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ABSTRACT

A new mathematical model is described for use by control personnel to deter-
mine the adequacy of existing or proposed filter systems designed to minimize
coal fly ash emissions. Although the basic model design is similar to that
discussed in an earlier report, several improvements and many timesaving steps
have been introduced so that the immediate needs of agency and other emissions
control enforcement groups can be met. To further aid the model user, the
study has been presented in two volumes, the first a Detailed Technical Report
and the second a User's Guide.

The model is structured so that by using the combustion, operating, and
design parameters indicated by power plant and/or manufacturing personnel, the
program user can forecast the expected particulate emissions and filter pressure
loss.

The program affords the option of providing readily appraised summary
performance statistics or highly detailed results 1f the latter are necessary.
Several built in error checks prevent the generation of useless data and avoid
unnecessary computer time.

The model takes into account the concentration and specific resistance
properties of the dust, air/cloth ratio, sequential compartmentized operation
and the method, intensity and frequency of cleaning. The model function depends
upon the unique fabric cleaning and dust penetration properties observed with
several coal fly ashes (including lignite) and woven glass fabrics. Prior
validation of a precursor model showed excellent agreement with measured field
performance for the Sunbury, Pennsylvania and Nucla, Colorado fabric filter
systems.
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1.0 SUMMARY

A mathematical model is described for use by agency and other personmnel to
determine the adequacy of proposed filter systems designed to minimize coal
fly ash emissions. The operating principles of the model have been discussed
at length in an earlier report that includes not only the model development
per se but also detailed descriptions of laboratory and field tests performed
to provide the necessary data base.l

Originally, many supporting calculations and estimating processes were
performed outside the computer program to provide more latitude in model valida-
tion experiments. Unfortunately, this approach was overly complicated and
confusing except to those individuals who were concerned with filtration research.
Therefore, the improved model described in this report has been structured so
80 that emissions enforcement personnel can carry out the same modeling processes
discussed earlier but with minimal calculations outside the model. Similarly,
the input data (or its absence) determines the most reasonable path for program
execution so that the model user is spared many decisions relative to methods of
computation, choice of iteration intervals and length of program operation
required to depict a steady state operation. Although the present study is
concerned mainly with the new model development and, particularly, its practical
application, it is emphasized that the engineer should obtain as much background
combustion and filter system information as possible before undertaking any

predictive modeling.



The basis for the filtration model design is reviewed in Section 3 of this
report. The introduction of three new concepts has made it possible to estimate
the performanece of a multicompartment filter system in much more realistic
fashion than previously possible.

The first describes dust separation from woven fabrics as a flaking-off
process wherein the application of cleaning energy causes dust separation to
occur at the dust layer-fabric interface. Because the cleaning produces
uniquely cleaned or uncleaned areas whose drag and dust holdings are definable,
subsequent filtration and dust deposition rates as well as drag and penetration
characteristics can be estimated for the several surface elements making up the
whole filter.

The second concept is based upon a straightforward description of the
fabric cleaning process that relates the amount of dust removed to the method
of cleaning and the prior dust loading on the fabric surface. Although both
collapse with reverse flow and mechanical shaking have been quantitated, the
collapse and reverse flow process 1s expected to see the most use in the present
model for fly ash filtration with woven glass fabrics.

The third concept evolves from the unique penetration behavior exhibited
by glass fabrics woven from multifilament and bulked yarns. Because of extensive
penetration through pinhole leaks (+100 um diameter), the estimated size prop-
erties of many fly ash aerosols undergo little change in passing through the
filter.

Section 4 deals mainly with modifications and additions to the model
originating during the current program. For example, it is now possible to
compute Ky entirely within the model by introducing relevant input data that

may include temperature and velocity of K, measurement, and dust size and
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density properties. The same applies to the estimation of a., the fraction
of filter area cleaned by any specified cleaning regimen with respect to the
frequency and intensity of energy input. 1In addition, all input parameters
such as effective drag, K2 and inlet dust concentration that are subject to
adjustments for temperature, velocity or size properties are automatically
corrected from reference to test conditions by the program. In the absence
of certain data, the program will also assign reasonable "default" values so
that the program will continue to function.

In Section 5, a step-by-step description of every aspect of the modeling
procedure is presented including the specific calculation steps involved in
the numerous iterative processes. Here, the role of each major program routine
and subroutine is described. Additionally, a complete listing of all variables
constituting model data are described with respect to identifying symbols,
units of measurement and method and location of entry on program data input
cards. Examples are given for the various types of data printout provided by
the program. The level of detail in the printout and the level of accuracy
required are determined by the model user who introduces the terms DETAILED,
SUMMARY or AVERAGE as instructions to the model. 1In most cases, it is expected
that "average" values for pressure drop and dust penetration over a complete
cycle (as well as the maximum levels attained by both variables) will suffice
to describe system performance. Although +1 percent accuracy should satisfy
most field applications the model user can select a more stringent level if
desired.

In addition to the model per se, guideline tables and graphs (Section 6)
have been prepared whose main role it to emphasize the relative importance of

the system variables. These data demonstrate how the absolute and relative



values of many variables interact in determining overall filter system per-
formance. Used correctly, the above guidelines may help to identify unacceptable
or incomplete data prior to carrying out any rigorous modeling.

Several appendices provide additional examples of model uses as well as
the key details on program use, routines and card listings required by the

programmer.



2,0 INTRODUCTION

2.1 PROGRAM OBJECTIVE

GCA/Technology Division, under contract with the U.S. Environmental Pro-
tection Agency,* has developed a mathematical model to describe the performance
of woven glass fabric filters used for the collection of coal fly ash.l,2,3,%
In its original format, certain supporting calculations and estimating proces-
ses were performed outside the computer program so that the researcher might
have more latitude in his modeling experiments, The above format is not de-
sirable nor necessary, however, if pollution control personnel are required to
determine whether an existing or proposed filtration system will meet current
particulate emission standards. Aside from requiring decisions best relegated
to the filtration expert, the original model also provided a more rigorous
analysis of probable filter system performance than that ordinarily demanded
to support enforcement personnel in their decision making.

What is required by the pollution control engineer is a relatively uncom-
plicated procedure whereby he can input specific values for the controlling
filtration and process parameters into a predictive model and receive as output
a summary of the probable system performance. The present model is directed
specifically to fly ash removal from coal-fired boiler effluents where woven

glass fabrics constitute the dust collection medium and where the average and

*
Contract No., 68-02-1438, Task No, 5, Program Element No. EHE624



maximum particulate concentrations are the primary concern. At the same time,
however, the model output should also indicate whether the predicted ranges in
fabric pressure loss and the frequency of fabric cleaning are consistent with
design specifications. For example, if system operation plans originally
postulated intermittent cleaning; e.g., every 2 hours, whereas the model indi-
cates that continuous cleaning will be required, an increase in operating pres-
sure loss and a shortening in fabric service life might be signaled. Both the
control agency and the equipment user are thus alerted to potential problems
that can be investigated before system construction is undertaken.

The primary objective of this study was to modify the original fabric
filtration model developed under prior contract with the U.S. Environmental
Protection Agency1 so that enforcement personnel can use it without extensive
training in filtration technology. Although the proposed modifications are in-
tended to provide both diagnostic and design capabilities, it is expected that
the former application will see the greatest use.

If it is desired to ascertain whether a filter system scheduled for con-
struction or just about ready to go on-line will meet local, state, or federal
emission standards, the engineer making this assessment will use the operating,
fabric and dust parameters provided by the user and/or the collector manufac-
turer. Unless the model indicates that the filter system will not satisfy the
emission requirements, time constraints will probably not allow enforcement
personnel to determine whether, in fact, the cleaning system is providing op-
timum performance. The latter effort is the responsibility of the user or man-
ufacturer along with the adoption of any corrective measures needed to bring

the system into compliance.



2.2 TECHNICAL APPROACH
As a general approach to simplifying the model so that the user is not re-
quired to make decisions nor to perform calculations beyond the realm of a basic
understanding of filtration technology, the following steps were considered.
e Certain calculations now performed outside the program, for
example, the estimation of the parameter a_ that is used
within the program to determine the effect of degree of
fabric cleaning on overall emission and resistance char-
acteristics, should be carried out within the program by
introducing the appropriate terms to a new subroutine.
® In those cases where the filtration engineer is given the
option to use an approximate linear drag versus the non-
linear relationship that more closely describes the actual
filtering process, the linear approach i8 recommended un-
less the key nonlinear parameters can be accurately
defined.
. Selection of a limiting pressure loss at which fabric
cleaning will be initiated should be based upon operating
conditions where total system flow passes through the on-
line compartments only.
e When no data are available to define Kp, KR, SE’ SR and WR,
provision should be made to calculate K; within the model
from measured or estimated values of particle size proper-
ties, particle density and nominal bulk density.
] When no direct measurements are available for SE and WR
for the system under study, the average values derived

from previous studies should be used.
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Supplementary graphs or charts indicating model response
or sensitivity to numerical changes in input variables
should be provided the model user to avoid overly con-
servative or overly generous estimates of filter system
performance.

The format of the input data should be changed, where
appropriate, to enable the user to enter data in a more
organized or practical fashion, e.g., Baghouse Design
Parameters, Combustion Parameters, Filtration Parameters
and Pabric and Dust Parameters.

Brief instructions should be prepared describing how raw
data should be translated to computer input. The ra-
tionale for selecting specific model outputs should be
pointed out to the model user. Available choices should
be designated as:

Detailed - point by point variations over the
entire baghouse with respect to time
and fabric location

Engineering - enough information to describe point-
by-point operation with respect to time
but averaged over the entire baghouse

Summary ~ no point-by-point variations, with
average values only for important

parameters.



2.3 BACKGROUND INFORMATION

2.3.1 General Appraisal of Filtration Process - Existing System

Field enforcement personnel must be able to determine whether particulate
emission levels from a given coal-fired combustion source will comply with
pollution regulations. The efficiency of gas cleaning controls for existing
systems can ordinarily be established on the basis of standard EPA testing pro-
cedures involving extractive stack sampling® to determine controlled and un-
controlled particulate emission levels and visual estimates of plume opacity.
Preliminary observations of the plume appearance, if detectible, and any per-
iodic or random excursions in opacity from allowable levels will often aid in
evaluating the gas cleaning equipment when related to load level changes or
tube blowing procedures.

2.3.2 Combustion Process in Compliance with Emission Regulations

If the plant undergoing inspection shows no visible evidence of poor con-
trol equipment, has no past history of complaints and all compliance testing
has indicated satisfactory performance the task of the enforcement engineer is
made simple. However, it is very important that data be gathered describing
the plant operating conditions at the time of inspection, including fuel type
and load level, and design and operating parameters for the particulate control
system. In the latter instances, information should be obtained on air-to-
cloth ratios, operating temperatures and controls for the baghouse, method and
frequency of fabric cleaning, maintenance protocol, standby equipment and
emergency procedures. A file of dust collector performance data coupled with
the design and operating parameters associated with equipment use provides a
sound basis for future control equipment appraisals. Because of time restric-

tions, predictive modeling procedures would not be performed, unless some unique



operational aspect of a given control system afforded a chance to improve the

model structure,

2.3.3 Combustion Process Not in Compliance with Emission Regulations

When a coal-burning power station fails to comply with emission regula-
tions, the extent to which enforcement personnel can hasten the correction of
operating difficulties depends upon their knowledge of both combustion and
filtration processes along with an awareness of the key problem areas. Prior
to resorting to any diagnostic modeling processes, the engineer should compare
the original design and operating specifications established by the user
and/or the supplier of the filtration equipment with the actual procedures in
use at the time of noncompliance with emission regulations, A representative,
but not necessarily a complete, listing of several factors that should be
considered by enforcement engineers is shown in Table 1.

