFINED IN 
UNITS OF 
MG/ACM 

CALCULATE 
DERIVATIVE OF 
CUM. MASS LOADING 
CURVE FITAT 
THIS DIAM. IN 
MG/ACM. MGIDNCM. 
ANP NO(ONCM 

NDK 
"() 

AVERAGED 
VARIABLE 
DEFINED IN 
UNITS OF 
MG(DNCM 

NO 

CALCULATE AVG. 
CUM. MASS LOADING, 
AVG. DM/DLOGD. OR 
AVG.DN60LOGD 
(ACCORDING TO NDK) 
AND STANDARD DEV .• 
AND 50% CONF. LIMITS 
(IF POSSIBLE) 
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AVERAGED 
VARIABLE 
DEFINED IN 
UNITS OF 
NOJDNCM 

SUBROUTINE 
AVCON 

CALCULATE FIRST 
AVG. MASS ACCUMU
LATION AT 0.25 J.m 

YES WITH BACK-UP FILTER 
INCLUDED 

SUBROUTINE 
AVCON 

DEFINE FIRST AVG. 
CUM. MASS LOADING 
LESS THAN "PREVIOUS 
DIAMETER" AS THIS 
RETURNED AVG. 



EVEN 

PLOT AVG. CUM. 
MASS LOADING 
DIAM. AND COlfFIDENCE 
LIMITS If POSSIBLE 

SUBROUTINE 
STATPT 

DISTRIBUTION VALUE 
ANO AVG. CUM. MASS 
LOADING VALUE LESS 
THAN THIS DIAMETER 
AS THESE VALUES 
""PREVIOUS 
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YES 

-ITE DIAMETER 
INDEX NO. DIAMETER, 
AVERAGE, STANDARD 
DEVIATIO!f. AND 
COlfFIDENCE 
LIMITS 

FOR THIS DIAM.. 
DETE-INE THE 
NO. OF VALUES 
NOT USED IN AVG.. 
AND SAVE FILE NO.'S 
OF VALUES NOT 
USED 

AVG. DMIDLOGD, 
STAlfDARD OEVIATIO!f. 
AlfD NO. OF VALUES 
USED TO GET ST A TIS
TICS IN APPROPRIATE 
FILE (INLET OR Ol!T
LETI FOR USE IN 

NO 

INCREMENT LOG 
DIAMETER 

YES 

-ITE DIAMETER 
llfDEX NO., DIAMETER, 
AVERAGE.AND 
NSUFFICIENT DATA• 

FOR ST AlfDARD DEVl
ATIO!f AlfD COlfFIDENC 
LIMITS. 

SUBROllTINE 
STATPT 

N~ 

NO 



~YES 

DRAW GRID 
AND LABEL FOR 
AVG. CUM."' MASS 
LOADING VS. 
DIAMETER 

SUBROUTINE 
CPPLOT 

~YES 

WRITE GENERAL ID. 
DENSITY, COLUMN 
HEADINGS !INTERVAL. 
DIAMETER. MEAN 
CUM. "' MASS CONCEN. 
lWPER. LOWER CONF. 
LIMITS) ON LINE PRINT 

NO 

LOOP HERE DEFINES 
AVG. CUM.% MASS 
LOADING. UPPER. 
LOWER CONFIDENCE 
LIMITS. PLOTS EVERY 
OTHER PT. IF DESIRED. 
AND PRINTS OUT 
TH SE VA ES 

NO 

WRITE SERIES OF 
ASTERISKS AND ZERO 
TO FLAG END OF 
RECORDS FOR THIS 
DENSITY IN INLET/ 
OUTLET FILE FOR USE 
IN PGM. PENTRA 

NO 
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~NO 

RETURN TO 
BEGINNING OF 
PROGRAM TO 
MAKE STATISTICAL 
CALCULATIONS FOR 
UNIT DENSITY 

MOVE PLOTTER 
PEN TO BASE OF 
PAPER READY 
FOR NEXT PLOT 

YES 

@ 



C MAIN PRO;AAM STATl8 
C*************************************************************************** 
C• 
C• 
C• 
C• 
C• 
C• 
C• 
C• 
C• 
C• 
C• 

PROGRAM STATIS CALCULATES AVERAGE YALU[I ,OR CUMULATIVE MASS 
LOADING, CUMULATIVE PERCENT MASS LOADING, MASS SIZE DISTRI9UTtnN, 
ANO NUMBER SIZE DISTRIBUTION OVER A DIAMETER RANGE OF .z5 MICRONS 
Tn 8.0 MICRONS (FOR PHYSICAL DENSITY), 10.0 MICRONS C'OR 
AERODYNAMIC DENSJTV>, OR SOME OTMER SPECJFJED SIZE. 8TAT!S ALSO 

CALCULATES 50 PERCENT CONFJDENCE LIMITS FOR THESE. PROGRAM 
OUTPUTS TABLES ANO GRAPHS CI' OESIR[O) • ALSO, LISTING IS MADE 
OF A~Y OUTLYING DATA WHICH HAS BEEN EXCLUDED 'ROM AVERAGING 
AND CALCULATION OF CONFIDENCE LIMITS, 

C••************************************************************************* 
c 

c 

INTEGER VV,THROUTCb0,50) 
DOUBLE PRECISION XNDPENC10) 1 V0(10) 
DIMENSION OPC(~),GEOMDC•l 1 DHDLDC•),DNDLDC•),CUHG(8),IDC80) 
DIMfNSION IDALL(80),G[MAX(l)1GEMINCl)1DMMAX(2),DHMJN(l) 
DIMENSION ONMAXC2) 1 0NHJN(l),DPMAXC2),DPMIN(l),CUMAX(Z),CUMINC2) 
DIMENSION DELC100) 
DIMENSION TGLC100l,GLMINC50),ATGL(l),CUMl0(b0),NOCnNCf>O),CLUCb0) 
DIMENSION CLLCf>O),AGLMINCl) 
DIMENSION NOUTC60),CUCON1(100),CUCON(2J 
DIMENSION FILNAMC2>,FILNMtC2),FILNMl(2) 
DIMENSION JORLAk(80) 
DIMENSION FILSPLC2),COEC50,J),Xt(5!),V1C51) 
nATA 'lLNAM/•KMC00','18IN 1 / 

DATA F!LNMt/'JWJ00'1'l8IN'I 
DATA FILNM2/'JWJ00','28IN'I 
OATA FILIPLl'FtLSP','LBI~'I 
DATA OASTl'*****'I 
DATA IDBLAk/80•01 
DATA I8L01n1 
DATA "LAl<IO.O/ 
CALL D!FINECt0,251,SOt.FILNAM,Ito,o,o,o) 
CALL OEFINE(ll1S07,l00,FtLSPL,ItO,o,o,o) 

C J~OUT •tFOR INLET DATA, l FOR OUTLET DAT 
c 

c 

RfAOCl,800)INOUT 
MPACH•INOIJT+t'i 
GO TO C705,710),INOUT 

705 CALL ENTfR(lb,FJLNMt) 
GO TO l 

TtO CALL ENT!RC17,FJLNM2) 

C N • 1 FOR PHYSICAL DENSITY,• l FOR UNIT DENSITY. 
C NOFILE • 0 • CONTINU! 
C 1 • STATISTICAL CALCULATIONS ARE NOT TO BE HAD[ FOR 
C THIS DENSITY, 
C tPLTl • 0 PLOT THE CUMULATIV! GRAPHSr 
C • l ~O NOT PLOT THE GRAPHS~ 
C JPLT2 • 0 PLOT THE DMIOLOGD GRAPMSr 
C • l 00 NOT PLOT THE GRAPHS~ 
C IPLT3 • 0 PLOT THE DN/DLOGD GAAPH81 
C • t DO NOT PLOT TH! GRAPHS, 
C tPLT4 • 0 PLOT THE CUMULATIVE P[RC!NT GRAPHSt 
C • t 00 NOT PLOT THE GRAPHS~ 
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t 
2 
l 
4 
5 ,, 
7 
8 
q 

10 
l l 
12 
13 
14 
15 
16 
17 
18 
1q 
lO 
21 
22 
i!3 
24 
ZS 
lb 
n 
28 
2' 
30 
31 
Jl 
]] 

34 
35 
3f> 
31 
38 
3q 
40 
at 
42 
43 
44 
45 
ae. 
47 
48 
n 
50 
51 
5l 
53 
54 
55 
56 
51 
58 
5q 



c 
c 
c 
C• 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

IF ISIZt,ISIZl.ISIZl • 0 PLOT ON A STANDARD GRIDf 
• 1 PLOT ON DATA REGULATED GRIDa 

CS!E 8U8ROUTJNE STPLOT FOR THE X AXIi AND Y AXIS GRID VALUES 
THAT ARE USED FnR A DATA REGULATED GRID AND STANDARD GRID.> 
NCUCON • t FOR CONSTANT OF INTERGRATION AND LO•ER GRID fOR AN 

CUHULATJVE LESS THAN .25 ~ICRONSr 
• 0 CONSTA~T NOT DESIRED. 

t READC2,800)N,NOFILE,IPLT1,IPLT2,IPLT3,IPLT4,ISIZt,ISIZ2 1 ISIZJ, 
lNCUCON 

•OJ IFCNOFILE>•oo,•no,•os 
•05 WR!TECHPACFL)8LAK,JBLAK 

IFCN.EQ.t)GO TO t 
STOP 

ALL STATISTICAL PLOTS WILL STOP AT e.o MICRONS FOR 
CALCULATIONS USING PHYSICAL DENSITY AND AT lOaO 
MICRONS FOR CALCULATIONS USING AERODYMANIC DENSITY. 
THIS CAN BE CHANGED, HO~EV!R AY CARD INPUT. READ IN 

•NSTOP• NOT EQUAL TO 0 AND LARGEST DESIRED 
DIAMETER (MICRONS) AS•STOP' 

•oo PSTOP•8.0 
ASTOPslo.o 
READC21805)PENO 
IFCPEND.EQ.O.)GO TO q10 
lFCN.fQ.t)PSTOP•PfND 
IFCN.EQ.2)A8TOPePEND 

NRUNe NU"R!R OF IMPACTOR RUNS. 2 RfCORDS FOR EACH RUN (ONE FOR 
PHYSICAL DENSITY DATA, ONE FOR AERODYNAMIC DENSITY DATA) STORED 
BY MAINLINE PROGRAM MPPROG~ 
JMPAC•1• ANDERSEN JMPACTOR USED 
IMPAC•2• BRINK IMPACTOR USED 
IMPAC•3• UNIVERITY OF WASHINGTON MARK TII IMPACTOR USED 
JMPACm4a MRI IMPACTOR USED 
IDALL• GENERAL IDENTIFICATION LABEL 
RHnl• PHYSICAL PARTICLE DENSITY (GM/CC) 

THE FOLLOWING ARE MAXIMUMS AND MINIMUMS OF ALL RUNS 
AT A GIVEN DENSITY. EACH ONE IS DIMENSIONED 2. 
E.G.GEMAXC1)•MAXJMUM GEOM• MEAN DIAM. FOR ALL PARTICLES 
USING OENSITVaPHYICAL DENSITY• GEMAX(2) IS THIS 
MAXIMUM 'OR ALL PARTICLES USING AERODYNAMIC 
DENSITY•t.o GM/CC, 

GEMAX. "4AXIMUM 
GEMJN. MINIMUM 
OMMA)(. MO! MUM 
DMMIN• MINIMUM 
DNMAX• "4AXIMUM 
ONMIN• MINIMUM 
OPMAX• MAXIMUM 
OPMIN• 14INIMU"4 
CUMAlt• MAXIMUM 
CUMIN• M!NMUM 

GEOMETRIC MEAN OIAM~TER (MICRONS) 
G!OMETRIC MEAN DIAMETER (MICRONS) 
DM/DLOGD (MG/DNM3) 
OM/DLOGD (MG/DNM3) 
DNLDLOGD CN0/0NM3) 
DNLDLOGD CNO/DNM3) 
PARTICLE DIAMETER ("4JCRONS) 
PARTICLE DIAMETER (MICRONS) 
CUMULATIVE MASS LOADING (MG/ACM) 
CUMULATIVE MASS LOADING (MG/ACM) 

910 READC10'10t)NRUN,IMPAC,IDALL 1 RH01,G!MAX,GEMIN,DMHAX,DMMIN,DNMAX, 
10NMIN,0PMAX,DPMJN 1 CUMAX 1 CUMIN 
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60 
61 
62 
n 
64 
65 
66 
67 
68 
69 
70 
1l 
12 
73 
74 
75 
16 
17 
18 
n 
80 
81 
82 
tll 
84 
85 
86 
87 
88 
8Cl 
'JO 
91 
qz 
'>3 
94 
95 
96 
q7 
98 ,9 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
11 l 
112 
113 
114 
tt5 
116 
111 
118 
t t q 



c RHOX rs TH£ ASSUMED DENSITY • PHYSICAL IF N • l, AERODYNAMIC IF 120 
C M • 2e 121 
C 1Z2 

RHOX•RH01 123 
IF(N,EQ.Z)RHOX•l,O l2G 

c 125 
C ISFIN••'INAL RUN INDEX NUMER 126 
c 127 

ISFIN•NRUN•2 12! 
IFCN,EQ,l)tSFINaJSFIN•l 1zq 
ATGLCN)•O.O 110 

c 131 
C THJS LOOP READS THE TOTAL MASS LOADING TGLCIS) (MG/ACM) ,OR EACH 132 
C RUN, t H 
c 134 

00 e>tz UV•N, ISFJN,2 1]5 
REAO(tO•tAV)JS,NFIT,TGl.CtS) 136 

912 CONTINUE 117 
c 118 
C HERf,AVCON TAKES ALL TOTAL MASS LOADING VlLUES,TGL, t3Q 
C AND RETURNS THf AVERAGE TOTAL MUS LDA!)ING FOR ALL RUNS OF TME 140 
C OESIGNlTfO DENSITY, ATGLCN) 1 BASED ON EXCLUSION OF ANY OUTLYING 141 
C TGLCtS) Y&LU!S~ 142 
C NOCONCl) ANO ALL VARIABLES AFTER lTGL(N) ARE DUMMY VARIABLES HERE, 143 
C SETTING tAVLD•O INDICATES ONLY AVERAG!S TO BE FOUND IN AVCON•ND 114 
C CONFIDENCE LIMITS, 145 
c 14~ 

IAVLD•O 147 
CALL AVCON(N 1 IAVLO,NDK,NOCON(1) 1 18FIN 1 TGI., 14! 
1ATGLCN),AV~Mt,CUM2DC1),CUMZLD 1 CISUM,SIGMA,CLUCI), 14• 
2CLlCl),OINC) 150 

c l 5 l 
C SEE COMMENTS &FT!R STATEMENT 82 PRIOR TO CALL FOR 152 
C AYCON FOR DEPINtTlONS OF THE FOLLOWING VARIABL!S, 153 
c 154 

CUM2LDsO,O 155 
CUM2Dtl)•O,O 156 
CtSUM•O,O 157 
AVOMl•OeO 158 

c 15q 
c * * * * • * * * • * * * * * * * * * * * * * * * * * * * * • * * * * * 160 
C THTS LOOP CONSTITUTES THE REMAINDER O' THE PROGRAM. VALUES 'OR 161 
C TME FOLLOWING AV!RAGES ARE ,OUN~ FOR EACH DIAMETER ACCORDING TO 162 
C MDka 163 
c ua 
C MDK•l • AVERAGE CUMULATIVE HASS LOADING c INDICATED DIAMETER 16! 
C CCUM2D VS. DPLOT) AND ALSO AVERAGE CUMULATIVE l MASS 166 
C LOADING c INDICATED DIAMETER (CUMZD AFTER DIVISION 8Y 167 
C TOTAL MASS LOADING VS. DPLOT) 16! 
C MDK•l • AVERAG! MASS SIZ! DISTRIBUTION (DM/DLOGD Al lVD VS, 16q 
C DPLOT>" 170 
c NOK•3 • AVERAGE NUMBER Sil! DJSTRISUTJON CDN/DLOGD as lVD vs~ lTl 
C DPLOT> IT2 
c 173 
C PRINT OUT AND GRAPHS (AS DESIRED) ARE MADE ,OR THESE. ALSO, A 1T4 
C LIST OF RECORDS 18 GIVEN WHICH PRODUCED OUTLYING VALUES NOT 175 
C INCLUDED IN A VE RAGE 176 
C INCLUDED JN AVERAGING AT EACH DIAMETER: 1T7 
c * * * • * • * * * * * * • * * * * * * * * * * * * * * • * * * * * * * 178 C 1Tq 
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DO 254 MDK•t,3 180 
c 181 
C NOK •PARALLELS MOK, USED INSTEAD OF MOK FOR LOGICAL •1F• 182 
C STATEMENTS, 183 
C NOKl•O••T~IS TS ALwAVS TRUE EXCEPT ~HfN FINDING 184 
C AVG, PERCENT CUMULATIVE MASS LOADING WMEAE NDKl • 1 1 185 
C Ub 

NOKsMnK.2 187 
NOKt•O 188 
GO TO (Ql2,ql5,tl),MDK seq 

C WRITE GENERAL HEADING FOR CUH 1 MASS LOADING OUTPUT, tqo 
C INCLUDES GENERAL ID, DENSITV, COLUMN HEADINGS FOR lql 
c ·SLOT•,oIAMETER (MICRONS), MEAN CUMULATIVE MASS CONCENTRATION sqz 
C (MGIACM), UPPER CONFIDENCE LIMIT CMG/ACM), AND LOWER CON,IDENCE lqJ 
C LIMIT (MG/ACM)~ 1q4 
c 195 

q22 wAITE(3,700)IOALL 1 AHOX 1qb 
C U7 
C IPLTl•O • STPLOT IS CALLEO TO DRAW GRIO FOR CUM, MASS LOADING« 1q8 
C PARTICLE DIAMETER, 19q 
c 200 
c JF JSIZt•l FIND MAX ()(MAX) AND MIN, (XMJN) )( VALUES OF GRID 201 
C GIVEN DPMAX AND DPMIN RESPECTJVELV, IF ISIZl•l FIND MAX, (VMAX) 202 
C AND MIN 1 CVMI~) Y VALUES OF GRID GIVEN CUMAX AND CUMIN 203 
C RESPECTIVLY, IF ISIZ•O, THESE WILL HAVE PRE•SET VALUES, 204 
c 205 

IFfIPLTl)Z1l132 20b 
2 ISI2•I8IZ1 201 

c 208 
c FINO THE )( AND v SCALE FACTORS. XS ANO vs, RESPECTIVLV 2oq 
C CINCHES/USER•S UNIT>. DRAW GRID FOR AVG, CUMULATIVE MASS LOADING 210 
C VS. PARTICLE DIAMETER AND LAAEL lllITH GENERAL IDENTIFICATION IDALL 211 
C ANl'l DENS ITV AMOX (GMICC), 212 
c 211 

CALL STPLOTCIDALL 1RHOX,IMPAC 1NDK,OPMAX,OPMtN,CUMAX,CUMIN 1 ISIZ1 214 
1xs,vs,XMAX,XMIN,VMAX,VMIN) 215 

GO TO 32 2lb 
c 211 
C WRJTE GENERAL HEADING FOR OM/OLOGO OUTPUT, INCLUDES QENERAL 2t8 
C ID,DfNSITY,COLUMN HEADINGS FOR 1 SLOT' 10IAM!TER (MICRONS), 2tq 
C MEAN CHANGE IN MASS CONCENTRATION fMGIONM3), STANDARD 220 
C DEVIATION CMG/0NM3), UPPER CONFIDE~CE LtMIT CMGIDNMl), 221 
C ANO LOWER CONFIDENCE LIMIT (MGIDNM3), 222 
c 223 

q15 WRITECl.SOO)IDALL,RHOX 224 
c 225 
C tF IPLT2•0•STPLOT WILL BE CALLED. AGAIM,STPLOT FINDS 226 
C MAX 0 ANO MIN. VALUES FOR GRID THIS TIME USING GEMAX, 221 
C GEMIN,0HMAX 1ANO DMMIN IF ISIZ2•t, USES PRE•SET VALUES 228 
C FOR ISIZ2•0, SCALE FACTORS XS AND YS ARE CALCULATED, 22q 
C GRID IS DRAWN FOR AVG, OM/DLOGO VS, G!D~ETRIC MfAN 230 
C DIAMETER, 211 
c 232 

IFCIPLT2)J,J,32 233 
3 ISIZ•I8IZ2 234 

CALL STPLOTCIOALL1RHOX,IMPAC,NDK,GEHAX,GEMIN,DMMAX,DMMIN, 235 
1JSIZ 1XS 1VS,XMAX,XMJN,YMAX,VM!N) 236 

GO TO 32 237 
c 238 
C AS ABOVE FOR DN/DLOGD PLnT, z3q 
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c zoo 
13 NRITEC3,600>IDALL 1 RHOX 241 

IFCIPLT3)6,6,32 Z42 
6 ISIZ•JSIZl 243 

CALL STPLOT(JDALL 1 RHOX,JMPAC,NDK,GEMAX.GEM!N,DNMAX,DNMtN, 244 
1ISIZ,x&,YS,X~AX,XMIN,YMAX,YMJN) 245 

c 246 
c TM£ INTERVAL LENGTH DINC IS DEFINED SUCH THAT THERE ARE 28 247 
c INTERVALS PER LDG10 CYCLE FOR CALCULATION OF AVG. CUM• MASS 248 
c LOAOING AND 14 INTERVALS PER LOGlO CYCLE FOR CALCULATION OF 24• 
c DM/DLOGD AND ON/DLOGD CALCULATIONS. 250 
c Z51 

12 IF(~DK)133,131,t34 2~2 
133 DINC•.035J14Z857 253 

GO TO 135 254 
ll• DINC•.07l4285Tt4 255 

c 256 
c THE FIRST DIAMETER TAKEN FOR CALCULATION IS AT 257 

.25 MICROMETERS. TME VARIABLE USED FOR FITTING IS 258 
01 • LOGtOCDIAMETER) AND RESULT IS LOGtOCCUM. MASS LOADING\• 25• 

c 
c 
c 260 

135 Dl=lLOGtor.25) 261 
c 262 
C THE DIAMETER AT WHICH PLOTTING WILL END CPSTOP OR 263 
C ASTOP OEPENDTNG ON DENSITY) GOES THROUGH CHANGE OF 264 
C VARIABLE ANO INITIAL DTAMETER VARIABLE SUBTRACTED 265 
C FR~M IT. DIVtDTNG INTERVAL L!NGTH (DJNC) INTO THIS GIYi~ 266 
C TOTAL NUMBER OF INTERVALS CPLA9) IN 267 
C WHICH THERE NILL BE A CALCULATION. THIS RfAL NUMBER 268 
C IS ~OUNDE~ TO NEXT HIGHER tNT!GEA (LAS, 269 
c 270 

DSTOPaP8TOP ?11 
IFCN 0 EQ.2)DSTOPaASTOP 212 
PLAS•CALOGlOfDSTOP)•Dt,/DINC 273 
LAS•PLAS+l~O 274 

c 27~ 
C wHEN CALCULATIONS OF AVG~ DM/DLOGD ARE BEING MADE, TH! 'DLLO~ING 216 
C VALUES ARf WRITTEN ON FIL! MPACFL FOR USE JN PROGRAM P!NTRA 1 277 
c 278 

tFCNDK,EQ.O)WRITE(MPACFLlRHOX,LAS 279 
c 280 
C THE FOLLOWING LOOP CONTAINS ALL CALCULATIONS TO 281 
C GET AVG. CUM 0 MASS LOADING (WMEN NDK • •1), AVG, 2~2 
C OM/DLOGD (WHEN NDK•0) 1 AND AVG• DN/OLOGD (WH!N 283 
C NOK•t> VS. PARTICLE DIA~ETER. AOTH PLOTTING AND 284 
C LINE PRINTING OUTPUT ARE MADE HERE. NOTEI AVG, 2e5 
C PERCENT CUM, MASS LOADING VS. DIAM~TER IS DONE 286 
C OUTSIDE THIS LOOP BEGINNING AT 255. 287 
c 288 

DO 200 NSLOTat,LAS 28~ 
MSLOTaNSLOT•t 2•0 

c 2•1 
C Dt••FITTING VARIABLE, FUNCTION OF DJAM!T!R 292 
C OPLOT••DIAMETER (MICRONS) 293 
c 2•4 

OPLOTato.o••01 2•5 
c 2•• 
C NUPTSe•NUMBER OF CHANGES ADD!D TO GET SUM. 2•7 
C SUM••SUM OF CMANG!SI NDK••l••DM/DLOGD(MG/ACM) 2•8 
C NDK• O••DM/DLDGDCMG/ONMJ) 2q9 
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c 
c 

c 

NUPTSs:O 
SUM•O.O 
DO 75 I•V•N 1 ?SFIN 1 2 

NDK• 1••0N/DLOGDCNn.IDNM3) 

C READ RECORD OF EACH RUN TO GET TEMP~PATURE OF 
C STACK IN DEG. KELVIN (TKSJ, PRESSURE AT IMPACTOR 
C INLET IN ATMOSPHERE (POA), PERCENT wATER CONTENT 
C 0, GAS CFGHZOJ. 
e 

PEADC10'IAV)I8,NFIT,GRNAM,ID,RHO,TkS,POA,FGH20 
c 
C PEAD THE NUMB!R OF FITTED POINTS NPOIN, THE VALUES O' THE POINTS 
C USED FOR FITTING Xt(I),I~t,NPOIN ANO YtC?),l•t,NPOtN, AND 
C THE VALUES OF THE FITTING COEFFICIENTS COECI,JJ,I•t,NO. OF INTERVALS 
C ANO J•1 1 3 1 

c 
RFAD(tl'IS)NPOJN 
INTsNPOIN•t 
RfAOCll'lS)NPOIN,(Xt(I),I•l,NPOIN),(YtCI),1•1 1 NPOINJ, 

lCCCOEcI,J),J•l,3),l•l,INT, 
c 
C DETERMINE WHICH INTERVAL OF CURVE FIT NINT FOR THE DIAMET!R 
C VARIABLE Dt. 
c 

c 

DO 128 1•2,NPOIN 
J•I 
JFCDt,LT,~ICIJ)GO TO 132 

128 CONTINUE 
132 NINhJ•l 

C FOR THE FIRST DIAMETER CNSLOT • l) IN AVG 1 CUMULATIVE MASS 
C LOADING CALCULATIONS (NDK • •1) 1 AN INTEGERATION CONSTANT CAN 
C INITIAL YALU~ OF CUMULATIVE HASS LOADING c THE DIAMETER •PREVIOUS• 
C TO .25 MICROMETERS), CUCON1CIS), IS CALCULATED FOR EACH RUN IF 
C DESIRED (NClJCON INPUT• 0) 1 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

IFCNSLOT.NE.t.OR 1 NO~.N! 1 •l)GO TO 1133 
IFCNCUCON) tt33,1132rtt33 

1132 CUCON1CIS):COE(NJNT,1J+COECNINT,2)•CD1•D?NC)+COECNINT 1 3)• 

1133 

131 

1 CD1·DP.ICJ**2 
IF CCUCONtC?S).LE,•S,OlCUCONlttS>••5.0 
CUCONl(IS)•t0 0 0••CUCONlCtS) 

CALCULATE THE OF.RlVATIVE OF THE MASS CONCENTRATION, DELM8C, 
THE FIRST CALCULATION OF OELMBC HERE rs DERIVATIVE 0, LOGtOCMASS 
CONCENTRATION) WITH RESPECT TO LOGlOCDtAMETER). USING THIS, 
REDEFJNF. DELMBC AS DERIVATIVE OF MASS CONCENTRATION ~ITH RESPECT 
TO LOGlOCOIAMETER), PPP rs THE L0GlOCMAS8 CONCENTRATION) 
CALCULATED FROM THE CURVF. FITTING PnLVNOHIAL FOUND JN MAINLINE 
PROGRAM SPLINt • 

OELM0C•C0ECNINT,2)+COECNINT,3)•2•Dl 
PPP•COECNINT,lJ 
DO 131 L•Z,l 
PPP•PPP+COE(NJNT 1 l)•01••CL•1) 
DELMBC•DELMBC•Cl0,0••PPPJ•2.lOZ585 

CONVRT IS THE CONVERSION FACTOR TO GO 'ROM MG/ACM TO MG/DNM] 
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300 
101 
30Z 
303 
304 
305 
306 
307 
308 
309 
ltO 
3 t 1 
112 
313 
3111 
315 
316 
lt7 
318 
31• 
320 
321 
322 
323 
324 
325 
326 
127 
3Z8 
329 
330 
Ht 
332 
333 
!JG 
335 
336 
337 
338 
3]CJ 
340 
341 
342 
343 
341" 
345 
346 
347 
348 
34CJ 
350 
lSl 
352 
353 
354 
355 
356 
357 
158 
l5CJ 



C THER£FOREaDELM8C•HAS UNITS MG/ACM 160 
C DELM•e•HAS UNITS MG/ONH3 J6t 
C DELN•••HAS UNITS NO.IONM] 162 
c 363 

cnNVRT•(((294.0•P0A)/TKS•l.O)•CClOO.O•FGH20)/100.0)) 164 
DELM•DELMRC/CONVAT 365 
OELN•((6.o•nELM)/(RHOX•l.l415'2*0PLOT••l.>>•t.oE09 166 
IFCN0k)45t,5l,52 167 

15t DELCISl•DELMBC 168 
GO TO 75 ]6q 

51 DELCISl•DELM 310 
GO TO 15 371 

52 DELCIS>•DELN 372 
75 CONTINU[ 373 
80 CONTINUE 374 

IAVLD•l 375 
c 37b 
C FOR THE FIRST DIAMETER CNSLOT • 1) IN AVG. CUMULATIVE MASS 377 
C LOADING CALCULATIONS (NO~• •t), AN AVERAGE INTEGRATION CONSTANT 378 
C CTHE AVERAGE INITIAL VALUE OF CUMULATIVE MASS LOADING c a25 MICRO• 379 
C METERS), CUCONCN), IS CALCULATED FOR THIS ASSUMED DENSITY 1' 380 
C DESIRED (NCUCON INPUT • O). 381 
c 382 

IFCNSLOT.NE.l.OR.NOKaNEe•1) GO TO 82 38] 
IFCNCUCON) AZ,81,82 384 

91 CALL AVCON (N,IAYLD,NOK,NOCON(NSLOT),ISFIN,CUCONl,CUCON(N),AVDMt, 385 
1CUM20(NSLOT),CUM2LD1 CISUH,SIGHA,CLUCNSLOT),CLLCNSLOT),DINC) 386 

CUH2LD•CUC0NtN) 387 
82 NOCON(NSLOT)•O 38~ 

AVO•o.o 389 
c 390 
C AVCON USES THE ,OLLO~ING V&RIA8LES1 3q1 
C N • AS DESCRIBED PREVtOUSLV 3q2 
C IAVLO • t • FJND 90 PERCENT CONFIDENCE INT!AVALS PROVIDED Jq] 
C THERE IS SU,F:CtENT DATA. 3q4 
c JAVlD ~ 0 • CONFIDENCE INTE~VALS NnT DfSIREn. 3q§ 
C NOK • AS DESCRIBED PREVIOUSLY ]q6 
C NOCONCNSLOT) • INDICAT!S, UPON RfTURN FROM 9U8ROUTtN! AVCON, 3q7 
C WHETHER OR NOT CON,IDENCE LIMITS WEA! TAKEN. ]q~ 
C THERE MUST Rf AT LEAST l PIECES OF DATA FOR THESE 3qq 
C CALCULATIONS. NOCON(NSLOT) R~TURNED • 1 400 
C I, THERE wAS INSU,FICIENT DATA 401 
C AND NO CONFIDENCE LIMITS WERE TAKEN. 40l 
C ISFIN • AS ~ESCAIREO PREVIOUSLY 403 
C DEL • SET OF ALL CHANGES PER CHANGE IN LOGlO DIAMETER AT 404 
C THE INDICATED DIAMETER. (ACTUALLY THESE ARE THE DERIVAT!Vf 405 
C LIMITS OF THE CHANGES 0 ) 40b 
C AVD • PRELIMINARY AVERAGE 0' T~!SE CHANGES. 407 
C SIGMA • STANDARD DEVIATtnN OF THE SET DEL. 408 
C CLUCNSLOT) • UPPER qo PERCENT CDN,IDENCE LIMIT OF DEL AT 4~t 
C THE tNnICAT!D DIAMETER. 410 
C CLLCNSLOTJ • LOWER qo PERCENT CONFIDENCE LIMIT OF THE SET DEL 411 
C AT THE INDICATED DIAMETER. 412 
C FOR NOK s •1 AVCON WILL ALSO USE THE 'OLLOWING YARIABLESt 413 
C AVOMt • AVERAGE OF CHANGES AT PREVIOUS DIAMETER 411 
C CUM2DfN9LOTJ • AVERAGE CUMULATIVE MASS LOAD OF PARTICLES SMALLER 415 
C THAN INDICATED DIAMETER (MG/ACM>. 416 
C CUM2LD • AVERAGE CUMULATIVE MASI LOAD ,OR PARTICLES SMALLER 4t7 
C THA~ LAST DIAMfTfA f"G/ACM) 418 
C CISUM • THE SUM 0, THE SQUARES OF THE OMIDLOGD CO~FID!NCE 419 
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c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

INTERVALS (MG/ACM) FOA PARTICLES SMALLER THAN THE 
LAST DIAMETER• 

OINC • LOGtO DIAMET!A INCREMENT (MICRONS). 

