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INTRODUCTION

The programs presented in this booklet are used by the Emission Measurement
Branch of the Qffice of Air Quality, Planning, and Standards, United States Environ-
mental Protection Agency for checking field calculations, source test reports, or
for in-house tests. The.programs are written for the Hewlett-Packard 41-C, 41-CV,
or the 41CX hand calculators. The programs can be modified to run on the HP-67
or HP-97, but the prompts would have to be eliminated and the memories reassigned
since the earlier models have smaller memories. Since the Hewlett-Packard calculators
use the RPN System, the programs would have to also have to be modified to run on

calculators using the Algebraic Operating System common to such calculators as the
TI-58 and TI-59.

Programs cover Methods 1 through 6, and there are iwo additional programs that
can be used with the Alignment Method. A copy of each program is given along with

some brief instructions on how to use it. Occasional examples are also included..
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METER BOX PROGRAM (DELTA H)

The meter box program is used to set the Delta H of the meter box during the
sample run. The program is more accurate and easier to use than the nomograph.
Unlike the nomograph, nothing in the program needs to be reset if there is a
significant change in stack temperature. Initial prompts for data input are as
follows:

(1) Number of thermometers in the dry gas meter

(2) Diameter of Nozzle

(3) Delta ﬁ@

(4) Pitot Coefficient

(5) Per Cent moisture

(6) Barometric Pressure (Inches Mercury)

(7) Static Pressure of Stack (Inches Water)

(8) Molecular Weight Dry

(9) Molecular Weight Wet

After the above data are entered, the program goes into a short loop and prompts
for the following data for each sample point:

(10) Meter inlet temperatuze (°F)

(11) Meter outlet temperature (°F)

(12) Stack temperature (°F)

(13) Stack Delta p (Inches water)

Note that 1f the dry gas meter has only one temperature indicator, prompts 9

and 10 will be replaced by a single prompt: METER TEMP?

After entering the above data, the Delta H setiing for the meter box will
appear in the display. ter the Delta H is determined, pressing R/S will reset
the program for the next sample point. The prompt that will appear in the display
will ve MIR IN TEMP? if the dry gas meter has two thermometers, or METER TEMP?
if the dry gas meter has only one temperature gauge.

When all the sample points have been completed, there is a subroutine, Subroutine
A, that can be manually executed to give the average meter temperature, average
stack temperature, average Delta H, and the average of the individual square roots
of [Delta 1 (Ts + 460)].
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SFRCIFIC PRO3ZLEMS RUNNING THE METZR 3CX

There are some Droblems that may occuxr during the course of a run. First,
suppose a mistake is made during the input of the first nine pieces of data. To
correct the mistake, simply go to the beginning of the program and re—enter all
data via prompise.

Next, suppose a mistake is made entering data while taking the sample (steps
10 to 13). (A mistake is when a piece of incorrect data is entered and R/S is pressed.)
To cor:ec% this error, simply press R/S until you reach the meter temperature
prompt. This will be either the MIR IN TEMP? prompt if the meter box has itwo tem-
perature indicators, or the METER TEMP? prompt if the meter box has a single tem-
perzture gauge. When the prompt is reached, re-enter the correct pleces of data for

that sample point.

Another problem that can occur during a test i1s a process interruption. This
means that the *rain must be shut down until the process is re-started. When the test
is resumed, it is mot likely +that stack conditions will be identical to those when
the test was siopped, so another Delta H will have to be calculated. Simply treat
the re-start as another point for calculation purposes. (Note: data reduction will

have =0 de time weighted unless the train was stopped at the exact end of a point.)

When the <est run is concluded, one of t1wo situations will exist:

-

(1) The test weni perfecily, that is, there were no process inter—upiiorns and

no data were =2niersed incorrectly durinsg the run. In this case, Subroutine A will
trovide accurate summaries of the average stack temperature, meter temperaiuce,
- 1/2 )
Delta X, and " Delta =N (T + 460)] / .
=]

(2) The test nad a process interruption or some daia were entersd incorrectly
in the Delta E loop. If a2 process interruption cccurred, znd no mistakes wers mzde

entering Zata for the Delia H calculaticns, Subroutine A will give a reasonable

11
apTroximation of <he average values neseded for isokinetic caleula<ion althoush
s - k=]
tne Iinma. nunvers Will have 10 De time weighted {or preciseness (A progTam labeled
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execute tne ON Iunciion, simply press
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XEQ ALPHA ON ALPHA. The calculator will remain on until it is manually turned off.
Turning the calculator off automatically clears the ON function.

The label for this program is DELTA H. The Memory size is 019.



RER “DELTR K-
NO. QF THERMQMZTERS 0K

BRY GRS METER?
2.88
DIR WO22Le?
.26
DELTR Ha ?

PITOT CP ?
% MOISTURE?
BAR PRESS?
STATIC HOH?

MOL NT DRY?
28.93
HOL WT XET?
A7
HTR IN TENMP?
82.98
MTR QUT TENP?
73.49
STRCX TEXP?

82,98
HTR QUT TEEP?

73,88
STRCK TZme?

123,499
QELTR P?