Although most items listed in Table 1 are self-explanatory, a few comments
are in order for certain factors that are often associated with system malfunc-
tions or substandard performance. For example, failure to allow for possible
increases in MW load level (Item 1) or increased ash content in the coal
(Item 4) will demand increased fabric cleaning (Item 7) if the system is to be
operated within the assigned pressure constraints., The result may be decreased
bag life accompanied by much higher particle emission rates because of bag
damage and greater filtration velocities. An attempt to reduce both space re-
quirements and collector and fabric costs by operating at higher air-to-cloth
ratios (Item 6) poses the risk of increased dust penetration and reduces the
margin in collector capacity to accommodate to power levels or dust concentra~
tions higher than specified in the original design. The items discussed above
represent actions that can be undertaken by the engineer without a rigorous in-

spection of the malfunctioning filtration facility,
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TABLE 1.

FILTRATION PROCESSES

SUPPORTING DATA FOR EVALUATION OF COMBUSTION AND

Operstionsl or design factor

Expacted affects

Special precautions snd/or prodblems

-

Base load or pesking bdoiler

Kev systen or rstrofit

Fan capacity snd response to
varisble static load

Type of coal

Design cesistance (pressure
loss) acrose fabric filter

Design air-to-cloth ratio
(face velocity)

Cleaning frequency and
intensity

Materials of construction,
damper design, pressure
and temperature sensing,
and fabric cleaning
controls

Maintenance and safety
features

Standby compartment

Bypass capability

Alerm systers

Variability in flue gas volume, temperature
and dust concentration and composition.

Higher coste with retrofit, devistions from
good design because of limited space.

Cleaning frequency varies with fan static
cepability. Possible variation in ges
handling capacity with large changes in
filter prassure loss.

Size and composition of uncontrolled
effluent depends on ash and sulfur content
of fuel.

Fan power requirements increase with filter
pressure loss. High design resistance
sllows more flexibility in dust concentrs-
tions and air-to-cloth ratio,

The higher the face velocity the less fa-
bric area (and cost) required. Conversely,
resistance and fan pover needs are greater.

Filter pressure loss and fan power vary
inversely with frequency and intensity of
clesning. Excursions from wmean opersting
resistance are minimized.

Good construction and instrumentation prac~
tice precludes panel warping, gasket
failures, corrosion and condensstion in
baghouse.

Standby compartment permits safer and wmore
rapid i tion and maint .

Bypass capadbility prevents irreversible
demage to fabrics and allows for safe
boiler turn dowm. Excessive pressure
drop alarss may prevant bag rupture.

Sige filter for maximus flow-sixze com—
partment and duct hesting equipment
for minimum flow. Note possible
changes in dust properties with flow
rate.

Possible flow distribution end duct or
manifold dust settlement problems.
Excess dust penetration in high gas
flow regions.

Frequent cleaning needed for low bag
pressure loss can decrease bag life.
Overresponse of draft fans to static
pressure changes can cause loed level
variations

Design for maximum ash content. Be
alert for changes in size properties
or H380, condensation with high sul-
fur coals.

Design pressure loss liwit should be
based on highest possible fabric load-
ings and/or flue ges flowv rate.

Righ velocity operastion requires base
load operation with constant ash con-
tent. Penetration will be higher
although ususlly not excessive,

Fabric wear increases with rate and
intensity of cleaning. Particulate
enissions may be higher due to
avercleaning.

Leakage of cold sir into dbaghouse
with condensation snd bag plugging.
Cooling due to insufficient insula-
tion. Rusting aend jemming of compart-
ment dampers. PFailure to initiste
cleaning at specified pressure level
or to activate supplementsry heaters.

Proper maintenance avoids equipment
breskdown. Lack of alarm systems
may cause loss of several bags, and
also lead to decreased excess air in
combustion process.

11



No decisions or actions should be undertaken to bring a system into com-
pliance, however, until a thorough inspection of the physical plant has been
made, preferabiy by both enforcement and user personnel. Again, a representa-
tive but not necessarily complete listing of the more common field problems
are summarized in Table 2. Many of the conditions described in Table 2 are the
obvious results of a poor operating and maintenance regimen, particularly so
the rusting surfaces, missing bags, defective gauges, insulation free surfaces,
overflowing dust hopper and heavy dust deposition on bag compartment walls and
floor. On the other hand, certain problems relating to torn or apparently
plugged bags may arise from improper tensioning or insufficient heating to main-
tain bag compartments above dew point temperatures. Operation of the system at
too high an air-to-cloth ratio or failing to clean the fabric at sufficient
intensity or frequency may also be reflected by damaged fabric and/or excessive
dust penetration.

Therefore, even 1f the filter system is put back in order with the bags
replaced and other defects corrected, it is possible that initially acceptable
emissions will revert to noncompliance levels in a short time unless the basic
faults are corrected. In the situation just described, it would aid the en~
forcement engineer if he could determine by means of a filtration model whether
one could ever expect to meet the performance specifications (pressure loss and
effluent concentration) with the actual combustion-related and operation param-
eters, If not, preliminary guidelines for corrective changes would automat-
ically evolve from the model output,

2.4 APPRAISAL OF DESIGN SPECIFICATIONS
In reviewing plans and operating specifications for new systems, the fol-

lowing guidelines may be available to aid enforcement personnel in their
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TABLE 2. TYPICAL CAUSES FOR AND INDICATIONS OF
EMISSIONS NONCOMPLIANCE FOR FABRIC
FILTERS

3.

7.

Fabric Bags

Missing, torn or nonuniformly tensioned bags

Clean-Air Side of Bag Compartment

Gross fabric soiling, dust accumulation on floor

Compartment, Duct and Hopper Leakage

Corroded panels, rust stains, peeling paint, damaged insula-

tion, holes, defective gaskets

Missing or Nonfunctioning Gauges

Temperature, compartment pressure

Defective Dampers (Compartment Isolation)

Incomplete damper closure, minimal compartment cleaning,
dust accumulation near dampers, disconnected controls
Over-filled Dust Hopper, Screw Conveyor

Minimal flow to plugged compartment, dust pile up inside
bags above tube sheet

Defective Temperature Sensing and Compartment Heating
Moisture and condensation in compartment, rusting and
probably damaged bags

Defective Cleaning System Controls

Damper closing incomplete or out of sequence, excessive
system pressure loss

13



evaluations. First, the new system may replicate closely in physical design

and operating conditions an on-line system for which performance data are avail-
able. Second, pilot scale field tests may have been performed for similar
boiler designs and fuel properties where the dust permeability of the fly ash
can be established even though operating electrical load levels may differ,
Third, the filter system supplier has selected a set of average or typical op-
erating parameters that admittedly may be conservative., The supplier then
proposes to "tune" the installed system on a trial~and-error basis to an op-
erating regimen that will conform to the required pressure loss and effluent
concentration levels,

The probability of success with the preliminary (or trial) parameters
depends largely on the experience, intuition and conservatism of the vendor.
Here, the application of reliable modeling techniques by the supplier and/or
the enforcement engineer should improve the reliability of any estimates of
probable system performance. At this point, it should be emphasized that 1if
the enforcement group is the first to use the modeling approach (which for the
moment will be assumed to carry emough technical weight to justify design
changes in the system) then the equipment supplier may be placed in the unfor-
tunate position of having to make several costly drawing modifications or pur~
chase order changes. Therefore, it would appear logical that fabric filter
manufacturers adopt in their design efforts the same modeling procedures that

enforcement personnel will use in their assessment of the system capability,
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3.0 BASIS FOR EXPERIMENTAL MODEL DESIGN

3.1 WORKING EQUATIONS

The developmental aspects for the filtration model have been discussed in
several recent publications,!™ 1t suffices here to point out that the model
embraces several well recognized filtration principles that have been reviewed
extensively by Billings and Wilder.® A 1listing of the basic equations used to
estimate individual filtration parameters and/or to establish their roles within
the filtration model is given in Table 3. The indicated relationships include
those used in the original experimental model! as well as some recent additions
from the current program; i.e., Equations 6, 7 and 9. The development and
use of the latter equations will be described in the next section. The drag
curve in Figure 1 and Equations la, 1lb, and 5 through 9 in Table 3 typify some
of the fundamental relationships used in the model design,

3.2 NEW FILTRATION CONCEPTS

The introduction of three new concepts, however, has made it possible to
estimate the performance of a multicompartment filter system in much more
realistic fashion than previously possible,

The first describes dust separation from woven fabrics as a flaking-off
process wherein the application of cleaning energy causes dust separation to
occur at the dust layer-fabric interface, The result is that the first cleaning
of a uniformly loaded fabric produces two characteristic regions, the bright,
cleaned areas shown in Figure 2 and the adjacent, uncleaned areas from which

no dust is dislodgec:l.l’2 Because there exist characteristic values for the
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FABRIC DRAG, S

0 Wr FABRIC LOADING, W

Figure 1. Linear and curvilinear drag versus fabric
loading curves

Figure 2. Cleaned (bright) and uncleaned (dark) areas
of glass bag with partial fly ash removal.
Inside illumination with fluorescent tube
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TABLE 3. SUMMARY OF MATHEMATICAL RELATIONSHIPS USED TO MODEL FABRIC FILTER PERFORMANCE

Equation
oumber Equation Comments Terms and units
(1a) S=p/vs Sp ¢ kW Equations (1a) and (1b), which are used for the linear model, relate P, P, = N/a?
fflf'f drag, 5, or pressure loss, P, to fabric loading, W. P is the L N-oi
i limiting pressure loss and Wp the corresponding fabric loading. S, Sg = -:?lﬂ
(1b) PL =SV e Kav (HP - HR) Cleaning initiated at Pp. Sg is the effective residual drag, Wy the "
residual fabric loading for the cleaned areas, <: the dust specific Vo onoin
resistance coefficient and V the face velocity :
“, HR - g/m
- N-min
e
See Figure 1.
(2) S = 8g ¢ Ky W (K - K) U‘(l-exp (-H’/U‘)) Equations (2) and (3), which are used for nonlinear model, describe Kg = !EE
. initial curvature often seen in S versus W curves and also the later g
L “R approach to linearity. Kp is the initial slope for curvilinear region, s = N-win
. SR t&e actual residual drag for clesned area, and W* a system constant. 'R o
(3) W - (SE - SR + Ky HR)IK‘ - Ky If W is zero, program automatically uses linear model. W' = g/ml
See Figure 2.
(%) -1 Equation (&) describes resultant drag for pavallel flow through a. = dimensionless
n N s 8 p < X
. Yy Yy cleaned and uncleaned regions of fabric surface. The term a. denotes s § = N-win
SwpP/Ve 3 e e A cleaned fraction of fabric surface with its initial cleaned drag, S.. ¢, u !
is] °© v, v A" Tefers to total surface fraction and "n" to the total number of A = dimensionless = 1.0
. 3 e " ? *
fabric elements. Subscript "u'' refers to all aress not "just cleaned.
14
See Figures | and 2.
() K =18V Equation (5) describes effect of face velocity on Ky with coal fly wo - cat
ash, (MMD = 9 um and 9% ° 3) and st temperature T =23°¢C o * dimensionless
T =%
(6) H Equation (6) defines X; for filtration conditions (f) when the K: So s° e ca!
(‘2)f - (Kz)n (s) //(So) value is available for the same dust but with different measured f, °m
t m (m) specific surface properties, S,.
m us? s/3 Equation (7) predicts K. in terms of gae viscosity, ., specific sur- L = poise
K; = ] 3. 28) face parameter, Sy, cake bulk density, 0, and discrete particle den- T e m ',C‘S
°pc¢ 3-4.5 (E)li! + 4.5 (5)5/] - 3 (¢)°] sity, ey. Equation (7) used only when no direct K: measurements are “p.op
available. The Cunningham correction, C., approaches one for large ¢ = dimensionless

(fly ash) particles.
C. " dimensionless

(8) l-0/p =¢;cfz o2
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TABLE 3 (continued)

":"“I 1:“ Equation Comments Terms and units
101151 1"82" .