CALL AVCON(N,JAVLD,ND~,NOCON(NSLOTJ,ISFIN,DfL, 
lAVD,AVDM1,CUM2D(NSLOT),CUM2LD,CISUM,SIGHA 1 C~UCNSLnT) 1 
2CLLCNSLOT>,DINC) 

NSfTSsNOCONCNSLOTl+l 

IF NOCONCNSLOT) IS RETURNED s 1, A SPECIAL FORMAT IS USED FOR 
PRINT OUT NOTING 'YNSUFFIC!!NT DATA• (THIS IS FORMAT 
'503 FOR AVG. CUM. MASS LOAD. ANO FORMAT 501 FOR AVG, DM/DLOGD 
OR AVG, DNJDLOGD) 1 OTHERWISE, AVG. CUM~ MASS LOADING 
CALCULATIONS GIVE OUTPUT ACCORDING TO FORMAT 504 LISTING 
THE 'SLOT', PARTICLE DIAMETER CDPLOT IN MICRONS), AVG. CUM. 
MA8S LOADING (CUM2D IN MG/ACM), UPPFR 90 PERCENT CIN,IOENCE 
LIMJT, ANO LOWER 90 PERC!NT CONFIDENCE LIMIT CCLU AND CLL 
RESPECTIVLV IN MG/ACM) 0 A SIMILAR OUT•PUT FOR AVG, DM/DLOGD 
AND AvG. DN/OLOGD CALCULATION rs LISTED USING FORMAT 502. 
DIAMETER UNITS ARE AGAIN, MICRONS, OTHER VARIABLES ARE IN 
MG/DNM3 CDM/DLOGO CALCULATIONS) OR N0/DNM3 CDN/DLOGD 
CALCULATIONS), NOTE ALSO THAT TME STANDARD DEVIATION, SI,MA, 
TS lISTED FOR THE OM/DLOGD ANO OM/DLOGD CALCULATIONS, 

GO TO C85,qO),NSETS 
85 IFCNOK)87 1 97 1 9~ qo tFCNOK)86,qo,9o 
86 WRITEC3,50])NSLOT,OPLOT,CUM2DCNSLOT) 

GO TO 110 
96 WRITECl,501)NSLOT,OPLOT,AVD 

GO TO 110 
87 WRITEC3,S04)NSLOT 1 0PLOT,CUM2D(NSLOT),CLUCNSL0T),CLLCNSLOT) 

GO TO 110 
97 WRtTEC3,502)NSLOT,DPLOT,AV0,SIGMA,CLU(NSLOT),CLLCNSL0Tl 

GO TO 110 
qA WRITEC3,505)NSLOT,OPLOT,6VD,SIGMA 1 CLUCNSL0T),CLLCNSL0T) 

110 NOUT(NSLOT,so 
NJN1110 
DO 11b IAVsN,ISFIN,2 
IFCOELCIAV))tll,115,115 

113 NOUT(NSLOT)•NOUT(NSLOT)+l 
NT11NOUT(NSLOT) 
THROUT(NSLOT,NT)•lAV 
GO TO l 1b 

11'5 NIN111NIN+t 
llo CONTit,,1UE 

lFCNDK)ll7,11811lq 
117 IFC!PLT1)1117 1 1117,2l18 

1117 IPLOT•(•l)-•NSLOT 
IFCIPLOT)2117,2t17,2l18 

2111 CALL STATPTCNDKt,NOC0N(NSLOT) 1 0PLOT,CUM2DCNSLOT),CLU(NSL0Tl, 
1CLLCNSLOT),XMAX,XMJN,YHAX,YMtN,XS,VS) 

2118 AVOMtdVO 
CUM2LD•CUM2DCNSL0T) 
GO TO \ '50 

118 WRITE(MPAtFL)DPLOT,AVD,SJGMA,NtN 
I'<IPLT2)140 1 140,1SO 

11q tr(tPLTlll40,140,l50 
140 CALL STATPT(N0Kt,NOC0N(NSLOT) 1 0PLOT,AVD,CLUCNSLOT),CLLCNSL0T), 

tXMAX,XMIN,YMAX,VMIN,XS,VS) 
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420 
421 
422 
423 
424 
425 
426 
427 
428 
42q 
4'30 
431 
432 
433 
434 
43'5 
436 
437 
438 
439 
440 
IUI t 
442 
U3 
444 
4"5 
446 

""" 4a8 
4419 
450 
451 
11'52 
453 
4'54 
4'55 
456 
457 
458 
459 
460 
461 
462 
au 
464 
465 
46tt 
467 
il68 
469 
410 
411 
472 
413 
474 
415 
4T~ 
417 
478 
41q 



150 DtsOJ•DilllC: 
~on (Q'ITP'UE 

WRTTErl,70?)TnlLL,RHOX 
tF(N0K}2021lO~.llll.I 

20i! WRtTE(l,70li) 
GO TO i!OS 

20J INRTTE(l,'l'Ob) 
GC' Tn i'0'5 

2()4 wRJH(l,7nl') 
~OS Ol•ALnG1oc.2~1 

nc 221 ~SLOTst.LAS 
l'lPLOT:I 11,0••!'ll 
1U'Ts>.1011T (NSLfl'T l 
JFrNT)20'1',~01,21t 

207 wRTTE(l,7!f)N~L~T,DPLOT 
GO Tn 22tl 

Zlt wRtTE<l,712lNSLnT,nPLOT,CTHROUTCNSLoT,T),l:1,NT) 
ZZl'I Dt:nt+DINC 
?2t CONT!'JllE 

UAI'.\ 

llA1 
l.IA2 
aiq 
llAl.I 
IJAS 

ii Ab 

IJ/a7 

a11~ 

1111q 

aoo 
1101 

1102 
ucn 
aqu 
IJOl:j 

/JO& 
ucn 
UQA 

c 1100 

c tF N!'IK. •!, CHFCK TO SEE IF PLOT··~ MAPE (50 TMAT PfN CAN ~E ~on 
c REAOTfn F~R NEWT PLOT,\ sn1 
c IF ND~ = 0 wRJTE s ASTFRISKS rnAST) JN FJLE ~P4CFL. THIS 50~ 
c lolJll PE ANn !NnICATION IN PROGRAM P£NTAA THAT SET OF ~O] 
c PfrtiRt)S 'Ll "''"!""G SA~E ~E"1STTV MA~ !'EFll< R[ACHED. i;ou 
C TF 1>1!'11( a t, CMfCK TO SH IF PLOT l'AS l>Ur'IE {SO THH PEN CAN Flf 505 
C REA!'ITE!'I FOR NEWT PLOT,) '506 
c 507 

!F(N0k)255 1 ?i;1,252 50A 
c soo 
c TF PLnT ~·~ MAnf, READY PfN FOR lllFWT PLnT. IF PLOT WA~ NOT MAnF, 510 
C ''A•<F CALC'l/LATT('HJS FOR AVFIUGE CUl>llJUTIVE PERCENT·. c;11 
c 512 

25'5 lF(fP[TlnO/J,]OIJ,2"3 513 
c 511J 
c 51'5 
c SHTEMfl\;TS 2!'3 n~1rn1.1r,M l1CI MAKE C•LCULATTO"IS AND GT\IE' OUTPllT 5\h 
C FnR AVERAGE ('t)"41ILAfIVf' PFRCPJT, 5t'I' 
c 51~ 
c THJS STATEHEMT wRITES T~f GENfRAL tnfNT?F!CATIDN LABEL ~,q 
c !!'.l•LL, Tl-<E l)fl.:~t'l'V, RMI'\)( I"- GM/CC,•"'!'! ,.ME COLllMN HE&nh1t;9 o;;>n 
c WHICH INCLUM' •Tt.iTE'RVAL' ;O?AMETER CMICRn1.1s,•,•1>1EAto1 Cll"'llLAT!VE 5?1 
c MASS cn~rENTRiTTON (PERCENT)' ;UPPfR CnNFJnENCE Lt~rT CPERCENTl•. 512 
c ·~~ ·LO~FR cn~FfDfl\ICf LlMfT CPERCF"'T1' 513 
r. 5~u 

253 "'HTF'(J,'7(11)TflALl 1 RHnW 525 
lFrTPLT4)257,257,258 S?~ 

c 527 
C SL1ARC' 11Tp.if (PPt nT TAKES iS VARIABLES TME' GENERAL ID.I[IALL, 5?1' 
c A'-!'I T;.;f nfl\ISfTV R..;rnc. TT [llHlllS TME Gilli') FOii AVG. Cll"', PFRCfl>JT 52Q 
C MASS LD4DJ~r., LAAELS T~E AWES, ANO wRITE~ 4 GENfRiL MfAOJNG 5'0 
C COlllS!STING OF !DALL U-in RHOI(~ Tl-1F MU:IMUMAl\IO MINJl>lllM VALUES 5,1 
C ALO~G EACM ll<JS.X"'At,~~I~,VM4X,AN~ VMl~ALO~G WJTM TME S~ALF 5'? 
c FAcrnPs.xs AND v~- ARE RFTURNfO. 533 
c 511.1 

257 CALL CPPLCT(TD•LL,R~OX,XMAX,XMtN,VM•~.vMl"-,XS,vS~ ~'~ 
c ~3b 
t ~\ : ~LOGI~ ~!A~ETEq 5~7 
c 531' 

25~ ~l•ALOG!OC.25) 53q 
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NDKt•t 540 
c 541 
C NOTE • PLOT BEGINS WITH SAME Dl AS TN AVERAGE CUHULATIV! MASS PLOT, 542 
C ALSO, NUMBER OF POINTS, LAS, IS THE SAM! ONLY EVERY OTHER POINT 543 
C IS PLOTTED I.E. WHEN IPLOT • •le 544 
c 545 

DO 270 NSLOT•t,LAS 546 
c 547 
C DPLOT • DIAMETFR 548 
c 54'1 

DPLOT•lOeO••Dl 550 
c 551 
C AVG. CUM• MASS LOAO, UPPER CONFIDENCE LIMIT, AND LOWER 552 
C CONFIDENCE LIMIT ARE CHANGED TO FRAtTinNS OF THE AVG, TOTAL 553 
C MASS LOADING. CONLY AVG. CUM. MASS LOAD. MAKES THIS CHANGE 554 
C OF VARIABLE IF ~OT ENOUGH DATA FOR CONFIDENCE LIMITS IE, 555 
C NOCON • le) 556 
c 557 

CUM2DCNSLOT)•CUM2DCNSLOT)/ATGLCN) 558 
CLUCNSLOT)•CLUCNSLOT)IATGL(N) 55q 
CLLCNSLOT)•CLLCNSLOT)/ATGL(N) 560 
IPLOT•(•l)••NSLOT 561 
JFCIPLT4.EQ.1.0R.IPLOT.N~.•t>GO TO 260 562 

c 563 
C SUBROUTINE STATPT TAKES SAME VARtABLf8 AS IN STATEMENT 1100 564 
C RUT WITH NDKl•t, POINT IS PLOTTED ACCORDING TO LOG NORMAL 565 
C P~ORABILITV SCALE RATHER THAN LOGlO SCALE, 566 
c 567 

CALL 8TATPT(NDKt,NOCONCNSLOT),Dt,CUM20CNSLOT),CLUCNSLOT), 568 
lCLL(NSLOT),XMAX,XHIN,YMAX,YHIN,XS,YS) 56q 

c 570 
C VARIARLES ARE CHANGED FROM FRACTION TO PERCENT FOR LINE 571 
C PRINTER OUTPUT, 572 
c 573 

2bO CUM2DCNSLOT)•CUM20CNSLOT)•lOO.O 514 
CLU(NSLOT)•CLUCNSLOT)•tOo,o 515 
CLLCNSLOT)•CLLCNSLOT)•10o.o 516 

c 517 
C THIS WRITE STATEMENT USES FORMAT 504 TO PRINT OUT THE 578 
C INTERVAL NSLOT, THE DIAMETER OPLOT JN MICRONS, THE 57q 
c MEAN CUM, MASS LOAD CUM20 (NSLOT), UPPER qo PERCENT seo 
C CONFIDENCE LIMIT CLU (NSLOT) AND LOWER qo PERCENT CONFIO!NC~ 581 
C LIMIT CLLCNSLOT) ALL IN PERCENT. 582 
c: 583 

IFCNOCON(NSLOT),EQ.t)GO TO 261 seu 
WRITEC3,50U)NSLOT 1 DPLOT,C:UM2DCNSLOT),CLUCNSLOT),CLLCNSLOT) 585 
GO TO l6S 58b 

c 587 
C IF THERE IS NOT fNOUGH DATA AT THIS DIAMET!R FOR CONFIDENCE 588 
c LIMITS, ONLY THE INTERVAL, DIAMETER, ANO AVG, ARE PRINT[D seq 
c WITH 'INSUFFICIENT DATA· PRINTED FOR BnTH CONFIDENCE LIMITS sqo 
C USING FROMAT 503 5q1 
c s•n 

lbl WRITEC3,503)NSLOT,OPLOT,CUH20(NSLOT) 5q3 
c 5qu 
C THE DIAMETER IS INCREMENTED AND LOOP RETURNS FOR CALCULATIONS 5q5 
C AT THIS NEW POINT, 5q6 
c s•n 

lb5 Dl•Dl+DINC 5qs 
170 CONTINUE 5qq 
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C 600 
C IF PLOT ~AS MADE. READV PEN fOA NfXf PLOT, If PLOT WAS NOT MADE. 601 
C !NC~EMENT ND~ ANO RETURN TO STATEMfNT •t5 ,OR CALCULATIONS OF 602 
C AVERAGE OH/OLOGO. 603 
c 604 

IFCIPLT4)304.304 1 254 605 
251 WRITECHP&CFL>O&ST,DAST,DAST,IBLAK 606 

e 607 
C IF PLOT W&S MAnE, READV P!N ,OR NEXT PLOT, IF PLOT WAS NOT MADE, 608 
C INCREMENT NDK ANO RETURN TO STATEMENT 13 FOR CALCULATIONS OF 60q 
C 4Vf:PAGE DN/DLOGD. 610 
c 611 

IFCIPLTl)J04,304,254 612 
c 6,3 
t JF PLOT WAS MADE READY PEN ,OR NEXT PLOT. IF PLOT WAI NOT MADE, 614 
C INCREMENT NOK A~D RETURN TO STATEMENT t FOR REPEAT OF ALL 615 
t CALCULATIONS USING THE AEROOVNAHIC DENSITV 0 &tb 
c bl7 

252 JFCIPLTJ)l04,J04,254 618 
304 XNaXMAX+4.5/XS 6tq 

YN•VMJN•2.IY8 620 
CALL FPLOTCO,XN,VN) 621 
IFCNDK.EG.•l.ANO.NOKl,EQ 0 0)GO TO 253 622 

254 CONTINUE 623 
IFCN,F.Q.t)GO TO t 624 

1000 STOP 625 
500 FORMAT(JHt,11,1x,80A1/,1X,'RHO• •,Fo.2.• SM/CC'/, 626 

' 28X,'MEAN CMANGE 1 ,8X,'STAN 627 
lDAR~ UPPER C~NFIOENCE LOWER CONFID~NCE'/rtX,'INTERVAL DIAHET 628 
l[R fN MASS CONCENTRATJON DEVIATION 1 ,7X,'LIMIT',14X,'LIMIT'l,Z blq 
3qx,•CMG1DNM3)•,9x,•cMG/ONHl)',5X,lC•(HG/DNMl)',10X)) 630 

501 FORHAT(4X 1Il,5X,2(1PE9 0 2,10X),6X,'••••••• INSUF,ICIENT DATA •••••• 631 
1•'> 632 

502 FOAMAT(4X,I2,5X,2(1PE~.2,9X),2(1PE9.2,5X),!X,1PE9.Z) 633 
50] FORMAT(4X,I2 1 5X 1 tPE9,2,7X 1 lPE9,2,lOX,'•••• INSUFFICIENT DATA ••••' 634 

1) 635 
504 FORMAT(4X,Il,5X,tPE9,2,TX,tPE9o219X 1lPE9e21lOX,lPE9 1 2) 636 
505 'ORMATC4X,I2,5X,ZC1PE9.l,tOX),l(lPEq.z,5x),5X,tPE9.2) ~37 
bOO FORMATCtM1 1// 1tX,80All,1X,'RHO• ,,,4.2o' GH/CC'I, 638 

& 29X,'M!AN CHANGE',9X,'ITAN 639 
tDARO UPPER CONFIDENCE LOWER CON,tDENCf'l,lX 1

1INT!RVAL DlAH!T 640 
2ER IN NUMBER CO~CENTRATJON DEVIATIDN',?X1'LIHIT'rl4X,•LIMJT•/, 641 
lJOX,'CNO/DNMJ) 1

1 !0X,2C'(N0/DNM]) 1 ,5X) 1 ,X,'CM0/DNM3)') 642 
700 FORMATCtHl 1 1/,tX,80Al/,lX,'RMO• 'rF4~2.' GH/CC'I, 643 

g 24X 1 'MEAN CUMU~ATIVf UPP 644 
lER CON'IDENCE LOWER COM,IDENCE'l,SX,;INTERVAL DIAMETER MASS 645 
ZCONCENTRATION•,&X,'LIMJT•,t4X,'LIMIT'l•t2X,'(MICRONS)',7X,'(MG/ACM 646 
J)•,1ox,•cMG/ACM)'1llX,•(MG/ACM)'I) 607 

701 FORMAT(lMt,11,1x,80Al/,lX,'RHO• .,,4.z.• GM/CC'I, 648 
l 24X,'H!AN CUMULATIVE UPP b49 
!ER CONFIDENCE LOWER CONFIDfNCf'l,lXr'INT[RVAL DIAMfT!R MASS 650 
2CONCENTRATION LIMIT',t4X,'LJMIT'l•t2X,'CMICRON8)',6X,'CPfRCEN 651 
]T)•,9x,zc•cPERCENT)•,1ox)) ~52 

702 'ORMAT(tH1,11,1x,80Atl,1X,•RHO• •,Fo,2.• GM/CC'I, 653 
& tX,'INT!RVAL',JX,•DIAMfT[R 650 
1•,ox,•RECORDS EXCLUDED FROM MfAN') 655 

100 FDRMATC2JX,'CUMULATIV! MASS CONC!NTRATTON'll 656 
706 FORMAT(23X,'CHANGE IN MASS CONTRATION 1 /) ~57 
108 '0RMATC2ZX,'CHANGE IN NUMR!R CDNC(NTRATION'/) 6~8 
111 '0RMAT(4X,IZ.5X,1Pfq,z,6x,•NON!') 659 
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112 ,ORMAT(4X,I2.5X,1PE•.2.sx,l5CtX,Il)J 
BOO f0RMAT(l0(!1,) 
805 'OR~AT(FS.l> 

END 
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SUBROUTINE AVCON(N,IAVLO,NDK 1 NOCnN,ISFIN,VAR 1 AYG, 1 
tAVGHt,CUM~D,CUM2LD,CISUM,SJGHA,CLU,CLL.DINC) 2 

C•*•******************•***************************************************** 3 
C• 4 
C• SUBROUTINE AVCON TUES l LIST OF VARURLES VAR AND FINDS THEIR 5 
C* AVFRAGE AVG, IT CALCULATES THE STANDARD DEVIATION 6 
C• 0, THE VARIABLES SIGMA, CALCULATES A NEW AVERAGE AVG 7 
C• ev EXCLUDING ANY OUTLYING DATA. A NE~ STANDARD DEVIATION SIGMA p 
C• IS CALCULATED BASED ON THE NE~ AVERAGE AND THE REMAINING DATA 1 Q 
C• USE THIS PROGRAH FOR 50 I cnNFJ~ENCf LIMITS to 
C• 11 
C*************************************************************************** \2 c tl 

c 
c 
c 
c 

c 
c 
c 
-e 

c 
c 
c 
c 
c 

40 

50 

65 

120 

122 

U5 

DIMENSION VAR(SO) tu 
SUM•O,O 15 
NUPTS•O 1b 
SIGMA•O,O 17 
DO 50 hM,U,JN,2 18 
lFCVAR(l))50,AO,eO tCJ 
SUH•SUM+VAR(t) 10 
NUPTSsNUPTS+t 21 
CONTINUE 22 
l'CNUPTS•l)lq0,&5,b5 23 
AVG•SUM/NUPTS zu 
LL•l 15 
SIGPAaO,O 2& 
lllllPTS.O 21 

28 
THJS LOOP CALCULATES IUM O' THE SQUARES OF THE DEVIATION zq 
FROM THE AVERAGE 1 30 

31 
DO 125 I•N,19,IN,2 32 
1FtVARCl))125,t22,122 H 
SIGPA•SIGPA+((VAR(I)•AVG)•*Z) 34 
NUPTSsNUPTS+t 35 
CONTINUE lb 

37 
STA~DARO DEVIATION SIGMA IS CALCULATED AS SQUARE ROOT 38 
OF PREVIOUS SUM DIVIDED 8V l LESS THAN NUMBER OF VALUES SUMfO. 3q 

"0 
REtl:NUPTS•l 41 
SIGMAaSQRT(SIGPA/RfAL) 42 

SUBQOUTINE CHECKS FOR CONFIDENCE LIMITS IF AVG AND SIGMA HAVE 
~E!N CALCULATED THE SECOND TIME, 

43 

RNPTSsNllPTS 
JF(RNPTS•7,205,210,215 

205 JF (RNPTSw3)206,206 1 201 
206 TCRiht,153 

4" 
45 
46 
47 
oe 
4q 

50 
51 
52 
53 
5£1 
55 
5b 
57 
58 
5q 

GO TO 220 
207 TCRIT•O,t02705+2.22q46•ALOGSOCRNPTSJ 

GO TO 220 
iSO TCRiht,Q38 

GO TO llO 
215 TCRJT•0,86552+t,308031•ALOG10(RNPTSJ 
ilO SUM•O.O 

NlJPTSaO 
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DO 140 I•N,ISFJN,2 bO 
TURS CCV AR CI 1•AVGl /SIGtO) 61 

c &2 
c ANV VALUE OUTSIDE OF THE ALLOW!O DEVIATION FROM AVERAGE rs 'TAGGED' 63 
C BY SETTING IT EQUAL TO THE ARA?TRARV VALUE •5o.o. THESE VALUfS ARE ~a 
C NOT INCLUDED JN SECOND CALCULATION OF AVG AND SIGMA• b5 
c bb 

IFCT•TCR?T)117,l35,l]5 &7 
135 VAR(I)••So.o be 
137 IFCVAR(l)lt40,t]8,118 bq 
tle SUMaSllM+'HR(l) '70 

NUPTSaNUPTS+t 71 
140 CONTINUE 72 

IFCLL•2)14b,lQ0,1qO Tl 
146 IF(NUPTS•])tq0,148,148 74 
148 AVGcSUM/NUPTS 75 

LL•LL+l 7b 
c 77 
C Sll~ROUTINE RETURNS TO STATEMENT 120 FOR SECOND CALCULATION 0, SIGMA 78 
C 8ASEO ON NEW AVG ANO fXCLUSION OF 'EXTR[ME' DATA. 7q 
c 80 

GO TO 120 81 
C R2 

tQo SUMao.o 83 
NUPTS:O A4 
AVG•O.o 85 

c 8b 
C SUM VALUES ANO SUM NUM8ER OF VALUES TO CALCULATE NEW AVERAGE 87 
C Ir- I THOUT "EXTRE"•E" DA TA• 88 
c aq 

DO tcn I•N,JSFTN,2 QO 
1'CVAR(1))\Q2,1q1,1Qt 'H 

1111 SUM•SIJM+VAR er) en 
NUPTSaNUPTS+t q3 

lQZ CONTINUE qu 
c q5 
C TAKE AVERAGE. Qb 
c q7 

IF CNUPTS.GE 0 1 )AVGaSUM/NUPTS Q8 
SIGMAao.o qq 

c 1 on 
C IF ~ORE TH•N t •GOOD' V•LU!S, FIND NEW STANDARD DEVIATION AN~ 101 
C CONFI~ENCE LIMITS CGO TO 11•5). lF NOT. RETURN NOCON a la 102 
c 101 

IF(NU?TS.GT,1,4NO,IAVLD 1 EQ.l)G0 TO t1Q5 104 
NOCONa l 105 

C 1 Ob 
C KEEP RUNNING SUM 0, CHANGES lN MASS LOADING UP TO THIS DIAMETER 107 
c IF NDK • -1. toe 
c t oc, 

!FCND~)l1Qt,ttQU•l\94 110 
119\ IFCAVG•AVG~1,119l111QZ,1t93 ttl 
1192 CUMZO•CUM2LD ltl 

GO TO 1194 1t3 
1tQ3 CUM2DaCUH2LD+SQRTCAV~•AVGMl)•OINC 114 
1194 CLUaO,O ttS 

CLL•O,O 1th 
PETURN 117 

c 118 
C FIND NEW STANDARD DEVIATION ANO CON,lD[NCE INTERVAL. liq 
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c 120 
ti•~ DO t•5 l•N.18,IN.2 lll 