4TR TN TENP?
82.4¢

NTR QUT TEEe?
73.88

STACK TzZXe?
125,99

JELTR 2

RN
RUN
PUN
RUH
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

RUN
RUN

RUN

¥TR IN TENP?
82.88
XTR QUT TEXP?
73.8¢
STACK TEAP?
128.98
JELTR 77
37

#DELTA H = 1,33

PTR IN TEMP?
£3.82
¥TR OUT TEMP?
74,88
STACK TEXP?
127,88
JELTR P7
.36

sQELTA H = 1,38

KTR [N TENP?
84,80
TR OUT TEAP?
74,88
STRCK TEMP?
127,98
BELTR P7
.48

*OELTA H = 1,45

HTR IN TEMP?
85.32
¥TR OUT TERP?
74,89
STACK TzAR?
127,90
BELTR P?
.35

«QELTR H = |, 41

KTR IN TERP?
85,88

NTR QUT TEAP?
74,889

STRCK Tz¥P?
127,48

48

RUN
RUN
RUN
RUN

RUK

RUN
RUH
RUK
RUN

RUN

RUN
RUK
RUH
RUN

RUN

RUN
RUN
RUK
RUN

RUK

METER TEMP 7

8¢.58  RUN
$TARCK TeapP?
127,88 RUN
DELTR P?
36 RUN
#0ELTR R = 1.3
RUK
METER TEMP ?
89,58  RWN
§TACK TEMP?
126,88  RUM
DELTR P?
33 RUN
sDELTA H = [.27
RUN
NETER TEMP ?
88.58  RU
STRCX TeAP?
127,88 RUM
DELTR P2
27 RUN
$DELTA H = 8,98
RUN
METER TEXP ?
81,88  RUN
STRCX TENP?
127.88 RN
DELTR P7
28 RN
$DELTR H = 8.73
KEQ A

TOTAL POINTS?
12.88  RUH
AVE XTR TENP = 79,
AYE STX TEMP = 125,
RYE DELTAR H = (.13
SERT PSTS = [3.4817

Note that Flag 05 was set.
From this poiat om, only
one: meter temperature
orompt occurTed,



44 -

4S5 RCL A7 Az 460
45 + 4 +
FPRP “DELTH H 47 "MOL WT 95 STC 1S
" DRY?~ 96 RCL 1@
48 PROMPT a7 MISY
@1+LEL "DEL ao ag o
TR H*" S@ ~MOL WT 29 RCL @9
@z CF @3 S1 PROMPT 141 “DELTA P
@4 CLRG Sz L o
as 1 ST STO B 162 PROMPT
@é_-~NO. OF S4 RCL @4 162 STO 16
THERMOME = o 13 e o o
a7 "FTERS 0O c e Toe T+ 13
O ST RCL @7 166 STO 18
ag AVIEW se + 187 RCL 15
@9 “DRY GAS ce RCL o 1oe Rer 1=
METERT™ 6O KLY 109 =*
1@ PROMFT 2y e SGRT
11 ®=vs 62 RCL @€ 111 ST+ 17
lz &F @5 €3 * 112 RCL 18
13 “DIA NOZ eq STO @9 113 SEb 18
ZLE?™ T
14 PROMPT cSeLBL @1 {14 AVIEM
13 4 &€& FS? @S 115 ==DELTA
1 wrH €T GTO B2 H = =
17 "DELTG H &2 "MTR IN 116 ARCL ¥
a7 TEMFP?~ 117 AVIEMW
18 PROMET €2 PROMPT 118 STOP
i¢ STO @4 7@ ENTERT 119 FC? SS
=4 * 71 “MTR OUT 128 GTG @1
=1 e456.272 TEMF 2~ 121 ADY
=2 * T2 PROMFT 122 GTO @1
zZ ~“PITOT C =
r_7" T4 2 123«LBL A
24 PROMPT TS - 124 "TOTAL P
25 HTZ FE ST+ 11 DINTS? ™
=5 TT 4£8 125 PROMPT
27 STOQ as TS o+ 126 STO 14
22 ~x% MOIST e =T 1m 155 BeL 14
URE®=™ @@ FCT @S 122 ¥<3Y
29 PROMPT 1 GTO @3 129 -
2@ 1@a 126 FI¥ @
31 7 SzZeLBL @2 131 "AYE MTE
Iz 1 8% "METER T TEMP = -
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FC? =%
STOP

RCL 1=
RCL 14

-

FIlx 2
~“AYE DEL
TA H = -
ARCL
YIEW

FC? SS

STOP

RCL 17

RCL 14

-

FIX 4

“"SERT FS
TS = 1]

RECL ¥

RYIEW

- END.
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STACK GAS ANALYSIS (METH 3)

This program determines the molecular weight of the stack gas. It can deter-
mine the dry gas weight only, or it can determine both wet and dry molecular weights.
If another gas is present in the gas stream - such as SOZ’ this can be added and
the molecular weight of the total stack effluent determined. If the calculator

"prompts" for data none exists, (such as CO) simply press R/S and continue.

The program uses flags for different run configurations. The simpliest way to
use the flags is to set no flags for dry molecular weight only, and to set Flag 00
to get both wet and dry molecular weights. In either case, some prompts will appear
that are not needed, but pressing R/S in these instances will cause the program to
continue. If eliminating unnecessary prompts is desirable, the table below gives

the flag settings for different gas components.