) s, - 6 _-————Km Equation (9) computes distribution specific surface parameter, S,, S «ca”
from cascade {mpactor dats for s logerittmic normal mass distribution.
Reverse Flow with Bag Collapse

(10) W - Pl. - sav U+ ci vt Intermittent, pressure controlled clesning. Substitution of H!; from L dimensionless

P KzV R 2 Equation (10) in Equation (11) gives area fraction cleaned, X

as function of limiting pressure loss, Py, and previously cited system

(1) s, = 1.51 1078 Hl‘,z'“ parameters. Wp accounts for the fact that the avarage W value over
the cleaniog cycle will exceed the initial values.

(12) " (6.00 x 10~3) (v Ci l:c)°'7l5 Intermittent, time controlled clesning. Equation (12) applies when :c. It, te = win
total cycle timas, t., is given. Note that t. is the sum of time re-

X = It + te quired to clesn all compartments, It, plus tﬁe time between compart- C1 - g/u?
ment cleaning, tg. Face velocity, V, and inlet concentration, Cy,
must be nearly constant for safe use of time control. V = a/min

(13) “P e 166.4 (c1 v tt)“-“' Continuously cleaned system. Equation (13), which shows dust loading n = number of compartments
on compartment ready for clesning, spplies vhen Wp 310 times Wp.

(14) a, - (6.00 x 10~3) (v |:t £e)0.718 Equation (14) cowputes a, for a continuously cleaned system vheve It
is the time to clean all compartments.

Mechanical Shaking

(15) 3, = 2.23 10712 (g2 A Hl;)z.sz Intermittent, pre:su;‘e controlled c(:lunln;s) system. Substitution of  a, = dimensionless
Wp from Equation (10) in Equation (15) in conjunction with shakiug - -
parameters f and &detcnﬂuu ac. Wp accounts for the fact that £ = shaking frequency = Bz
the sverage Hp value over the cleaning cycle will excesd the initisl A. « ghaking frequency = ca
values.

(16) a " 4.9 x 10°3 (£2 A. ci vIe)0.715 Continuoualy clesned system. Equation (16) computes a. in terms of It = time to clean all
cleaning parameters f and and the dust accumulation over the time compartments = min
required to clean all compartments (C" Vit).

- ~all Bquations (17) through (19) sre empirical relaticuships used to com~ Cy, C,, Cg = g/a®

an % [hl + (0.1 - h.) © ] G +q pute outlet concentrations, C,, in terms of incremental increase in ui - g/n?

- 7 _ l_”v] fabric loading (W° = W - Wp); inlet dust concentration C ; and local
(18) Pag = 1.5 x 1077 exp | 12.7 (1-e ) face velocity, V. The term Cy i3 a constant, low level dutler con- V = m/min
- -3 gl centration that is characteristic of the dust fabric combination. -
(19) 8= 3.6 x 1077 V' +0.09 Pn. and s are curve firting constants for apecific systems. Pn'. P:t dimensionless
a = al/g
1 J
20 Po = 1 o v Equation (20) depicte basic iterative structure for defining system 1 = No. compartments
t v: 1J ijt “t peoetration at any time, Pn, as a function of parallel flow through J = No. areas
1=1 §=1 "I" compartments (each subdivided fato "J" individual areas) where c ° art-enl:’"
local face velocities and fabric loadings are variable with respect op
to time and location. . t = time




residual drag, SR’ and residual loading, W_, for the cleaned regions and be-
cause the drag and loading for any uncleaned region are also definable, it be-
comes possible to compute the resultant fabric drag for the overall filter sys-—
tems by means of Equation 4, Table 3.

The second concept is based upon a straightforward description of the
fabric cleaning process1»3-“ that relates the amount of dust removed to the
method of cleaning and the prior dust loading on the fabric surface. Although
both collapse with reverse flow and mechanical shaking have been quantitated,
it is expected that the former cleaning method will see the most use in the
modeling process for fly ash-glass fabric systems. This opinion is based on
the fact that the very brief and low-intensity, supplemental shaking used imn
some field units does not appear to play a significant role in dust cake re-
moval for filter pressure losses less than 1500 N/m? (6 in. H,0). Equations
10 through 14, Table 3, depict the types of calculations carried out within the
program to estimate the fraction of cleaned fabric area, a_» when reverse flow
cleaning.is used. If mechanical shaking is used, Equations 10, 15 and 16 are
employed to compute the cleaned area fraction.

The third concept evolves from the unique penetration behavior exhibited
by fabrics woven from multifilament and bulked yarns. A temporarily or perma-
nently unblocked pore presence (often referred to as pinholes) may contribute
to extensive penetration of the upstream aerosol. Furthermore, only minor
differences may be detected between the inlet and outlet dust size properties.

Therefore, the model is structured so that it computes the total effluent
concentration on a mass basis alone because penetration levels are essentially
independent of size. The above situation arises because the aerosol fraction,
which sees only minor changes in size properties as it passes through pinholes

in the 50 to 200 um diameter range, represents 95 to 99 percent of the total
19



filter emissions. The potential for extremely high collection by the undis-
turbed dust cake is seldom realized! because of gas flow diversion through the
pores. Equations 17 through 19, Table 3, take into account the variable nature
of the dust penetration through the filter medium from the time that it is
cleaned until a substantial dust deposit has accumulated. The term, CR’ de~
picts a characteristic, lower limit in effluent concentration (for fly ash-glass
fabric systems) that is approached asymptotically as filtration progresses
between cleaning intervals. For present purposes, a CR value of 0.5 mg/m3 has

been selected for the lower threshold based upon laboratory measurements.
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4.0 MODIFICATIONS TO FABRIC FILTER MODEL

Major modifications to the Fabric Filter Simulation Program are discussed
in this section. As shown in Table 4, the revisions involve reductions in
hand calculations and procedural decisions by the model user, reorganization of
data inputs, more flexibility in data outputs and a restructuring of program
routines.
4.1 SPECIFIC RESISTANCE COEFFICIENT, Ks

Although mathematical procedures for the computation of the specific resis-
tance coefficient, K;, were described in prior GCA publications,!»3>* the calcu-
lation process was not included in the computer program. The reason for the
omission was that the expected level of accuracy arising from direct calculation
appeared to be no better than *50 percent whereas data obtained from direct
field or laboratory measurements were considered much more accurate, =*10 percent.
However, if enforcement personnel are compelled to make estimates of filter
system performance in the absence of any reliable K; measurements, the compu-
tation process called for outside the model might be overly time consuming.
Therefore, provisions have been made to carry out within the model the necessary
calculations to estimate Kj.

Based upon recent studies of dust cake porosity by Rudnick and First,7 it
appears that modifications to the classical Kozeny-Carman (K-C) equation, sug-

gested by the Happel flow field structure® afford better estimates of K, over
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TABLE 4.

SUMMARY OF MAJOR MODIFICATIONS TO FABRIC FILTER SIMULATION PROGRAM

A'

Reduction in External (Manual) Calculationms.

1.

2.

3.

4.

Incorporation of calculation of fractional area cleaned, a.s in
the program.

Addition of special K; calculations.

a. To correct K, from a reference set of size properties to
filter system size properties.

b. To estimate Ko from dust particle size and density parameters.
Calculation of W* for nonlinear model within the program.

Addition of mechanical shaking descriptors (amplitude and frequency)
for calculation within the model of cleaning parameter, a_.

Minimizing Procedural Decisions by Model User.

5.

10.

11.

Selection of number of time increments to determine iteration

period no longer required. Choice restricted to an "accuracy

code" factor of 0 or 1 for "accurate" or "very accurate” model
computations.

Number of repetitive filtration cycles to reach steady conditions
determined automatically.

Due to the addition of Item 6, the entry "total number of cycles"
now indicates the "maximum number of cycles" to be modeled
regardless of whether convergence requirements are met.

Inputs and Outputs.

Data inputs have been regrouped as "Design Data," "Operating Data,"
"Dust and Fabric Properties" and "Special Program Instructions."

Data outputs can now be selected at three increasing levels of
detail; "Average,”" "Summary" and "Detailed.”

Plotted results can be requested if desired.

Al]l input parameters subject to adjustments for temperature or
other specified properties; e.g., inlet dust concentration, are
automatically corrected from the reference to the filtration
conditions.

(continued)
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TABLE 4 (continued)

D. Programming Changes

12.

13.

Two additional subroutines have been added to check the input
data for inconsistencies, missing data, and data "out of range'
of program processing capabilities. These procedures eliminate
some "blow up" conditions and unnecessary runs.

The simulation program now consists of three individual Fortran
programs: (a) the simulator, (b) a summary table generator, and
(c) a plot generator.
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a much broader range in cake porosity, up to 90 percent or greater. For poros-

ities ranging from 0.3 to <0.7, the classical K-C relationship

36 k l-€
0 dZu é l3 (1)
p v ¢

and the modification discussed by Rudnick and First?’

2
Pp dys Cc

Ky =

agree within better than 20 percent.

The term R has been defined by Happel® as

3 4+ 2 (1-¢)8/3

R I T4 o)/ + 4.5 (1-6)5/3- 3 (1-0)2 @

As used in the Kozeny-Carman relationship, R is defined as 2 k (1-€)/€® where k
is the Kozeny constant usually assumed to be 5.0. Substitution of the latter
value in Equation 2 reduces it to the classical K-C form.

Both approaches indicate that dust cake resistance as reflected by K, be-
comes infinitely high as cake porosity decreases. The Happel modification
shows that R approaches 1.0 at very high porosities such that the K, expression
then provides a correct measure of single particle drag. On the other hand,
the empirical structure of the K-C function no longer applies at high porosity.
For example, at a porosity of 1.0, Kz becomes zero.

Although the calculations required for the Happel method are more involved
than those for the Kozeny-Carman relationship, either approach is readily
handled by computer. Hence, Equation (3), with modifications as discussed
in the following paragraphs, was selected for use in the revised model.