?FfVAR(J))1q5,t941l94 1Z2 
1'4 SlGMA•S!GMA+((AVG•VAA(f))**2) t2J 
t•~ CONTINUE 1l4 

AEAL•NUPTS•t 125 
StGMA•SQATCSIGMA/REAL) 12~ 
REALaNUPTS 1Z7 
CONIN•(SIGMA•C0.~14+(0 0 32•C(REAL•t.o>••C•1.012l)l))/SO~TCREALl 128 

c 129 
C NDk • •1 • CONFIDENCE LIMITS ARE ,OUND ,OR AYG 0 CUMULATIY! lJO 
C HASS LOADING 0 THIS AVERAGE IS DENOTED A8 CUM2D (TO B! 131 
C DISTINGUISHEO FROM AVG,, CUM20 IS FOUND BY AOD?NG TH! AV!AAGf 132 
C CHANGES IN HASS LOADING OVER A LOGlO DIAMETER INCR!HENT,DINC. UP TD TH 133 
C SPECIFIED DIAMETER. THE CUMULATIVE MASS LOADING UPPER AND LOWER 134 
C 50 PERCENT CONFIDENCE LIMITS ARE FOUND BY ADDl~G AND SUBTRACTING. 135 
C RESPECTIVELY, THE ROOT HEAN SQUARE OF ALL DM/DLOGD CONFIDENCE 130 
C INTERVALS UP TO ANO INCLUDING THAT INTERVAL AT THE SPECIFIED 137 
C OIAHETEA 0 138 
c l]q 
C NOk • O • CONFIDENCE LIMITS ARE 'OUNO 'OR AVG 0 OH/OLOGD 0 THESE 140 
C UPPER AND LOWER 50 PERCENT LIMITS ARE '0UND 8Y ADDI~G AND SURTRACTlNG, 141 
C RESPECTIVELY. TH! CON,JDENCE INTERVAL CONIN TO THE AVERAGE 142 
C OM/"LOGD VALUE AT TMAT DIAMETER, AVO. 143 
C f4a 
C NDK • 1 • CONFIDENCE LIMITS AAE ,OUND 'OR AVG 0 ON/DLOGD JN 145 
C THE SAHE HANNER AS FOR AVG. DMIDLOGD. lGb 
c tu1 

IFtNDk)l50.160,t60 148 
150 IFCAVG•AVGM1J15l.152115l l4q 
152 CUMlD•CUH2LD 150 

GO TO 155 151 
153 CUM2D•CIJM2LD+SQRT(AVG•AVG"'t)•D!NC 152 
155 CISUMaCISUM+(CONIN••l,O) 153 

CLU•CllH2D+ C SQRT CC ISUM) •DINC) t 54 
CLlsCUM2D· ( scun cc l SllM hDINC) t 55 
RETURN 15b 

160 CLUsAVG+CONIN 157 
CLLcAVG•C~NIN 158 
RETUPN 15~ 

END 160 
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8L0CK DATA 
AEAL NU 
COMM0N/RL0Ckt/PS(8),~U,POA,DPA,TCI,,G(5),D!LPC8,4) 

DATA DELPIO,ft,o.o,o.o,o.o,o.o,.1?•,.2•1,1.0, 
to.ooo,.oo•,.ooe,~011,.o•s,.1•s,1.ooo,~~ooo, 
20.000,o.ooo,o.ooo,o.ooo,o.o!T,o,!••,1,ooo,o.ooo, 
so.o,o.o,o.o,o.o,o.oos,o.z1•,1.ooo,o.0001 

!ND 

511 

l 
l 
3 
4 
5 
~ 

T 
8 

' 



t 
c 
c 
c 
c 
c 
c 
c 
c 

t 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
e 
c 
e 
e 
e 
e 
c 
e 
e 
c 

e 
c 
c 
c 
c 

8LftClf DATA 
INTEGER Jr(8,4) 
"EAL Mtil 1 l fl) 
CD"MnN1BLOC~i/Tkl 1 MM,l,AMO,Q,OPC(l),CYCJaX,DCC8,6,4) 

ANDERSEN IMPACTOR NUMBER 0, ~OLEI PE~ STAGE, 

BRINK IMPACTOR NllM!IER OF HOLES PER STAGE, 

l8,t2,21,24,24,24,tl,O/ 

ANDERSEN IMPACTOR PLATE SET• 1~ 

DATA DC1~1•1z,~1211,~0•54,,0T4l,~05TT,:o16ft,,025a,.oz~5. 

&~nE•SEN JMPAtTO• P~AtE S!T· a~ 

1,163l,.t2s1,~o•o•,,010•,~os~• •• os••.~0151,.02s1, 

&NOERS!N IMPACTOR PLATE SET• 3~ 

ANDERl!N !MP&tTOR PLATE SET• 8, 

1.1•21,.126l,~OQ46,~0T5,,:ns8t,~Ol55,.0~58,~0245, 

4 1 t6?t, 1 124•,.0•15,,0T511~0563,,0l5•,.o2&4,,0250, 

A~D~•SEN IMPACTOR PLATE SET• 6 1 

5.1•s1,.1240,.o•s1,.0114,.oso!,,os4•,.o160,,0245, 

8~I~K JMPAC'OR STAGE SET • A1 

~RINK IMPACTOR STAGE SET • C1 

s.i•~a,.20•0,.1120,,1J•o,.oe•6,.01t• •• os8•,.oooo, 
BRINK I~P&CTOR STAGE SET • ~. 
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c 

c 
c 
c 

c 
c 
e 
c 
c 
e 
e 
c 
c 

c 
c 
c 

•.35&0,~24&t,.111e,.1J•e,,0•31,.01J•,,o~~o,.oooo, 
A.oooo •• oooo,,oooo,.ooon,,oonn,.oooo,~oooo,.oooo, 
e.oooo,.onoo,.onoo,.oooo,.oooo,.oooo,.oon",•oooo, 

U~ 0, w. PtLAT IMPACTOR STAGE SET • A. 

u. OF w. PILAT I~PACTOR STAGE IET • B. 

01.s2111,.5e21,.215e,,o102,.o!oo,.0140,.01as,.oooo, 

U. OF w. PILAT IMPACTOR STAGE S!T • C. 

Ei.e2111,.5870,.2os•,.oeo1,.os1z,.0J1&,:oa•o, 1 ooon, 

u. OF w. PILAT TMPACTnR ST•G! S!T • D. 

F1.e211~,.574J,.2!12,.01•s,.0•••··0110,.022•,.ooo, 
G.oooo,.oooo,~oooo,.oooo,,oooo,.oooo,~oooo,,ooon, 
H.oooo,,oooo,.oooo,.oooo,.oono,.oooo,.oooo,.0000, 

1.110,~01•,~2os,~11e,~oeo, 1 0s2,,0!1,.ooo, 
J.oon,.ooo,.ooo •• ooo,.ooo,,noo,.ooe •• ooo, 
K.onn,.ooo,,ooo.,ooo,,ono, 1 000,,ooo,,non, 
L.oon, 1 000, 1 000,,ooo,,ooo, 1 00n,.nn~,.ooo, 
M,oon,.ooo,,ono,.ooo,,ooo,.ooo,,ooo,.ooo, 
N,ooo. 1 000,,000,.ooo,,ooo •• ooo,.noo, 1 0001 

END 
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SUBROUTINE CPPLOT(tUGEN,RHO,XMAlll,X"'I~,VMU,YMIN,lfS,YS) 

C*************************************************************************** 
C• SU~ROUTJNE CPPLOT DRAWS THE GRID FOR CUMULATIVE PERCENT MASS 
C* LOADING VS. PARTICLE DIAMETER. IT DRAWS AN ORDINATE NORMAL 
C• PROBJRILJTV SCALE LABELtNG IT •cuMULATIV! PERCENT~ AND AN ABSCISSA 
C* LOGSO SCALE LABELING IT 'PARTICLE DTAMfTER (MICROMETERS)•~ 
C• THE GRID JS LABELED WITH THE IDENTIFICATION LABEL TO AND DENSITV 
C* RHO. 
C•************************************************************************** 

Dl~fNSJON IOGEN(80) 
c 
C THE MINIMUM ANO MAXIMUM V VALUES SHOWN ON THE GRID WILL BE aOl 
C AND qq.qq BUT MUST CALL NDTRI IN ORDER TO ESTA8LtSM THE HJNIHUM 
C AND MAXJ,..UM V VALUES, VMtN AND VMAX, IN TfAMS OF THE NORMAL 
C PROAABILJTV SCALE. 
c 

CALL NDTRJco.qqq~,VMAlf,D,JE) 

CALL NOTRJ(o.ooot,VMIN,O,IE) 
c 
C LENGTH IF X • AlflS Cl~ INCHES>. 
c 

c 
C LENGTH IF V • AXIS (JN INCHES>. 
c 
c 
C lfMAlf ANO XMIN ARE THE MAXIMUM AND MINIMUM X VALUES IN TERMS OF THE 
C LOG!O SCALE. ALSO XMJN IS THE X VALUE OF P!N LnCATION WHEN THIS 
C SUBROUTINE JS CALLED. 
c 

c 

XMAXaALOG10(100.) 
lfMJl.l•ALOGtO(.I) 

C XS AND VS ARE TME X AND V SCALE FACTORS (IN JNCMESIU8ER'S UNIT). 
c 

c 

XSsX!NCH~(XMAX•XMJN) 
VS•VINCH/(VMAX•VMlN) 

C VO tS THE Y VALUE OF PEN LOCATION WHEN THIS SUBROUTINE CALLED. 
c 

c 
C SUBQOUTINE SCALF STORES THE SCALE ,ACTORS AND PEN LOCATION 
C COORDINATE VALUES FOR USE BV THE PLOTTER, 
c 
c 
CCC TMJS SECTION DRAWS THE Y •AXIS AND LABELS IT. 
c 

c 

CALL FPLOTC~.XMAX 1 VMIN) 
JMIN•t 
JMAX•25 

c SUBROUTINE VPRne DRAWS TME y • AXIS AN~ LABELS IT USING A NORMAL 
c PRORARILITV SCALE. TME RANGE IS DETERMTNEO ev IMJN ANO !MAX 
C WH?CH ARE INTEGER CODES FOR DESIRED VALUES OF MINIMUM ANO MAXIMUM 
c y VALUES. A 's' CORRESPONDS TO ,Ct AND '25' CORRESPONDS To qq···· 
C THE 4TH JRGUMENT • 0 IS CODE TO LAl'El AXIS TO THE LE,T, 
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c 60 
CALL VPAO~cxs,vs,xMIN,o,rMIN,IHAX) 61 
XCS•.15 62 
YCS•.15 63 
X•XMIN•l.O/XS 64 
Y•CCYMAXwVMtN)/2 0 0)+VMtN•(('•O*VCS)/VS> 65 
PI=J.1415 66 
CALL FCHAACX,v,xcs,vcs,PJ/2.> 67 

c 68 
C WRITE 'CUMULATIVE PERCENT' ALONG V • AXIS. 6q 
c 70 

WRJTE(7 1 ]) 71 
c 72 
CCC THIS SECTION DRAWS THE X • AXTS AND LARELS IT. 73 
c 74 

JXRANaXMAX•XMIN 75 
CALL XSL8LCXS,VS,XMIN 1 VMIN 1IXRAN,XMJN) 76 
CALL XLOG(XS,VS,XMAX,VMIN,•l1IXRAN) 77 
Xs((XMAXwXMIN)/2 0 0)+XMIN•((l6 0 0•XCS)/XS) 78 
YsVHIN•C.7/VS) 79 
CALL FCHARCx.v,xcs,vcs.o~) 80 

c 81 
C WAITE 'PARTICLE DIAMETER (MICROMETERS>' BELOW X • AXIS, 82 
c 83 

WRITEC7,Z) 84 
c 85 
CCC THIS SECTION WRITES THE IDENTIFICATION LABEL ID AND THE PARTICLE A6 
CCC DENSITY AHO (IN GM/CC)~ 87 
c 88 

XsXMIN 8q 
YsVMAX+,5/VS qo 
XCS:,056 91 
vcs=.100 qz 
DO 30 lst,79 93 
J•80•I 94 
IFCIDGENCJ),NE.IBLAK);Q TO 40 95 

30 CONTINUE Q6 
J:I 97 

40 CALL FCHARcx,v,xcs,vcs,o.> 98 
WAITEC7,5>CIDGENCI),I111t,J) QQ 

XcXHIN 100 
V•VMAX+,25/VS 101 
CALL FCHAACx.v.xcs,vcs,o.) 102 
WRITEC7 1 6)AHO 103 
RETURN 104 

3 FORMAT(tX,'CUMULATIVE PERCENT•) 105 
2 FORMATCtX 1

1 PARTtCLE DIAMETER (MICROMETERS)') 106 
5 FORMAT(1X 1 80Af) 107 
6 FORMAT(tX, 1 AHO• •,F4,2,'GM/CC') 108 

END toq 
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c 
e 
c 
e 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

50 

•O 

SUBPOUT!NE CUM 

TMIS SUBROUTINE CALCULATES TME CUM14ULATIVE MASS AND CUMMULATIV[ 
PERCENT DISTAJBUTION AT EACH STAGE. 

REAL MASSC'l),MU 
CDMMONIBLOCK11Psc&>,Mu,Po•,DPA,rc1,,Gc'> 
COMMON/9LOCK3/MASS,,,DUR,TKS,CUMH(•J,PEACU(•>, 

1GRNA,GRNS,GRNA14 1 GRNSM 
CO~MON/8l0CK5/NCUM,HPACTY,HPACNO,N14ASS 

8UM•O.O 
00 '50 ht,NMASS 
SUMsSIJM+MASSC!) 
CUMHCl).SU14 
CONTINUE 
01'1 &Cl ht,NHASS 
P!ACUCI)•CCUMM(I)ISUM)•lOO.o 
CO..,TtNUE 

GANA tS THE TOTAL MASS LOAOtNG IN GRAINS PEP ACTUAL CUBIC FOOT. 

GRNA•(SU14•l5.13Zl)/(F•DUR) 

GANS IS THE TOTAL MASS LOADING IN GRAINS PER NORMAL ORY CUBIC 'DOT. 

GRNS•C(SUM•l~.A324)/(CF•DUR•Zq•.o•POA)/CTkS•1,0)))/Ct.o.,G(5)) 

G~NAM IS TMf TOTAL MASS LOADING tN MtLLIGAAHS PEA ACTUAL CUBIC 
MfTEA, 

GRNAMaGRNA•Z288.J4 

GRNSM IS TM[ TOTAL MASS LOAnING ?N MtlllGRAMS PER NORMAL DRY 
CUlll?C t4ETER • 

GRNSMaGRNS•2l8A,34 

NORMAL (ENGINEERING STANDARD) CONDITtONS ARE 21 DEG C AND 760MM HG, 

RE'JURN 
ENI' 
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SUBROUTINE CU~PCT 
C*************************************************************************** 
C• 
C* 
C• 
C• 
C• 
C• 
C• 
C• 
C* 
C• 

SUBROUTINE CUMPCT FINDS THE CUMULATIVE HASS LOADING LESS THAN A 
PARTICULAR PARTICLE DIAMETER ACCORDING TO FITTING 
FOUND IN PROGRAM SPLINt, IT EXPRESSES THIS VALUE AS A PERCENT OF 
THE TOTAL CUMULATIVE HASS LOADING, THE SUAROUTINE LISTS (ON THE 
LINE PRINTER) THE POINT INDEX NUMBER, DIAMETER, ANO CUM, PERCENT 
MASS LOADING LESS THAN THIS DIAMETER, 
ALSO A PLOT IS MADE OF THESE VALUES USING A NORMAL PROBABILITY 
CFOR CUM, PERCENT) VS, LOGIO C'OR DIAMETER) GRID, 

C*************************************************************************** c 

c 

c 

INTEGER VY 
DOUBLE PRECISION XNDPENC10) 1 Y0(10) 
DIMENSION FILNAM(2) 
DIMENSION IDALLC80),GEMAXC2),GEMINC2) 1 0MHAXCZ),DMHINC2) 1 DNMAX(2) 
DIMENSION DNMJNC2),DP~AXt2) 1 0PMINC2),CUMAXC2) 1 CUMJN(2l 1 ID(80) 
DIMENSION DPCC8),CUMG(8),DMDL0(9) 1 GEOMD(Q),DNDLDC9) 
DIMENSION FILSPLC2l,CDEC50,3) 
DIMENSION XtC5t),YlC51> 
COMMON JHPAC,IDALL,RHOt,GEMAX,GEMIN,OMHAX,OMMIN,DNMAX,ONMIN 
COMMON DPMAX,DPMIN,CUHAX,CUMIN,JSIZt,ISIZ2,ISIZ3 
COMMON IS,NFtT,ID,RHO,DMIN,TKS,POA,FGC5),0MAX,OPC,CUMG,DMOLD 
COMMON GEOMD,DNOLD,GRNAM,MPLOT,OSMA,VV 
COMMON ISIG,XMAX,XMIN,YMAX,YMIN,xs,vs 
COMMON CYC1 1 MC3,MOO,M9 
COMMON XNOPEN 
DATA FILSPL/'FILSP','LBIN'I 

CALL DEFINEC11.507,100,FtLSPL,Ito,o,o,o1 

C DINC • THE LOG10 INCREMENT BET~EEN PRINTED DIAMETERS C01••10,0) 
C ANO THE CUM, X MASS LOADING AT THAT THAT DIAMETER, 
c 

DINCc,0351142857 
c 
C DLO • LOGtO(DIAMfTER) • VARIA~LE USfD AV FITTING FUNCTION PPP• 
C INITIALIZED HERE AS LOG!OC,25 MICRONS), 
c 

DLDDALOGtOt,25) 
c 
C Dt • DIAMETER VARIABLE WHOSE ANTILOG IS PAINTED, 
c 

DlaOLD 
c 
C DLDF • MAXIMUM LOGtOCDIAMETER) VALUE FOR WHICH LOGlOCCUM, X MASS 
c LOADING rs TO BE CALCULATEo. HERf. IT IS SET • TO MAXIMUM x 
C AXIS LIMIT, 
c 

DLDF•XMU 
IFCOMAX,LT,100) OLDF • ALOGtOCDMAX) 

c 
C SUBROUTINE CPPLOT MAKES A NORMAL PROBABILITY VS, LOGtO GRID, 
C LA8FLS THE AXES APPROPRIATELY WITH •CUMULATIVE PERCENT' AND 
C 'PARTICLE DIAMETER (MICROMETERS)', wRITES THE IDENTIFICATION LABEL IO 
C ANO PARTICLE DENSITY RHO CIN GM/CC) AB~VE THE GRID, AND RETURNS 
C WITH THE MINIMUM AND MAXIMUM AXIS VALUES • XMAX,XMJN,YMAX,YMIN, 
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C ANO THE SCALE FACTORS XS AND VS tIN JNCMES/USER'S UNIT>. 60 
c ,, l 

CAlL CPPlOT(JD,RHO,XMAX1XMIN,VMAX,VMIN,Xl,YS) 62 
c 63 
C READ NU~BEA OF INTERVAL RDUNDAAV POINTS NINT (USED IN MAKING 60 
C FIT TO LOGtOfCUM• MASS LOADING) DISTRIBUTION IN SPLIN1) 1 THE 65 
c POINT VALUES cx1,Vt), ANO THE FITTING ~ND DEGREE POLYNOMIAL 66 
C COEFFICIENTS OYER THE INTERVALS COE. 67 
c 68 

READClt'lS)NPOTN 69 
INTmNPOIN•t 70 
RfAD(tt•JS)NPO?N 1 (Xl(I),J•1 1 NPO?N),(Yttl),I•l,NPOIN), 71 

l((COE(I,J),J•t,3),I•t,INTl 7Z 
c 73 
c WRITE THE IDENTIFICATION CODE to ANn THE DENSITY RHO ON LINE 74 
C PAINTER. 75 c ,,, 

~RJTE(l,q01)ID,AH0 77 
c 78 
C IN THJS LOOP, CALCULATIONS FOR CUM, I START AT LOG10(,l5) MICRONS 79 
C ANn ARE MADE AT EVERY ~01 INCH ALONG THE AXIS UP TO MAXIMUM X 80 
C AXIS LIMIT. POJNTS ARE PLOTTED FOP ALL OF THESE CALCULATIONS At 
C (RESULTING IN A SMOOTH SOLID CURVE>. AT CALCULATFD INTERVALS A 82 
C POINT IS LISTED ON THE LINE PRINTER, 83 
c 80 

DO 750 I•l,601 85 
c 8f, 
C DETERMINE THE INTERVAL OF FITTING, NINT, IN WHICH T~E DIAMETER 87 
C LtfS. 88 
c 89 

nn 510 K•2.NPOIN 90 
LaK 91 
IFrnLO.LT.Xl(K))GO TO 520 92 

510 CONTINUE 91 
520 NINT•L•1 94 

PPP:COECNINT.t, 95 
c 96 
C PPP•LOGtO(CUMULATIVE MASS LDAO!NG) 97 
c 98 

oo 5~0 L•2.J 99 
510 PPP:PPP+COE(N!NT,Ll•OLD*•CL•l) 100 

c l 01 
c PPP HERE IS CHANGED BACK TO CUM. MASS LOADING ANO DIVIDED ev 102 
C HAXJMtJM MASS LOADING GRNAl'I TO YIELD PPP • CUM• FRACTIONAL MASS 10! 
C LOA~ING WMICH IS THE PLOTTING ORDINATE VALUE. lOG 
c l 05 

PPPaCtO,O••PPP)/GRNAM 10f, 
c 101 
C DPLOT • ALOGtOCOIAMETER) WHIC~ IS THE PLOTTING ABSCISSA V&LU! 108 
c 109 

nPLOTaDLD ttO 
c l !l 
C SURROUTJNf NOTRI TAKES THE FRACTION PPP ANO RETURNS tTS NORMAL 112 
C PQOAA~ILITY EQUIVALENT VALUE VV • l U 
c 110 

CALL ~DTRifPPP,yY,D,If) 115 
c tt6 
C JF PPP • ,qqqq, YV IS SET • TO AN AR~JTRARV NUMBER • TM! NORMAL 111 
c PR08ARILITV VALUE FOR .9999 WHICH rs +J,719ll44. 118 
c 119 
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IFtPPP.GT •• qqqq)VV•4eO 120 
c 121 
C IF PPP c .OOOl. VY IS SET • TO AN AR~ITRARV NUMBER c THE NORMAL l2l 
C PRnRABILITV VALUE FOR .0001 WHICH IS •3 8 1191244 8 123 
c 124 

TFCPPP.LT •• OOOl)VVc•4 1 0 125 
c 126 
C CHECK DPLOT AND VY TO SEE I, THEY ARE WITHIN PLOTTING LIMITS. '' ll1 
C NOT• XVAL COP VVAL) SETS THE INPUT VARIABLE• TO A VALUE WHICH 128 
C LIES .15 INCH OUTSIDE GRID. l2q 
C llO 

VN:VVAL(VV.VMAX.VMIN,VSJ 131 
XN•XVALCDPLOT,XMAX,XMIN,XS) 13Z 

c 131 
C FPLOT MOVES PEN TO CXN,YN) ON EACH TRAV[RSE OF 'DO 150' LOOP 134 
C DRAWING SMOOTH CURVE FOR CUM. X MASS LnADING VS. DIAMETER~ 135 
c 136 

IFCJ.fQ.t)GO TO 125 137 
CALL FPLOTco.xN,YN) 138 
GO TO 130 13q 

725 CALL FPLOTC•2,XN,VN) 140 
c 141 
C AT Ol a OLD, DIAMETER ANO CUMULATIVE PERCENT ARE PRINTED. 142 
C THEN Dl WILL BE INCREMENTED BV DINC SO THAT NO VALUES WILL BE PRINTED 143 
C AGAIN U!olTtL OLO lli> OR c Dt • 144 
c 145 

130 IFCDl•DLDJ135,735,740 146 
c 141 
c DPLOT IS CHANGED FROM LOGlO(DIAMETER) TO DIAMETER FOR PRINT OUT. 148 
c 149 

1]5 DPLOT•lO.O••DPLOT 150 
c 151 
C PPP IS CHANGFO FROM CUM• ,RACTIONAL MASS LOADING TO CUM• PERCENT 152 
C: MASS LOADING FOP PRINT OUT• 153 
c 154 

PPPsPPP•lOO.o 155 
J:aJ+l 150 

c 157 
C WRITE ON LINE PRINTER POINT INDEX NUMAER, DIAMETER, AND CUM• P!RCfNT 158 
C MASS LOADING LESS THAN TMJS DIAMETER~ l5q 
c 160 

wRITE(3,q05)J,OPLOT,PPP 161 
c 162 
C INCREMENT Dt 163 
c 164 

Ot•Dt•DINC 165 
C Uf, 
C INCRE~ENT OLD 161 
c 168 

140 DLO=DLD+,01/XS 169 
c 170 
c: UNLESS THIS DIAMETER VALUE rs • OR > MAXIMUM SPECIFIED PLOTTING lTt 
C: DIAMETER VARIABLE DLO,, CONTINUE WTT~ CALCULATIONS ,OR NEXT 172 
C DIAMETEP, 113 
c 174 

JFCDLD•DLOF)15~,7q5,7q5 115 
TSO CONTINUE 176 

c 177 
C AT fN~ OF PLOTTING, RAISE PEN AND ~OVE IT TO BASE OF PLOTTER 4.5 178 
C INCHES AEYONO GRID • READY ,OR NEXT PLOT. !7q 
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c 
19~ XNsWHlX+A.5/XS 

YNsYMIN•Z.IYS 
CALL FPLOTC+t,XN,YN) 

•01 FORMAT(l~t.11,AoAtl,lX,'AHO• •• ,•.z11,51x,•cuMULATIYE'I 
t,~x,•tNTERY&L•,t4X,'Dl&METER',8X,'PERCENT CONCENTRATION•/, 
z1ox,•cHICAONI)'//) 

905 fORH&T(llX,!l,4X,2Cl3X,lPE9.2)/) 
RETURN 
ENI'\ 
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e 
c 
c 
c 
c 
c 
c 

c 

SUIAOUTINE CUT 

THIS IU!~OUTtNI CALCULATEI TH! STAGE CUT POINTS OR oso•s BASfD 
ON EQUATinNs OEYELOPEO BY A&Nl ANO wn~G GIVEN JN •IMPACTtON 
0, OUST ANO SMOKE PART!Cl!S ON IURF•CE AND BOOY COLLECTORS•, 
INDUITRtAL ANO ENGINEERING r,HfMI8TRY 0 1~52. 