DRY MOLECULAR WEIGHT ONLY

Stack Gas Components Set Flag(s)

C02 and O2 00, 01, 02, O4, and 08
COZ’ 02, and CO 00, 01, 02, and 04
co,, 0,, CO, and 00, 01, and 02

another gas

WET. AND DRY MOLECULAR WEIGHTS

H,0, CO,, and 0, 00, O4, and 08
H,0, CO,, 0,, 2nd CO 00 and Ob4
H,0, C9,, 0,, CO, and 00

another gas

The label for this program is METH 3. The Memory size is 0435,
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MOISTURE CONTENT DETERMINATION (METH &)

The Method 4 program calculates moisture content. It will also check for
saturation (as might be the case at a wet scrubber outlet) and it will calculate

the moisture content of a gas stream if a gas such as SO2 is removed by peroxide

impingers before reaching the dry gas meter. Flags are used to check for saturation

of the gas stream, or to correct for a gas removed before the dry gas meter.

One thing that the program does not do is to make the distinction between
grams of HZO and ml. of HZO. The Federal Register determines moisture content by
multiplying the impinger ml. of water by 0.04707 to get standard cubic feet of
HZO and grams of HZO in the silica gel impinger by 0.04715 to get standard cubic
feet of HZO from the impinger. This is because there is a very slight difference
between a gram of HZO and a ml. of HZO' The Method 4 program assumes that grams
and ml. are the same, thus, the total of ml. + grams is used for calculations and
multiplied oy 0.04707.

Flags for the program are used as follows:

(a) Flags 3 and 4 are set for most operations. This is when no gas was re-

moved by peroxide impingers and stack gas saturation is not a problem

(v) Flag 3 is set. A gas was removed from the sample before reaching the
dry gas meter (SO2 is an example). The calculator will prompt for the

per cent of the gas removed.

(¢) Flag O4 is set. Stack gas saturation is possible and the water collected
in the inmpingers may give a higher than saturation moisture content..
The calculator will prompt for the vapor pressure of the siack gas at
stack temperature. (Obtain the vapor pressure-Ifrom the chart that
follows the METH 4 program.)

(d) No Flags set. A gas was removed from the gas stream (such as SOZ) be~

fore the dry gas meter and the stack gas was checked for saturation.

The flags in the program are used to eliminate or by-pvass vart of the pro=-
gram., When Flag 03 is set, the program does not prompt {or Vapor Fressure. When

Flag O4 is set, the program does not prompt for a gas removed before ithe dry gas
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meter. wiih no Tlags set, the trogram trompts for boih "saturation" and "other

If you forget to set the flzz(s) and the calculator prompts for data irmput

but none is needed, simply press R/S and continue. The program will just take a

The label for this program is METH 4. The Memory size is 045,
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This chazt may be used wizh the Method 4 program when checking the stack

gas for saturation. The chart gives the vapor pressure of water in whole Degrees

Fanrenheiz. The equation for stack gas saturation is:

% Saturation Moisture Content =

Ann equals the temperature in Degrees F.

R o
pressure of water at 66 Fahrenheit.
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NOZZLE SELECTION PROGRAM (NOZZLE)

This program replaces the Nomograph for determining the nozzle size. It can
select a nozzle size based on the standard sampling rate of 0.75 dry standard
cubic feet per minute just as the Nomograph does, or Flag 00 may be set and any
desired sampling rate may be entered. The program requires the following inputs:

Sample Rate Fixed at 0.75 DSCFM Sample Rate to be Choosen
- -(EO—F'lags Set) T&-‘Ez ﬁag- 00

Stack Static Pressure, In. HZO Stack Static Pressure In. HZO
Barometric Pressure In. Hg. Barometric Pressure In. Hg.
Stack Temperature °F. -Stack Temperature °F.

Per Cent Moisture Per Cent Moisture

Stack Velocity in FPS or FPM Stack Velocity in FPS or FPM

Desired Sample Rate

The label for this program is NOZZLE. The Memory size is 003.
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SAMPLING SUMMARY SHEET

Data from the field data sheets are recorded on the Sampling Summary Sheet.
A number is found above the column abbreviations for the various values on the
sheet. The number is the same as the calculator memory number in which the value
is stored. If the number has a circle around it, it is a value that will be
prompted for in the program. If there is no circle around the number, it is a
value to be calculated by the program. A broken circle around the number indicates
that it may or may not be used in the calculations. Two of the numbers have a dia-
mond around them. These two values are used on the opposite side of the sheet

for the summary of emissions calculations.
SUMMARY OF ZMISSIONS SHEET

The Summary of Emissions Sheet is similar to the Sampling Summary Sheet.
The top row has four circled numbers on it; two of the calues have already been
calsulated (the columns with the numbers surrounded by the diamonds on the pre-
ceeding page). The memory numbers for the Concentrations Section are found at

the bottom of the columns instead of above them. These are 211 determined by the
MASSFLO progzam.

Once the labratory analysis of the samples is completed and the milligrams
of catch are determined, the emission rates for the front half, back half, and

<otal catch can be obtained from the MASSFLO program.
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ISOKINETIC DETERMINATION (METH 5)

The Method 5 program also runs the Method 3 and Method 4 programs. Since it
runs the Method 4 program, the flags used in the METH 4 program can also be used
to eliminate the prompt for % other gas removed before the dry gas meter, and the
prompt for the vapor pressure of the stack gas at stack temperature. Forgetting to
set the flags will just cause the program to prompt for data not needed in most
cases. Simply press R/S and continue, The program will just take a little longer
to run. For practical purposes, the flags are of benefit when calculating the
isokinetic rate Jor a large number of runs since parts of the program can ve

skipped. Flag 04 is useful when saturation may be a problem.

Use the flags as follows:

(a) For a run where no gas was removed before the dry gas meter but saturation
may occur, set Flag 04,

(b) For 2 run where no gas was removed before the dry gas meter and saturation
is not a problem, set Flag 03.