Equation (1) may also be expressed in the form

2
u S° R

2=77 ¢ ()
p C
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where So is the specific surface parameter for the distribution of particle
sizes in the fly ash aerosol. Since fly ash sizing data are usually based
upon mass distributions determined by cascade impactor measurements, the size
parameters, mass median diameter (MMD) and geometric standard deviation (og)
are available from which So can be computed for an assumed logarithmic-normal

distribution; 1.e.,

64 ¢ 1.151 log2 o_ | /MMD
3 d
dv v8

vhere ds and dv are the surface and volume mean diameters, respectively.

Since the poroqity term, ¢, appearing in the expression used to define R
ig best estimated from measurements of the dust cake bulk demsity (p) and dis-
crete particle density (pp) the term, ¢, in Equation (3) is replaced by

(14579p) where'slpp is the solidity factor. The net result is the development

of Equation (6) for use in a model subroutine for estimating K; when the

terms MMD, o, 7 and pg can be defined. Both Equation (6) and its alternate
form (Equation 7 of Ta?}g 3) include an empirical correction factor of 0.33
that takes into account that the predicted values for K based upon the theor-
etical relationship, appear to be three times larger than the actual measured
values. The preliminary estimate of the correction factor was 0.5 as reflected

by a modified Kozeny-Carman constant of 2.5 in an earlier :epqtf;l

K; = 6u (10 1-151 logZog) /M 2 3+ Gle)?
fp Ce X345 (/e )3 + 4.5 6/09)5/3‘ (@lo)* (6)

The bulk density, p, can be estimated by determining the volume occupied
by a known weight of a bulk sample of the uncontrolled particulate emissions
after repeated shaking in a measuring container. Discrete particle density,
pp, is estimated by pycnometer measurements or from a priori data for the dust

of interest. For most dusts in the fly ash size range; i.e., MMD >5 u, the
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Cunningham-Millikan Correction, Cc’ is sufficiently near 1.0 to be ignored.
Gas viscosity is automatically computed within the program from the operating

temperature data input.

In some cases, K2 data may be available for dusts having the same chemical
and physical properties (including shape factor) but not the same particle size
distribution as the dust of interest. According to earlier studies, it appeared
that the relationship between the calculated specific surface parameters, S,,
and measured values of K2 conformed to the 802 relationship delineated in both
the earlier Kozeny-Carman approach and the Happel concept, Equations (4) and (6).
Thus, an internal consistency was indicated for the surface to volume relation-
ships even though best estimates of particle and bulk density led to K; predic-
tions approximately three times larger than the measured values, (see Figure 3
and Table 5). The solid regression line (Figure 3) is based on data points for
the New Hampshire and Colorado fly ashes whereas the dashed line applies to
granite dust measurements.

- It was decided, therefore, to generate a second and simpler program sub-

routine to convert the K; value determined for one set of particle size param-

eters to the K; corresponding to the size properties of the fly ash entering

(e (4 (/o)

The values for (K;); computed either by Equation (6) or (7) represent

the baghouse.

single point corrections that depict the effective "measured" K input at a
specified temperature and at a fixed reference velocity, usually 0.61 m/min,
and 25°C.

Equation (4-7) performs the correction for size properties in the same
manner used to adjust K; to the gas viscosity at baghouse operating conditions.

In both cases, a single corrected value applies over the complete filtration
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TABLE 5. CALCULATED AND MEASURED VALUES FOR SPECIFIC RESISTANCE COEFFICIENTS FOR COAL FLY ASH?®

' Measured K2,
1 Dust psrameters Piltration
h Paremetars Ambient
! b Particle 2 Cake i conditions |Calculated ] Ratto,
MMD, dlnltsy So porosity,  Valocity, 1'?.. Test Test 219¢ K2, calc. K2
Teat dust um o glem” ¢ ca-? < a/ain (4 ! Filter fabric |scale! conditions | 0.605 a/min 21°C | mess. K;
Coal fly ash G.17(1) 2.44) 2.0 "4.73 x 108 0.59 | 0.915 2l — Pilot 2.29 1.85 5.72 3.09
Pudlic Service
Co., NH (GCA)
5.0 M) 2.13 2.0 2.58 x 1(‘)B 0.59 0.915 21 Napped cotton, | Pilot 2.29 1.85 3.74 2.02
sateen weave
6.38(1) 3.28 2.0 3.55 x 10a 0.59 0.605 21 Glass, Bench 1.40 1.40 5.14 3.67
* 3/1 ewtll
Cosl fly ash 3.8 (1) 3.28 2.0 9.96 x !.0s 0.59 0.823 138 Glass, Fleld 6.35 4.45 14.4 3.23
Public Service 3/1 twill I
Co., N ! |
Coal fly ash 11.3¢1) 3.55 2.0 1.28 x l(.)a 0.%9 0.851 124 GClass, Pield 1.05 0.75 1.84 1.98
Wucla, CO 3/1 wwtll
Lignite fly ash | 8.85(I) 2.5 2.4 1.06 x 108 0.46 0.605 21 Glass, Bench 1.34 1.3 3.67 2.78
Texas Pover 3/1 ewill
and Light
8.85(1) 2.5 2.4 1.06 x IOB 0.42 0.605 2] Glass, ‘Bench 1.34 1.3 5.16 3.86
3/1 twill
8.85(¢1) 2.78 2.4 1.30 x 103 0.46 0.605 21 Glass, Bench 1.34 1.3 4.49 3.36
3/1 wwill

aB:u:el.'pte«'l from Table 38, Reference 1.

b(l) indicates Anderson impactor measurement.
(M) indicates microscopic measurement (Lightfield 90 x obj).



cycle. On the other hand, the special correction made for the velocity effect
on K2 18 a function of the constantly changing face velocities with respect to
both fabric location and time. '
4.2 CLEANED FABRIC AREA FRACTION, a, - REVERSE FLOW SYSTEMS

The original fabric filtration model required that the fraction of fabric
surface cleaned, a.» arising from the cleaning process be estimated outside the
computer model. The reason for this approach was that it allowed for the use
of several alternative methods to compute a, depending upon the operating con-
straints placed on the filter system. Although none of the calculating pro-
cedures were complicated, it was thought that to include all alternative sub-
routines in the program might make it unwieldly and confusing to the field
ugsers. As a compromise approach for convenient application of the model, two
basic operating conditions have been defined.

The first one applies to a proposed or ongoing filter system that is
cleaned on an intermittent basis; 1i.e., the sequential cleaning of all compart-

ments is initiated at a preassigned limiting pressure loss, P_, followed by an

L’
extended period, 1 to 2 hours, when all compartments are filtering and no
cleaning takes place. The second condition applies when inlet dust concentra-
tions and constraints on operating pressure loss require continuous cleaning.
Thus, for any filtration system in which a compartment is always off line for
cleaning, the fraction of total cloth area in use at any time appears as (n-1)/n

where n is the number of separate compartments.

4.2.1 Intermittent Cleaning - Defined by Limiting Pressure lLoss, P.

A

When there are lengthy intervals of filtration between cleaning cycles,
average and local fabric loadings for all compartments and bags will approach

each other. The limiting filter pressure loss, PL’ at which it 1is desired to
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initiate cleaning may be suggested by the filter system user or vendor. It

can be defined as shown below

PL=S. V 4Ky V (W, - W) (8)

where SE and wR are the characteristic residual drag and fabric loading values,
respectively, for the dust/fabric system of interest; V the average face
velocity; and K, the dust specific resistance coefficient at the indicated face
velocity (or air to cloth ratio). The K; term may be entered as a measured
data input or alternatively it may be computed by a model subroutine based upon
Equations (6) or (7). As indicated previously, Sp and Wy are treated as
constants for each specific dust/fabric combination analyzed by the filtration
model. The model user is provided with estimated values for the above terms
unless direct measurements are available.

The temm, Wb, represents the average fabric loading corresponding to the

limiting or upper pressure limit, P, , where cleaning is to be initiated. By

L
rearranging Equation (8) followed by substitution for Wp in Equation (9)

) gy 2.52
a, 1.51 x 10 wp (9)

an equation is derived for use within the filtration model program as a sub-

routine; i.e.,

\ PL _ SE v 2.52
a, = 1.51 x 10 —KT + WR (10)

When a. 1s determined by Equation (10), the average system pressure loss will
actually increase above the PL value for brief periods until roughly one-half

the compartments have been cleaned. Should there be concern that induced- or
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forced~draft fan capacity may be reduced excessively by baghouse pressure loss
excursions above the PL limit, a conservative approach can be selected. The
latter procedure will take into account the fact that the second compartment to
be cleaned in a sequence of n compartments (a) will accumulate additional dust
while the first compartment is off-line for cleaning and (b) also see an in-
creased filtration velocity equal to the average value, V, multiplied by n/n-1.
Therefore, the system pressure loss just before cleaning the second compartment

will have increased to the level, Pmax; i.e.,

B =P +KC, [v (nA_])] 2.3 (11)

where PL’ Ky, V and n have already been defined. The terms, C1 and At refer to
average inlet dust loading and the time required to clean one compartment,
respectively.

From Equation (11) it may be deduced that if system pressure loss is not

to exceed a selected maximum value, Pmax’ the cleaning must be initiated at a

lower level, Pi. By rearrangement of Equation (11)

rd 2.5
P/=P  -K2C, [Vn/n_l] at (12)

the model user may then compute outside the model the revised PL value, Pi,
which becomes a basic data input to the model. In most practical situatioms,
the use of PL at the start of cleaning, is the recommended approach. In
Equation (12), K; and Cy must be defined at operating temperatures. The

variable impact of velocity on K2 is reflected by the fractional expoment 2.3.
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4.2.2 Intermittent Cleaning-Defined by Length of Cleaning Cycle and Time
Interval Between Cleaning Cycles

Rather than specifying a limiting pressure PL’ the filter manufacturer
may indicate what cleaning frequency should be used to maintain acceptable
performance. When the total time interval for the combined cleaning and fil-
tering cycle and the filtering period alone are to be maintained constant, the
system is said to be operating under a time-controlled regimen. Such an
approach may be risky unless the gas wvelocities and particulate loadings are
constant. Should either vary appreciably, pressure loss excursions could
occur that might reflect adversely on gas flow stability.

To estimate pressure loss and emission characteristics for a time-controlled
cleaning system, it is first necessary to establish the total amount of dust,
AW, deposited on the fabric over the time interval, t.. representing the sum-
mation of the cleaning period, It, and the filtering period, tf; i.e., the
interval when all compartments are on-line (cc = It + tf).

AW = VCi tc (13)

Since AW also represents the amount of dust that must be removed from the fab-
ric over the time period, tc, once steady state operation has been achieved, the

area fraction to be cleaned, ac, can be expressed as

W, - AW - W
P R
a, =1- - (14)
c WP WR
and also as
W, - AW
P AW
a = ] -~ ~————= (15)
c Wb WP
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By combining Equations (9), (13) and (15), an expression for calculating

the data input, a., is obtained.

a_ = (0.006) (ve, )71 (16)
Equation (16) appears in the revised model as part of a major subroutine.
In practice, absolute uniformity of loading with respect to compartments or
individual filter bags 18 never obtained, even with very lengthy filtration
periods without cleaning interruptions. However, past measurements have in-
dicated that after 30 minutes filtration following a cleaning (and filtering)
cycle of the same length, the maximum and minimum filtration velocities for
a six-compartment system differed by only 10 percent. On the premise that all
compartments see the same pressure gradient and assuming that K; is nearly
constant, these findings indicate that the fabric loadings alsoc differ by about
10 percent from point to point in the system. This means that the wp values
appearing in Equations (9) and (15) actually represent an approximate av-
eraging of the maximum and minimum values. Accordingly, derived a_ values
will predict overcleaning or underlceaning depending upon the true fabric load-
ing for a given area location. In view of the computational advantage to op-
erating with a fixed value for a.s the above approximation (single value) ap-
pears as the best approach until further model refinements can be made.