INTEGER X(8 1 0 
R!AL MM,~U,L(8) 
DIMFNSION 8RPSJ(8 1 6,G).SU8(8,e) 
C0MMONIBLOCK11Pl(8)1MU,POA 
C0MM0N/8LOCK2/TKl,MM,L,RHO,Q,DPC(8),eyc3,x,occs,6,4) 
COMMON/BLOCK,/NCUM,~PACTY,MPACNO,NMASS 0 NAfQO 

C••········································•••**********************••••COMK 
C• •CC11o11< 
C• AND!RSEN IMPACTOR PLATE 8!T • 1 •COMK 
C• •C0"4K 
C**********************************************************************•COMK 

DATA SRPII1.1os,.4J0,.•10,~385,.J28,~lt• •• J61,.2~3, CCIMK 

C••••***************************************************************••••CO~K 
C• •COMK 
C• AND!AS!N IMPACTOR PLATE SET • Z •COMK 
C• •COMK 
C••********************************************************************•COM~ 

l.Jo~ •• •10,.a10,.385,.3l2,,3ll,.3~5 •• 280, COMI( 
C••••***************************************************************••••CQM( 
C• •COMI< 
C• ANO!AS!N JM,ACTOR PLAT! S!T • J •CCIMK 
C* •COllll< 
C***********************************************************************COMK 

2,105,~GJ0,~410,,J85,,Jat,,J20,,JJ1,,2?G, COMK 
C***********************************************************************C0"4K 
C• •COMK 
C• AND!RSEN IMPACTOR PLAT! SET • 8 •CO~K 
C• •COMI< 
C***********************************************************************COMK 

3,30~,.030,~a10,,1es,,34Z,,11~,.35z,.212, coM1c: 
C**********************************************************************•CONI( 
C• •COMI< 
C• ANDERSEN IMPACTOR PLAT[ l!T • 7 •COMK 
C THIS II AN AVERAGE FOR STAC!I 5,6,1 1 8 1 COMK 
C• •COMI( 
C***********************************************************************eoMK 

4~)05, 1 430 1 ~4l0 11 J85, 1 JlT 11 3Jt, 1 350,~277 1 COMK 
C••••****************************************************************•••COMK 
C• •COM!< 
C• A~DERS!N IMPACTOR PLAT! SET • & •COMK 
C• •COMI( 

C••••****************************************************************•••COMI< 
S 0 305 11 430,~4t0, 0 3~5, 0 l44, 1 335,.33~ 1 ,21~, COMI< 

C••*********************************************************************COMK 
C• •C0"4K 
C• BRINI< IMPACTOR STAGE S!T • A •CMMK 
C• tCOMI( 

C••••*******************************************************************CQMK 
&.J21 •• 122,.s1s,~14s,.2sa,.317,.2a9,.ooo, co~K 

C••••*******************************************************************cnM~ 

1 
~ 
3 

" s 
6 
1 
8 
C'I 

to 
I 1 
lZ 
13 
1a 
15 
tfl 
1' 
t8 
t9 
20 
21 
22 
21 
llJ 
25 
26 
n 
l'-
29 
30 
31 
12 
l3 
3a 
JS 
3& 
31 
3~ 
~Q 

40 
UI 
u t! 
43 
44 
"~ 
ll & 
tJ1 
IJ~ 

49 
51'1 
51 
52 
53 
51J 
5'5 
lj ~ 
-; '7 
58 
59 



C• •C""'K 60 
C• 8RINK IMPACT~R 8TAGE SET • 8 •COMK 61 
C* •CO,..K f.2 
C••···································································••C~MK 61 1.Jll •• JZi,~14•,.1~0,~]02,.145,,115,~000, COMI< 64 

C••••***************************************************************••••CO"'K •S 
C• •COMI< fJ6 
C• B~I~K IMP&CTOR STAG[ lfT • C •CO,..K 67 
t• •COMIC. U 
C**********************************************************************•CO~K 6q 

s.1~2 •• 121,.1s1,,l88,,J30,,150,.211,,ooo, coMK 10 
C••*****************************************************************••••CnMK 11 
f;• •COMK 7? 
C• BRINK IMPACTOR STAG! S!T • 0 •CO~K ll 
C• •CO~K l4 
C*******************************************************************••••COMk 7~ 

q~121 •• 122.~JG6,,l54,,2,7,,3J7,.22• •• ooo, COMK 1b 
A.ooo •• ooo,.ooo •• ooo,.~no,,ooo,.ooo,,ooo, 11 
e,ooo •• ooo,,ooo,~oo~,.ooo,,ooo,.ooo,.ooo, cnMK 1e 

C••••***************************************••**********************••••COMI( 70 
C• •COMK eo 
C• u, O' •. PILAT I~PACTOA STAG! S!T • A •CO~• ~t 
C• •COMK R2 
C•••••***************************************************************•••CO~~ 83 

c~1aa,.110,~111 •• 211,.1oe,.11s •• 1a•,.ooo. cnMK 84 
C•**********************************************************************COMK R5 
C• •COMK ~~ 
C• u. O' W, PtLAT tMPACTOA STAG! IET • R •CO~K 81 
C• •CO~k Re 
C••••***************************************************************••••COMK e~ 

n.100,.JJa,,1,1 •• 121,,l11,.11a,,111,.ooo, •o 

C•••···································································•COMK 4t C• •COMI( 42 
C• tJ• O' "'• PILAT IMPACTOA STAG! S!T • C •CO~I( en 
C• •COMK Qa 
C••••***************************************************************••••COMK ~' 

E.l44,,!J0,~!1t.~l20,,295,,J&!,,Jt2,,000, C~MK Q6 
C********************************************•****************************** OT 
C• 9~ 
C• U, OF w. PILAT I~PACTOA STAGE SET • ~ ~o 
C• 100 

C•*************************************************•************************ 101 
'.1aa,,130,,111 1 ~!19,,3l1,,!eq,,351,,ooo, 10? 
G.ooo,,ooo,,ooo,.000,,000,,ooo,,ooo,,ooo, COMK tnJ 
H,noo,.oon,~ooo •• ooo,,ooo,.ooo,,ooo,,ooo, COM~ 1na 

C*************************************************************************** 105 
C• lOo 
C• ~AI ITAG[ IET • & 107 
C• 108 
C••************************************************************************* 10• 

t,tt,~l!,,J!,~34,~2~,.l!,.40,o.o, tto 
J.ooo,,ooo,~ooo,,ooo,,000,,000,.ooo,~ooo, 111 
•,ooo,.ooo,,noo,,000,.000,,oon,,ooo,.ooo, ttz 
L,ooo,,ooo,~noo,,ooo,,ooo •• 000, 1 000,,000, 111 
M,ooo,,ooo,~noo,,ooo,,ooo,,000, 1 000,,oao, ttc 
M,ooo,,ooo,,ooo,,oop,,opo,,ooo, 1 000,.oop1 tt5 DAT• su11•.5,6,0,4,0,2.B,l,Jl,.qo,.50,.16, 116 
l~.o,l,1!,t.6•,t,l0,.51,,33,,lO,,OO, ll? 
11s.o.is.o,&,1,1.1,1.••P•••~··•·o·oo, 11~ 
Jt.1,t.1,o.•,1.10,1,10,.••,.,1,o.01 tt• 
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c t20 
C T~IS ITERATIVE LOOP CONTINUES UNTJL C~NVE~GENCE wIT~lN 0 0 11. 121 
c 12l 
c 123 

DO 30 I•l,NCUH tl4 
C•o.o 12s 
DPC tr >•Sl'9( r. MPACTY) u~ 

Q DPC!•DPC(t' 127 
IFCNA£ROeNE.t 0 0R 0 RHOeGT,l 1 0)GO TO 5 t28 
C•t.o ll~ 
GO TO 6 130 

5 C•l 0 0+<Z.O•Lt!)/(DPC(!)•l,E•A))•(l.ll+0 0 Al•EXPC• 0 44•DPC(I1•1.E•4 lll 
l/lCJ))) 132 

• DPCcl>•1.03E04•1RPSICI.~PACNO,MPACTVJ/.J8•(9QRT(MU•XCI,MPACTY) 133 
l•Cncrt.MPACN0,NPACTY)••l)•Pl(!)/(RHO•Q•G12~0•POA•Cl)) \3~ 

l'tABICl.O•(DPCfl)IOPCI))•O.OOl) JO,lO.o 1J5 
JO CONTINUE \l~ 

IFCMPACTV.N!.l>R~TURN 131 
CYCJ•Ct•q•~*l~~T(MU/(RHO•Q))) ll~ 
RETURN 13~ 
f~O 14~ 

523 



SURROUTINE OHONGO ! 
c 2 
c 3 
c THIS SUBROUTJ~E CALCULATES TH£ Stlf DtSTRT8UTTON ON A MASS 0•sr~ u 
e ANn o~ A NIJMBfR BASIS'. ALSO. G~O .... lolfAN DIA'4ETERS ARE FOUND. 5 
c & 

REAL ,.M,l ('§) 1 
~I~ENSION DIFF(q) ~ 
cnHMO~IRLOCKZ/fKI1MM,L.RHO,o.nPct~),rYc~ q 
CO"M0~/BLOCK4/RA.REYNtf7),RfYN2(1).rDr'71,HC3,~S,0~4X,GGRN8Cq),MOO, io 
in~Dl~t•),O~OLnC•),GEOMO(q) 11 
C~MM0N/8LOCK~/NCUH,MPACTV 12 

50~ FOAMATftH0.2X,'GED. MEAN ntA. ("1ICROMET£AS)•,ttX.7(1PEq,2,1x).ltX, 13 
tlPfQ.2,1/JX,•n~/nLOGD (~G/ONCM>•.21x,7rtPfq,z,1x1.11x,1Pfq.z,113x, fU 
a·o~/DLOG~ (NO. PARTICL!S/n~(HJ',tox,TctPE•.z.1x),1tx,1Pfq.2) t5 

50T FORMAT(tH0,2X,•Gf0 0 HEA~ ~IA 0 (MttRD"1fTEAS)'rllX.Q(tPEq,2.1xJ,//lX 1~ 
t.·n~/DL~GO (MG/ONCM)',llX,,flPfQ,2,tX),//3X,'ON/~L"Gn (NO. PARTJCL t7 
2El/DNCM)•,1ox,Q(\Pl•.2,1wJ) tB 

!08 FORMATCtH~.lX,'G£0~ MfAN DIA, CHICROMfT'.A8)'1llX.6CIPfQ.2.1x1,11x, fQ 
ltPE•.2,1/lX,•OM/DLOGO (MG/D~CM)•,11x.6ttPE•.2,1x),t!X,tpfq,?,//]X, ~o 
l'DN/DLOGO (NO, PARTICLES/ONCH)',20X,bt1Pl9.2rlX),ttX,tPEq.z1 2t 

!O• ~ORMAT(tMo.2x,'GfO, Mf&N DI•. C"ItROMETERS>'•21x.ec1PfQ 1 2,tx1,111x 22 
\,'DH/rLOGO (MG/DNCM)•,11x,eclPEq.l,sx>.111x,•nN/nLOGO (NO. PARTICL 23 
lfS/ONCM,•,2ox.~ctPE9,2,tX)) 24 

509 FORMAT(tHn,2x, 1 G!O, MEAN DtA. c~reRoM!T!R9)',31X,5(1P[9,2,lXl,tlX, 25 
ttP£•.1,111x,•nM/OLOGO (MG/DNCM)',Qtx.5ctPE9.2,tX),,tX,tP!•.1.113x. ~~ 
l'DM/OLOGD CN0 0 PARTICLES/DNCM)',]OX,~CtPE9 0 2,lX},ttX,1PEQ,2) 21 

510 FQAHAT(lHo,2x.•GEO. "4EAN ~I•. (MfCROMET!RS)'eltX,TftP~•.2,tx,,1,1x 1~ 
t.'OM/DLOr.n tMG/ONCM)',41X,7(!P!9.2,1X),l/lX,'ONIDLOGO (NO, P&~Trr.L 29 
lES/ONC:"4J•,1ox,TctPE•.2.1xn JO 

3115 ~O~MAT(tHO,?X,'GEO, HEAN OJA, (MICR0"1ETfRS)'11tX,9(1Pf•,2.1x1,11,x ,1 
t.'~M/~LnGn (Mt./O~CMJ',2tX,Q(1PE9.2,tX),//3X,'ON/DLOGO (NO. PARTtCL l? 
tES/ONCM)' 1 tDX,9ttPEQ,2,1X)) 33 

&115 FORHAT(tHn.2x.'GEO, HEAN DI&, (MJCRnMETfRS)',1]X,8(1P'"·2,tX),//3X 34 
1.·~~/0LOGO (MG/ONCM)•,23x,8(lP!•.2.1x).1/lx,•nNJDLOGD (Nn. P&QTJCL 35 
t~S/ONC"'>'.12X.~(1PfQ,2,1X)) lb 

GO TO C26~.t0.3b0,360),MPACTY 37 
e J~ 
e FOR A BRINK tMPACTOQ USED IN A CONFt;uAAT?ON OF CVCL~NE.so.~1 •••• ss, 39 
c 5HTEHftoiTS 10 THllR 7G APPLY TO TME C&LCULH?ONS nF o~oLnC!),GFl'l~OCI1 un 
C ANO DNDL~(t). 41 
c a2 

lO IF(MC3)50.50.60 U3 •O NS.~S+l uu 
NStcNS•l 45 

c 4~ 

c DJFF(f) ts THE DIFFERENCE I~ THf COMMON LOGS OF THE STAGE 05o•s. ~7 
C UA 

OIFFCt>•ALOGtOCDMAX)•ALDGlO(evc1> 4Q 
OIFF(2)••L~Gtoccvcl)•AL0Gt0(0PC(1)) sn 
DO 1t ?•1.1o1s 51 

71 DJFFCI+2)•ALOGJOCDPCCI>l•AL0Gt0COPCCl+IJ) ~2 
OIFF(NS)•O~lo1n~ ~3 

c sa 
C DH~lO(T) JS A DIFFERENTIAL SIZE OISTRIKUTIO~ O~ A MASS AlSIS. 55 
c 56 

DO 72 I•l,~51 57 
72 ~MOL~Cl)•GGRNS(t)/OIFFCil 5R 

OHOLO(~S)aGGRNSc•l/DIFFCNS) ~Q 
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c 60 
c GEOMOfI\ ts THf GEOHETAtt MEAN OF THE STAG£ nso•s. &1 
c 62 

Gt.OMO Ct hSCHlT C nMA lil •C VC l) 6 "J 
CFOHO(l)•SQRT(CVCJ•OPC(l)) 64 
00 Tl I:J,NS1 ~5 

71 GEOMO(I)aSQRTcDPCCI•Zl•DPC(J•t>> 66 
GF0"4n(NS):o.1n1tn7•0PCC'7) 67 

c &8 
C ONDL~Ctl IS T~E ~UM8EP OF PARTICLES PtR ORV NOqMAL CUBtC M~TEQ ~q 
C ITS GEOMfTRtC MEAN DIAMETER ON T~AT STAG~, 70 
c .,, 

00 14 l:J,NS 7? 
7Q nNDLOCil=C<~.•OMOLOCll\/(RH0•3.t4t5q2•GEOMO(I>••3)l•l.Eoq 7J 

c 7~ 
C WRITE THE GfOMD(l),OMDLDCJ), AN~ nNDLOCI>. 75 
c 7& 

tr(MSw5)75,75,76 77 
7~ ~RITEc3,506) (GfQ~nc11.rat,8\,CDMDL~tI\,I=t,8),(0NnLO(l)1J•1,A, T~ 

GO TO 150 7q 
1& WRtTEC3,~07) fGEO~O(J),1:1,Q,,(DMOLOCll,1•1,~),(0NOLDfl),1•1,q) 80 

Gn TO 150 et 
c 82 
C FOR A BRtNI< IMPACTOR USfl) f'IJ A CON'1GIJFUTfON 0, 90,Sl,Stt., • ,S~,S' 81 
C STATEME~TS 50 THRU 1\G APPLY TO T~f. CALCU~ATtONS OF 0M0LDCil 1 GEOM0(1 ~u 
C ANO "NOLl'l (I)• 85 
c ~b 

50 tFC~nnlqn,qo,tnn 87 
lOO NSsMS+l ~e 

NSt•t.iS•l eq 
~IFF(1)•ALOr.torDMAX)•ALOG10(DPC(l)l qo 
on ttt 1:1,119 en 

tt\ "IFf(I+l)&ALOG\O(OPCCill••L~G1ncoPr.ct+t)l q2 
OTFFCNS):O.lOtOl q3 
on 112 t•t,N8t q4 

112 OM~LOCll:Gr.RNSCJ+l)Jnt,FCf) q5 
OMOLVCNS)sGGRNS(Q)/OI~FCNS) qb 
GEOMO(\):SORT(OMAX•OPC(l)) QT 
DO 113 1•2,NSt q~ 

11' CEOH~(J):SQRT(OPt(I•t)•DPCtl~l qq 
GEOMO(NS):n,101101•0PCCNSl> ton 
no 114 I:l,NS tn1 

114 ONDL0CI,=cr&~•nMOLOCT))/(RH0•3.t4t5q£t•G!OMD(tl••J))•l,fOq 102 
c 103 
c illPITE Tttf GfnMO(I),OMDLOCil, ANO rtNOLOCI>. tn4 
c tns 

IFCMS•5>tt5 1 tl5 1 tlb tnb 
115 ~RITf(3,50~) Cr.[OMOCil.Is1,7),COMOLOCil 1 t:t,7\,CONOLOCil1t•t,7) 107 

GO rn t5n tn~ 
tl6 ~R?TECJ,5nu1 (GEOMD(tJ,I:t,8),CDMDLOCI>,I=t,8),(0NOLDCl),J•t,8) lnq 

GO rn t5n 110 
r, ttt 
c FOR A BRYN~ JMPACTOR USED IN A CONFIGURATION OF s1,s2,s1 •••• ~5.SF •tz 
c STATEMfNTS qn THIW t31J APPLY Tl) TMF CALCUL.ATTnNS nF n'40LDCI>,r;EnMD(t 115 
c A t.i O fJ ~ID l n r Tl • 1 1 a 
c 115 

qo t.IS•MS+t 116 
MSM••~s-1 111 
OTFFC1l•Al0G10CDMAX)•ALOG10(DPC(2)' i\8 
DO 131 Ia\,M~~t 1tq 
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Ut OIFFCI+tl••LnGtOCOPCCI+tl\•ALOGlO(n~rcr+2)) t?O 
ntFFCMS)•n~1n101 t?t 
00 tl~ I•t.MS 1?2 

\3,2 OMnLDCI>•Gr.Rt..1sr1+2l/DIFFfil 1?3 
OMOLO (lilS) •GGRN" (Q) /CltFF (NS} 12LI 
GEOM0Ctl•S~RTcnMAX•OPCt2\) 1~~ 
DO 113 1•2.MS 12b 

t 33 GEOMO(Il•SQ~T(OPC(f)•DPCCI+l)) 127 
GfnMD(NS)a0 0 707t07•0PCCNS) 1?A 
no tlu I•t.NS t?q 

13'1 ONDLDCl)•Ctb.•OMOLnCill/tRHO•l~t41~Q~•GEOMO(l)t•3))•l.EOQ 1~0 
c 1lt 
c WRITE TME l;fOMO(I),nM['l.DCll, ANO rililOLC'ICI\ 1 t:\i' 
c in 

135 
1FtMS•5)135e1l~.tl6 13U 
WRJTf(3,50Q} (r.EOMOCtl.!•1.b),(CIMDLDfl\.tct,b),(DNDLOf!),tat,bl tl~ 
GO TO 150 ll~ 

136 wRIT~(l,510) CGfOMO(T).1•1,7),(0MOLOfJ\,Iat,7),(0NOLDCI),T•t,7l 1'7 
GO TO 150 13A 

261'1 NS•~ 1,q 
GO TO ?70 1an 

31:.0 NSsT tut 
270 NS1•NS+\ 1a2 

NSMtaNS•t lwl 
DIFF(1)•iLOG10fOMAW)•ALOG10COPCCl)l taa 
no 2'1 Ta! .~s ... , 1 ui; 

271 OJFF(J+1l••LnG1n(DPCC?ll••LOG10(0PCCT+1)) lU~ 
OtFFCNS\)•~.10101 147 
on ~12 I•t.NSt tuA 

272 OMl'lt.l'lCll•GGANS(t)/l"lIFFC1' 1uq 
GEl"lMl"l(l)•Sl'lRTcn>UX.OPCCtl) t'Iin 
nn 271 T•2.NS 1c;1 

?'Tl Gf0Mt'fll•5DAT(l'lPC(J•ll•DPCCt>l Iii? 
GEl"lMl"l(NS1)•0~T07107•1"lPC(N8) 1~3 
no 21a J•t.NSt t'Iia 

27/J f'lN~Ll"l(J)a((b~•l"lMOLOC!))/fRM0•3.14f5ql•G~OMDCil••3))•1.f09 1~5 
GO TO C275.Z7'5.375.375,,MPACTV !Sb 

c I '5 7 
c ~RITE THf GEnMO(J).DMDLDCI), •~D n~OLl"l(fl. l~A 

c 1 r;;q 
215 .. ?TTE!3,3t !5) rGF0M0(J],Ta1,CJ),(0MLerr1.I•t,q1, rnNOLOCJ1,I•t.Q) 1fi0 

GO Tn 150 tel 
375 ~AJTfrJ,b115l rr,FOMl"lC!),Tat,A),(D~OLOCTl1I•l.81,rD~OLl"lC1>.t•1·~l ,~, 
I SO CONTl"'l!f lbl 

RE TL'I<"' 1 f>ll 
ENl"l 1b5 

180 CiROS (1N T~Pf 

STOP ooonoo 
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SUBRC'.\llTI ~£ FPL OT CI, X, V) 1 c 2 
DATA S•1too.1,sv1100.1,RINC/\OO.l,LOTS/7/ 3 c 4 
RND(XX)sXX+StGN(.5,XX) 5 c 6 
J•l 7 
MOl)fcfl 8 
IF CJ) &O,tto,50 q 

~o MODE•l•CJ•l•CJ/2)} to 
ftO JXsRNDCSX.X) 11 

IVsRND(SV.V) 1l 
WR JTE CLOTS) MODE,JX,IY t3 
Jc•J 14 
IF <J> 10,10,05 15 

1»5 MODE•t•(J•l•(J/2)) l& 
WRITE CLOTS) MnOE 17 

7() RETURN t8 c t9 
ENTRY SCALF ocs,vs,xz,vz, lO 
MOOE117 21 
Sh:RIMC.XS 22 
SY•RlNC•VS l3 
lX:RNO(SX•lfl) 24 
tvsRND<SV•YZ) l'5 
WRITE CLOTS> MODE,JX,IY 26 
RETllR"I 27 

t 28 
ENTRY FCHARtXe,ve,w,H,TM) 211 
txsRNOCRINC•llll) JO 
tysRNO(RJNC•t4) 31 
JFCJX.lE.O) JltstO 32 
tF(tY 0 LE.Ol tvslO :n 
JSJN:tt553h (SIN( TH)) 14 
JCOS•&553b* CCOSCTH)) 35 
MOOf:tO )ft 
WRITE CLOTS) MODE,IX,JV,JSIN,JCOS 37 
IX•RNO ( s·x.xe) 38 
Iy:RNOCSV•VR) 39 
M0Dfa2 110 
WRITE CLOTS) MODE, Ix I IV 41 
RETURN 42 

c 43 
c 44 

E~iTRV FGR IO (!,ic,v,U,M) 45 
MOOE•2 llb 
lJCOcRNO(ShX) ll7 
YYO:RND ( SY•V} 48 
WRJTE(LOTS)MODE,IXO,IYO 4~ 
MQl'IE:t 50 
WRITE. (LOTS) HOOE 51 
MOOfaq 52 
MODE8•8 53 
LIMihM+\ 514 
IF CI.EQ.~•<tl2n GO ro 100 '55 
MY2:0 5& 
"4V1•0 ST 
MXts5 58 
MJC2••t0 l§q 
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lX•JXO 
GO TO 150 

IOO MY1•5 
MYi!s•tO 
"XtaO 
MXi!aO 
JV•fYO 

150 00 lOO JNDEX•t.Ll"tT 
LIJ81ND£X•U 
I'CI.EQel•(l/2)) GO TO 160 
Jh:s:lNOCSY•UI) 
JF(l.EQ.3) IV••IV 
IY•lVO+IY 
GO TO 110 

160 JXsRND(SX•Uf) 
fFCI.fQ.Z) IX••IX 
JX•JXO+I X 

170 wRITECLOTSJ "ODE.MXt,MVl 
WRITE CLOTS) M0Df,MX2,MV2 
~RITE CLOTS> MODf,MXt,M\'t 
IF (JNDEX.EQ~LIMIT) GO TO lOO 
WRITE(LOTS) HO~Ee,rx.rv 

lOO CONTINUE 
MnDE•O 
wRJTE CLOTS> MOOE 
AETUAM 
£NO 
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60 
61 
62 
6] 
64 
65 
66 
'1 
68 

'" 70 
71 
7Z 
73 
10 
75 
76 
11 
'~ 
79 
80 
81 
82 
"3 
84 
8'5 
86 



SUBROUTINE JOE1 
C•************************************************************************** 
C• 
C• 
C• 
C* 
C• 

SUAROIJTINE JOEt PLOTS THE FITTEO CUPVE FOR THE CUMULATIVE MASS 
LOADING (MG/ACM) VS 9 DIAMETER (MICRONS) • THE GRID HAS ALREADY 
BEEN ORA~N BY WALLV1. 

C*************************************************************************** 
INTEGF.~ VV 

c 

DOU8LE PRECISION XNOPEN(t0) 1VOC10) 
OOU~LE PRECIStnN DLOGto 
DIMENSION IOALLC80l,GEMAX(2)1GEMIN(2) 1DHMAX(2),0MMINC2> 1 DNMAX(2) 
DIMENSION ONMJN{2),0PHAXC2) 10PMINC2),CUMAX(2) 1 CUMINC2>1IDC80) 
DIMENSION OPCC8),CUHG(8),0MDLOCq),GEOMOC9),DNDLDCq) 
DlMfNSlON FllSPL(2),COECS0,3) 
DIMENSION XtC5t) 1 YlC51) 
COMMON IMPAC,lOALL 1 PHOt,GEMAX,GEMIN,DMMAX,DMMIN,DNHAX,DNHIN 
COMMON OPMAX,OPHJN,CUHAX,CUMIN,ISIZleISIZ2,18IZl 
COMMON tS,NFtT,!D,RHO,oMJN,TkS,POA,FGC~>.DMAX,DPC,cuMG,oHnLD 
COMMON GEOHD,DNDLO,GRNAH,MPLOT 1 DSMA 1VV 
COMMON ISIG,XMAX,XMIN,vHAX,VMIN,XS,vs 
COMMON CVC3 1MC3 1MOO,MS 
COM~ON XNDPEN 
DATA FILSPLl'FILSP','L8IN'/ 
CALL DEFINECtl,507,100,FIL8PL,It0 1 0,0,n) 

C NPOIN • N0 9 OF INTERVAL 80UNOAAV POINTS DEFINED FOR CUAV! FIT 
c TO LOGlOCCUMULATIVE MASS LOADING) vs~ LOGlOCDSO)~ 
C CXt,V\) • 80UNOAAV POINT VALUES 
C COE • FITTING SF.CONO OEGPEE P~LVNOMJAL COE!FIC?ENTS FOR !ACH OF 
C THE I~T INTERVALS, 
c 

READCtt'IS)NPOIN 
JNTaNPOI~•t 
RfADfl1'IS)NPOIN,CXl(ll 1I•l 1NPOtN),(Y1tI)1l•1 1NPOIN), 
l((CO~(t,J),Jst,~l1Ist,JNT) 

c 
C OSMA • SMALLEST DIAMETER PLOTTED FOR THIS RUN, FIRST VALUE OF 
C DIAMETER VARIABLE OLD IS SET HERE, 
c OLDF • LAST VALUE FOR WHICH CUMULATIVE MASS LOADING VALUE rs 
C FOUND, MERE JT JS SET • TO THE MAXIMUM X LIMIT OF PLOT 1 

c 
C NOTE1 THE EQUATION USES LOG10(0RtGINAL VALUE) SINCE THIS IS 
C FOR~ OF VARIA~LE USED TO OBTAIN FIT, Ct.E, BOTH DIAMETER ANO 
C CUM, MASS LOADING ARE PUT IN THIS FORM FOP FITTING,) 
c 

DLDaAL0G1 O COSMA) 
DLOF :XMAX 
IFCOMAX,LT~too.) DLDF•ALOG10CDMAX) 

c 
C THIS LOOP CALCULATES A LnGtOCCUM, MASS LOADING) FOR EACH 
C LOG10t0IAMETER) ANO PLOTS LOGtOCCUM, MASS LOAOtNG) VS, 
C LOGtOCOIAMETfR), 
c 

00 750 Ia1,01'11 
c 
C THTS L~OP FINOS THE INTERVAL NINT WHICH CONTAINS TH! DIAMETER 
C VARIARLE VALUE ~LD, 

c 
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1 
2 
3 
4 
5 
6 
1 
& 
q 

10 
11 
12 
tl 
14 
t5 
16 
17 
t8 ,,. 
20 
21 
i?2 
2J 
24 
2'5 
26 
21 
28 zq 
30 
31 
32 
n 
34 
35 
36 
H 
38 
39 
40 
41 
42 
43 
44 
45 
4b 
47 
48 
tl9 
50 
51 
52 
53 
51J 
55 
5b 
51 
58 
5q 



DO 20 K•Z,NPOJN •O 
J•K 61 
JFCOLD.LT.XtCK))GO TO 25 bZ 

ZO CONTINUE 63 
ZS NJNT•J•t 64 

c 65 
C CALCULATE LOGtO(CUMULATIVE MASI LOADING) PPP USING APPROPRIATE 2ND 66 
C DEGREE POLY. CDEEFICIENTS, CDECNINT,J).I•1,3a 67 
c 68 

c '' PPP•COE(NJNT 1 ll 70 
DO 30 L•2,l 71 
PPPsPPP+CO£(NJNT,Ll•OLD••(L•l) 72 

JO CONTINUE 73 
c 74 
C LOGtO(CUM• MASS LOAD.> VS, LOGlO(DlA~ETEA) II PLOTTED, 75 
C XNEX•XN UNLESS XNEX FALLS OUTSIDE BOUNDARIES OF GRID, THEN 76 
C FUNCTtON XVAL ASSIGNS A VALUE TO XNEX JUST OUTSIDE AXIS, 77 
c VVAL rs • SJHJLAA FUNCTION FOR YNEX, 78 
c n 

XNEX•DLD 80 
XN•XVALCXNEX,XMAX,XMJN,XS) 8t 
YNEXaPPP 82 
VN•VVAL(VNEX,VMAX,YMIN,YS) 83 
IFCI.EQ,t)GO TO 725 84 
CALL FPLOTCO,XN,YN) 85 
GO TO 730 86 

725 CALL FPLDTC•Z,XN,YN) 87 
c ft8 
C LOGtO DIAMETER ti INCAEM[NTED TO THE VALUf CORRESPONDING TO tltOO 8Q 
C INCH ,URTMfR ALONG THE AXIS CSMALlfST INCREMENT POSSIBLE) AND CHECK tO 
C MADE FOR LAST DESIRED DIAMETER. PLOTTING CONTINUES UNTIL OLD > OLD,, fl 
c •l 