(¢) For a run where no gas was removed before the dry gas meter and saturation
is not a problem, set Flags 03 and 04,

(d) Setting no flags will prompt for other gas removed before the dry gas
meter and also for vapor pressure in the case of possible saturation.

(e) If the pitot coefficient is other than 0.84, set flag 06 and enter the
pitot coefficient when prompted for.

(f) If sampling using the Alignment Method, set Flag 07.

(g) If using a Fyrite for stack gas composition, set Flag 08.

To determine the isokinetic rate using an assumed moisture content, do not
enter anything for the ML WATER prompt - simply press R/S and the calculator will

then ask for a moisture content.

Wnen sampling a rectangular duct and the STK DIA INCHES? prompt appears,
simply press R/S and the calculator will then prompt for AREA SQ FT? Enter the

stack area.

Note that when a gas such as 502 is removed before the dry gas meter, the

pounds per hour emission rate is alsc calculated.

The label for this program is METH 5. The Memory size is 045,
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STACK EMISSIONS DETERMINATION (MASSFLO)

The MASSFLO program calculates the emission rates for the front half, back
half, and total catche It requires four inputss volume of the dry gas meter at
standard conditidhs, stack dry standard cubic feet per minute, and the front and
back milligrams of catch. If there is no back half catch, press R/S when the
back half PROMPT appears and the calculator will determine the front half emiss-

ions and then stop. The back side of the Sampling Summary Sheet (Summary of
~Emissions) has spaces for emission results.

The emission values that the calculator provides are preceded by the letters

F, B, and T. F designates Front Half, B is for Back Half, and T is for Total
Emissions.

If the program is being run without the printer attached, the program can be
stopped when displaying values. Since the label for each value is scrolled accross
the display, pressing R/S when the equals (=) sign appears will stop the program
and the numericazl value will appear in the display.

The label for this program is MASSFLO. The Memory size is 024,
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VELOCITY TRAVERSE PROGRAM (METH 2)

The velocity traverse program determines the average stack velocity in feet
per second and feet per minute. It gives the Actual Cubic Feet per Minute (ACFM)
as well as Dry Standard Cubic Feet per Minute (DSCFM). If the stack is rectangular
instead of round, simply press R/S when the stack diameter prompt appears and
enter the stack area in square feet when the stack area prompt appears. If another
gas is present in the stack effluent -~ such as a high concentration of SOZ' enter

the molecular weight of the gas. The calculator will then prompt for PPM.

The label for this program is METH 2. The memory size is O45.
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Page 12
PROBE MARKING PROGRAM (METH 1)

The probe marking program locates the points at which the probe should be
marked prior to sampling. The point locations given by the program include the
nipple length and corrections are made for points that would otherwise be too
close to the stack wall - that is the outermost points that would be closer than
% inch to the stack wall for ducts 24 inches or less in diameter, and less than

1 inch from the stack wall for ducts greater than 24 inches in diameter.

The label for this program is METH 1. The Memory size is 036.
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NUMBER OF POINTS (NOP)

This program calculates the number of total sample points needed for a
site based on the number of upstream and downstream duct diameters available and
the duct diameter in inches. Prior toc the change in the Federal Register in
September 1983 that reduced the total number of sampling points, the program was

very useful in determining the total number of sampling points at a site. The

graph in the Federal Register has now been quite easy to read, so the program

is probably more valuable as a means to check the number of points that the source

tester determines from the Federal Register. The program is interesting to run,
however, since it will point out errors if incorrect data should be entered. For
example, if a duct diameter of less than 12 inches is entered, or if the number of

duct diameters are too short, an error code will result.

The program label is NOP. The Memory size is 005.
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AVERAGE OF INDIVIDUAL DELTA P_[T_ + 460]2 (PRESS)

The FRESS program averages the individual square roots of the Delta Ps times
the stack temperature + 460. It also averages the °F of the stack temperature.
The program 1s used when summarizing the field data sheets..

The Federal Register does not require the above technique to be used in
calculating the isokinetic sampling rate, but simply says that the average of all
the Delta Ps values and the average of all the stack temperatures can be placed
under the square root radical and extracted once for use in the calculations. 1n
the majority of cases, it will make little difference which method is used, however,
in a few stacks where there is a wide variation in the Delta Ps values it will be:
noticeable., The introduction of programmable hand calculators makes it just as
easy to obtain the number correctly, and requires no more effort. If the Meter
Box Program (DELTA H) is used for the sample run, the results of the PRESS. program
will already bpe calculated and there will be no need to use this program. This,
of course, assumes that no errors were made entering the data in the DELTA H pro-

gram and that no interruptions occurred in the test run.

The label for this program is PRESS. The Memory size is 004,
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EQUIVALENT DIAMETER (EDIA)

The Equivalent Diameter Program is useful on pre-test survey visits at sites
where square or rectangular ducts exist. The dimensions of the duct are measured
in inches and then enter into the program as prompted for. The program then
determines the equivalent diameter of the duct in both feet and inches. Once
the equivalent diameter of the duct is determined, it is possible to decide if
there is enough straight run of duct to provide an adequate sampling site. Since
the minimum number of duct diameters for a site is 2%, simply multiply the equiva-

lent diameter by 23 to see if the site meets the minimum requirements of Method 1.