4.2.3 Continuous Cleaning

In certain cases, particularly where retrofit systems are imvolved, con-
tinuous fabric cleaning may have been selected to prevent overall pressure
losses from reaching prohibitive levels. Under these conditioms, each suc-

cessive compartment to be cleaned will have the same fabric loading at the
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initiation of cleaning. At the same time, a decreasing gradation in fabric
loadings will be exhibited by the n~-l1 compartments remaining on-line with the
lowest lohding appearing on the "just cleaned" compartment. Because the dust
loadings are not the same for all compartments when cleaning is actuated, (as
assumed for intermittently cleaned systems), the dust loading at the time of
compartment cleaning, WP’ no longer defines the system pressure loss at that
time. In fact, the average system resistance is lower because of the lesser re-
sistance offered by those compartments operating in parallel with lower fabric
loadings.

The fabric loading for the compartment to be cleaned may be expressed as

0.284 0.284 (17)

= 7 =
WP (6.62 x 10 Ci V It) 166.4 (C1 V It)

when the average fabric loading is much greater, ~ 10 times, than the fabric
residual loading, WR (which is usually the case). Note that Equation 17

can also be used to calculate Wp for intermittently cleaned systems when tc is
substituted for Zt. Thus, when Wp is redefined in terms of a, and AW, as in-

dicated in Equation (15), a final expression for a. is developed
a_ = (0.006) (ve, £t)°-713 (18)

When a, is computed within the program in conjunction with the other input data,
the average and maximum values for both pressure loss and particulate emissions

will appear as output.
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4.2.4 Cleaned Fabric Area Fractions, a. - Mechanical Shaking

Based upon prior studies!*? it was determined that the degree of cleaning
obtained by mechanical shaking could be estimated by the following relationship:

- -12¢¢2 ~y2,52
a, 2.23 x 10724(¢ Aswp ) (19)

for an intermittently cleaned filter systems with pressure loss control. In
Equation (19), f is the frequency of the shaking actiom, cycles/sec; Ag is
the shaker arm (half stroke) amplitude, cm; and Wp’ the fabric loading on the
compartment to be cleaned as defined by Equation 10, Table 3.

If the system is cleaned continuously by mechanical shaking, the limiting
pressure concept no longer holds because only the compartment due for cleaning

will have a fabric loading defined by the limiting pressure, P Thus the

L.
cleaning parameter must be computed from the following relationship!

a, = 0.00049 (szsCiV Tt)0-715 (20)

where It refers to the time period to clean all compartments.

Equation (20) also applies when the specified frequency of cleaning 1is
intermittent. In this case, the time describing the total dust deposition
interval, tc’ is the summation of the cleaning time It and the time between
cleaning tf.

4.3 DUST/FABRIC SYSTEM CONSTANT, W*, FOR NONLINEAR MODEL

To reduce further the number of computations performed outside the model,
the calculation of Ww* has been incorporated into the program. The magnitude
of W* determines whether the linear (w* = () or nonlinear (w* >0) drag model
should be used to describe system drag. If the key data inputs are not avail-

able to compute w* by means of Equation (21); i.e., experimental values for
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KR (the initial slope of the drag versus loading curve) and SR (the fabric

residual drag)

W o- (SE'SR + K2WR) /KR-xz (21)

the program now automatically interprets blank entires or zero values for KR
and SR as an instruction to use the linear model for estimation of system
drag. Conversely, when real values for KR and SR are specified, the program
always chooses the nonlinear model.

4.4 COMPUTER PROGRAMMING MODIFICATIONS

4.4.1 Number and length of Time Increments

In the original model,1 the user was required to determine, indirectly,
the time increment to be used in the iterative calculations. Because too
large a time increment may yield inaccurate results and too small an incre~-
ment will require excessive computer time, the actual determination of the time
increment is now decided automatically by the program. The time increment is
determined by dividing the total cleaning cycle time, It, by the product of the
number of compartments, (n) and a selected "number of increments (ni) per
compartment ."

Time increment = It/(n X ni)(minutes)

The number of increments, (ni), was varied experimentally over a broad range for
both average and extreme operating conditions. The results indicated that, in
general, four increments would suffice for most applications. Provisions have
been made in the program to increase this value to eight if the need arises.
The number of time increments is now determined from the "Accuracy Level" param-
eter, a new program data input that is entered as a special program instruction.
Assignment of a zero (0) value fixes the number of increments at four whereas

a value of one (1) will automatically increase the number of increments to eight.
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4.4.2 Determining Steady State Filtration (Model) Operation

Depending upon the selected operating parameters, the actual and/or pre-
dicted performance characteristics for a filter system will require a finite
time interval to reach steady state conditions. From this point, each successive
filtration and cleaning cycle will replicate approximately its predecessor
provided that all data inputs remsain constant.

Prior to the present modification, it was necessary to specify the number
of cycles to be simulated to establish a stop point for computer operation.

Only by examining the data printout could it be ascertained whether or not
steady state conditions had been achieved. It had been observed previously

that after 20 repetitive filtration cycles, steady state conditions were closely
approximated such that no subsequent changes were discernmible in resistance

and penetration. On the other hand, it had also been noted that steady state
conditions often were reached with 10 or fewer operating cycles. Hence, to
continue with 10 additional program cycles would represent a waste of computer
time.

The programming process has now been modified so that the computer operates
until steady state conditions are achieved before any data printout takes place.
Three additional cycles are then modeled accompanied by a tabular printout or
graphical plotting so that the constancy of the data output can be verified.

These three cycles describe the operation of the baghouse at steady state.
However, to prevent the program from running indefinitely, a practical limit
must be set on the number of cycles. Thus, where the number of cycles to be
modeled was previously epecified as a required input, the "maximm" number of
cycles to be modeled now becomes the required data input. Based on prior tests
with the model, 20 cycles are generally more than sufficient to achieve equilib-

rium. If steady state has not been reached within three cycles of the maximum
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allowed; i.e., 17 cycles, the data for the last 3 cycles, 18 through 20 are
printed and/or plotted. The mechanics of how steady state is determined within
the program and the rationale for this procedure are discussed in Appendix A.

A summary of the approaches examined for estimating steady state conditions

is given in the following paragraphs.

Three criteria have been selected to determine the closeness of the most
recent or last cycle to steady state operating conditions. The first criterion
involves fitting the slope of the curve depicting pressure loss per cycle versus
time as it approaches the steady state value of approximately zero by an expo-
tential decay curve. The average pressure,‘F, over the indicated time frame,
which is determined by integration, is then compared to the average pressure
at infinite time predicted by the equation of best fit. When the difference
between the local and "infinite" pressure levels is less than 1 percent, the
system is considered to be at equilibrium (or at steady state).

The average pressure drop for 4 consecutive cycles is also fit to a least
squares regression line with respect to time for the second criterion. 1If the
slope at this time indicates that the average pressure drop is changing at a
rate of less than 0.1 percent per cycle, steady state operation is assumed.

The third criterion specifies that in those systems exhibiting oscilla-
tions in average pressure drop, the oscillations must converge or remain
congtant in amplitude but never diverge before the steady state condition is
satisfied. The latter state is assumed to have been reached whenever any one
of the three convergence criteria are met (which are determined by a sequen-
tial analysis at the end of each cycle).

Convergence of average pressure loss was chosen as the indicator of steady
state since in all test cases average penetration and total cycle time also

converged when average pressure converged.
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When an accuracy code of 0 is selected, sufficient operating cycles are
generated to satisfy the average pressure loss convergence at the 1 percent
level, and the slope convergence at the 0.1 percent level. An accuracy code
of 1, which decreases the above convergence limits by a factor of 3, usually
requires that a few additional cycles be modeled.

In the case of continuously cleaned or time-controlled systems, the
"approach" to steady state is generally determined by the first or second
criterion. Certain limiting pressure systems, however, may oscillate in such
a way that the first and second criteria fail to signal a near steady state
condition whereas the third (oscillation convergence) approach will instruct
the program when sufficient cycles have been rum.

4.4,3 Data Input and Qutput Format

Changes in the format for data inputs and outputs are shown in Table 4,
Items 8 through 11. These changes allow for a logical ordering of data inputs
to the model and better control of the volume of data generated by the program.
The above changes will be discussed in more detail in other sections of this
report,

4.4.4 Program Structure

The original program for the baghouse model consisted of a single main
program and a number of subroutines that performed all the operations from
reading the data to plotting the data outputs. To save space and reduce com-
puter time, the program has been broken up into three individual FORTRAN pro-
grams. The first program reads in the data, performs the simulation, prints

the results of all intermediate calculations (when requested) and generates

39



files of pressure loss, penetration and individual compartment flows versus
Eime. These files are used to generate summary tables (when requested) by
the second program (or step). Finally, if a graphical output has been

requested, the third program (or step) generates the data plots.
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5.0 DESCRIPTION OF THE NEW BAGHOUSE SIMULATION PROGRAM

A complete and updated description of the baghouse simulation program is
presented in this section. Several of the modeling and actual computational
procedures appearing in an earlier report have been restated here to facili-
tate model application both for routine and experimental use.

5.1 DESIGNED MODEL CAPABILITY

In the preceding section, the basic filtration equations and the iterative
approach for treating multicompartment filtration systems have been reviewed
for convenient reference. The following discussion is intended to define the
ground rules with respect to how closely the predictive model(s) describes
actual fly ash filtration processes for utility applications. The only major
constraints are the following: (1) the inlet aerosol should consist of or
possess the general physical properties of a coal fly ash; (2) the fabric
characteristics should be similar to woven glass media used at the Sumbury
and Nucla installations; and (3) the system gas flow should be essentially
constant except for flow increases attributable to reverse air flow during
the cleaning process. Aside from the above, the model is sufficiently flexible
to meet the following operating criteria:

° The model can accommodate to a continuous cleaning regimen;

i.e., the immediate repetition of the cleaning cycle following
the sequential cleaning of successive individual compartments.
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. The model can also describe the situation where lengthy
filtration intervals are encountered between the cleaning
cycles. In both cases the term cleaning cycle refers to
the uninterrupted cleaning of all compartments in the
system. No provision is made for the random cleaning
of less than all compartments followed by continuous
on-line filtration of all compartments.

) The model can be used with a collapse and reverse flow system
or a mechanical shaking system but not for combinations of
the above. It is not intended for use with pulse jet or
high velocity reverse jet cleaning systems.

° The model can be used equally well with pressure or time
controlled cleaning cycles.

The actual information generated by the model embraces the following
areas:
. The model provides estimates of average and point values
of filter drag or resistance for the selected set of
operating parameters and dust/fabric specificatioms.
® The model provides estimates of average and point values
for penetration and mass effluent concentration for the
selected set of operating parameters and dust/fabric
specifications.
° The model alternatively provides an estimate of the necessary
frequency of cleaning when the maximum operating resistance
P is cited as an operating specification along with the
assigned values of Cj and the selected value for Vj.
In the above instances, it is assumed that the following operating param-
eters are known: inlet concentration (Ci)’ average face velocity (Vi)’ and
the cleaning parameters (frequency and amplitude of shaking) i1f mechanical

shaking is employed. In addition, the related parameters, K;, S WR, K, and

E’ R
SR must also be specified for the given dust/fabric combination when measured
values are available.