730 DLD•DLD+.Ot/XS t3 

c "' ?FlOlO•OLOF)750,7f5,79! t5 
1,0 CONTINUE t6 
1'! CALL 'PLOTl+l,XN,YN) '1 

c •8 
C ~OVf PE~ T~ 8ASE LINE OF PLOT PAPER AND 4 1 ~NCH!S BEYOND X~AX. q~ 
C LEAVE PEN UP, AEAOV FOR NEXT PLOT CALLED. 100 
c 101 

qoo XNsXMAX+G,S/XS 102 
VN•YMIN•l.IVS 103 
CALL FPLOTCO,XN,VN) 104 
AETUA~ 105 
END 10~ 
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SUBAOUTINE JOE2 
C•************************************************************************** 
C• SUBROUTINE JOE2 CALCULATES AND PLOTS CHANGE IN MASS CONCENTRATION, 
C• DM/DLOG (MG/DNM3) VS PARTICLE OtAMETER (MICRONS) USING TH! 
C• OEAIVATJVE EQUATION FOR CUMUALTJVE MASS LOADING 'IT, POINTS ARE 
C• PLOTTED ON GRJO HADE BY WALLY2, A LINE PAINT OUT O' THE POINT 
C• VALUES IS MADE. A SIMILAR PLOT ANO PRINT OUTPUT ARE MADE ,OR 
C• CHANGE JN NO. CONCENTRATION, ON/DLOGO CNO/ONM3), THE GRID USED HERE IS 
C* PRODUCED JN WALLV3 1 

C•************************************************************************** 

c 

INTfGE~ VV 
DOURLE PRECISION XNDPENC10) 1YO(l0) 
OOURLE PRECISION DLOGtO 
DIMENSION IOALLC80l1GEMAXC2) 1G!MJN(2) 10MMAXC2),DMMtN(2l 1 DNMAX(2) 
DIMENSION DNMINC2l 1DPMAXC2) 10PMIN(2) 1CUMAX(2) 1CUMIN(2) 1JD(80) 
DIMENSION DPCC8),CUMG(8),0MDLD(9),GEOM0Cq),ONDLDC9) 
DIMENSION XlC5t),YtC51) 
OIMENSION FILSPLC2l1COEC5013) 
COMMON IMPAC 1 JDAll 1 ~HOt,GEMAX,GEMIN,OMMAX,OMMIN 1 DNMAX,DNMtN 
COMMON DPMAX,OPMJN,CUMAX,CUMJN,ISIZ1,ISrZ2,1sIZ3 
COMMON IS 1 NFJT,JD 1 RH0 1 0MJN,TKS 1 POA 1 FGC5),DMAX 1 DPC 1 CUMG,DMDLD 
COMMON GEOMO.DNDLD,GRNAM,MPLOT 1 DSMA,VV 
COMMON ISIG,~~AX 1 XMIN 1 VMAX 1 YMJN 1 XS,yS 
COMMON CYC3,MC3,M00 1 MS 
COMMON XNOPEN 
DATA FILSPLl'FILSP•,•LBIN'/ 
C•Ll OEFINEC11,so1,100,FJLSPL,Ito,o,o,o) 

C ISIG•1 • FINDING CHANGE JN MASS CONCENTRATION, DM/DLOGD 
C ISJG•b • FJNnING CHANGE IN NUMBER CONCENTRATION, DN/OLOGO 
c 
c 
C WRITE COLUMN MEADINGS AT TOP OF PAGE ON LINE PRINTERI 
C 'INTERVAL', 'DIAMETER•, ANO 'CHANGE fN MASS CONCENTRATION (MG/DNM!)' 
C OR 'CHANGE IN NUMBER CONCENTRATION (NO~/DNMl)'• 
c 

c 

IF(ISIG.fQ.\)WRITECl 1 140lI0 1 RHO 
IFCISJG.EQ.b)WRITEC3,i40)ID,RHO 

C DIVIDE THE X AXIS RETWEEN .25 MICRONS AND 100 MICRONS INTO 35 
C LOG!O INCREMENTS. EACH OF THESE INCREMENT LOGlO DIAMETER •SLOTS• 
C WILL HAVE CORRESPONDING CHANGES IN MASS AND NUMBER CONCENTRATIONS. 
c HERE, DJNC = CLOG1oc100,o)•L0GlOC.25)l/35 •• 0114285714 AND 
C IS THf INCREMENT BET~EEN VALUES OF THE INDEPENDENT VAR!A8L£ 01 
C : LOG!OCDIAMETER), 
C ACTUALLY THE CALCULATIONS HERE USE TH! DERIVATIVE EQUATION 
C C2ND 'DfLM• BELOW) WM!CH GIVES THE LIMTT OF THIS CHANGE AT THE 
C JN~JCATfD DIAMETER, 
c 

c 

DJNC• • 071 tJ~851!4 
D!:sALOGtOC.251 
DLDF' s XMAX 
IF(OMAX,LT,100,) DLDF • ALOG10CDMAX) 
READCtl'IS)NPOJN 
JNTsNPOJN•t 
READC11'1SlNP~IN 1 CXlCI) 1 !•1 1 NPOIN),rVl(I)1I•1,NPOJN), 

1CCCOECI,J),Jst,3),J:t,JNT) 
00 1 O o I• 1, 5 0 
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1 
2 
! 
4 
5 
b 
1 
e 
q 

10 
11 
12 
ll 
14 
15 
1b 
11 
18 
19 
lO 
lt 
ll 
23 
i'" 
25 
lb 
n 
28 
lq 
30 
31 
32 
33 
]4 
35 
3b 
37 
38 
3'f 
II 0 
41 
42 
43 
44 
4'5 
46 
47 
48 
119 
50 
51 
52 
51 
511 
55 
So 
§7 
58 
59 



c Dt•LOGtocnIAMETER). THtS IS VARIABLE USED FOR FITTING AND PLOTTING. 60 
c DPLOTaOIAMETfR (MICRONS). TMIS ts PRINTED VALUE. 61 
c 62 

DPLOTato.o••Dt 63 
c 64 
c 65 
C DETERMINE THE INTERVAL OF FITTING, NINT, IN WHICH THE DIA~fTfR 66 
C LIES. b1 
c 68 

DO 320 Jsz,NPOIN 6Q 
K:J 70 
IF(Ot.LT.Xt(K))GO TO 125 11 

120 CONTINUE 12 
325 NINT•K•t 73 

c 74 
C CALCULATE DERIVATIVE OF FITTEO POLYNOMtAL, DELMe 75 
C CNOTE1 THIS IS DERIVATIVE WITM RESPECT TO LOGtOCDIAMETER.) 76 
c 11 

DELl•COECNINT,2>+COECNINT,J)•l•Dt 78 
lG] PPPacnEcNJNT,t) 7q 

DO ]GO L•2,3 80 
]44 PPP:PPP+COfCNJNT,L)•Ol••CL•tJ ~l 

OELM=~ELt•Cto.o••PPP)•2.l02585 82 
c 83 
C FIT •AS MA~E TO CUM• MASS POINTS I~ MG/ACM. THtS STEP CONVERTS 84 
C TO MG/ON"4J 0 85 
c ~6 

GS OELM•(OELM/((2Q4.0•POA)/(TKS•t.OJ))/CCtOOan•'G(5))/l00eOJ 81 
c 88 
C GIVEN OfNSJTY OF PARTICLES AND CHANGE IN MASS CONCENTRATION, 9q 
C CHANGf JN NO. CONCENTRATION IS CALCULATED. 90 
c 91 

DfLN•CC6.•0fLM)/(RHO•l.lOt5•2•(0PLOT••J)))•l.OEO• •2 
c 93 
C DEL Cl~ REPRESENT EITHER CHANGE IN MASS CONCENTRATION CISIG•t) •a 
C OR CMANr,E IN NO. CONCENTRATION CISIG•6,, q5 
c Q6 

IFCISIG.EQ.l)OEL•DELM QT 
IFCISTG.E0.6)~EL•DELN qe 

c ,q 
IF(OEL)b0,b0,b5 100 

c 101 
c AN EXTAE"4ELY LOW LOW ARBITRARY LOGIO VALUE IS ASSIGNED TO ANY CHANGE 102 
C WHICH IS O nR NEGATIVE ACCORDING TO THE FUNCTION. CNOT POSSIBLE 103 
C PHYSICALLY) tOll 
c 105 

60 DEL=•SO,O 106 
GO TO 70 UT 

c 108 
C LOG10C0EL> IS THE PLOTTEI'> 'I VARIABLE FOR A w[LL 8EHAVED FUNCTION. lOCJ 
c 110 

b~ DEL•ALOGtOCOfL) 111 
c 112 
C XVAL ANO 'IVAL CHECK FOR VALUES OUTSIDE LIMITS O~ TME PLOT AND 113 
C GIVE ANY SUCH P~INT A YALU! WHICH ~ILL PLOT .z5 JNCH!S OUTSIDE 114 
C TME GRJf\• t15 
c 116 

TO XNaXVALCDt,XMAX,XHfN,XS) 117 
Y~•YVALCDEL,YMAX,YHIN,VS) 118 
CALL FPLOTCO,XN,YN) 11• 
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CALL SYMBOL(~,.~•> 120 
IFCOfL.LE.•SO.O)GO TO 72 121 

c 122 
C THE CHANGE IS CONVERTEO FAOM L0Gt0 VALUE FOR PRINTING. 121 
c 124 

D!LstO.O••DEL 125 
c 12& 
C WAITE OUT 'SLOT NUMBER', DIAMETE~ (MICRONS), AND CHANGE IN 127 
C MASS (OR NUMBER) CONCENTRATION IN MG/DNM3 COR IN NO.IONM3). 128 
c 12q 

WRITEC3,t45)f.OPLOT,DEL 130 
GO TO 73 tll 

c 132 
C WRITE OUT THE SLOT NUMRER, DIAMETER (MICRONS), AND 'NON•INCREASING' 133 
C H' FUNCTION INDICATES SllCHe THIS IS A •FLAG• TO SHOW UNDESIRABLE 134 
C 8EHAVIOR OF THE FITTING FUNCTION. 135 
c 136 

72 WRITECl,148)!,0PLOT 137 
c 138 
C ITERATION CONTJNUES USING LARGER AND LARGER Oil~ETER VALUES llq 
c CJNCREASE LOG1oc1ooo•OIAMETER) 8V DINC, UNTIL DIAMETER IS LARGER 140 
C THAN DIAMETER CUT POINT OF tST STAGE (OR CUT POINT OF CYCLONE>. 141 
c 142 

73 JFCOt,GT.OLOF)GO TO 101 143 
75 Ot•Ot+DINC 144 

100 CONTINUE 145 
c 14b 
C RETURN PEN IN ttP POSITION TO 8AS£ Y LINE op; Pl.OTTER, ANO 2 l"'ICl-41!8 147 
C BEYONO XMAX TQ BE R!AOY FOR NEXT PLOT, 148 
c 14q 

101 CONTINUf \50 
XN•XMAX+4.5/XS 151 
YN:VMJN•2,/YS 152 
CALL FPLOT(O,XN,VN) 153 
PETURN 154 

140 FORMATClH1 1 // 1 80A1/ 1 lX,'RH0• ',F4 1 !,' GMICC'll,5fX,'CHANGE IN'/ 155 
1,AX,•JNTERVAL•,1ax,•01AMETER',qx, 1 M1SS CONCENTRATION'/, 156 
2~0X,'(MJCRONS)•,tlX,'(MG/ONMl)'//) . 157 

240 FORMAT(lHl,ll.~OAll,1X, 1 RHO• •,F4 1 2,• GMICC'll,51X,'CHANGE JN•/ 158 
1,eX,'JNT£RVAL•,1ax,•otAMETER•,8x,•NuMBER CONCENTRATION'/, l5Q 
230X,'CMICRONS)',tlX 1 '(NO/ONM]) 1 //l l&O 

145 ~ORMAT(1tX 1 IZ,4X,2Ct3X,tPEQ 1 2)/) 1&1 
148 FORMATCttx,12,11x,tPEQ.2,10X,'NON•INCREASING'I) l&l 

ENO 1&3 
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sueRnUT!NE LAAEL (KNT,XS,YS,YMAX,XMtN) 
C•************************************************************************** 
C• 
C• 
C• 
C• 
C• 
c• 
C• 
C• 

SUBROUTINE LABEL IDENTt,IES TME ORDER OF DATA SETS PLOTTED KNT 
WITH THE SVMROL USED TO oqAw THOSE POINTS, THIS SUBROUTINE IS 
CALLEO AND TME 'LAREL' WRITTEN ABOVE A GRAPH WHERE MORE THAN t SET 
OF DATA M&V BE PLOTTED~ (NOTE' KNT JS NOT NECESSARILY TH' SAH! AS 
THE RUN NUHB~R OR Fil! NUMR!R IS 48 GIVEN !N TH£ CALLING 
SUBROUTINES WALLYt, wALLVZ, AND WALLY]~ 

C•************************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 

c 

KNT - TEST NUMBER cuRq[NTLY BEING PLOTTED, 
lCS • X SCA.LE. 
VS • V SCALE. 
YHAX • MAXIMUM VALUE OF THE Y AXIS, 
XHTN • MINIMUM VALUE OF THE X AXIS, 

XCS•,12 
YCS= 1 t2 
LNT=l<NT 
IF (KNT•5) 20.zo.10 

10 LNhKNT•5 
YN•YMAX+C,15/V8) 
GO TO 10 

lO YN•YHAX+(l 1 0/VS) 
JO lCN•XMJN+CLNT•ll•Cl 1 l51XS) 

CALL FCHAR CXN,YN,xcs,vcs,o.> 
WRlTf(1 1 1) KNT 

t FORMAT(tX,•T!ST •,1z,·-·.zx,•,•) 
XN•XN+Ct 1 0/lCS) 
VN•YN+C0,05/YS) 

C THIS SURROUTJNE: DIUlllS THf SYMBOL USEtl 'OR POINTS ACCORDING TO 
C CODE ~WT AT C~N,YN) 

c 
CALL PJONT (K~T,X~,VN) 
RETURN 
ENO 
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1 
l 
3 
4 
s 
• 1 
8 

' 1 0 
ll 
u 
1l 
14 
t5 
Ut 
11 
18 .. 
20 
21 
22 
l3 
24 
25 
2ft 
27 
Z8 
zq 
JO 
Jl 
32 
33 
34 
35 
36 
3'7 
38 
3q 
40 



SUBROUTINE LGLBLCXs.vs.xo,vo,L,E,K) 1 
c 2 
C (XO,VO) ARf THE COORDINATES CORRESPONDING TO THE FIRST LOG CVCLE TO 3 
C BE IOENTIFlED. a 
C PEN HAV Bf UP OR DOWN 5 
C THE ID£NTIFlCATJON IS TO THE LEFT OF THE V•AXJS ~ 
c 1 
C XS • X•SCALE FACTOR, INCHES/USER'S UNITS 8 
c VS • v.scALE FACTOR, INCHES/USER'S UNITS ' 
C XO • INITIAL X•VALUE, 10 
C YO • INITIAL V•YALUE, 11 
C L • NUMBER OF LOG10 CYCLES 12 
C E • EXPONENT OF FIRST CYCLE +,O,• 13 
C K • 0 FOR LABELING ON RIGHT SIDE OF Y AlCIS 14 
C K • l FOP LARELTNG ON LEFT StOf OF Y AXIS 15 
c lb 

1 
2 

FORM A TC' 10') 
FORMAT( llf, 13) 

t1 
18 

c t«J 
Xt<•X0•0.11XS 
)(l(K•X0•0,4/)(8 
L•L+l 
VV•VOe0,015/VS 
DO too I•l1L 
X•I•l 
VN•X+VV 
)(•£+)( 
lYN•X 

20 
21 
lZ 
23 
24 
25 
26 
n 
ze 

c 2' 
IF(ARSCX)•t0.0)20110110 30 

c 31 
10 

zo 
Fs0,2 
GO 'TO lo 
F•O,t 

12 
:n 
'S4 

c 15 
10 IFCIVN) 40,50,50 'Sb 

c 31 
140 F•F+0 0 l 3fl 
50 IF(K) 55,bO,~S JQ 
55 Xt<:XO•CO.Q+F)IXS 40 
&O CALL FCHAR(Xk,VN,0.15,0,1~.o.o) 41 

WR?Tf(7,t) 42 
YNEsYN+0 1 1/VS 43 
IF(K)~0,7o,8n 44 

10 XXK~XK+F/~5 45 
80 CALL FCHAR(XXK,VNE,o,1,0.1,0,o) 46 

"'RlTE(T,2) IVN 41 
\00 CONTINUE 48 

L•L•l 4q 
c 50 

RETURN !1 
E~m §2 

&O CA~CS ON TAP£ 
STOP 000000 
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SUBROUTINE "EAN 1 
c z 
C THIS IU8ROUTtNE CALCULATES THE MOLECULAR MEAN 'REE PATH lT EACH 3 
C STAGE JET IN CENTIMETERS. 4 
c 5 
c 6 

REAL ~M,HU,L(8) 7 
COHHONl8LOCKt/P9(8),MU 8 
COHMON/BLOCKZ/TKl1MM,L • 
C0MH0~/8lDCKS/NCUM 10 
8Z•t.JIE•t&•J,t415• 11 
no 30 l•t,NCU" 12 
LC1)•CZ,O•MU/(PSfl>•l,OlJZ5E06))•CIQRTCCBZ•TK1•6t2,3E21)/(A•MM))) ll 

30 CONTINUE 14 
RETURN 15 

END 16 
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SURIH'llJTJNf Nl'TRI( P 1 X1 0 1 tE ) 1 
C COPIED FROM 18M 3~0 SCIENTJ,JC SUBROUTINE PACKAGE i 

IE a o J 
X •.9~99E+70 4 
0 • )( 5 
I' tP) t,1,z 6 

l IE • •2 1 
GO TO 12 8 

l l' CP•l.O> 1,5,1 ~ 
• x • •• qqqqof+Ta 10 
s D • n.o tt 

GO TO 12 12 
1 D • P 13 

IF CO•O .S> q,q, 8 t 4 
8 D • l.O•D 15 
9 T2 : A~OG(t.Ol(O*D)) t6 

T • SQRT<T2) 17 
X • T.( 1,515517+0,&0i85l•T+O,Ol0]l8•T2)/(1•0+1e432788•T+0.1892•9* 18 

1 T2+0.001l08•T•T2l 19 
If (P•0.5) 10,10 1 11 20 

10 X • •X 21 
11 [) • o.398qo2J•EXP(•hX/2~0) 2l 
li RETURN 23 

END 24 
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SUBROUTINE PIONT (KNT,XN,YN) 
C*************************************************************************** 
C* 
C• 
C* 
C• 

SU8AOUfINE PJONT DRAWS DIFFERENT POJNTS FOR EACH RUN OF AN 
IMPACTOP. IT CAN DRAW 10 DIFFERENT POINT SYMBOLS, I.!. 0 c KNT c tie 

C*************************************************************************** c 
c 
c 
c 
c 
c 
c 

c 

KNT IS THE TEST NUMBER TMAT IS BEING RUN, 
XN IS THE X POSITION OF TH! POINT BEING PLDTED 
YN IS THE Y POSITION OF THE POINT REY~G PLDTEO, 

HOYE PEN TO POINT CXN,YN) ANO LOWER PEN WITH THIS CALL TO 

CALL FPLOTCO,XN,VN) 

C G~ TO THE LOCATION FOR OES!R(O SYMBOL. EACH LOCATION USES A CALL 
C TO PLOTT(R 8U0AOUTINE POINT(N) WHICH CAN DRAW +, X, IOUAAl, OR 
C CIRCLE FOP N a 0,1,2, nR 1 R!SPECTJVFLY, COMBINATIONS OF THESE ARf 
C ALSO USED ALONG WITH OTH~R PEN MOVEMENT COMMANDS TO DRAW 10 
C DIFFERENT SYMBOLS, 
c 

c 
C THf FIRST RUN HAS THf SYMBOL OF A SQUARE, 
e 

e 

t CALL SYMROL(t,,tO) 
RfTUIH~ 

C THE SECOND RUN HAS TH[ 8VH8DL OF A TPJANGL!, 
c 

c 

? CALL SYM80L(2 1 ,JO) 
RETURN 

C Hff TH!RO Rll~ HAS THE IVMROL O' A C!ACLE, 
c 

J CALL SYMBOL(J,,10) 
RETUi:!N 

C THE F~URTH RUN HAS THE SYMBOL OF +, 
c 

c 

0 CALL SYMBOL(U,.10) 
Rf TURN 

C THE FIFTH RUN HAS THE SYMBOL 0, X1 

c 

c 

5 CALL SYH80L(5,.10) 
RETURN 

c THE st ICTH RUN 1-4AS THE SYMBOL 0, *I 
c 

c 

6 CALL SYM~Ol(~-.10) 
Rf'TUR"' 

C THE SfVfNTH RUN HAS TH! SYMBOL 0' A SQUAR! ~ITH A X1 

c 
1 CALL SY~BOLCl,,10) 

CALL SVM80LC5, 1 10) 
R[TURM 
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l 
l 
l 
II 
'5 
b 
7 
8 

' so 
1l 
u 
13 
14 
15 
u 
11 
l8 
1' 
20 
Z1 
22 
ll 
Z4 
Z5 
Z6 
n 
ze 
2• 
~o 
31 
Ji 
31 
JG 
15 
]b 

J? 
~e 

19 
110 
41 
4l 
Al 

"~ 
05 
46 
17 
48 
49 
50 
51 
52 
51 
5G 
55 
56 
51 
58 
59 



c 60 
c TME EIGHTH RUN HAI THE SVM80L OF A SQUARE -ITH A +. 61 
c f,2 

B CALL SVM80L(1,~10) n 
CALl SVMBOl(G,.10) 64 
RE TUAN 65 

c 66 
c T~E NINTH AUN HAS TH£ SYMBOL OP A CIRCLE WITH A x. 67 
c 68 

ff CALL SVM~Ol(l,.10) 69 
CALL SVM80L(5,~l0) TO 
RETURN T1 

c n 
c THE TENTH AUN HAS THE SYMBOL 0, A CIRCLE WJTH A +. n 
c T4 

10 CALL SYMBDL(l,~10) T5 
CALL SVM80Lt4,.10) 16 
RE TUAN T7 

c T8 
c ANV NUMBER OF SYMBOL OF THE ABOVE CAN 8E USED FOR OATA POINTS, n 
c ALSO ANY SYMBOL FROM THE CARD PUNCH CAN ALSO BE USED TO SHOW A 80 
c DATA POINT• Bl 
c 82 

ENO 83 
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SU8AOUTtNE lfMQ(A,8,N,KS) 
DtMENS!ON A(1) 1 8(1) 

C FORWARO SOLUTION 
TOL•O.O 
KSaO 
JJ••N 
00 65 J•t,N 
JY•J+t 
JJ•JJ+N+t 
8IGAaO 
IT•JJ•J 
DO 30 l•J,N 

C SE&RCM FOR MAXIMUM COEFFICJ!NT IN COLUMN 
IJ•IT+I 
IFCA8SC8lGAl•AASCAClJ))) 20,30,30 

lO RIG••AC IJ> 
IMAlll:J 

30 CONTINUE 
C TEST FOR PIVOT LESS TMAN TOLERANCE CSINGULAR MATRIX) 

IFCA8SCIIGA)•TOL) 15,35,40 
35 KS•t 

Rf TURN 
C ll\ITERCHANGE ROWS IF NEC!SSARY 

40 It•JHl•(J•2> 
IT•IMAXeJ 
DO 50 K•J,N 
It•tt+N 
Il•ll+IT 
UVE&A(lt) 
ACithA(ll) 
HI2'81H'E 

C OlVlP[ [QUATJON BY LEADING CO!,FtCJ!NT 
50 ACJt)aACil)/8?GA 

SAVfaR(JMAX) 
8(tMAX)a8(J) 
R(J)cSAVf/RIGA 

C ELIMINATE NFXT VARIABLE 
!FCJ•N' 55,70,'55 

55 TQS2N•(J•t) 
DO ~5 lhJY,N 
JC:IQS+!llC 
tT:J•!X 
DO bO JXr::Jv,N 
IXJX•N•(JX•l)+J)( 
JJX•IXJx+IT 

bO A(~~JX)•AC!XJllC)•CACIXJ)•A(JJX)) 
~5 8C!X)r::8(1X)•(B(J)*A(JXJ)) 

e RACK SOLUTinN 
70 NVOI•! 

IT•~'*"' 
00 "O Jet,NV 
IUTT-J 
IB•~•J 

IC•"' 
00 80 K•!,J 
BCTA>•BCI~l•ACt•>*A<IC' 
IA•IA•lll 

eo IC•IC-1 
Rf TURN 
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UMQ l 
SIMQ 2 
SJMQ 3 
SIMQ Q 
SIMO '5 
Slf'IQ b 
SI"4Q 7 
SI"4Q e 
SIMQ q 
SI MQ 1 0 
SIMQ t 1 
SIMO 12 
SIMO t ! 
SIMQ t4 
SIMO t'5 
SI "4Q 1 b 
SIMQ t7 
SIMQ 18 
SIMQ t q 
SIMQ 20 
SIMQ 21 
S PH~ 22 
SIMQ ll 
SIMO 24 
SI MQ 2'5 
SIMQ 26 
SI "4Q Z7 
sI"'rJ 'le 
SJMQ 2q 
SJM() 30 
SJMQ 31 
SJMQ :52 
SIMO B 
SIMQ 34 
SJMQ 15 
SJ1i4Q 3b 
SI MQ ]T 
SJMQ 3e 
SIMQ H 
SIMQ 40 
SIMQ 4 l 
SIMQ 42 
SIMQ 43 
SIMO 114 
SIMQ 11'5 
SIMQ 4b 
SI"'Q 11'1 
SI MQ 48 
Sl"'Q aq 
SJMQ 'SO 
SIMQ 51 
SI MQ 52 
SIMQ 53 
SI MQ 54 
SJMQ 55 
SIMQ 5fl 
SJMQ 57 
SIMQ 58 
SI MQ '}Q 



SIMQ 60 
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C*************************************************************************** 
C• 
C• 
C• 
C* 
C• 
C• 
C• 
C• 
C• 
C• 
C• 
C• 

,UNCTION SL IM 'JNDS THE MUJMIJM OR MINIMUM LIMITS OF A GRID a 

MAXMIN a O IF SLIM IS TO FINO THE MJNIMUM LIMIT. 
MAXMJN • 1 I' SLIM IS TO FIND THE MAXIMUM LIMIT 0 

AlIMJT 
ALI HIT 

• THE SMALLEST VALUE TO AE PLOTTED IF MAXMIN • O, 
• THE LARGEST VALUE TO BE PLOTTED IF MAXMIN • 

FOR EXAMPLE SL!M(0 1 •1 1 l) WOULD RETURN SLIM • •ZaO • 
SLJM(t,3,4) WOULD RETURN SLIM • a.o, 

C••************************************************************************* 
LIHJTaALIMJT 
DIFF•ALIMIT•LIMJT 

c 
If"fMAlCMJN)t,1,2 

t IFCDIFF)3,S,r; 
l IFCOIFF)5,s,a 

c 
c 
c ALIMIT 18 A NfGATIVE REAL ANO LOOKING FOR A MINIMUM, 
c 

3 SL JM•L IMIT•t 
GO TO b 

c 
c ALfMJT 18 A PnSITIVE REAL ANO LOOKING FOR A MAXIMUM 0 

c 

" SUM•LlMIT+t 
GO TO b 

c 
c •LIMIT rs AN INTEGER ANO LOOkJNG ,OR EITHER • MAXIMUM OR • HINJMUMt 
C ALTM!T II NEGATIVE REAL ANO LOOKING FOR A MAXIMUMS 
C OR AL!MJT IS A POSITIVE REAL ANO LOOKING FOR A MINIMUM, 
c 

c 
u Rt. Y1;"•· 

f~['\ 
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l 
2 
3 

" s 
b 
1 
e 
q 

10 
11 
12 
13 
l4 
15 
u 
17 
18 
sq 
20 
21 
22 
23 
24 
25 
lb 
21 
2l' 
2«1 
10 
31 
32 
33 
34 
35 
lb 
:n 
38 
1q 
40 
"1 



c 
c 

SUBrtOUTJN! STAG! 

C THIS SURROUTJN! CALCULAT!S THE PRflSURE AT !ACH STAG!. 
c 
c 

REAL MU 
COMMON/8LOCKt/P8(8),MU.POA.DPA.TCI.,GC!>.D!LP(8,4) 
CDMMONIBLOCK!/MCUM.MPACTY 
DD to ht ,NCUM 
PSC!)•POA•D£LPtl.MPACTY)•OPA 

10 CDNT!NU! 
R!TUrtN 
END 
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IURRDUTINE STATPTCNDKl,NnCDN,OPLOT,BYD.DLU,DLL,XMAX,X"IN,yMAX, 
tyMIN 1 XS, YS) 

C••************************************************************************* 
C• 
C• 
C• 
C• 
C• 
C• 
C• 

SUBROUTINE STATPT PLOTS A POINT AVD ALONG WITH 
LIMITS ClU AND CLL VS, DPLOT ON LOGtO SCALE IF 
OR ON NORMAL PA08A8ILITV SCALE tF NDKt • t. IT 
ONLV IF NOCON a 1e 

ITS CONFIDENCE 
NDl<l • 0 
PLOTS AVD 

C• 
C•************************************************************************** 
c 

c 

AVD:RVD 
CLU•DLU 
CLL•DLL 

C IF NDl<t c 0 1 LOGlO OF DPLOT, CLU, AVD, ANO CLL ARE TAKEN 
C JN ORnER TO PLOT. 
C IF NDkl • 11 OPLOT COMES INTO SUBROUTINE STATPT ALREADY AS 
C LOGlO OF DUHETERe THE PLOTTED Y VALUES AT THIS DIAMETER CCLU, 
C AVD, AND CLL) MUIT BE FOUND BY SUBROUTINE NDTRJ ~HJCM CHANGFS 
c TME VALUE TO ITS NORMAL PR08ARILITY SCALE EOUIVALENT,vv. 
c 

c 
c 
c 
c 

101 

tOT 
1 OR 
ioq 

11 l 
1111 

c 
c 
c 
c 
c 

tFCNOMt.EQ.llGO TO tt2 
IFCNOCON.EQ.t)GO TO 108 

JF nPLOT, CLL, AVD, AND/OR CLU c o~ • o.o. THAT VARIABLE(S) SET 
• •50.0 JNSTEAn OF TAKING LOGtO. 