The label for this program is EDIA, The Memory size is 003,
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SAMPLE POINT TIMES USING THE ALIGNMENT METHOD (TIMES)

This program calculates the individual sample times in minutes and seconds for
sample points where the Alignment Method is used. The program requires only three
inputs: I{irst, there is the normal sample time per point if the Alignment Method
were not being used. Second, there is the total number of points to be sampled.
Third, the angle of maximum flow at these points must be entered. After these data
have been entered, the calculator provides the sample time per point in minutes
and seconds. A decimal separates the minutes and seconds. A time of 5 minutes
and 14 seconds will appear in the display as 5.14 and will be printed in the same
manner on the printer tape if the printer is used. The program, of course, will
run with or without the printer, and executing the program without the printer
will pe discussed first. NOTE: The first five steps of the instructions are the

same for use with or without the printer.

1. Engage the program by pressing XEQ ALPHA TIMES ALPHA. NO OF POINTS? will
appear in the display.

2. Enter the total number of sample points for the test and vress R/S.

3. NORMAL TIME? will appear in the display. Enter the sample time per point
in minutes that would normally be used if the Alignment Method were not
peing used. Press R/S.

4, ANGLZ 1. will appear in the display. Enter angle 1 in degrees and press
R/S.

Se GLE 2. will arpear in the display. Enter angle 2 in degrees and press
R/S. Continue in this manner until all angles have been entered.

6. When all the angles have been entered, the calculator will display the
average angle, and pause long encugh for it to be written down. Then the
decimal base time will be displayed. The calculator will pause long
enough for this number to be recorded also.

7. WORKING will next appear in the display. The time for each sample point
in minutes and seconds is now being determined.

8., The next message to appear in the display wi}l be: MIN AND SEC FOR EACH
POINT FOLLOW.

9, The calculator will now begin displaying the minutes and seconds of

sample time for each point., An audible tone will occur, the display will



The

orinter.
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, L. . . . . NS
1y show the point numoer and ihen glve the minutes and seconds 1or

me

+hat point. The Trogram stops at each point so that the time can be re-

corded. FPressing R/S moves on to the next point until all the points

have been displayed.

*  USING THE PR0OGRAM WITH THE PRINTIZR

Drogram runs much the same with the printer as it does without the

through 5 on the previous page.

Complete steps 1

After 211 the angles have been entered, the display will say EDIT. Then
the memories that contain angles will be printed on the calculatior tape.
Angle 1 is stored in memory 1 (or Register 1) and will oe displayed as

ROl = nn.

memories an

The actual angles can be checked 2gainst ithe corresponding
corrected if necessary. To correct an angle, simply store
the correct value in the zppropriate memory registier.

te
for correctness, tress R/S.

After reviewing the angles The average
angle and the decimal tase time will te distlayed and printed. The

display will now show WCRKING. The calculator is now determining the

sample times in minutes zand seconds for each point,
N AND SEC #CR ZACH POINT FOLLOW will

Then the printer will

A message saying M aprear in he

display and on the tape. orovide z2 list ¢ nen-

ories that zive the iime in minutes and seconds for each sample point.

Thus, would indicate that

The

sample point 1 should be sampled fox

5 rinu=es and 25 seconds. register number (or memory numter) is the

same as the zcins

oumoer.

n using the Trinter, there are three mode positions in wnich the trinter
-~ Lan s N P~ v - PRI : o o
oerazec. Thev zre AN (for manuzl), TRACEZ, zand NORM (for mormzl)., Since

Iind erTors in rrograns, need no%

-

This leaves the Mal and NCRM nmodes, and either may be used wher runming the IrogTam.
The YAl nmoce is the most efficient since it 2rints only when instructed to and
tnerefcore saves Trinter tzpe. The NORM mode orints 211 en*ries arnd uses more tare,
cuT i1t does trovide 2 copy of dzta inTul.

The lzbel Ior inis Trogrzm is TIMES., The Memory size is 110
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TIME WEIGHTED AVERAGE (TWA)

This program determines time-weighted averages that must be used to calculate
the isokinetic sampling rate when the Alignment Method is used. The program is
simple to use and prompts for data input. It can also be used for time-weighted
averages for normal Method 5 sampling where time weighted averages are necessary
for data reduction. This will be discussed at the end. of this section.

This program differs from most of the programs in this booklet in that the

memory size for this program is 110. To execute the program, do the following:

1. To engage the program, press XEQ ALPHA TWA ALPHA.

2. The NO. POINTS prompt will appear in the display. Enter the total number
of sample points.

3. An audible tone will be heard and the point number will momentarily
appear on the display. Then, the MINUTES ? prompt will appear. Enter
the number of whole minutes sampled at that point. (For a point with a

sample time of 5 min. and 27 sec. enter "5",) Press R/S.

%, The SECONDS ? prompt will appear in the display. Enter the seconds and
press R/S. (For the above example, enter 27 and press R/S.)

5« Enter minutes and seconds for all points.

6. The total seconds for the sampling period will appear briefly in the display/
A message saying BEGIN DELTA H will appear obriefly in the display foll-
owed by DELTA H 1. Bnter the first Delta H and press B/S. Enter all
Delia E values.

7. The next message in the display will be 3EGIN MIR TEMP. This will be
followed by the TEMP IN? prompt. Enter the inlet dry gas meter temper-
ature and press B/S. The TEMP OUT? prompt will then appear. Enter the
outlet temperature and press R/S. Enter all inlet and outlet temperatures.
NOTE: If you have a single dry gas meter temperature, set Flag 00. This
will prompt for one meter temperature instead of two.