The system cleaning characteristics are determined by the fraction of fab-
ric area cleaned, a,, when individual compartments are taken off-line. With

respect to bag collapse systems and/or low energy shaking, the dust removal

parameter, a., is dependent upon the fabric loading, WT’ before cleaning.
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5.2 BASIC MODELING PROCESS

The basic model treats each of the "I" compartments of the filter system
as a separate element. It is also assumed that the inlet dust concentrations
and the filtration velocities are the same for each bag within a given com-
partment. However, the existence of both concentration and velocity gradients
are acknowledged due to the particle size spectrum, bag proximity and air
inlet location,

Figure 4 indicates the distribution of volume flow rates for a filter
system consisting of "I" separate compartments. Because of the parallel
arrangement, the resistance, P, across each compartment is the same just as
the voltage drop would be for the analogous electrical circuit. In practice,
poor design or cramped quarters may prevent realization of the parallel flow
situation for some installations. The volume flow rate, q, and gas velocity,
v, through each compartment vary inversely with the individual compartment
drag.

The distinguishing feature between the new modeling concept introduced
in this study and preéviously reported efforts®:’!0 is that the surface of each
bag within a given compartment is subdivided into a number of secondary areas
each of which displays its own characteristic fabric loading (W), drag (S),
face velocity (V) and dust penetration (Pn). The fact that the contributive
role of each of these areas with respect to overall system drag and penetra-
tion can be assessed at any time during the cleaning and/or filtering cycles
is a unique feature of the new model. Note again that since all bags within
a given compartment possess identical performance characteristics, an "I"

compartment system could be described equally well as an "I" bag system.
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Since it is necessary to deal with several randomly distributed areas
of varying areal densities for each bag as well as several compartments,
each with its unique variability pattern, the following notational system
is introduced to describe the.various surface elements. In the multicom-
partment system, the subscripts i and j, respectively, designate the ith
compartment and the jth area subdivision in each compartment. This enables
one to identify the specific element of fabric area; e.g., compartment 2,
1st area subdivision for which the local face velocity, surface loading
and effluent concentration at a specified time are then defined as Vars Wo1
and Cyy» respectively, Figure 4.

Although the program i; designed to accept as many as 10 separate areas
(J=10) per bag, the actual number used in the iteration process (which is
automatically selected by the computer program) depends upon value of a_.
Given the restriction that the number of subdivisions or areas must always
appear as integer values, the program will always select the number of
subareas that comes closest to matching the a, value. Thus, a value of 3 for
J will satisfy exactly the requirement that a, = 0.333 whereas the same J
value will also be selected as the nearest approximation to the condition that
a, = 0.35. However, if a. is 0.38, the program will select and operate with
8 areas wherein the cleaning of 3 areas provides a cleaning parameter, a.,
of 0.375.

It was indicated previously that the concentration and size properties
of the dust approaching the fabric surface and the aerial density and compo-
sition of the dust layer deposited on the filtering surface were assumed to be

uniform regardless of the location within the baghouse. Additionally, the

impact of successive fabric collapses (which may weaken adhesive bonds but
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not necessarily lead to immediate dislodgement) has not been included in the
modeling operations. It is assumed, that for a specific cleaning method, an
equilibrium adhesion level is reached after five to six repetitions of the
cleaning process. Beyond this point, no significant increase in dislodge-
ment can be attained without increasing the intensity of the dislodging
force. As far as the modeling procedures for the fly ash/woven glass fabric
systems are concerned, the simplifying assumptions discussed above reduce
significantly the data processing while introducing no obvious penalties in
predicting filter system performance.

The equilibrium state attained after five to six repeated cleanings
should not be confused with the normal 2 to 3 week period required for the
residual fabric dust holding, WR, to arrive at an approximate steady state
level. Similarly, it should alsc be noted that the residual dust holding
and, in particular, the fabric effective or actual residual drags, SE or SR’
may show a8 gradual increase, 100 N/mz, over the long term, *2 years.

The general procedure for calculating all the system parameters at any
time in a cycle is described below. The calculations proceed by successive
iterations with the results from the first iteration constituting the input
for the second, and so forth. Individual subareas and compartment (bag)
drags are first calculated so that the total (average) system values for
drag, pressure drop, and flow rate can be determined. Based on the system
pressure drop and individual bag drags, the volume flow is first partitioned
among all the compartments followed by a further subdivision among the sub-~
areas of each bag. Penetration and outlet concentration are then computed
for each subarea, each compartment (bag) and for the total system in the

order named. Since the dust deposition rate is determined by a specified
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flow velocity and inlet concentration, the weight of dust added to any area
on any bag can be calculated. Thus, the fabric loadings for all areas can
be calculated for the succeeding time increment.

5.2.1 General Procedures

The simulation program is composed of three individual FORTRAN programs
(or program steps) as shown in Figure 5. The following operations are

performed in the First Program Step: all data inputs are processed, the

actual filtration simulation is carried out, intermediate calculated values
are printed and the data files which will be printed and/or plotted by the
succeeding program steps are generated. All subroutines shown in Figure 5
with the exception of MODEL merely manipulate or adjust the input data in
preparation for the simulation, which is carried out by the MODEL subroutine.
Each of the subroutines is discussed in detaill in the next section. During
the course of the simulation carried out in the first program step, files
are generated that contain information regarding the variations with time

of system pressure drop, penetration and individual compartment gas flows.

The Second Program Step generates a summary table of these data, if

requested by the user.

By means of the Third Program Step, the same data can be plotted as a

graphical output if requested by the model user. A complete listing of the
simulation program is presented in Appendix B.

If errors are detected in the input data, no simulation will be per-
formed within the first program step and error codes will be passed via the
data files to program steps two and three so that no summary tables or

graphs are produced.
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5.3 FUNCTIONS OF THE SUBROUTINES USED IN THE SIMULATION PROGRAM

DESINE Subroutine

The main function of this routine is to read Card 1 (the heading) and
Card 2 (basic design data) followed by printing these data as they were en-
tered into the program. Note, however, that blanks in numeric fields (e.g.,
Card 2) are read as zeroes by the program. The headings for the input data
summary are also generated by this routine. The above steps enable the
user to confirm that the program will operate upon the correct data inputs.

OPERAT Subroutine

This routine reads data from Card 3 (operating data) and writes the next
section of the input data summary. Also, when no value for the measurement
temperature of the inlet dust concentration has been entered, a default
value of 25°C 1s automatically assigned. The default temperature and the
baghouse gas temperature are converted to absolute temperatures (degrees
Kelvin) by OPERAT for use by other routines that perform temperature and
viscosity corrections.

SWDATA Subroutine

All dust and fabric properties (Cards 4 and 5) are read by the SWDATA
subroutine. After reading the data, the program automatically decides which
default values, if any, should be assigned and generates a summary of the
input data.

I1f K2 must be estimated because no previous or measured value is available

for entry, default values will be assigned to S, and WR if no measured values

E
for the latter are available. In addition, any temperature or velocity of
measurement needed for the computation of K,, SE’ SR and KR will be assigned

default values (25°C, 0.61 m/min) if these data are not available for entry.

49



The output from the SWDATA routine is a summary of the input data with some

modifications, for the special circumstances described below:

° If a known (or measured) value for K is entered and
no corrections or estimates are required, only Kz and
its temperature and velocity of measurement will be
printed.

[ If K2 must be estimated, the inlet dust size descriptors
(mass median diameter and geometric standard deviation)
discrete particle density and bulk density will be
printed.

° If K2 is to be corrected for size properties, Kz and
the size properties for the reference and inlet dusts
will be displayed on the printout.

) When all data required for the non-linear drag model
are entered, (SE’ SR’ We and KR) all will be printed.
However, if only SE and WR are available for entry

then they alone will be printed.

USER Subroutine

Special program instructions (Card 6) are entered via the USER routine.
A default value for the type of tabular results is assigned automatically if
no input level has been entered. At present the default value is the AVERAGE
category.

The requests for tabular and graphical results are also checked at this
point for consistency. The input data are then returned for display in the
input summary.

No printout value for a, is shown except for the unique situation where
it has been provided as a data input.

The time interval required for iterative calculations will be determined
by the input accuracy code. A default value of 0 (zero) will automatically

be assigned to the accuracy code when the user makes no entry. The accuracy
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code also determines the boundary conditions for the comparisons made in
the stabilization routine (STABLE).

CHECK1 Subroutine

Many of the preliminary input data checks are performed by the CHECK1!
subroutine., A complete listing of these checks 1is presented in Table 5.
Those checks performed in CHECKl are identified by an asterisk (*). If
an error is encountered, this subroutine prints an error message and returns
an error code to the main program indicating that no modeling should be
performed.

However, even when an error is indicated, four additional subroutines

are carried out before program execution is stopped. These subroutines are
subroutine SETUP, CHECK2, OUTFIL and PLOTIN. Any additional errors will
thereby be indicated.

SETUP Subroutine

This subroutine performs the majority of the input data conversions (or
corrections) and calculations. If K, for the inlet dust has not been speci-
fied in the input data, K, is then estimated from specified data inputs
(size properites, bulk and discrete particle density) or K, is corrected for
differences in size properties between the reference dust and the filtered
dust. .The effective residual drag, SE’ is corrected to correspond to a
loading equivalent to the residual fabric loading, WR. Viscosity corrections
are made to Kj, SE’ SR and KR and the inlet dust concentrationmn, Ci’ is

corrected to the filtration temperature. An average fabric loading is

estimated as a first approximation to the actual loading distribution. The

% . . .
system constant, W , is calculated if the non-linear model is to be used.

The SETUP routine then calls the subroutine CLEAN whose role is to calculate
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TABLE 6. SUMMARY TABLE OF INTERNAL DATA CHECKS

i:::g:i::‘ Variable Range or other constraints
Valid (acceptable) ranges of variables — (data inputs must
fall within constraining range or program will not function)

* Number of compartments, N 2 to 30

* Average face velocity, V 0.3 to 3 m/min

* Gas temperature, Tg Greater than 0°c

* Mass median diameter, MMD 2 to 50 ym

* Standard deviation, og 2tod

+ Fractional area cleaned, s, 0tol

+ Specific renintance coefficient, K; at 25°C  0.25 to 10 N-min/g-m

* Accuracy code OQorl

Supplementary checks

* Compartment cleaning time < Cleaning cycle time

* Compartment cleaning time < (Cleaning cycle time)/N

* Bulk density < Discrete particle density, pp

+ Residual drag, SR < Effective drag, SB

¥ Type of tsbular results Specify as DETAILED, SUMMARY
or AVERAGE or leave blank

$ Type of plotted results Specify as PLOT or leave blank

Checks for incomplete or conflicting data

* Time or pressure controlled cleaning Specify one only

* Shaking frequency and amplitude Specify both or none at all

* Kz value available Specify reference and filtration
size parsmeters (MMD,, MMD,,
og) and ogz) or none at all

: K2 value not available Specify MMD,, 0gy, pp and §

Residual drag S, and initial slope KR

R

Specify both or none at all

*Checked in CHECK1

1-

Checked in CHECK2

*Checked in USER
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the fractional area cleaned, a,. The a, value computed under subroutine
CLﬁAN is then used to calculate the number of elemental subareas into which
the compartments (or bags) should be divided and the number of these area
that should be cleaned during a cleaning cycle.