IfCCLU)tOt,101,1oz 
CLU••50.o 
GO TO ins 
CLUULOGtOCCLU) 
JFCCLL)106,106,l07 
CLL••SO.o 
GO TO 1 OR 
CLL .. LOGlO(Cl.L) 
JFCAV0)10q,tnq,t11 
AVD~•'50.0 

GO TO 111 t 
AVOcALOG!OCAVO) 
DPLOTsALOGtOCDPLOT> 

,UNCTIONS XVAL AND YVAL GIVE THE PLOTT!D VARUBL[ I. 
V4LIJE JUST OUTSIDE THE PLOT GIUO IF tT EXCEEDS 
PLOTTING LIMITS. OTH!RWISE TME VALUE IS UNCHANGED. 

112 XNsXVl.l(DPLOT,XMAX,XMJN,xS)•.OJ/XS 
c 
c IF NOCON • o, PLOT AVERAGE AND CONFJDfNCE LIMITS CLL AND etu. 
C IF NOCON • t, Pt.OT ON~Y 4VEAAG[ VALUE AVDe 
c 

c 
C THIS SECTION ,JNOS VALUE OF UPPER CONFIDENC! LIMIT 
C CLV ACCORDING TO SCALE USED AND DRAWS A BAR, 
c 

544 

1 
2 
l 
4 
5 
6 
1 
8 
q 

10 
11 
12 
t3 
14 
t~ 
16 
l '7 
18 
tlJ 
20 
21 
22 
23 
20 
25 
26 
ZT 
2l\ 
2q 
30 
31 
lZ 
33 
34 
3'5 
lb 
37 
38 
3q 
IHI 
41 
4Z 
43 
40 
45 
46 
41 
48 
4q 
50 
51 
52 
51 
54 
55 
56 
57 
'58 
r;q 



c ft() 
c IF CLL ~ .qqqq, SET YV • ARBITRARY NUMBER • VMA~. &1 c 6l 

IFCCLL•.QQQQ\510.~10,sos 63 
505 vvaa.o 64 

GO TO 406 65 
c 6& 
c IF CLL c .0001, SET VV a ARBITRARY NUMBER c 8 0001, 61 c 68 

510 IFc.ooOt•CLL)~201520,515 '9 
515 vvs.11,0 70 

GO TO 406 11 
520 CALL NOTRICCLL,VV,D,IE) 12 

GO TO 40~ 7l 
40§ VV•Cll 74 
006 VN•VVAL(YV,VMAX,V~lN,VS) 75 

CALL FPL0TC•2 1 XN,YN) 76 
)(llla>CN+ 1 06/XS '1T 
CALL FPLOT(O,XN,VN) 78 
XNalCN•,03/lCS 7q 
CALL FPLOTCO,XN,YN) 80 

c 81 
c TMlS SECTION FINDS VALUE OF AVERAGE AtCORDIN& TO 82 
c SCALE USED, DRAWS LINE FROM CLL DOWN To THAT POINT, 8J 
c AND DRAWS CIRCLE. NOTE • IF NOCON • t, ONLY THIS 84 
c CIQCLE IS DRAWN (WITHOUT CON,IOENCE LIMtTS), 85 
c 86 

108 IF<ND~S,EG,O)GO TO 410 87 
1FCAVO•,QQQIJ)560,560,555 88 

555 vv•o.o "' GCl TO 411 qo 
S•O IFc.ooOt•AVD)~7o,570,S65 tat 
565 VV••4 1 0 en 

GO TO 411 Ql 
570 CALL NDTRI(AVo,vv,o,tE) '" GO TO 411 IJ5 
410 VV:AVD ,,, 
411 VNaVVALCYV 1 YMAX 1 YHIN,YS) •n 

CALL FPLOTC01XN,VN) «a8 
CALL SVMBOL(IJ,.04) qq 
IFCNOCON,fO,t)GO TO "17 tno 

c 101 
c THIS SECTION FINDS VALUE OF LOWER CONFID!NCE LI HIT tOZ 
c CLL ACC~ROING TO SCALE USED, DRAWS LIN! ,ROM AVD TO THAT POINT, 103 
c ANO DRAWS A BAR, 1~4 
c 105 

IFfNDKt.EQ 0 0)GO TO 415 10b 
IF(CLU•,IJQ~Q)580,580,575 107 

575 YV•U 0 0 108 
GO TO tit& u~q 

§80 IF(,0001•CLU)5QO,Sqo,ses ttO 
585 vva.4,0 111 

GO TO G\& 112 
'JtaO CALL NDTRICCLu.vv,o,IE) l 13 

GO TO 416 11" 
415 YV•CLU 115 
Otft YN•YVAL(VV 1 YMAX 1 VMIN,Y8) l 16 

CALL 'PLOTCO,VN,VN) 117 
XN•XN•,03/lCS 118 
CALL FPLDTfO,)(N,VN) 1U 
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XNeXN+e06/XS 
C RAISE THE PEN, "AKING IT READY TO GO TO POINT CORRESPONDING TO 
C NEXT SllE DtA"ETER. 

017 CALL FPL0Tf•t,XN,VN) 
RETURN 
END 
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SUBROUTINE STPLOTC!DALL,RHO,IMPAC,NDK,PDMAX,PDMJN,DXMAX,DXM!N, 1 
1rsrz,xs,vs,xMAX,XMIN,YMAX,YMIN) 2 

C*************************************************************************** 3 
C• a 
C• SURROUTINE STPLOT MAKES THE FOLLOWING GRID FOR GIVEN 5 
C• VALUE OF NOKi 6 
C• NDK a •l • AVG, CUMULATIVE MASS LOADING CIN MG/ACM T 
C• nN LEFT AXIS, IN GR/ACF ON RIGHT AXIS) e 
C* NDK a 0 • AVG, DM/DLOGO (JN MG/DNM3) 9 
C• NDK • l •AVG. DN/DLOGD CIN NO/ONMl) tO 
C• ALL OF THE ABOVE PLOTS SHOW PARTICLE DIAMETER (MICRONS) 11 
C• ALONG THE ABCISSA 1 t2 
C• THE GENERAL IDENTIFICATION LAREL ID AND DENSITY RHO tl 
C• ARE PRINTED ABOVE T~E GRID, 14 
C• t 5 
C*************************************************************************** lb 
c 17 

DIMENSION IDALLC80),POMAXC2),PDMINC~>,DXMAXC2),DXMINC2) t8 
DATA IBLK/ 1 1 1 t9 

c zo 
c 21 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

21 

22 
221 

lll 

Pial,t4t5 22 
M•7 23 
Nat 24 
TFCRHO,EQ 1 1 0 0)Ns2 25 

26 
XIN • LENGTH OF THE X AXIS IN INCHES~ 27 
VIN • LENGTH OF THE v axrs tN INCHES, 28 

29 
XIN•4.5 JO 
VINab,5 31 

12 
]] 

THIS SECTION FINDS XMAX,YMAX,YMJN,AND VM!N ~MEREi 34 
XMAX • MAXIMUM X VALUE PLOTT!D 1 35 
YMAX • MAXIMUM V VALUE PLOTTED, 36 
XMlN • MINIMUM X VALUE PLOTTED 37 
YMtN • MINIMUM Y YALU! PLOTTED, 38 

!9 
IF ISIZ • t • THE MAXIMUM ANO MINIMUM DIAM!TERS, GEMAX AND 40 

GEMJN, ARE USED Tn G[T XMAX ANO XMIN, ALSO MAXIMUM A~D MINIMUM 41 
ORDINATE VALUES, DXMAX AND DXMIN, ARE USED TO GET VMAX ANO YMIN 1 42 

IF ISYZ • 0 • XMAX a LOG10C100 MICRONS) 43 
XMIN = LOGtOC,25 MICRONS) 44 
YMAX,YMIN • DEPEND ON IMPACTOR USED CI,E. JMPAC) 45 
IMPAC a t • ANDERSEN 4b 

• 2 • BRINK 47 
i; 3 • PILAT 48 
• 4 • MRI 4q 

IFCISIZ,EQ,l)GO TO 25 50 
IFCNDK)Zt,22,24 51 
YMAX•l0000 1 52 
VMIN• 1 l 53 
GO TO 23 54 
GO TO C221 122212Zt,22ll,IMPAC 55 
YMAX•l.OE04 56 
YMIN•l.OE•Ol 57 
GO TO 23 58 
YMAX•t.OEOb 5q 
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c 

Yt4IN•l,O 
GO TO Z3 

z• c;n ro czoo,zo1,2•0.zoo>,tMPAC 
Z40 YMAX•leOE15 

YMIN•t.0!06 
GD TO ll 

241 VMAX•l,OESO 
V14IN•t.OE05 

Z3 XMAX•AlDGlO(l00.0) 
YMAX•ALOGlO(VMAX) 
XMINaALOGtO(.l) 
VMIN•ALOGlO(VMJN) 
GO TO 28 

25 XMAX•SLJM(t,ALOGlOCI00.0)) 
YMAX•SLIM(t,ALOG10COXMAX(N))) 
XMt~•SLIM(O,ALOGtOCPOMIN(N))) 
YMJN•SLIM(O,ALOGlOCOXMtNCN))) 

C x AND V SCALE FACTORS CALCULATED HERE, 
c 

c 

28 XS•Xl...,/(XMAX•XMJN) 
VS•YIN/(YMAX•VMIN) 
YOaVMIN•2elYS 
CALL SCALF <XS,YS,XMIN,VO) 

C DRAW THE X • AXIS, 
c 

c 

VMJNlsVMI"" 
JXRANcXMAX•XHJN 
CALL XSL8LCXS,YS,XMtN,YMtN1 1 1XAAN 1 XMtN> 
CALL XLOG(XS,YS,XHAX,VMtNl,•l,IXRAN) 

C LABEL THE X • AXIS. 
C XCS AND YCS ARE THE DIMENSIONS 0, WRITTEN CHARACTERS IN l""CHES. 
c 

c 

xcsa.15 
VCS•.15 
X•CCXMAX•XMIN)l2.0)+XMJN•(16,0*XCS)/XS · 
VaVMINl•C 0 Y/VS) 
CALL FCHAA cx,v,xcs,vcs,o.> 

C WRITE 'PARTICLE OIAMET!R CMICAOM!T!RS); BELOW ABSCISSA, 
c 

c 
C WRITE THE IO LABELS, 
c 

c 

XCS•.056 
YCS•,100 
X•XMI N 
VaYMAX+ 0 5/YS 

C THIS DO LOOP ,INDS LAST CHARACTER IN IDENTIFICATION 
C LAAEL, (SAVES PEN MOVEMENT I' LESS THAN 80 CHAAACT!RI) 
c 

DO 30 ht,YCJ 
Ja80•I 
IFCJDALLCJ),N!,IBLK)GO TO 40 

JO CONTI...,UE 
Jat 

548 

•o 
'1 
'2 
63 

"' 65 
6f> 

'' 68 
6q 
70 
11 
n 
'73 
'74 
'75 
'76 
11 
'78 
7q 
80 
81 
82 
83 
80 
85 
H 
8'7 
88 
9q 
qo 
q1 
'fl 
'fl 
0 
ff5 
ff6 
ff'7 
'f8 

•• 100 
101 
102 
103 
104 
105 
106 
107 
108 
to• 
110 
t 11 
1 ll 
113 
114 
115 
116 
l t'7 
118 
lU 



oo CALL FtHAR cx,v,xcs,vcs,o.> 
c 
C WRITE THE ID'-NTIFICATJON LABEL ABOVE GRAPH 
c 

c 

WRITf(M 1 2)Cl0ALL(l),J•t,J) 
X•XMIN 
Y•VHAX+.25/VS 
CALL FCHAR cx,v,xcs,vcs,o.> 

C WRJTE THE DENSITY RHO CGMICC) ABOVE TH! GRAPH. 
c 

WRtTE(H,5) RHO 
c 
C DRAW THE Y • AXIS ON THE LEFT SIDE OF THE GRAPH. 
c 

c 

JYMAX•YMAX 
JYMIN•VMIN 
IYRANsIYMAX•IYMTN 
CALL YLOG(XS,YS,XMIN,YMAX 1 •1,JYRAN) 
CALL LGLBLCXS,YS,XMIN,YMIN,JYRAN,YMJN,t) 

C LABEL THE Y • AXIS ON TH! LEFT SIDE OF THE GRAPH, 
c 

c 

xca..ts 
YCS11,t5 
X•XMIN•,7/XS 
Ys(YMAX•VMlN)/2,0+YMIN•(t6,0*XCSl/YS 
CALL FCHAR(X,v,xcs,vcs,Pr12.> 

c LARfl OPDJNATE wtTH FOLLOWING ACCORDING TO VALUE OF NDKr 
C NDK • •t • 'CUMULATIVE MASS LOADING (MG/ACM)' 
C • 0 • '0~/DLOGn CMG/DNM])' 
C • 1 • 'DN/DLOGD (NO, PARTJCLES/DN~l)' 
c ALSO JF NOK • -1, AN ORDINATE AXIS rs DRAWN ON RIGHT SIDE 
C OF GRAPH FOR 'CUMULATIVE MASS (GR/ACF)j, NOT! • LAST VARIABLE 
C OF LGLRL IS 0 SO THAT NUMBERS WILL BE PRINTED TO RIQHT OF AXIS, 
c 

JF(NDK)41,42,4l 
41 WRITECM 1 12) 

lF(IVPAN,EQ,1)G0 TO 60 
C DRAW THE V • AXIS ON TME RIGMT SIDf OF TME GRAPH, 
c 

c 

VO:YMJN+,1sqs 
VLf P::VMIN•3, 
CALL LGLRLrxs,vs,XMAX,YO,IVRAN,VLEF,O) 
CALL VLOGCXS,YS,XMAX,YMAX+.l5q5,•1,JYRAN) 

C LABEL THE V • AXIS ON THE R?GHT SIDE OF TM! GRAPH• 
c 

XsXMAX+,81>(5 
Vc((YMAX+ 0 35q5).YMJN)/2e0+YMJN•C1& 1 •XCS)/YS 
CALL FCMAR cx,v,xcs,vcs,PJ/2.> 
WRJTE(M, 13) 
GO TO 60 

42 WRJTf (M,U) 
GO TO 60 

4] WRITECH,U) 
60 RETURN 

t FORMATCtX,•PARTJCLE OIAM!TER (MICROMETERS)•) 
2 FORMAT(tX,BOAl) 
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120 
121 
122 
123 
124 
125 
ll• 
127 
U8 
129 
130 
Ul 
132 
131 
lJU 
115 
136 
137 
tn 
ll9 
140 
141 
142 
143 
1'14 
145 
146 
147 
148 
149 
l !5 0 
151 
152 
153 
154 
155 
1!5• 
157 
158 
1 !59 
160 
161 
162 
163 
164 
16'5 
lM1 
167 
168 
169 
110 
171 
172 
113 
174 
115 
176 
111 
178 
179 



t FOR~ATCtW,• DM/DLOGD (MG/DNMJ) ') 
5 FOAMAT(lX,•RHO • •,fo.z,• GM/CC'> 

12 fORMAT(tX,•tUMULATIVE MASS LOADING (MG/ACM)') 
lJ FOAMAT(lX,'CUMULATIVE MASS LOADING (GR/AC'>'> 
lt FOA~ATClXe• D~/DLOGD (NO. PAATJCLEllDNMJ)') 

END 
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180 
181 
l8Z 
18J 
181 
185 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE SVMROLCKOOE.SIZE> 

WRITTEN BY HENRY FINCH ~OR CHEMOTHERAPY DIVISION AT SOUTHERN 
RESEARCH INSTITUTE • NOVEHRfR, 1976

8 

sue. SYMBOL DRAWS TME 
ICODE l • A SQUARE 
KOOE 2 • A TRIANGLE 
tcODE 3 • A CIRCLE 
KODE 4 • A + 
ICOOE 5 s A X 

FOLLOWING SYMBOL WITH RESPECT TO THE KODEI 

KODE 6 • A * (A + OVER AN X) 
ICOOE 7 • A SOLID SQUARE 
KODE 8 • A SOLID TRIANGLE 
ICODE Q : A SOLID CIRCLE 
KODE 10 • A DIAMOND 
KOOE tl • A SOLID DIAMOND 

IF KODE c 0 , OR KODE > q sue. IS RETURN~D WITH NO SYMBOL DRAWN 
THIS SUB LEAVES THE PEN TN SAME POSITION AS WH[N IT WAS CALLEO 
PEN IS LE'T UP IF PEN WAS UP Jf P[N LEFT DOWN IF PEN WAS DOWN 

ALSO ••• 

C SIZE s SIDE CIN TNCHESl OF SQUARE INSCRl8ING SYMBOL DRAWN 
C+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
c 

c 

c 

c 

c 

DIMENSION MODEC5) 1 tX(q),IYC•> 
EQUIVALENCE (MODE(t).MODE1),(M0DEC2),MOD!2) 1 (MODE(3).M0DE3) 1 

I (M0DfC4) 1 MODE4) 1 (MOD!C5) 1 HODE5) 
EQUIVALENCE crxc1>.IXl),(IX(Z).IXZ),CIXC3),IX3),(lXC4),IX4), 

I ctxcs>,IX5),(fX(6),IXb),(IX(7),IX7),(IXC8),IX8),(tYCl),IVt), 
I crvc~>.IY2),CIV(3),IV3),(IYC4),IY4),(tYCS),IY5),(IYC6),IV6), 
s CtYC1>,tY7),(IYC8),tY8),(lYCQ~.IYq),(fX(Q),IXQ) 

DATA MODE/t,2,3,4 1 51 
DATA CONST/0~707101/ 

ISZ2•RNDCSIZE•ton,012,o> 
SIZEl•ISZ•ISZ2•2 
IFCKOOE.L!,0) RETURN 
IFCKODE,GT,ll) RETURN 
IFCISZ2.LE,Ol RfTURN 
ISTRht 
llCl•IYhO 
IXUISZZ 
IY6••!SZ2 

READ(7)LASTX,LASTY,IX2.?X3,?X4,JX5,?P!N 
GO TO (50,50,40,400,S00,000,50,,0,oo,ao,40),~0D! 

40 IY6•0 
SO ISTRhZ 

WRITf.C7)~0D!4,IX6,IY6 
Go ro ctoo,zoo,300,eoo,eoo,eoo,100,zoo,300,350,350),KnoE 

C TMIS SECTION SETS UP FOR TM! DRAWING DG A SQUARE 
c 

100 IEND•5 
IVta•IXl 
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l 
2 
3 
4 
5 
6 
7 
8 
q 

10 
l l 
t2 
l3 
14 
15 
u 
17 
l8 
1q 
20 
21 
Z2 
23 
24 
25 
26 
27 
28 
2Q 
JO 
31 
32 
33 
34 
35 
36 
37 
38 
]Q 
40 
Ot 
42 
43 
44 
45 
46 
47 
48 
n 
50 
51 
52 
51 
54 
51§ 
56 
57 
58 
5Q 



c 

IYZ•I>t'li•ISZ 
1Xl•IY4••UZ 
t>t2•1Vl•IX••IV5•G 
GO TO '550 

C THJS SECTION SETS UP FOR THE DRAWJ~G OF A TRIANGLE 
c 

c 

200 ?ENDO 
IV\a•tXl 
tY4•tX2••l8Z 
J 'l'lcISZ 
IVZ•O 
UJ•IXl=ISZ2 
GO TO 51_;0 

C THIS SECTION SETS UP ' DRAWS A CIRCLE 
C A SOLID CIRCLE 18 ALSO DRAwN IN THIS SECTION 
c 

c 

JOO THETho.o 
StlEl:aSIZE 1 /Z • O 
THLAST•6.Z83t8~+THETA 
THINC•2. no1s 1%!:1 

3Z5 IXtaANDCIIlEZ•COS(THETA)l 
tYlaRNDCSIZE2•SINCTHETA)l 
tx2•1 X hl AST X 
IV2•IV1+LUTV 
~RITEC1) HO~E1.1x2,1vz 
THETAaTHETA+THJNC 
f'(THfTA.LE.THLAIT) GO TO 125 
l,CMODE.£0.3) GO TO 150 
SIUlaSIZEt•2.o 
IFCSIZEtl Roo,eoo,100 

c THIS SECTION rs FOR DRAWING A DIAMOND 
c 

c 

150 !END•• 
!X2aIX3a[X6•IXTa•lSZl 
IX4a!X5•IX8•IXCJaISZ2 
tV2a!V5aIY7s!YRc•ISZ2 
JYJ:!YUa!Vb•tYCJ•ISZZ 
GO TO 550 

C THIS SECTION S!TS UP FOR THE DRAWING OF A + 
c 

c 

400 JEN0•8 
lY5sIY6alY7•IYAclXt•IX2•IXl•IXOsO 
1Yt•IY4•IX5•IX8••ISZ2 
IY2aIY3aJX6sIX7•I5Z2 
GD TO 550 

C THIS SECTION SETS UP FOR THE DRAWING O' A ... X 
c 

c 

500 IEt.40•8 
IXl•IY2sIY3aJX4•IX6•IY6•IX7•IY1•I8ZZ 
TX2•IY1•IX3•JY4aIY5•IX5•IY8•!XA••!SZ2 

C THIS SECTION ACTUALLY DRAWS ANY O!SJGN•T!D SYMBOL !XC!PT A CIRCL! 
c 

550 DO 600 I•ISTRT,IEND 
WRITE(7) MODES,tXCJ),JYC!) 
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60 
61 
u 
f)! 

•• b'5 
66 
67 
68 ,, 
TO 
71 
TZ 
13 
14 
15 
T6 
17 
18 
n 
80 
81 
ez 
83 
84 
85 
86 
87 
88 
"q 
CJO 
qi 
en 
n 
•4 
•5 
CJtl . ., 
98 

•• 100 
101 
lOZ 
10] 
S04 
105 
1 Ott 
lOT 
108 
to• 
110 
111 
11Z 
111 
114 
l t 5 
1!6 
117 
1t8 
11• 



600 CONTINUE 120 
GO TO (750,750,750,800,800,625,••o.,40.800,750,645),KOD! 121 

c 122 
c THIS SECTION TESTS IY8 TO CHECK IF THE P~OG rs THROUGH SUPER IMPOSING A 123 
C OVER AN X ***** BE CARE,UL NITH THIS KfY IN CASE OF MODIFICATION **** 1Z4 
c 125 

'25 If'CI'\'8 1 E0,0) GO TO 500 126 
GO TO 800 127 

c 128 
C THIS SECTION IS FOR DECREMENTING SIZE PARAMETERS FOR THE DRAWING OP tzq 
C A SOLID SQUARE, A SOLID TRIANGLE, OR A SOLID DIAMOND nEPENOING 130 
C ON kODE, 131 
c 112 

640 ISZ•ISZ•1 133 
605 ISZ•f Sl•l 134 

IX1••1 135 
1szz~1szz.1 11• 
ISTRT•l 137 
IF(ISZ,LE,O) GO TO 800 138 
GO TO (800,800,800,800,800,800,1001200,800,800,J50),KODE llq 

700 I•MODEJ 140 
lPE~••l 141 
GO TO 775 142 

725 IPEN••l 141 
750 J•HODE2 140 
775 WRJTEC7)I 1 LASTX,LASTY 145 
800 IFCIPEN)850 1 725,700 146 
850 RETURN 147 

ENO 148 
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SUBROUTINE VIS 1 
C THIS SUBROUTINE CALCULATES THE VISCOSITY 0, THE Gll USING 2 
C l METHOD PRESENTED BY C. A. WILKE IN A PAPER ENTITLED J 
C •A VISCOSITY EQUATION FOP GAS MIXTURES• IN THE JOURNAL O' 4 
C CHEMICAL PHYSICS VOLUME 8 1 NUMBER A. APRIL 1q50, PAGE Sl7. 5 
c b 
c 7 
c 8 

c ' PEAL MU 10 
DIMENSION WTC5J 1 VSC5) ti 
COMMONIBLOC~t/PS(8),MU,POA,DPA,TCI,,C(5) 12 

c 13 
c WT(I) ARE THE MOLECULAR WEIGHTS 0, cnz,co,N2,oz,HZO, to 
c 15 

n1T1 wT110.10,ze.01,ze.oz,1z.oo,1e.021 16 
c 17 
c VS(!) ARE THE PURE GAS VISCOSITIES 0, co2,co,N2,oz,H2n. 18 
c ,, 

VSCl)•lJ~.4q4+0.099•TCt•0 1 Z67E•OJ•TCl•TCl+0,,1ZE•OT•TCl•TCl•TCI ZO 
VSC2)•165,16J+0,44l•TCl•0,213E•03•TCJ•TCI 21 
V5C3l•l61.086+0,4l7•TCt•n.tl9E•OJ•TCl•TCI ZZ 
VSC4)•190.187+0.558•TCI•0.336E•OJ•TCI•TCl+O,l39E•06•TCl•TCl•TCI 23 
VSC5)c87.800+0~J74•TC!+0.238E•04•TCJ•TCI 24 
DO 10 1•1 1 5 25 

10 VS(l)•VICI)•1.0E•06 26 
MU•o.o 11 
DO zoo l•t,5 28 
IF(FGCI>•O.O) 200,1,,,zoo zq 

l'' FG(I)•t.or-20 30 
200 CONTINUE 31 

on 300 I•s,5 12 
XPHEE1•0,0 33 
XPHEE•O,O 34 
PHEE•O,O 35 
DO 400 Jst,5 36 
XPHEE•CCl,O+CSDRTCVS(Il/VSCJ)))•CC~TfJ)/~TCl)l••0,25))**2,0)/((4,0 31 

111.414)•fSQRT(t.O+CWTCt)/WTCJ))))) 38 
XPMEEt•FG(J)•XPHEE 39 
JFCJ•I> 3qq,ooo,3•' 40 

]qq PHEF•PMEE+WPHEF.l 41 
GOO CONTINUE 42 

PHEE•PHEE/FGCl)+t,O GJ 
MU•~U•VSCJ)/PMEE 44 

300 CONTINUE OS 
c 46 
c THE 'INAL VISCOSITY MU rs IN POISE. 47 
c 08 

RETURN 4q 
EN~ !O 
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8U~ROUTINE WALLYl 
c*************************************************************************** 
C• 
C• 
C• 
C• 
C• 
C• 

THIS SUBROUTINE DRAWS NEW GRID CIF MPLOT > 0) AND HAKES A PLOT D' 
CUMULATIVE HASS LOADING CMG/ACM) vs. DSO (MICRONS) ON A LOGlO VS. 
LOGtO GPID. ALSO WALLYt CALLS SUBROUTINE JOEl TO SUPERIMPOSE 'IT JF 
ISIC ~ O (NEW GRID ALWAYS DRAWN IN TMI8 CASE). 