8., Afier the meter temperatures are entered, a message saying BEGIN STK TEMP
will appear in the display followed by STK TEMP 1. Enter all stack
temperatures in °F.

9., After all stack temperatures are entered, z message saying BEGIN SQRT
PSTS will appear. This will be followed by DELTA P 1. Enter all Delta

? values.
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10, After 211 Delta P values nave been entered, a message will appear oriefly
saying 3EGIN COS SQRT PSTS. This will de followed with DEGREES 7 l.
Enter the angle in degrees of all sampling points.

11. At this point, the calculator will begin giving the time weighted ave-
rages for data previously entered. If no printer is beding used, <he
first average will be displayed and the program will stop. Simply press
R/S each time a new average is desired. The summaries from this pro-
gram can be used with the METH 5 program to obitain the isokinetic sanm-

ple rate and volumetric flow rates.

To use this program to obtain time-weighted averages for for runs where the
Alignment Method was not used, begin by entering the minutes and seconds. If there
is a point with an even number of minutes and no seconds, enter a2 0 for the seconds..
Continue to enter data as prompted for until the message: BEGIN COS SQRT PSTS. At
this point, the degrees for the angles are entered if the run used the Aliznment
Method. Since this would not be an Alignment Method run, enter a2 O for the degrees
of each angle (Cos 0° = 1). After zeros have been entered for all the angles, the

calculator will then provide the necessary time-welighted averages.

The label for this program is TWA. The Memory size is 110,
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SULFUR DIOXIDE EMISSIONS (METE 6)
produced for

This program calculates the pounds per dry standard cubic foot of SO

emissions, and it also calculates the emission rate in pounds of SO2
The name of the program is METH 6, and the
With the

each one million 3TUs of heat input.
memory size is 019.
The way to use the program is to first assign it to a user key.
calculator in the user mode, pressing the assigned key will engage the program.
The first prompt will be: METH 5
Then continue to enter data as prompted for.

The program will then prompt for data input.
OR 6 EQUIP? Enter either a § or a 6.
When doing Metnod 6 analyses, the majority of values needed to reach the
If doing several runs, the meter volume, temperature
of titrant will vary from run to run. If Method 5 equipment:
After the

answers remain the same.
sample, the Delta H will also be a variable.

of the meter, and volume

is used in obtaining the
time, the values that remain constant will not be prompted
Thus, after finding the first emission rate, pressing R/S will cause the
The second analysis deter-

program has been run one
for again.
program to reset itself and the first prompt will be DELTA H? if using Method 5.
the type of

equipment, or METER VOL? if using Method 6 equipment.
rmination can be made with only four or five prompts, depending upon
were prompted

is to press the

equipment used.
During the course of several analyses, some of the values that
The easiest way to remedy this situation
A1l the memories will be
recommended) is to
each column value

or initially may change.
assigned USER key and start the program all over again.
Another way (though not

Fy

Above the abbreviation for
The number in the circle is

Therefore, if the per cent oxygen

cieared z2nd *ne new data can be stored.
While manually storing

refer to the METHCD 6 SUMMARY SHEET.
is a number. Mosi of the numbers are inside a circle.
the memory number in which that value is stored.

changed, the new value could be manually stored in memery 17.
numoers will work, the most reliable way to change values is simply to run the pro-

from the beginning by pressing the assigned USER key.
The Memory size is 01S.

gram
The label for this program is METH 6,
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132 AVIEW

133 X4y

134 -

135 2e.9

136 K4xY

137 »~

138 RCL 15

129 *

1483 RCL 15

141 =%

142 FI¥ 4

143 “LBr1@+&
BETU =

144 QRCL X
145 AVIEW
14 STOP
147 SF oo
148 RCL 12
149 &

158 ¥=¥7
151 GTO a2
152 GTQ @2
152 .END.
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LOCATTON

SAMPLED SOURCE

VLb

® s
Vﬂ

©

3 rl . iy ur - .
tun bate LS S O T L v st N v, Vooin LB/bscr ke 0, I
—
Y = Meter Box Correction Faclor VL = Volume of 'ftrant (ml.) E = Ewmission Rate in Pounds of
0 Pollutant per One ¥illion
all = Average Orfice Presuure Drop, th = Volume of Titrant Blank (ml.) BTU Heat Input,
Inches H O
“ .. = Volume of solution (ml.)
: s01ln
P Bar. = Barometric Pressure, Inches
Hy, Absolute Va = Volume of Aliquot (ml.)
V = Volume ot Dry Gas at Meter LU/UJUF = Pounds per Dry Llandard
" Condi Lions, DCR Cubic Fool Emisslon Rate
a . - ] \
T = Average Meter Temperatare, Op, = I Factor Dry Slandard Cublic Feet @ 660b,
3 29.92 in, Hg.

V dtd. = Volume ot Dry Gas al STP,
m TR
DsCE

N = Normality of Tilrant

“ , = Per Cent Oxygen
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FLAGS

The chart below gives the Flags used in the programs and program name for
which the Flag is used.

FLAG # PROGRAM LABEL
00 NCZZLE
00 METKE 3
01 METH 3
02 METH 3
03 METH &
oL METH &4
05 DELTA H
06 METE 5
07 METH 5
08 METH 3

FUNCTION

Flag is set to choose a sample rate other than
0.75 DSCFM.

Flag is set when determining wet and dry molecular
weights of stack gas only, i.e., when running the
METH 3 program alone.