CLEAN Subroutine

As stated previously, this routine calculates the fractional area
cleaned, a,.

CHECK2 Subroutine

Calculated and corrected values are checked for consistency and accept-
able range in magnitude by this subroutine (see Table 6). The error code
from CHECK]l is passed to CHECK2 and finally back to the main program.

OQUTFIL Subroutine

This routine prints out all calculated values and those which have been
corrected for viscosity and temperature.

PLOTIN Subroutine

The x and y axis lengths of any graphs to be generated are read by
PLOTIN. 1In addition, this routine activates the filing process used to
generate the summary tables and plots. The error code from CHECK2 is passed
to the PLOTIN subroutine. If errors exist, indicating codes are written into
the pressure versus time file. When no errors exist, these codes serve to
indicate whether or not a summary table or plot has been requested.

MODELVSubroutine

Subroutine MODEL performs the actual simulation of the filtratiom
process. All preceding program operations merely prepare the data for input
to MODEL. Because the MODEL subroutine is the backbone of the entire program,

it will be discussed in a separate section.
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CAKDRG Subroutine

The drag contribution due to dust cake accumulation on the fabric is
calculated by the CAKDRG routine using either the linear or non-linear drag
model.

PENET Subroutine

Dust penetration is computed by the PENET subroutine as a function of
fabric loading and local face velocity.

STABLE Subroutine

After every complete cycle (filtration plus cleaning interval) STABLE
is called by MODEL to determine the proximity to steady state conditions.
After four complete cycles, sufficient data have been compiled by STABLE
to initiate the three step comparison operation. The first step compares
the average pressure value for the indicated number of cycles to the value
predicted at infinite time (the latter estimated from an exponential curve
fitted via a linear regression to the average pressure drop versus operating
time relationship). The second step compares the predicted value of the change
in pressure drop from a linear regression of average pressure drop with:
time to the actual average pressure drop at that time. If the compared
values are within predetermined limits, the system is said to be at steady
state. The third and last comparison checks the oscillating characteristics
of the average pressure drops. If the oscillations are decreasing, the
system is said to be at equilibrium. If any of the above criteria are met,
a signal is returned to the MODEL subroutine indicating convergence. These
three comparisons are discussed in more detail in Appendix A.

The error checking routines have been incorporated into the model to

eliminate unnecessary runs caused by, (1) mispunched and "out-of-order"

54



cards; and (2) insufficient or conflicting data. These routines will detect
most of the common errors, based upon the present testing and experimentation
with the program,

INITAL Subroutine

Variables used in the MODEL and STABLE subroutines are initialized
in this section.

RESTRT Subroutine

This subprogram is executed only if a limiting pressure-controlled
system was originally specified but the system must, in fact, clean continu-
ously. The system is redefined as a continuously cleaned system and the
simulation is restarted. Messages to that effect are printed in the output
by RESTRT. This subroutine can be called no more than one time during the
simulation.

5.4 FUNCTION OF THE MODEL SUBROUTINE
5.4,1 Overview

The actual simulation is carried out via the MODEL subroutine. When
the input data have been entered into the program, corrected for temperature,
viscosity or velocity, and have been checked for completeness and consistency,
the simulation is performed. A general flow diagram for the MODEL subroutine
is shown in Figure 6.

With the exception of the addition of the check for steady state opera-
tion (subroutine STABLE), the MODEL subroutine has undergone only minor
revisions since its original development.1 Figure 6 summarizes the major

program steps within the MODEL subroutine as it presently stands.
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Figure 6. Flow diagram of the MODEL subroutine.
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Within the time loop, the first step is to determine whether a complete
cleaning and filtering cycle has been performed. If a complete cycle has
been performed, the system is checked for continuous cleaning. If after
three or more complete cycles, a limiting pressure system is continuously
cleaning the simulation is restarted via RESTRT. If the system was originally
described as continuously cleaned in the input or if a limiting pressure
system operates with a finite, nonzero time between cleaning, then data
processing continues through the STABLE subroutine, which after four complete
cycles, checks for steady state. Referring again to the first step, if a
cycle has not been completed, a check is made to determine whether a com-
partment was just cleaned (bag loop No. 1). If no compartments were cleaned,
time is increased by an additional time increment (determined by the program)
and the calculations proceed through the time loop and back again to the
beginning of the time loop. However, if a compartment was just cleaned and
is scheduled to be brought back into service during the current time loop,
then time is not incremented. This step is necessary to properly depict the
effect of a cleaned compartment being put back on line nearly instantaneously
(within 0.01 minute).

Once steady state is achieved, the program begins to count the number
of completed cycles such that only three cycles will be modeled beyond the
point at which steady state was achieved. The performance characteristics
of these three cycles constitute the results of the program. If steady
state is not achieved within three‘cycles of the "maximum number of cycles,"
the performance characteristics of these last three cycles along with a non-
convergence error message comprise the program results. Throughout the course
of the last three cycles, the results of intermediate calculations are printed

(1f requested) and files containing pressure drop, penetration and individual
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compartment flows as functions of time are generated. After three steady state

cycles have been modeled, control is returned to the main program (Step 1).

5.4.2 Computational Procedures

The computational procedures are based on an iterative calculation
method whereby the results of calculations at time = t are used as input
to the calculations at a time = t + At. Also, since each compartment (or
bag) is composed of a specific number of discrete areas, each having 1its
own drag and penetration characteristics, calculations are performed on an
area-by-area and bag-by-bag basis.

The following paragraphs provide a description of the procedures and
equations used to calculate system performance. A diagram of the basic
computations performed is shown in Figure 7. A tabulation of relevant
equations with reference to where they are treated in the report is also
included in Figure 7.

5.4.3 Drag Computation

Cleaned fabric drag is a predetermined input that is not computed by the

program. It is set equal to the effective residual drag, Sé, if the linear

drag model is selected and to the residual drag, S, if sufficient data for

R’
the nonlinear drag model have been entered.

Area drag values are computed by the linear or nonlinear drag models
with the subroutine CAKDRG. The choice of subroutines is automatically
performed by the program which selects the nonlinear model when W* has any
nonzero value. A zero value for W* wili automatically lead to computer
calculations by the linear drag model. Note that w* is calculated within
the SETUP subroutine and that W* will be nonzero only if values for K, and

R

SR are entered.
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Figure 7. Baghouse model computatiomal procedure.
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The area drag equations for the linear model are:

S = S° + Ky X W/ (22)
ijt E ij ijt
and for the nonlinear:
Sy =SptKa XW, +(Kz-Kp w* -e -, ) (23)
t ij t ij t
th th
where Sij = the drag for the j area on the 1~ bag at time = t
t
Sé = effective residual drag for cleaned fabric
SR = residual drag for cleaned fabric
Ko = gpecific cake resistance for the area
13
t

Wij = absolute fabric loading less the residual fabric loading
t

KR = initial slope of the drag versus loading curve
w*

= constant dependent on fabric and dust properties
t = time

The specific cake resistance (K;) is a function of velocity:

Kzijt = K3 ,Vij/0.61 (24)

where K3 is the specific resistance at 0.61 m/min and the actual gas temper-
ature. Corrections for gas viscosity and velocity changes are carried out
within the program's initiation step (subroutine SETUP).

Since the flow velocity for a specified area is not determined until
the system pressure drop and area drag are known, it must be estimated from
the previous system pressure drop and the previous drag on the area:

V,, =P /

13 " Fe - 2t =V (25)

S
1jt - At ijt - At
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The total or average drag for a compartment (bag) is calculated for a

parallel resistance network of J equal areas as:

s, =J/ i 1/s

t j=1 1le (26)

Similarly, total system drag is calculated for I bags as:

1
s, =1/ Z 1/s,
¢ i=1 e (27)

For convenience in data processing, the drag value for any compartment

undergoing cleaning is set equal to 1020

in lieu of plus infinity because
the compartment velocity is zero. However, since the parameters describing
overall system performance are based on total fabric area, the value of I

in Equation 27, which designates the total number of system compartments,

is not changed. Total baghouse flow can, therefore, be held constant
while the average flow velocities for the individual compartments are permitted
to vary.
The total or average system pressure drop is calculated from the total
- system drag and the operating average face velocity. Additionally, when a
compartment is being cleaned via reverse flow, the reverse flow air is
factored into the computed pressure drop and flow rate.
When reverse flow air is added to the system, the average system gas
velocity is calculated by:
Ve =V, + Vp/l (28)
For a constant flow system, the pressure drop is calculated by:
P, =V, S, + Vp 5./1 (29)
where V_ = specified constant system velocity

VR = reverse flow velocity for a single bag

61



If no reverse flow is used, VR is zero in Equations 28 and 29. Once

the system pressure drop is known, the calculated flow velocity through an

area can be calculated:

v1jt = Ptlsijt (30)

5.4.4 Fabric Penetration

Penetration through a specified subarea is calculated by the subroutine
PENET from the empirical relationships discussed in Section 3:

c

--2. - ~aW (31)
Pnijt ci Pns + (0.1 Pns)e ijt + CR/C1
th th
where Pnij = penetration through the j  area on the i bag
t
wij = cloth loading minus residual loading at time = t
t
CR = residual concentration, 0.5 mg/ms, a system constant
Ci = inlet concentration
- -1-03
Pn_ = 1.5 x 1077 e12.7(1 - e v:ljt) (32)
a= 3.6 x 10'3/(v1j )* + 0.094 (33)
t
’ th th
and Vij = face velocity of the j area on the 1~ compartment (bag) at
t
time = t.

Once the face velocity and penetration have been established for an
area, the dust deposition rate can be calculated. The fabric loadings

used in the calculations for the succeeding time loop are calculated from:

.. =V,, X (1-Pn., ) x At x C, + W..
L + 8t ¢ 1, L (34)
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Note that when a compartment (bag) is being cleaned, the velocities
on each of its areas are zero and thus no dust is added to the bag. The
average flow velocity through a compartment (bag) is calculated in the same
manner as that for an area (Equation 30) except that the total compartment
drag is used.

After the compartment filtering (or on-line) time has progressed to the
point where it is equal to the cleaning cycle time minus the time required
to clean one compartment, cleaning is initiated. This entails taking the
compartment off line followed by setting its drag equal to 102° to adjust
for the zero flow condition.

Total or average system penetration is simply the total mass emitted

divided by the total mass input:

T (35)
Pn, = -‘-,:—1-3 Z E Po.. V.. ?