C*************************************************************************** c 

c 

c 

INTEGER VV 
DOUBLE PRECISION XNOPENCtO),VOC10) 
DIMENSION 10ALLC80),GEHAXCZ),GEHINC2) 1 0MHAX(Z),DMMlN(2),DNMAXC2) 
DIMENSION DNMJNCZ),OPMAXC2) 1 DPHINCi),CUMAXCZ),CUMINC2),IDC80) 
DIMENSION DPece,,CUHG(8),0MDLDCq),GEOMD(q),ONDLO(q) 
COMMON tMPAC,tOALL,R~Ot,GEMAX 1 GEHIN,DHMAX 1 DHHIN,DNMAX,DNMIN 
COMMON OPMAX,OPMJN,CUHAX,CUHIN,ISill,ISlZ2,ISIZl 
COHMO~ 1S,NFIT,ID 1 RHO,DMJN,TKS,POA,FGCS),OMAX 1 DPC,CUMG,DMDLD 
COMMON GEOMO,ONDLD,GRNAH,HPLOT 1 DSHA,YV 
COMMON ISIG,XHAX,XMIN,vHAX,YMIN,xs,vs 
COMMON CYC3 1 MC3,MOO,MS 
COMMON XNDPEN 
DAT A IBLI</• 'I 

PiaJ.1415 

C M IS CODING 'OR OUTPUT DEVICE. HERE M • 1 FOR PLOTTER, 
c 
c 
C 'OR ASSUMED PHYSICAL DENSITY, N a t TO READ ,ROM ODD NUMBERED 
C RECORDS. FOR ASSUMED AERODVNAHIC DENSITY, N • 2 TO READ FROM EVEN 
C NUMBfR!D RECORDS. 
c 

c 

Nat 
IFCRHO,EQ.t,O)N•2 

C TME SAME GRID AS PREVIOUS PLOT. NEW GRID ALWAVS DRAWN IF JStG • 0 
C CJOEt TO BE CALLED.), 
c 

c 

lFCtSIG.EQ.t)GO TO 20 
IF(MPLOT) 80,80,20 

C XIN • LENGTH OF TME X AXTS JN INCHES, 
C YfN • LENGTH OF TMf V AXJS IN INCHES. 
c 

c 

i!O ICNTl:O 
XJNc4.5 
VIN•&.5 

C XMAX • MAXIMUM X VALUE PLOTTEO, 
C VMAX • MAXIMUM V VALUE PLOTTED. 
C XMIN • MINIMUM X VALUE PLOTTED 
C YMIN • MINIMUM Y VALUE PLOTTED. 
c 
c 

IFCISIZ1,EO.t)GO TO 25 
XMAX•ALOGlOCtOO,O) 
VMAX•ALOG10Ctoooo,ol 
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XMINULOGl0(.1) 
YMI"l•ALOGtO(.l' 
GO TO l8 

Z5 l04AX•2a0 
YMAX•SLIM(t,ALOGlO<CUHAX(N))) 
XMINaSLIM(O,ALOGtOCOPHt"l(N))) 
YMI"l•SllM(O,ALOGlO(CUMIN(N))) 

C X ANO Y SCALE FACTORS CALCULATED HERfe 
c 

c 

28 XS•XlN/(XMAX•X~JN) 
YS•YJN/(YNAX•YMIN) 
YORIG•YMIN•2.IYS 
CALL SCAL,CXS,YS,XMIN,YORIG> 

C DRAW THE X • AXIS. 
c 

c 

YMJNtaYMIN 
I XMA X•XHA )( 
JXMtN11XMtN 
J)(RANslXMAXeIXMIN 
CALL XSL8L(XS,YS,XMl"l,YMINt,IXAAN,XMJN) 
CALL •LOG(XS,YS,XMAX,YMTN1 1 •l 1 IXRAN) 

C LABEL THE X • AXIS. 
c 

c 

XCS• • 15 
YCS•.15 
X•C(XMAX•XMfN)/l.O)+XMJN•(tb.O*XCS)/XS 
YaYMlNl•C.7/YS) 
CALL FCMAR cx,v,xcs,vcs,o.> 
MRJTECM 1 t) 

C DRAW THE V • AXIS ON THE RIGHT SIDE 0, THE GRAPH. 

c 

YO•VHTNt+.l5Q'; 
IYMAX•YMAX 
JYMJNaYHIN 
IVRANaJVMAX•IYMJN 
JFCIYRAN.EQ.t)Gn TO zq 
YLEFUVMJNl•::S.n 
CALL LGLBLCXS,YS,XMAX,YO,tYRAN,YLEFt,O> 
CALL VLOG(X8,YS,XMAX,YMAX+al5•5,•1 1 !YRAN) 

C LAREL THE Y • AXIS ON THE RIGHT SIDE 0, THE 6RAPH 8 

c 

c 

lt•XMAX+.e1xs 
Y=CCVMAX+.l595)•VMIN1)12.0+YMJNt•C16,•XCS)JY8 
CALL FCHAR (X,v,xcs,vcs,PIJZ,) 
MllHTECM,3) 

C •RJTE THE IO LA~ELS, 
c 

l• xcsa.056 
vcs •• 100 
)CaXMilll 
YaYMAX+,5/VS 
00 30 hl,79 
J•80•I 
I'CIDCJ),Nf.IBLK) GO TO 40 

::SO CONTINUE 
J•t 
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40 CALL FCHAR cx,v,xcs,vcs,o,> 120 
WRtTE(M,2) <?DCI>1I•1,J) 121 
X•XMIN 122 
Y•YMAX+,Z5/YS 121 
CALL FCHAR (X,Y,XCS,YCS 1 0,) 124 
WRITE(M,5) RHO 125 

c 126 
C DRAw THE Y • AXIS ON THE LE,T SIDE OF T~E GRAPH, ll7 
c 128 

CALL YLOGCXS,YS,XMIN,YMAX,•1 1 IYRAN) 129 
CALL LGLBL(XS,YS,XMIN,YMJN,?YRAN,YMtN,1) 130 

c 131 
C LABEL THE Y • AXIS ON THE LEFT SIDE OF THE GRAPH, llZ 
c 133 

xcs~.1s 134 
YCS•,15 135 
X•XMIN•,1/XS 136 
Y•(YMAX•YMJN)/2,0+YMIN•(t6,0•XCS)/YS 117 
CALL FCHAR(X,v,xcs,vcs,PI/2,) 138 
WRITE(M 1 4) 119 

c 140 
C PLOT X ANO V VALUES FOR CUMULATIVE MASS LOADING CMG/ACM) VS, 050 141 
C (MICROMETERS), 142 
c 143 
c 144 
C FIRST PLOT TOTAL MASS LOADING VS, MAXIMUM PARTICLE DIAMETER, 145 
c 146 

80 KNTsKNT+1 147 
X1~Al0Gl0(0MAX) 148 
XN•XVAL(Xl,XMAX,XMIN,XS) 149 
Y1•ALOG10(GRNAM) 150 
YNaYVALCYt,YMAX,YMJN,YS) 151 
CALL PI ONT (l<NT I XN, YN) 152 

c 153 
C PLOTTING FOR BRINK IMPACTOR HANDLED SEPERATELY DUE TO VARIATION 154 
C IN CONFIGURATION USED, STATEMENTS 80 • 200 APPLY TO THE BRINK 155 
c IMPACTOR CIMPAC: • 2) I 156 
c 1157 

GO TO c200,1s1,200,200),JMPAC 158 
181 ?FCMC3)82,82,A1 l5q 

81 X2cALOG10CCYC3> 160 
XNsXVALCX2,XMAX,XMtN,XS) 161 
Y2•AL0Gl0CCUMG(l)) 162 
YN•VVALCY2 1 YMAX,YMJN 1 YS) 163 
CALL PIONT (l<NT, XN, YN) 1611 
M:1 US 
JF(MS,LT,6)M•6 166 
00 70 Jml,M 167 
IFCOPC(J)•CUMG(J+1))70,70,90 168 

qo XNEX•ALOG10COPC(J)) 169 
XN•XVAL(XNEX,XMAX,XMIN,XS) 170 
YNEX•ALOGlOCCUMGCJ+l)) 111 
YN•YVALCYNEX,YMAX,YMIN,YS) 17l 
CALL PIONT CKNT,XN,YN) 173 

10 CONTINUE 1711 
GO TO 77 175 

8l tFCM00)811,84,8] 116 
81 "•' 177 

l'CMS,LT.6)M•b 178 
DO 75 J•l,M lJq 
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tFCDPCCJ)•CUMGCJ))75,75,t9l 110 
191 XNEX•ALOGlO(DPCCJ)) 181 

XN•XVALCXNEX,XMAX,XMJN,XS) l8Z 
VNEX•ALOGlOCCUMG(J)) l8J 
VN•VVAL(VNEX,YMAX,YMJN,YS) 1~4 
CALL PJONT CKNT,XN,YN) 1A5 

75 CONTINUE 186 
GO TO 17 187 

80 M•6 188 
tFCMS.LT.6)M•5 189 
DO 77 Jal,~ t•o 
IFCDPCCJ+l)•CUMG(J))77,77,9Z 191 

92 XNEXULOGlO(l'IPC (J+t)) 1'l 
XN•XVAL(XNEX,XMAX,XMJN,XS) l9J 
VNEXaALOGlOCCUMGCJ)) 194 
VNsYVAL(YNEX,YMAX 1 VMIN,YS) \q5 
CALL PIONT (KNT,XN,YN) 196 

77 CONTINUE 197 
GO TO 100 198 

c t•• 
C THTS LOOP PLnTS CUMULATIVE MASS LOADING VS. D50 FOR ANDERSEN 200 
C (lMPAC • t>, U~ 0, w. CINPAC • 3), OP MRI IMPACTOR (JMPAC • 4). 201 
c 20l 

200 DO 175 J•t,VV 20) 
lFCOPCCJ)•CUMG(J))175,l75,91 204 

91 XNEX•ALOGtOCDPC(J)) 205 
XN•XVA~(XNEX,XMAX,XMIN,XS) Z06 
YNElC•ALOGlOCCUMG(J)) l07 
YN•YVAL(YNEX,YMAX,VMIN,YS) 208 
CALL PIONTCKNT,xN,YN) 209 

175 CONTINUE ZlO 
JOO JFCISIGll30,tJO,l50 Zll 

c 2t2 
C CALL ~UBAOUTTNE JOEt TO SUP!RIMPOSE FITTED CURVE IF D!SJRED CISIG 213 
c > o>. Zt4 
c 215 

150 CALL JOEi lt6 
RETURN 217 

c 218 
1)0 CONTINUE Zt9 

c 210 
C THIS SUAROUTINE IDENTIFIES THE SET OF DATA PLOTTED WITH THE 221 
C SYM~OL llSED TO ORht POINTS. (IMPORTANT I' MORE THAN ONE SET OF 2U 
e DATA rs SUPEPfMPOSED ON nN! GRID. 2Zl 
c 224 

CALL LABEL (KNT,XS,YS,VMAX,XMIN) 225 
c 226 
C RETURN PEN TO •HOME POSITION' AT BASE 0' PLOTTER 4 9 5 INCHES FROM 227 
C THE MAXIMUM VALUE OF T~E X AXIS •• P£N IN THE UP POSITION. 2l8 
C 229 

XaX~AX+4 9 5/XS 230 
Y•VMJN•2 0 /YS 231 
CALL FPLOTC+t,X,Y) 231 
RETURN 233 

t '0RMAT(lX,'PARTICLf DIAMETER <"ICROMET!RI)•) l34 
2 FORMAT(lX,80At) 215 
J FORMATCtX,•CUMIJLATIVE fl4ASS LOADING CGR/AC')') 236 
4 ,ORMAT(tX,'CUMULATIVE MASS LOADING (MG/ACM)') 231 
5 ,ORMAT(tX,•RMQ • ,,,a,z,• GM/CC•) 238 

ENO 239 
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llO CARDS ON TAPE 
STOP 000000 
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SURROUTJNE wALLY2 
C••************************************************************************* 
C• 
C• 
C• 
C• 
C• 
C• 
C• 

SURROUTINE WALLY2 DRAWS NEW GRID CIF MPLOT > 0) AND MAKES A PLOT OF 
CHANGE IN HASS SIZE CONCFNTRATION (MG/DNMJ) VS. GEOMETRIC MfAN 
nJAMfTER (MICRONS) o~ A LOGtO vs. LOGtO GRJD. ALSO, WALLY~ CALLS 
SUBROUTINE JOE2 TO SUPERJHPOSE POINTS 8ASEO ON CURVE FITTING IF 
ISIG > n CNEW GRID ALWAYS DRAWN TN TM!S CASE.> 

C••************************************************************************* 
c 

c 

c 

l~TfGER VV 
DOUBl~ PRECISTON XNDPfN(l0),YOC10) 
OlHfNSJON JDALLC80),GfMAX(2) 1 GEM!Nf2) 1 0MMAX(2),0MMJN(2),0NMAX(2) 
DI Hf NS lOt.1 DNMJlll C2), OPMU C 2), DPM!N C 2) 1 CIJldX ( 2), CUMIN C 21, ID ( 80 l 
DIMft.ISION OPCC8),CUMGCS),OHDLDC9),GE~HD(9),DNDLD(q) 
COMMON IMPAC,IDALL 1 RH0t 1 GEMAX,GEMIN,DMMAX,OMMIN 1 0NMAX,DNMIN 
COMMON OPMAX,OPMIN,CUMAX,CUMIN1ISIZ1.1s1z2,1s1z3 
COMMON I5,N~JT,JD 1 RHO,DMIN,TKS,POA,FG(~),DHAX,DPC,CUMG,OMDLD 
COMMON GfOMO,O~DLO,GRNAM,MPLOT,OSMA,VV 
COMMON ISIG,XMAX,XMJN,YMAX,YMIN,xs,vs 
COMMON CYC3,MCJ,MOn,MS 
COMMOl\I XNDPEN 

C M IS COOING FOR OUTPUT OEVJCE, MEPE M • 7 FOR PLOTTER, 
c 

Ma7 
c 
C FOR ASSUMED PHYSICAL DENSITY, N • 1 TO REAn FROM 000 NUM~FREO 
c RECORos. FOR lSSUMfD AERODYNAMIC DENSITY, N • l TO REAn FROM EV[N 
C NlfMREREO RECOROS, 
c 

c 

Nat 
IFCR~O,EQ,t,n)Na2 

C IF MPLOTct PLOT Nf w GRID ON EACH PASS TMROUGM PROGRAM• tF MPLOTsO 
C TME SAME GRtn AS PREVIOUS PLOT, NE~ GRIO ALWAYS ORAWN IF ISIG • 0 
C tJOE2 TO Bf CALLED,), 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

20 

Z2l 

lFCTSIG,GT,OlGO TO 20 
IFCMPLOT) eo,en,20 

XJN • LENGTH OF TME X AX!S JN INCMES, 
YIN • LENGTH nF THE Y AXIS JN INCMES, 

1<NTso 
XtNatl,5 
YINa~,5 

Xlol AX • MAXIMUM )C VALUE PLOT TEO, 
YMO' • MAXJ!olUM Y VALUE PLOTTED. 
XMtt.i • MTNJ"4UM X VALUE PLOTT!O 
YMJN • MJNl"4UM Y VALUE PLOTTED, 

IFCISIZ2.EO.t)G0 TO 25 
GO rn c221,222.221.221),JMPAC 
v1oxs1 ,oEoo 
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c 

VMIN•.Ot 
GO TO Z3 

22Z VHAX•t.oEoft 
VMJN•t.O 

Z3 xt4AX•2.o 
VMAX•ALOGlOCVMAX) 
XMIN=ALOGtoc~t) 
VMIN•ALOGlO(VMJN) 
GO TO Z8 

ZS XMAX•ZaO 
VMAX=SLIM(t,ALOGtO(DMMAXtN))) 
XMJN•SLIM(0 1 ALOG10(GEMJNCN))) 
VMIN•SLIM(O,AlOGtOCDMMJN(N))) 

C X ANO Y SCALE FACTORS CALCULATED HERfe 
c 

c 

28 XSaXIN/(XMAlCeXMJN) 
YS•YIN/(YMAX•YMJN) 
VORIGaYfillN•Z.IVS 
CALL SCAL,CXS,vs,XMIN,VORIG) 

C DRAW TME X • AXIS. 
c 

c 

VMJNtaVMIN 
llCMAlC:XMA)( 
tXMJNaXMIN 
IXRANmJXMAX•!XMIN 
CALL XSLBLCXS,vs,x~IN,VMINl,IXRAN,XMIN) 
CALL XLOG(XS,VS,XMAX 1 YMIN1,•1,IXRAN) 

C LAAEL THf X • AXIS. 
c 

c 

XCS•.15 
vcs:.15 
X•((XMAX•XMJN)/2 0 0)+XMINw(l6eO*XCS)/lC8 
VsVMINl•( 1 7/VS) 
CALL FCHAR cx,v,xcs,vcs,o.> 
WRITf(M,1) 

C WRITE THE ID LARELS. 
c 

c 

xcs:.056 
VCSa.tOO 
X:XMIN 
YaYMAX+.'5/VS 
DO 30 ht,'7Q 
JaAO•T 
IFCIDCJ).NE.lBLK) GO TO 40 

30 CONTl NUE 
J•l 

40 CALL FCHARcx,v,xcs,vcs,o.o> 
WRITE(M,2)CIDCl),I•t,J) 
XsXMJN 
Y•VMAX+.15/VS 
CALL FCHAR cx,v,xcs,vcs,o.> 
lolRJH(M,5) RHO 

C DRAW THE V • AXIS ON THE LE,T SIDE 0, THE GRAPH• 
c 

JVMAh:YMAX 
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IVMJN•VMIN 120 
IVRAN•IVMAX•IVMJN l2t 
CALL VLOG(XS.YS,XMIN,V,..AX,•l,tVRAN) 122 
CALL LGLBUXS, VS,XWIN, VMJN, IYRAN, Vf4IN, t) lll 

c 124 
C LABEL THE V • AXIS ON THE l!,T SID! OF THE GRAPH. 125 
c 126 

XCSa.15 117 
YCS•.15 128 
X•XMIN•.71XS 129 
Y•(YMAX•YMJN)J2.0+YHIN•(l&.O•XC8)/VS 110 
CALL FCHARCx,v,xcs.vcs,Pr12.> 131 
WRITE(M,4) 132 

c 13J 
C PLOT THE x AND V VALUES FOR CHANGE JM MASS SIZE CONCENTRATION 134 
C (MG/ONH]) vs. GEOMETRIC MEAN DIAMETER CHICROMETERS>. 135 
c 1~6 

80 KNTsKNT+l 137 
tV•VV+l 138 
DO 7~ J•t,IV l3q 
lF(nMOLD(J)•GEOMO(J)) 10,10,qo 140 

qo XNEX•ALOGtOCGEOMD(J)) 141 
XN•XVAL(XNEX,XMAX,XMJN,XS) 142 
YNE••ALOG10(DMOLO(J)) 143 
YN•VVAL(YNEX,VMAX,YMJN,YS) 144 
CALL PJONT (KNT 1 XN,YN) 145 

70 CONTINUE 146 
JFCIStG.EQ.O)GO TO 150 147 

c 148 
C CALL SUBROUTINE JOE2 TO SUPERIMPOSE MASS SIZE DISTRI8UTION AS l4q 
C FOUNO FROM DfRJVATIVE OF CUMULATIVE MASS LOADING CURVE FIT I' 150 
C ISIG NOT • 0 HERE, 151 
c 152 

CALL JOE2 153 
RfTllRN 154 

c 155 
150 CONTINUE 156 

c 157 
C THJS SUBROUTINE IOENTI,IES THE SET OF DATA PLOTTED WJTH THE 158 
C SVMROL US!~ TO ORAW POJNTS. (JMPORTANT I' MORE THAN ON[ SfT O' l5q 
c DATA rs SUPFRIMPOSED ON ONE GRID. 160 
c 161 

CALL LABEL (KNT,XS,YS,VMAX.XMIN) 162 
c 163 
C RETURN PfN TO 'HOM! POSITION' AT BASE OF PLOTTER G.5 I~CHES FROM 160 
C TH! MAXIMU~ VALUE OF THE X AXIS •• PEN TN THE UP POSITION. 1&5 
c 166 

X•XMAX+4.5/XS 167 
VaVMIN•2.IYS 168 
CALL FPLOT(+t,X,Y) 16q 

1 FORMATC1X, 1 PARTICLE DIAMETER (MICROMETERS)') 170 
2 FORMAT(tX,~OAl) 171 
G FORMAT(lX,' OH/OLOGD (MG/DNM3) ') 112 
5 FORMATCtX,•RMO • •,F4,2,' GM/CC') 173 

RETURN l 7G 
ENn 175 
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c 

SUBROUTINE WALLY] 
INTEGF.R VV 
DOUaLE PRECISION XNDPEN(tO),V0(10) 
DIMENSION IDALL(80),GEMAX(2),GEMINC2),DHMAX{2) 1 DMMINC2),DNMAX(2) 
DIMENSION DNMJN(2),DPHAXC2),DPMINC2),CUMAXC2),CUHI~(Z),JDC80) 
DIMENSION OPC(8),CUMG(8),0MDLD(~),G~OHD(q),DNDLDCq) 
COMMON IMPAC,JDALL,RHOt,GEMAX,GEMIN,DMMAX,OMMJN,DNMAX,DNMtN 
COMMON DPMAX,OPMIN,CUMAX,CUMIN,JSJZt,JSIZ2,JSIZJ 
COMMON IS,NFIT,ID,RHO,DMJN,TKS,POA,,G(~).DMAX,DPC,CUMG,DMDLD 
COMMON GEOMn,oNOLD,GR~AH,HPLOT,OSMA,VV 
COMMON ISIG,XMAx,XMIN,VMAX,VMIN,XS,YI 
CO~MON CVC3 1 MC3 1 MOO,MS 
COl'IMON XNDPE:N 
DAH IBl.K/" "I 

C THE FOLLOWING VARIABLES ARE READ INTO WALLVI 
C CG • nN/DLOGO CNO. PARTICLES/DSCM) 
C CH • CU~HULATtVE CGR/ACF) 8 

C OP • GEOMETRIC MEAN DIAMETER fMICROM~T£RSl 
C ID • IDENTIFICATION LABEL. 
C RHO • DENSITY 
C MPLOT • CONTROLS THE GRAPHING 8 

c 

c 

PI•l.t4t'i 
M•7 
Net 
IFCRH0 1 fQ 0 t 0 0)N•2 

C IF MPLOT•l PLOT NEW GRID ON EACH PASS THROUGH PROGRAMq IF MPLOT•O PLOT 
C THE SAME GRin AS PRIVIOUS PLOT. 
c 

c 

IFCJSIG,GT 0 0)GO TO 20 
IFCHPLOT) 80,R0,20 

20 l(NT:n 

C XIN • LENGTH OF THE X AXIS IN INCHES, 
C VIN • LENGTH OF THE V AXIS IN INCHES. 
c 

c 

XINa4,5 
YIN116 1 5 

C XMAX • MAXIMUM X VALUE PLOTTED. 
C VMAX • MAXIMUM V VALUE PLOTTED. 
C XMIN • MINIMUM X VALUE PLOTTED 
C VMIN • MINIMUM V VALUE PLOTT!Da 
c 

IFCISIZ3.EQ,l)GO TO 25 
GO TO C240,24t,240,240),JMPAC 

l40 VMAxc1.0Et5 
VMtNi:t.OE06 
GO TO 124 

24t Y1'4AX•l,OE10 
VMIN•1 1 0E05 

124 XMAX~AlOGlO(t00.0) 
VMAX•ALOGlO(VMAX) 
XMtN•ALOGlOC,l) 
VMIN•ALOGtO(YMIN) 
GO TO 28 

l5 XMAX•ALOGlO{lOO.O) 
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c 

YMAX•SLJM(1 1 ALOG10(DNMAXCN))) 
XMINaSLlM(0 1 ALOG10(GEMtN(N))) 
YMIN•SLI"<0 1 ALOG10fONMINCN))) 

C X AND Y SCALE FACTORS CALCULATED HEAE 8 

c 

c 

l8 XS•XlNICX"llXeXMIN) 
VS•YIN/(YMAX•YMJN) 
YORIGaYMJ .... 2.1vs 
CALL SCALF(XS,YS,XMlN,VORlG) 

C DRAW THE X • AXJS 1 

c 

c 

YMtNtaYMIN 
IXMlXaXMAX 
IltMtNdMtN 
IXRAMaIXMAX•tXMIN 
CALL XSLBLCXs.vs.XMIN,YMINl,IXAAN,XMIN) 
CALL XLOGcxs.vS,XMlX,YMlNl,•1,tXAlN) 

C LABEL THE X • AXIS. 
c 

c 

XCSa.15 
YCS•.15 
Xa((XMlX•XMIN)/2.0)+XMlN•(l&.O•XCl)/XI 
V•YMINl•C.TIYS) 
CALL FCHAP cx.v.xcs.vcs,o.> 
WRITE(M.l) 

C WRITE THE IO LABELS. 
c 

c 

XCS•.056 
vcs •• 100 
XaltMIN 
Y•Y"'AX+ 0 '5/Y8 
DO 30 h l, 'TQ 
Ja80•I 
IFCIOtJ) 0 NE 0 IBLK) GO TO 40 

30 r:;ONT?NUE 
J=l 

oo CALL FCH&Rcx.v.xcs,vcs.o.o> 
WRJTEt~,2>Ciocr>.I=t,J) 
X•XMlN 
Ys'IMAX+ 0 25/YS 
CALL FCH&R cx,v,xcs,vcs,o.> 
•RITE(M,5) RHO 

C DRAW THE Y • AXIS ON THE LEFT IID! OF THE GRAPH, 
c 

c 

IVMAX•YMAX 
IY"'IN•'l"IIN 
IYRANalYMlX•IYMIN 
CALL VLOGCXS,vS,XMI~,VMAX,•t,rYRAN) 
CALL LGLBLCX!,VS 1 XMI~,YMIN,JYAAN.YMJN,l) 

C Ll8fL THE 'I • AXIS ON THE Lf'T SID! 0, TH! GRAPH 0 

c 
xca..1s 
YCS•.15 
l1Sl1M!N• 0 T/llS 
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Y•(CVMAX•YMJN)l2.0)+YHIN•C16.0*XC8)/YS uo 
CALL FCHARCX,Y,XCS,YCS,PJIZ.> lZl 
WRITE CM, II) 122 c 1Z3 c PLOT )( um Y VALUES FOR CUHMULATtVECMG/ACM VS D50'S, 124 

c 125 
80 KNhKNT+l 12& 

tV•VV+l 12'7 
DO '70 J•t,IV 118 
IFCDNDLDCJ)•GEOMD(J))70 1 70,t0 Ut 

•o XNEX•ALOGtOCGEOHO(J)) 130 
XN•XVAL(XNEX,XMAX 1 XHIN,XS) 131 
VNEX•ALOGtOCDNDLD(J)) 132 
YN•YVAL(YNEX,VMAX 1 YMIN,Y8) 133 
CALL PIONT (KNT,XN,VN) 134 

70 CONTINUE 135 c 136 
lFCISJG,EQ.O)GO TO 150 137 

c 138 
CALL JOEZ 13• 
RETURN uo 

c 141 
150 CONTINUE 142 

CALL LABELCKNT,XS 1YS,YMAX,YMIN) UJ 
X•XHAX+4.4/)(8 114 
Y•YHIN•l,/YS 145 
CALL FPLOTC+t,X,Y) 106 

&O RE TUAN 147 
1 FORMATCtX,'PARTJCLE DIAMETER CMICA0HfTfRS) 1 ) l 118 
2 ,-ORM AT Cl X 1 80A 1) 14' 
4 FORHAT(tX 1 • DNJDLOGD NO~PARTICLE8/0NH3) ., 1 'SO 
5 FOAHATClX,•RHO • •,F4,21' GM/CC') 151 

END 152 
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SUBROUTINE XLnGcxs,vs,xo,vo,K,L) 
C PfN ~AV RE UP OR OONN• 
c XS • XeSCALE FACTOR, INCHES/USEA•s UNIT 
C VS s Y•SCALE FACTOR, INC .. ES/USER'S ll"'JT 
C YO • STARTING Y•VALUE WITH RESPECT TO ORIGIN• 
C XO • STARTING X•VALllE "ITH RESPECT TO ORIGIN• 
C K • +1 1 FOR POSITIVE X•DIRECTJON 
C K a •t, FDA NEGATIVE X•DIRECTION 
C l • NUHBER OF LOG10 CYCLES 

PaO.O'i/YS 
Q:0.015/YS 
XKaFLOAT ( K) 
TfST:xO+XK•FLOAT(Ll 
LJMIT•l+ l 
CALL FPLOTC•2,XO,YO) 
DO JOO Jst ,LIMJT 
xI=xO+XK•FLDAT(J•l) 
CALL FPLOTCO,XJ,YO) 
CALL FPLOT(O,XI,YO•Q) 
CALL FPLOTCO,XI,YO+Q) 
CALL FPLOT(O,XI 1 Y0) 
CALL FPLOT(O,XJ,YO) 
lFCXI-TEST)Z~o.JnO,Z50 

250 DO JOO I•l.~ 
JF(K)260 1 300,Z1n 

260 YhtO•I 
GO TO 280 

no v1a1 
280 vys1.0+1.01v1 

XI•XT+XK•ALOGlO(YI) 
CALL FPLOTCO,XJ,YO) 
CALL FPLOT(O,Xt,YO•P) 
CALL FPLOTCO,XJ,YO+P) 
CALL FPLOTCO,XJ,YO) 
CALL FPLOTCO,xI,YO) 

300 CONTINUE 
CALL FPLOT(l,XJ,YO> 
RETURN 
ENO 
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SUBROUTINE XSL~L(XS,VS,xo,vo,L,E) 
C CAN ONLY LABEL FROM •t TO +t 
c (XO,VO) ARE THE cnnRDtNATES CORRESPONDING TO THE FIRST LOG CYCLE TO 
C BE IDENTIFIED. 
C PEN ~AV BE UP OR OOWN 
c THE JOENTIFICATJON rs BELOW THE )(•AXIS 
c XS • x-sc•LE FACTOR, JNCHES/USEA•S UNITS 
C VS s V•SCALE FACTOR, INCHES/USER•S UNITS 
C XO • JNtTIAL XeVALUE, 
C YO • INITIAL Y.VALUE, 
C L • NU~BER OF LOGtO CYCLES 
C E • EXPONENT OF FIRST CYCLE +,0 1 • 

l FOR~nc• tO•) 
2 FORl'4ATClX 1 12> 

LIMihL+l 
on 100 l=l,LtMJT 
XN=>eO+FLOAT(J•l) 
lXNaE+FLOAT(J.t) 
XN•XN•0,21)18 
Yt.lsY0•0.3/YS 
CALL FCHAR(Xt.l,YN, o.1s,o,1s,o.o> 
YN•Y0•0.2/YS 
WRITE(T,l) 
XNEsXN+0.2/XS 
IFCIXN) 50 1 00 1 60 

50 XNEaXN+0 8 3/XS 
60 CALL FCHAR(XNf,yN, 0,1 10,110,0) 

lllRITEC1 1 2) lXN 
100 CONTINUE 

RETURN 
END 
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c 
c 
C THIS FUNCTION GIVES A VALUE TO OPC <I.E. XN) 
C SUCH THAT IT WILL BE PLOTTED JUST BEYOND THE 
C GRAPH BOUNDARY I' ~ XMAX OA 4 XMIN. 
c 
c 

lf(X1F•AMAX)BJ 1 BJ,86 
86 XVAL•AMAX+.15/AS 

RETURN 
87 t,(AMIN•XlF>B•,A•,se 
BB XYAL•AMIN•.15/AS 

RETURN 
aq XVAL•XlF 

RETURN 
END 
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8U8ROUTJN[ YLOGCXs,vs.xo,vo,K.L) l c 2 c PEN May RE UP OR DOWN 3 c VS • Y•SCALE FACTOR, INCHES/USER'S UNIT 4 c XS • X•SCALE FACTOR, INCHES/USER'S UNIT '5 c YO • STARTJNG Y•VALUE WITH RESPECT TO ORIGIN, • c XO • STARTING X•VALUE WITH RE8P[CT TO ORIGIN, 1 c K • +1 1 FOR POSITIVE Y•DJRECTJON 8 c K • •t, 'OR NEGATIVE Y•DIRECTION • c L • NUMBER OF LOGlO CYCLES 10 c tl 
P•0,05/XS u 
Q•0,075/XS u 
XKCs0,4]42•448tt•FLOATCK) 14 
l•L+l 15 

c t• 
CALL FPLOTc-2.xo,YO) 17 
DO 300 J•t,L u 
Yl•YO+FLOAT(K•CJ•l)) ., 
N•t 20 
X•O 21 

200 DO 250 J•t.N 2Z 
IFCN•l) 210 1 240,ZlO n 

Z10 JF(K) 220,lOO,i!lO 21 
220 XJ•tO•I 25 

GO TO 235 26 
ZJO Xl•I Z1 
235 YlsYI+XKC•ALOGCl,O+t,O/XY) 28 
zoo CALL FPLOTCO,XO,Yl> 2' 

CALL FPLOTCO,XO•X1Yll 30 
CALL FPLOTCO,XO+XtYil 11 
CALL FPLnTco,xo,Yl) 32 

2'50 CALL FPLDTco.xo,Yl> J3 
tF(J•L> 255,300,100 14 

255 TF(N•t) 300,Z60,JOO J5 
200 111118 36 

x.P JT 
GO TO 200 JS 

300 CONTINUE ]t 
L•L•l AO 

c 41 
RETURN 42 
END 41 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

SUBROUTINE VPROB(XS,YS.X.KOOE,!MJN,JMAX> 

PLOT &ND LABEL Y AXIS 'OR NORMAL PROBABILITY SCALE 
GASTON•t90EC197S. 