Set this Flag plus Flags 00 and 02 to get dry
molecular weight only when running METH 3 program
only.

Same as above.

Flag is set ito prevent calculator from prompting
for vapor pressure of water at stack temperature.

Flag is set to prevent calculator from prompting
for other gas removed before the dry gas meter.

This Flag is set if the meter box has only one
indicator for temperature. This is done automatically.

This Flag is set if the pitot coefficient is other
than 0,84,

This Flag is set if the Alignment Method was used
in obtaining the sample.

This Flag can be set to eliminate the CO prompt
from the Method 3 program assuming no CO is present
in the stack gas, or if a Fyrite is used and CO

is not determined.
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INSTRUCTIONS FOR THE HP 41

The instructions that follow in this section briefly outline the operation of
the HP 41 for use with the programs contained in this booklet. The following areas

will be discussed:

Calculator Models

The Keyboard

The RPN Systenm

How to Manually Enter a Progranm

How to Enter a Program Using the Card Reader
How to Run a Program

Fow to Assign a Program to a User Key

How to Use the Catalogue Function

How to Use the Printer

CALCULATOR MODELS
There are presently three models of the HP 41 calculator that these programs
czn be used wiin. The models are the HP 41-C, the HP 41-CV, and the HP41-CX, The
newer calculztors, the 41-CV and 41-CX are acceptable as is. The older mocdel HP=-41C

will require either an 82170A QUAD module, or four of the 82106-A memory modules.

THE CALCULATOR KEY30ARD

The description ¢f the keyboard is for those individuals that are unfamiliar
with the &P U4l calculators. Only a few of the keys are discussed and those familiar
with the keyctoard may wish to skip this discussion.

Immediately below the display of the HP 41 are the itoggle keys. Reading from
ief{ to righi, the toggle keys are ON USER and PaGM ALPHA. The ON key turns the
caleulator on and off. The USER toggle key enters the USER mode where either a
srogram or 2 ‘unction can de assigned to a key (the USER mode will be discussed
later.) The PRGM toggle key is used 10 enter the Program mode for either loading,
writing, or correcting a program. The ALFHA mode is used for entering letters of
the alpnabet into the display.

There are some other keys used in running the programs in this booklet that
are important. They are the Shift xey, the Execute key, the Znier key, the Clear
key, and <ine fun/Stop key.

The yellow kKey on the left side of the keyboard is the Shifi key. This key is

used to get zo the functions writiten iIn yellow above the main Xeys.
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There are some other keys used in running the programs in this booklet that
are importani. They are the Shift key, the Execute key, the Znter key, The Clear
key, and the Run/Stop key.

The yellow key on the left side of the keyboard is the Shifi Key. This key
is used to get to the functions written in yellow above the main keys.

To the right of the yellow Shift key is the Execute (XEQ) key. This key is
used wnen executing a program or Iunction.

Below the Shift and Execute keys is the ENTER key. This key is used to enter
numbers into the display when manually operati the calculator and will be dis-
cussed in the RPN section that follows,

Three keys from the right of the ENTER key is a key with an arrow pointing to
the left. This key is used for clearing the display.

The botiom righ<i-nand key is the Run/Stop key.. This key is pressed to either

start or siop a Jrogram.
THE RPN SYSTEM

This discussion is for those who have never used a calculator that uses the
RPN svsiem, or for those who may nave limited experience with =2 calculators or

the HP L1. These who are familiar with the RPN SJstem may want to skip ithis par

The "2 L1 uses the APN system or Reverse Polish Notation as it is alsc czlled,
This logic is based on a mathametical logic known as "Polisn Notation" develcped.

©y a not2d Polisn logician, Jan Lukasiewicz (1878 - 1956). Conventional algedraic
logiz tlaces operzicrs between relevant numbers (2 iimes 3 for example) whereas
wukasiswicz's notation stecifies the operators before the variables. A variazion
o =his logic that places the operztors afier the variables is czlled Reverse
Polish Noiation (2 EZNTER, 3 times for example). Hewlett-Packard has choosen the
2PN system for greater efficiency in dizital computations.

27N system o nerform computations, the ENTZR key is usuzlly
cressed To enter the Iizsy number. In aultislying 2 times 3, the 2 key is pressed
n the 3NTER key., Nex®, the 3 is pressed followed by the tinmes xey, The
answer § appears in the display. If at this poin%, you wish <o gzet the square roct
1s not necessary 1o press ithe INIZR xey again; simply press the scuaze
Toot ey and tne znswWwer wlll zopear in tne display.

¥ith a little practice and

referzzl =2 tne °F Uwner's Manua., using the RPN system will Tecome quite easy.
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HOW TO MANUALLY ENTER A PROGRAM

A program can be manually entered into the calculator; however, it is somewhat
time consuming. For this reason, a card reader is recommended. Although the card
reader is an additional expenditure, one card reader can be used to program several
calculators.

Before manually keying in a program, the memory size of the calculator must
pe set. This needs to be done only once before the first program is entered. To
set the memory size, press the XEQ key, followed by the ALFHA toggle key. Then
spell SIZE and press the ALPHA toggle key again. At this point, SIZE will appear
in the display followed by three blank spaces. The memory size may now be entered.
Most of the programs will run with a memory size of O45 or less. The Alignment
Method programs require a memory size of 110. Unless the Alignment programs are
going to be used, a memory size of O45 is recommended.,

To manually enter a program, dress the PRGM toggle key. Then press the
Shift key followed by the GTO key. Next, press the decimal key twice. PACKING
should appear briefly in the display.