Y AXIi AT XMIN IS LABELLED DOWN 'ROM YMAX • 99e99 
TO YHIN • O.Ol ON THE LE'T 0, TM! AXIS, 

Y &XIS AT XMAX IS LABELLED DOWN FROM YMAX • 0.01 TO 
YMIN • 99.99 DN THE RJGHT O' THE AXIS. 

XS • X SCALE FACTOR IN INCHES/UNIT 
VS • V SCALE FACTOR JN INCHES/UNIT 
X • Y AXIi X VALUE INDJCAT!D 8Y KOD[ 
KODE • 0 FOR X c XMJN. LABEL TO Lf'T OF AXIi 
~ODE • NON•O FOR X • XMAX, LABEL TO RIG~T OF AXIS 

DO THE FOLLOWING SEQUENCE IN MAIN PROG TO SET UP 
SCALE FACTOR FOR Y PAOAABILITY AXIS. 

NDTRI COMPUTES A Y VALUE FOA 
CALL NDTATC0.9999,YMAX.D,Jf) 
CALL NDTAI(0,0001,YMJN,D,I!> 
VS • YINCM/(YMAX•Y~IN) 
XS • WHATEVER X ICALf USED 
CALL SCALFCXl,YS.XMIN,YMIN) 

A GIVEN PROBABILITY 
NOTRI FROM 360 SSP, 

MOVE PEN TO XHIN OA XMAX,YHIN BEFORE CALLING YPROB 

DIMENSION 8TVC25),5TIC25> 1 NST(25> 

BTV IS &RAAY OF BIG TICK MARK Y PA08ABILITY VALUES 

DATA eTv10.0001,.ooos,.001 •• 002,.0~5.,01,.oz, 
l 0 05, 0 t, 0 2,,J,.4 •• 5,.6,.T,.s,.•,.•5, 
1 .•8,.•9.,••5,.••e •• •••,.•••5,~•••91 

STI IS ARRAY OF SMALL TICK MARK PR08ABILITY INCA!M[NTI 

~''' srr10.0"01,.0001,.0005,.oo1,.001,.002,.01 •• 01. 
z .01 •• 02,.02,.02,.oz,.oz,.oz,.01,.01,,01. 
3 ,ooz,.001,,001,.0005,,0001,.0001,0,1 

NST IS ARRAY OF NUMBER O~ S"ALL TICKS B[TW!!N BIG TICKS 

DATA NSTl],a,1.2,4.4,2.4.9,•,•·•·4·•·•·9·•· 
l 2,4,0,2.1.1,3,01 

8TL • 0,015/XS 
STL • 0 0 05/XS 

PLOT Y AXIS •ITH BIG AND IHALL TICK MARKS GOING UP 
FROM XMIN OR XHAX TO YH•X, 

DO 50 tstMIN,JMAX 
Yl a ATV(I) 
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c 

CALL NDTRICYt,V,D,tE) 
CALL FPLOT(•2 1 X1 V) 
CALL FPLOT(O,X+8TL,V) 
CALL FPLOT(O,X•8TL,Y) 
CALL FPLOTcn,X,Y) 
I< a NST(I) 
IFtI 1 EQ 1 IMAX)GO TD bO 
DO 50 J•t,I< 
Y2 • V1 + J•STICI) 
CALL NDTRICY2,v,o,1El 
CALL FPLOTCn,X,Y) 
CALL FPLOT(O,X+STL,Y) 
CALL FPLOTCO,X•STL,Y) 
CALL FPLOTCO,X,V) 

'50 CONTINUE 

C X WIDTH ANO Y HEIGHT OF LARELLING CMAAACT!RS 
c 

c 
bO XCS • 0,15 

YCS • 0,1'5 

C START LABELLING LOOP 
c LABELLING rs DOWN THE AXIS TO THE LEFT IF KODE IS 0 
C AND TO THE RIGHT IF l<ODE IS NON•O, 
c 

c 

L•O 
DO 200 l•IMIN,JMAX 
L•L+t 
JaHIAlC•L+1 
P • BTV(J) 
CALL NDTRJ(P,v,o,IE> 
V • Y • CVCSl2.)IYS 
IFC KOOE ) 85,80,85 

80 P • P•lOO, 
IFC J • 2U ) 100 1 90,90 

85 XP • X + (XCS/XS) 
P • BTVCLl•too. 
IF( L • 2 ) 185,185,105 

qO XP • X • Cb,•XCS)/XS 
q5 CALL FCHAA(XP,v,xcs,vcs,o.> 

WRITEC7,1l P 
F0R"'ATCtX 1 FS,2) 
GO TO 200 

C qq,q,qq~R,qq,5 

c 
100 IFC J • 21 ) 120,ltO,tlO 
105 IFC L • 5 ) 175,175,125 
110 XP • X • (5,•XCS)/XS 
115 CALL FCHARCXP,v,xcs,vcs,o.> 

WRITEC7 1 2) P 
2 FORMATClX,F4,t) 

GO TO 200 

tZO IF< J • 9 > to0,130,130 
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1Z5 IF( L • 8 > 155 1 155,145 120 
lJO XP • X • Cl.•XCS)/XS Ill us JP II P+0.5 12Z 

CALL FCHAA(XP,v,xcs,vcs,o.> 123 
WAJTE(7 1 ]) JP 1211 

3 FOAMAT(tX, 12) 125 
GO TO 200 126 

c 127 
c 5,2,1 12e 
c 12q 

t•o IF< J • 6 > lb0,1'50,150 tJO 
1•5 IF( L • 20 > 1]5, 135, 165 131 
tSO XP • X • <2.•XCS)/XS U2 
155 IP ;; P 133 

CALL FCHAA(XP,v,xcs,vca,o.> 1311 
WAITEC7 1 0) IP 135 

41 FORMAT(tx,Jl) 136 
GO TO 200 137 

c 138 
c o.s,0.2.0.t 139 
c uo 

160 IF C J • 3 ) teo,110,uo 141 
165 lFC L • 23 ) ll5,ltS,CJ5 102 
170 XP • X • (G.•XCS,/XS tGJ 
l75 CALL FCMARCXP,v,xcs,vcs,o.> to• 

lllRITE('7,5) P u• 
5 ,OAMATCtx,FJ.t) lU 

GO TO 200 101 
c tG8 
c C1.os,o.01 14' 
c 150 

180 XP c x - cs •• xtS)/XS 151 
185 CALL FC~AACXP,v,xcs,vcs,o.> 152 

WRITE(7,IJ) P 153 
6 FOPMATCU,F4.2) 154 

200 CONTINUE 1'55 
RETURN 156 
END 151 
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c 
c 

FUNCTION YVAl(Y!,18HAX,BMIN,8S) 

C THIS FUNCTION GIVES A VALUE TO CUMG CI~E. YN) 
C SUCH THAT IT WILL BE PLOTTED JUST BEYONn TME 
C GRAPH BOUNDARY JF ~ YM4X OR c VMIN. 
c 
c 

I,CYtF•BMAX)Q1 1 9T,9b 
9b YVAL•RMAX+~15/~S 

RETURN 
97 IFCBMJNeYlF)99 1 99,98 
98 YVAL•BMINe~l5/RS 

RETURN 
9q VVAL•YlF 

RETURN 
END 
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APPENDIX 

PLOTTING SOFTWARE FOR THE 
DIGITAL EQUIPMENT CORPORATION PDP-15/76 

Digital Equipment Corporation, (DEC) PDP-15/76 Plotter Subroutines 

This Appendix describes relocatable plotter subroutines for 

the DEC PDP-15/76 computer system. These subroutines can be used 

to draw and scale grid lines, to draw special point characters, 

to draw alphameric characters at various angles, and to plot 

curves, graphs, charts, and maps. The subroutines can be used in 

FORTRAN language programs. 

The unichannel XY plotter handler is also included. This 

document explains the responses of the plotter (an IBM 1627) to 

WRITE and READ commands of the DEC Input Output Programming 

System (IOPS) and IOPS American Standard Code Information Inter

change (ASCII) modes. 

GENERAL 

When connected to a DEC PDP-15/76 computing system, the IBM 

1627 plotter can be programmed to produce bar charts, organiza

tion charts, engineering drawings, maps, or special curves. This 

Appendix describes a set of subroutines, written in assembler 

language, used to control the plotter. These subroutines can 

also be called from a FORTRAN language program. 

575 



PLOTTER CHARACTERISTICS 

Chart paper width 
Plotting width 
Chart paper length 
Plotting length 
Incremental step size 
Step speed 
Pen status change 

12 inches 
11 inches 

120 feet 
120 feet 

1/100 inch 
up to 18,000 steps/min 

600 operations/min 

X-axis movement is produced by rotating the chart paper on 

the drum under the pen. Rotating the drum down causes the pen to 

draw a line, effectively, in the up direction; this movement is 

the positive X-axis motion. Rotating the chart paper up produces 

the negative X-axis motion. X-axis movement is caused by moving 

the pen parallel to the drum axis. When looked at from the front 

of the plotter, the positive Y-axis motion is to the left; the 

negative, to the right. 

Thus, the length of the X-axis is limited by the length of 

the roll of chart paper, and the length of the Y-axis is deter

mined by the paper's width. Various combinations of paper and 

pen movement with the pen up or down are utilized to produce the 

desired drawings. 

PLOTTER CAPABILITIES 

The plotter generates all lines by using a series of incre

mental straight line segments. The increment length is 0.01 inch, 

drawn in either a positive or negative direction, parallel to 

either the X-axis of the Y-axis. Also, the paper and pen can be 

moved simultaneously to produce line increments at a 45° angle to 

either axis in either direction. This results in a diagonal line 

connecting opposite corners of an X-Y square. Combinations of 

increments at various angles can closely approximate any desired 

curve. 
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Preciseness of lines and characters depends on the size of 

the pen point and the scale selected by the programmer. 

Graphs, curves, charts, etc., can be developed by program

ming the appropriate instructions to the plotter. 

Because of the relative slowness of the plotter, compared 

with the computer, the plotter system has a buffering scheme 

which holds plotter instructions until they are executed. This 

leaves the computer free to do other jobs while the actual plot

ting is being completed. 

SUBROUTINE FUNCTIONS 

There are six primary functions of the plotter subroutines 

described in this manual. 

SCALE: Accepts and stores scaling information required 

by the grid, plot, and character functions. 

GRID: Draws a line with scaled grid marks. 

PLOT: Moves the pen from its present position to a 

new position. It can also raise or lower the 

pen either before or after the traverse movement. 

POINT: Draws a special point character at the present 

location of the pen, if the pen is down. The point 

characters available are +, X,O , O, and blank. 

All point characters are fixed in size. 

CHARACTER: Positions the pen for annotation and provides 

character size and angle information. 

ANNOTATION: Forms the characters to be plotted from computer 

output data. Characters available are those in the 

FORTRAN character set. 
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INPUT FORMAT 

The input data to the subroutines can be either in double or 

standard precision format, but different subroutines are required 

for each precision, with the exception of the point subroutine. 

For example, to perform the plot function in standard precision, 

the FPLOT subroutine is used; for double precision, the EPLOT sub

routine is used. Standard precision uses two 18-bit words to form 

a constant or variable, while double precision uses three 18-bit 

words for the same constant or variable. 

SCALE 

The scale subroutine accepts and stores scaling information 

required by the grid, plot, and character functions. 

If the scale subroutine is not called, the plot subroutine 

assumes initial scale values of one inch per unit along both axes 

and establishes the origin (intersection of the X-axis and the 

Y-axis) at the present pen position. However, the scale subrou

tine must be called to define other scale factors and to estab

lish the origin at other points. The scale subroutine can be 

called as often as required to redefine the scaling values and 

the origin position. 

Each time the scale subroutine is called, the origin estab

lished is based on the physical location of the pen. Therefore, 

the pen must be moved to the position assumed by the subroutine 

before the subroutine is called. Also, the pen position cannot 

be moved more than 163.83 inches in either X direction from its 

physical location at the time the origin was last established. 

Scale values are given in inches per unit of the using 

program. For example, to indicate a scale of 1/4 inch equal to 

1 foot, the scale value would be 0.25. To indicate a scale of 
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1 inch equal to 10 years, the scale would be 0.1. Different 

scale values can be assigned to the X axis and the Y axis. 

The pen is usually aligned by reticle adjustment to some 

point on the chart paper. The scale subroutine establishes the 

origin at any desired point relative to the physical location of 

the pen when the subroutine is called. Therefore, or until the 

origin is moved, all measurements are calculated from this origin 

to prevent an accumulation of errors which would result from 

measuring from point to point with calculated values that have 

been rounded off or truncated. 

The values inserted by this subroutine are positive or nega

tive as measured perpendicularly from each desired axis to the 

present location of the pen. 

FORTRAN 

Standard precision: CALL SCALF (X , Y , X , Y ) 
s s 0 0 

Double precision: CALL SCALE (X , Y , X , Y ) s s 0 0 

X is a real constant or variable that defines the number 
s 

of inches per user's unit to be used along the X-axis. 

Y is a real constant or variable that defines the number 
s 

of inches per user's unit to be used along the Y-axis. 

x is a signed real constant or variable that specifies the 
0 

x value of the present position of the pen relative to 

the desired origin, measured in user's units. 

y is a signed real constant or variable that specifies the 
0 

Y value of the present position of the pen relative to 

the desired origin, measured in user's units. 
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GRID 

The grid subroutine plots a straight line parallel to either 

the X- or the Y-axis in a positive or a negative direction with 

tick marks at regularly spaced intervals. The tick marks are 

0.10-inch long, with one-half the mark on each side of, and per

pendicular to, the grid line. The programmer must specify the 

starting point, the direction to be plotted, how far to go, and 

the distance between tick marks. 

It is not required to know either the location of the pen or 

whether it is up or down when this subroutine is called. At the 

end of the subroutine, the pen is left in the up position. 

FORTRAN 

Standard precision: CALL FGRID (I, X, Y, U, N) 

Double precision: CALL EGRID (I, X, Y, U, N) 

I is an integer constant or variable that specifies the direction 

the grid line is to be generated as follows: 

I = 0 specifies the +X direction 

I = 1 specifies the +Y direction 

I = 2 specifies the -x direction 

I = 3 specifies the -Y direction 

X is a signed real constant or variable that specifies the 

X value of the grid line starting point, measured in the 

user's units. 

y is a signed real constant or variable that specifies the 

y value of the grid line starting point, measured in the 

user's units. 
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PLOT 

U is a real constant or variable that specifies the distance 

between tick marks, measured in the user's units. 

N is an integer constant or variable that defines the length 

of the grid line. N is equal to the number of tick marks 

minus one, and must be less than 131,072. 

This subroutine is called to move the pen from its present 

position to a new position. It is the user's responsibility to 

check that the coordinates of the new position are within limits. 

The pen can also be raised or lowered before or after the tra

verse movement, as a part of this subroutine. 

FORTRAN 

Standard precision: CALL FPLOT (I, X, Y) 

Double precision: CALL EPLOT (I, X, Y) 

I is an integer expression controlling the pen as follows: 

I = 0 no change 

I is positive, control pen before movement 

I is negative, control pen after movement 

I is odd, raise pen 

I is even, lower pen 

x is a signed real constant or variable defining the X value 

of the new position, measured in the user's unit. 

y is a signed real constant or variable defining the Y value 

of the new position, measured in the user's units. 
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POINT 

The point subroutine draws special point characters at the 

present position of the pen. The pen must be down when this sub

routine is called. 

This subroutine assumes the pen is down and leaves the pen 

down when finished. Each point character is inscribed within a 

0.10-inch square. 

FORTRAN 

CALL POINT (I) 

I is an integer expression that defines the character to be 

drawn as follows: 

I < 0 

I = 0 

I = 1 

I = 2 

I = 3 

CHARACTER 

blank 

+ 
x 

0 

0 

This subroutine is used to initialize the annotation sub

routine by establishing the height and width of characters, the 

angle (relative to the X-axis) they are drawn, and the starting 

location. Calling this subroutine also raises the pen (if down) 

and moves the pen to the specified starting location. The height 

and width parameters determine a rectangle inside of which each 

character is drawn. The annotation subroutine remains initial

ized by the call to this subroutine until a new call supersedes 

the old one. 
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FORTRAN 

Standard precision: CALL FCHAR (Xn' yn' XS, ys' THETA) 

Double precision: CALL ECHAR (Xn' yn' XS, ys' THETA) 

Xn is a signed real variable or constant defining the 
X value (user's units) of the starting location. 

Y is a signed real variable or constant defining the 
n 

Y value (user's units) of the starting location. 

Xs is an unsigned real variable or constant defining the 
width of the character, expressed in inches. A value 
exceeding two decimal places will be rounded off to the 
nearest 0.01. 

Ys is an unsigned real variable or constant defining the 
height of the character, expressed in inches. A value 
exceeding two decimal places will be rounded off to the 
nearest 0.01. 

THETA is a signed real variable or constant defining the 
angle at which the character (or line of characters) is 
to be drawn, expressed in radians. Theta is measured 
by rotating a line parallel to the x-axis about the 
starting location. Positive values produce counterclock
wise rotation: negative values, the opposite. 

Due to the physical resolution limitation of the plotter, 
it is impossible to rotate a character through all angles. The 
possible angles are discrete and are a function of the particular 
character being rotated and the angle of rotation. Thus, there 
may be a discrepancy between Theta and the actual plotted angle 
of rotation, which will be most significant for small character 
sizes. The same phenomenon will also cause distortion of the 
character shape in many cases. 
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When using the annotation routine to plot a string of 

rotated characters, the rotational inaccuracies in each character 

will accumulate and may produce distorted lines. The accumula

tive effect may be overcome by drawing the line one character at 

a time and using ECHAR or FCHAR to position each character in its 

proper location. 

ANNOTATION 

This subroutine forms the characters specified by computer 

output data to the parameters established by the character sub

routine. These parameters determine a rectangle inside of which 

each character is drawn. The starting location is the lower left 

corner of the rectangle. In a continuous row of characters, the 

starting location is the lower left corner of the first character. 

When the last character is completed, this subroutine stops the 

pen in the up position over the lower left corner of the next 

character position in sequence. Repetitive lines are plotted end 

to end. The character set available is the FORTRAN character set. 

FORTRAN 

WRITE (I, FO.R..J.iAT) list 

I is an integer that specifies the logical unit number of 

the I/O unit (plotter) to be used for output data. I must be 7. 

FORMAT is a statement number of the FORMAT statement describ

ing the type of data conversion to be performed between the inter

nal and external representation of each quantity in the list. 

Each FORMAT statement must contain a carriage control indicator 

(lX). 

LIST is a list of variable names, separated by commas, which 

represent the output data. 
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XLOG 

This subroutine draws the X-axis for log 10 scale. 

may be up or down when the subroutine is called. 

The pen 

FORTRAN 

CALL XLOG (XS, YS, XO, YO, K, L) 

XS is a real, standard precision constant or '.'ar iable ·,;hi ch 

defines the X-scale factor in inches per user's unit. 

YS is a real, standard precision constant or variable which 

defines the Y-scale factor in inches per user's unit. --

XO is a real, standard precision constant or variable which 

defines the starting X-value with respect to the origin. 

XSLBL 

YO is a real, standard precision constant or variable which 

defines the starting Y-value with respect to the origin. 

K = +l for the positive X direction; Y = -1 for the negative 

X direction. 

L is the number of logic cycles. 

This subroutine labels the X-axis for los1c scale. 

may be up or down when the subrouti~e is called. 

The pen 

FORTRAN 

CALL XSLBL (XS, YS, XO, YO, L, E) 

xs is a real, standard precision constant or variable which 

defines the X-scale factor in inches cer user's unit. 
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YS is a real, standard precision constant or variable which 

defines the Y-scale £actor in inches per user's unit. 

XO is a real, standard precision constant or variable which 

defines the initial X value. 

YO is a real, standard precision constant or variable which 

defines the initial Y value. 

L is the number of log 10 cycles. 

E is the exponent of the first cycle. 

YLOG 

This subroutine draws the Y-axis for log 10 scale. The pen 

may be up or down when the subroutine is called. All real vari

ables must be standard precision. 

FORTRAN 

CALL YLOG (XS, YX, XO, YO, K, L) 

XS is the X-scale factor in inches per user's unit. 

YS is the Y-scale factor in inches per user's unit. 

XO is the starting x value with respect to the origin. 

YO is the starting y value with respect to the origin. 

K = +l for positive y direction; K = -1 for negative 
y direction. 

L is the number of log i o cycles. 

LGLBL 

This subroutine labels the Y-axis for log 10 scale. The pen 
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may be up or down when the subroutine is called. All real vari

ables must be standard precision. 

FORTRAN 

CALL LGLBL (XS, YS, XO, YO, L, E, K) 

XS defines the X-scale factor in inches per user's unit. 

YS defines the Y-scale factor in inches per user's unit. 

XO is the initial x value. 

YO is the initial y value. 

L is the number of log1 o cycles. 

E is the exponent of the first cycle. 

K = 0 for labeling on the right side of the Y-axis; 

K = 1 for labeling on the left side of the Y-axis. 

NOTES: 

1. lX is required as first character in format of formatted 

writes to plotter. 

2. Must have a CALL CLOSE (7) after the last plotter instruction 

in the program to get the last few plot commands to the plot

ter. No CALL CLOSE (7) is required if there are no plot 

commands in the job. 

3. Turning the plotter off results in lost plots. 
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CALL SCALE 

CALL SCALF 

CALL EGRID 

CALL FGRID 

CALL EPLOT 

CALL FPLOT 

CALL ECHAR 

CALL FCHAR 

(XS,YS,XO,YO) 
I 

Scale 
factor in 
inches per 
user's unit 

(I,X,Y,U,N) 

Initial position 
in user's units 

r----' ~ L.....!:::::====::::::;-------, 
Dir~ction Grid line 
0 = +X starting 
1 = +Y point in 
2 = -X user's units 
3 = -Y 

(I,XN,YN) 

~ 
Pen control 
0 No change 
+ Control before steps 

Control after steps 
Odd Raise pen 

Even Lower pen 

User's 
units 
per tick 

Number of 
tick marks 
less one 

New position in 
user's units 

(XN,YN,XS,YS,THETA) 
I I ~· ~~~~~~---. 

I 

Starting 
location in 
user's units 

Width of Height of Angle at which 
character character character is to 
in inches in inches be drawn 

WRITE (I' FORMAT) LIST 

I = 7 

CALL POINT (I) 

I ...: 0 blank 
I = 0 + 
I = 1 x 
I = 2 0 
I = 3 0 
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UNICHANNEL XY PLOTTER HANDLER 

The XY Plotter responds to WRITE commands of the IOPS Binary 

and IOPS ASCII modes. The IOPS Binary mode is used for initial

izing the handler, drawing lines or drawing characters, while the 

IOPS ASCII mode is used only to draw characters. 

The terms "absolute" coordinates and "delta" coordinates are 

used below. Absolute coordinates are coordinates determined by a 

READ (7) operation, (LASTX, LASTY). When one moves to some new 

set of coordinates, (LASTX + 6.X, LASTY + 6.Y), the ordinate and 

abscissa of the shift (6.X, 6.Y) are the "delta" coordinates. 

FORMAT OF IOPS BINARY WRITES (FROM FORTRAN) : 

WRITE (7) mode (followed by optional variables, depending on 

the value of mode) . 

Mode 
Additional 
variables 

o Pick up the pen None 

1 Put down the pen None 

2 Move to absolute coordinates. Address with 

pen up 
3 Move to absolute coordinates. Address with 

4 

pen down 

Move to delta coordinates. Address with 
pen up 

5 Move to delta coordinates. Address with 

pen down 

6 

7 

8 

Draw character (see note below) 

Set coordinate address 

Move to absolute coordinate address 

(no pen change) 

9 Move to delta coordinate address (no pen 

change) 

10 Set character attributes 
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IX, IY 

IX, IY 

IX, IY 

IX, IY 

ICNT, DATA 

IX, IY 

IX, IY 

IX, IY 
IXSIZ, IYSIZ, 
ISIN, ICOS 



FORMAT OF !OPS ASCII WRITES (FORTRAN): Normal FORMAT statements, 

see Note 12. Characters can be written from !OPS Binary. 

NOTES: 

1. The pen actions (explicit or implicit) check to see if the· 

pen is currently up or down, and suppresses redundant moves. 

2. When the handler is first called (~.e., start of program), 

the pen is up; the coordinates address is (0,0); the charac

ter scale is 20X20 plotter steps; and the characters are not 

rotated. 

3. Characters are drawn on a 9Xll matrix with 2 spaces between 

characters giving a basic character box size of lOXlO. 

4. IXSIZ and IYSIZ are plotter steps for the desired character 

size. The minimum value of IXSIZ or IYSIZ is 0.01 inch. 

5. The character may be rotated by specifying the sin and cos 

of the angle of rotation. The values must be integer and 

scaled by 65536 (~.~., !SIN= 65536*(SIN(THETA)). 

6. Character writes use the values of the last scale and rota

tion values. 

7. "Interface Routines" may be written in FORTRAN to emulate any 

·plotter package. Consider a routine which draws a line with 

the pen down by specifying delta X and Y values. One would 

write a FORTRAN subroutine, such as this one to replace the 

old one: 

SUBROUTINE LINE (IX,IY) 
DATA MODE/5/ 
WRITE (7) MODE, IX,IY 

RETURN 
END 

8. Only the IBM 1130 FORTRAN 48 character set is presently 

implemented. No percent symbol (%) is available. 
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9. Only rectangular characters may be obtained. 

10. Powering down the plotter does not cause an error, but plots 

will be lost. 
11. READ (7) LASTX, LASTY, ISX, !SY, !SIN, !COS, IPEN 

LASTX and LASTY are previous pen position (absolute 

coordinates). 
ISX and ISY are last character sizes. 

ISN and ICOS are last sin and cos of character angle. 

Cos 0° = 65536. 
IPEN = 0 if pen is up, 10000 (octal) if pen is down. 

12. The first character in a FORMAT statement is not plotted. 

One should use lX or leave one blank space. 

13. Binary characters for a mode 6 WRITE should be AS ASCII. 
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