The next step is to enter the program label. To do this, press the Shift key
followed ty the L3L key. Now press the ALPHA toggle key in order to spell ihe
srogram label and press ALPHA again. From this point on, enter the program as it
crinted in the booklet. The last line in the program is another PACXING function,
that is, the shift key, the GIO key, and the decimal key twice. The PACKING functiom
tlaces an END stztement a2t the bottom of the program. 3Before loading another pro-
gram, the PACKING Zfunction should be executed again.,

While it is time consuming to enter »rograms manually, there is also another
problem. The calculator will not hold all the programs in the booklet ait one *ime.
This means tha% some programs may have to be cleared so that others may be entered.
If a card reader is not available, then the most frequently used programs could be
manually entered and left in the calculator memory. For the purpose of checking
the isokinetic sampling rate, the METH 3, METH 4, METH 5, and PRESS programs would

oe the programs to store.

HOW TO ENTER A PROGRAM USING THE CARD READER

Entering a program into the calculator memory using a card reader is very
simple and fast. First, the memory size musi be set as discussed in the preceeding

section. Next, the PACKING Zunction should be executed by pressing the Shift key,
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the GTO key, and the decimal kev iwice. The program cards may now be processed
through the card reader. The card is placed into the slot on the right hand side
o the ca=d reader. I the progran uses the whole card, or more than one caxd,
the caleulator will prompt for additional input. The display will say RDY 02 OF 04,
or something similar since the order ir which the cards are entered makes no diff-
erence. If the display trompts for additional input, take the previously run card

and turn it upside down and run it through the card reader again. When the last

track (each card has iwo tracks) has been entered, WORKING will appear in the display.
At this point, the eniire rrogram has been placed into the calculator memory.

3efore enitering another program, it is important to execute the FACKING fun-
ction. The PACKING function moves the previously entered program from ihe bot

of the program memory towards the top of the memory. meking it possible to enter

[o]

the next procgram without writing over part of the treviously entered program.
HOW TO RUN A PROGRAM

Ruaning a program is very simple. Simply press ihe XZQ key, the ALPHA ‘oggle

key, spell the program label, and oress the ALTHA toggle ke ain. The zrogram
J L S = S asg = =)

o -

will te engaged and the firsi prompt will appear. Sinply enter the data prompted

for and press the R/S key. AFfter 21l the Zata have been en ered, the caliculator

will then provide the answers.

tne Run Number nay be entered by using the ALPHA mode. Simply press “he ALZHS
toggle x2y, spell the run number, ard press the ALPHA togzle key agzain. The run
number will Te zrinted at the top of the printer tape.

HOW TO ASSIGN A PROGRAM TC A USER K=Y

Assigning 2 progran 1o 2 USER key 1s guite easy. .Simply oress the Shifs Zav,

<ne ASN key and tne ALZHa <oggle key. ASN _ will appear in the diszlay. Key ir
the zrogram label and press the ALTHEA toggle xey again. 4 dasn will apoeas <o <he
=ignt of ine progranm lapel. ZFressing one of the caleuwlator zeys will assign the

—— —- wae

DrogTram 10 that Xey. dWhnenever vou wan:t 10 mun the trogran that was just assizned
e Jusz o

g

—m tha rapw ot ST e e < TR e % . ~ - y .

-0 Wne uger 2y, LNTly ZTess The .oin togzle Key zZnZ Tne -{ey <c wnic—l ~he -Tro
- - -ad - -

mmsm oW ot oA M e mmm s TS ; s . ~.

~:-:..T. as aS:u.i_.eu.. -0e STCETEN WlLl 2 engzazel and thne Iirst -, i

o jgeager) - - - - - s - al PRI IS
S o-SRR A2Y LS SLNTLY 2n eesler wWay ¢l calling ur or executin
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HOW TO USE THE CATALOG FUNCTION

The CATALOG function lists the programs stored in the calculator memory.
To execute this function, press the Shift key, the CATALOG key, and the "1" key,
The calculator will begin listing the programs in its memory. The program label(s)
will appear in the display followed by an END statement. The CATALOG function is a
handy way to get to the beginninag of a2 program for programming purposes. By press-

ing R/S at the appropriate time, the beginning of the program may be reached.

‘g

ressing the PRGM toggle key will then display the first line of the program.
HOW TO USE THE PRINTER.

The printer plugs into one of the ports on the HP 41 (consult the Owner's
Manuzl for the proper port). The printer has three modes: these are MAN (manual),
TRACE, and NORM (normal). The TRACE mode is useful when trying to find errors
in progranms since it prints every operation the calculator performs while running

that trogram. The NCRM mode is most fregquently used. It prints all the prompts

fournd in a program and it also prints all the answers. The MAN mode prints only
when insiructed to by the program. This mode is useful when running the Alignment

Method programs since it conserves printer tape.
HOW TO DELETE A PROGRAM

To delete or clear a program from the calculator memory, first press the XEQ
xev. Nexi, press the ALPHA toggle key and enter CLP into the display. Then press
the ALZHA *oggle key again. The display will show CLP_., Now, press the ALPHA toggle
key again znd spell the program label. After the program label has been entered
into the display. press the ALPHA toggle key again. PACKING will appear in the dis=-
play. When PACKING disappears from the display, the current X register value will

arpear and the program has been cleared from the calculatior's memory.