After all calculations for time = t have been completed and the fabric
loading for the next time loop has been calculated, one proceeds to the
next time iterationm.
5.5 DATA INPUTS TO THE SIMULATION PROGRAM

The necessary data inputs to the model are presented in Table 7 along
with a listing of the symbols used to represent the variables, the units
in which each variable must be expressed for entry in the model, the location
and format of each variable, and finally the relevant default values. To
simplify data entry, a coding form (Figure 8) was developed. On the
coding form, all entries not containing an implied decimal point (indicated
by a triangle) w;th the exception of Items 0, 31 and 32 should be right

justified. For example, the number 100 would be placed in the three furthest
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TABLE 7. FORMAT AND DEFAULT VALUES

FOR DATA INPUTS

Item Symbol Dafts Card s::::l“ Format  Default®  Mote
0 Title - 1 1 8A8
1 Wumber of cowpartments n - 2 t 13
2 Compartment cleaning time At ain 2 5 F5.1 0.5tt/a
= 3 Cleaning cycle time 44 ain 2 1 F5.1
& & Time beatween cleaning cycles e ain 2 17 F5.1 a
8 5  Limieing pressure drop P, N/a? 2 23 P4.0 R
4 6  Reverse flow velocfty ‘A a/min 2 28 F6.4 0 b
? Shaking frequency f cps 2 35 F3.1 t
8 Shaking smplitude (half stroke) A a 2 39 F4.2 b
g 9 Average face velocity v n/ain 3 i F6.4
S« 10 Gas temperaturs T % 3 8 4.0
EE 11 Inlet dust comcentration c, g/al 3 13 F5.2
8 12 msasured at tempersture of T °c 3 19 F4.0 25
13 Spacific resistance coefficient Ky N-uin/g-n 4 I F5.2 c,d
14 measured at temperaturs of T % 4 7 F4.0 25
15 msasuved at velocity of v u/uin 4 12 ¥7.4 0.61
16 seasured at mass medisn dismeter of MMD, va 4 20 F3.1 d
a 17 weasured at geomstric standard 0g) - 4 24 F3.2 d
=4 deviation of
§ 18 Mass median dismeter of inlet dust MMD, um 4 28 Fi.1 d,e
E 19 Geometric standard daviation of inlet dust oB2 - 4 32 F3.2 d,e
E 20 Discrete particle density of imlet dust % alc:la 4 36 P5.3 e
S 21 Bulk density of inlet dust -3 g/ca? 4 42 F5.3 e
g 22  Effective residual drag Sg N-ain/m3 5 1 F4.0 150° f,8
: 23 measured at temperature of T °c 5 6 FA.0 25
2 24  Residual fabric loading vp g/m? 5 1 P5.1 50" f.8
25  Residual drag Sp B-nin/ad 5 17 F4.0 £
26 measured at tesperature of T ° 5 22 F4.0 25
27 Initial slope Ke n-ain/g-m 5 27 F5.2 €
28 weasured at temperature of T. % 5 33 F4.0 25

(continued)
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TABLE 7 (continued)

Item Symbol Units Card s‘;;::.:“ Format Default® Note
29 Maxisum number of cycles modeled ne - < . 3 i
30 Accuracy code Qorl - 6 5 12 0
gy 31  Type of tabular results - - "6 8 AB Average i
EE 32 Type of plotted results - - 6 17 A4 i
ig 33 Fractional area cleaned IR - 6 22 F3.2 b]
EQ 36 x axis length inches 1 1 F3.2 o k
%5 3 y axis length inches 7 7 ¥5.2 5

.tlinc values are used vhen no entry has been made for the psrameter

'used only when K; is to be estimated from size properties

Wotes: a.
b.
c.
d.
e.
f.
'S

Enter
Enter
Enter
Enter
Enter
Enter
Eater

item 4 or 5, but not both
items 6 or 7 and 8, but not both

items
items
items
items
items

13
13
18
22
22

through 15 when K2 measurement is available

through 19 when K2 measurement must be corrected for size properties

through 21 when K2 is to be estimated from dust sixe and density parametecs

through 28 for nonlinear drag model
through 24 for linear drag model

Generally 20 cycles are sufficient
For tabular results specify DETAILED, SUMMARY or AVERAGE,for graphical results specify PLOT or leave blank

Enter only in special case vhen a, measurement is available

Card can be leit out if default values are sufficient or 1f no plotted output is desired
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Figure 8. Fabric filter model - data input form.
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right blocks in a four block field. The first card (Item 0) is a title or
heading card. The information on this card appears as a heading on all
printout material along with the input data, summary tables and graphs so
that the user can readily identify each simulation. Input data have been
grouped into four general categories; i.e., Design Data, Operating Data,
Dust and Fabric Properties and Special Program Instructions.

5.5.1 Design Data

Design data are to be entered on the second card. Item 1 refers to the
number of parallel compartments each of which is cleaned independently and
sequentially. Baghouses operating in parallel but on different cleaning
schedules cannot be modeled. The compartment cleaning time (Item 2) is the
length of time that any one compartment is off-line for cleaning. The
cleaning cycle time (Item 3) is the time required to clean the entire bag-
house, including any time during the cleaning cycle when all compartments are
on-line. For example, given a 10 compartment system whose cleaning schedule
consists of the following steps:

1. all compartments on-line - 1 minute

2. one compartment off-line for cleaning - 3 minutes
The cleaning cycle time is 10 x (3 + 1) or 40 minutes and the compartment
cleaning time (Item 2) is 3 minutes.

Items 4 and 5 describe how the cleaning cycle is to be initiated. If,
after a cleaning cycle, the baghouse is scheduled to operate without cleaning
for a specified amount of time, the time interval between cleaning cycles,
(Item 4), must be entered. However, if after a cleaning cycle, the baghouse
is allowed to filter until a predetermined pressure loss is reached, the

limiting pressure (Item 5) should be entered instead. Finally, if the
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system is continuously cleaning with no extended filtration time between
cleaning cycles, then neither Item 4 or 5 should be entered. If values for
both are entered, an error will result and program execution will cease.

The last three items on bard E-describe the cleaning action itself.
Only one type of cleaning method can be specified. If a system uses both
reverse air and a shaker-type cleaning action, only the reverse air should
be specified. If the cleaning action is entirely shaking, then the shaker
amplitude (half stroke) and frequency should both be entered. Since the
reverse flow velocity is not used in the determination of the degree of
cleaning, it is not a required value for description of cleaning intensity.
Its only purpose is to indicate the effect of the additional flow (increased
air-to-cloth ratio) on pressure drop and penetration. Reverse flow velocit&
is defined as the reverse air flow rate divided by the filtration area of
one compartment (or the number of compartments cleaned simultaneously).

5.5.2 Operating Data

Item 9, the average face velocity (or air-to-cloth ratio), is the total
system air flow at operating conditions divided by the total filtration area.
Since the relationship between penetration and velocity was derived from
laboratory tests in which the velocity ranged from about 0.3 to 3 m/min,
the average face velocity must not exceed this range. The inlet dust con-
centration (Item 11) can be specified at any reference temperature (Item 12).
The program will correct the reference concentration to that corresponding to
the inlet gas temperature (Item 10). If the temperature of measurement is

not specified, a default value of 25°¢C 1s assigned by the program.
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5.5.3 Dust and Fabric Properties

Two cards are required to enter the data describing dust and fabric
properties. Data pertaining to the specific resistance coefficient, K,,
are entered on Card 4. Three options are available to the user depending
upon how many data are available for K,. If K, for the dust in question
is known, 1t should be entered along with the temperature and velocity
associated with its measurement (Items 13 through 15). No additional data
should be entered on Card 4 if K, is known. If measurements are available
for a similar dust (i.e., same shape factor, packing density, discrete
particle density) but having different size properties, the K, corresponding
to the dust for which it was measured including the related size properties
of the dust and other relevant measurement conditions should be entered as
Items 13 through 17. In addition, the size properties of the dust to be
filtered must be entered (Items 18 and 19). Finally, 1f no measured value
for K, is available, but the size and density properties of the inlet dust
are given, Items 18 through 21 alone should be entered. In this last case,
an estimate of K, will be made by the program. Referring to Items 14 and
15, 1f no values are entered for the measurement conditions, default values
will be assigned. Insufficient or conflicting data on Card 4 will cause
the program to return error messages and no modeling will be performed.
The remaining dust and fabric properties are entered on Card 5. When suf-
ficient data are available for the nonlinear drag model, 2ll the parameters
on Card 5 must be entered. If, however, the linear drag model is to be used
in the calculations, only SE’ wR and the temperature at which SE was measured
should be entered. If K, i8 to be estimated by the program, and no data are
available for SE and WR’ the card may be left blank and default values will be

assigned for SE and WR.
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5.5.4 Special Program Instructions

Special instructions to the program are entered on Card 6. The first
item (Item 29) denotes the maximum number of complete operating cycles to be
modeled if convergence is not achieved. Convergence is generally achieved
in less than 20 cycles. A value of 20 should therefore be entered unless
fewer cycles are desired regardless of convergence. The accuracy code
(Item 30) simply modifies the limits of convergence and the length of the
time interval, as was discussed in this report under modifications to the
model. A value of zero should be entered unless the results of a previous
simulation with an accuracy code of zero do not appear to have reached
stable values. Three types of tabular results can be requested via Item 31

as described below:

Level of detail requested Type of Results Printed

Point by point variations
in drag, flow and loading

DETAILED for each area of the system
versus time and location
r Summary of system pressure drop
SUMMARY — and penetration versus time.

Average and maximum pressure
AVERAGE — and penetration for a complete
operating cycle,

L, L
If Item 31 is left blank, AVERAGE is assumed. If graphical output
is desired "PLOT" should be entered for Item 32. It should otherwise

be left blank.
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If the level of cleaning, a_ (Item 33), is known it can be entered. In
general, a value for a, will not be available and Item 33 must be left blank.
Finally, if plotted output is requested and axis lengths other than defaults
are desired, they should be entered in Items 34 and 35 (Card 7). 1If the
default values are acceptable or if no graphs are requested, this card can
be omitted from the input deck.

With respect to the data input form (Figure 8), all numbers without
decimal points should be right justified. The small triangles in certain
fields specify the decimal point location.

Examples of input data forms for a few selected types of simulations and
the results of the simulations are presented in Appendix C.

5.6 SIMULATION PROGRAM OUTPUT

As discussed previously, three levels of detail may be requested for the
results of the simulation; i.e., DETAILED, SUMMARY or AVERAGE. Examples of
each of these plus an example of the input data summary are shown in Tables
8 through 12. Additional examples are presented in Appendix C.

The input data summary (Table 8) consists essentially of most of the
data originally entered into the program with few modifications. The title,
basic design data and operating data are returned as entered with the excep-
tion of the temperature at which the inlet concentration was measured. If
no value was entered, the default value of 25°%C is printed. Since blanks
are treated as if they were zeroes by the program, any blanks in the input
(except the title and result requests) will be printed as zerces. It is
emphasized that not all of the fabric and dust property categories are
printed. Only those that pertain to (1) the manner in which K, is to be

treated by the program and (2) the type of drag model to be used are
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TABLE 8.

EXAMPLE OF INPUT DATA SUMMARY

P RANREE AR RGN ERENERRNRQENRARRREERERANRNN A0 s o TANTNTATTTTATNRARA00000RQ0R RS

SUMMARY UF INPUT OATA FOR BAGHOUSE ANALYSIS

B0 R0PRARARARRRAOROROSRERARREARACONRLARARASOORDREANAERACRARNAROARRRRCERRARASARSNS

CONTINUOUS/X2 ESTIVATED/AC ENTERED/DETAILED RESULTS/

BASIC DESIGN DATA
NUVBER OF COMPARTVENTS
CUVPARTMENT CLEANING TIME
(NFF LINE TIVE)
CLEANIAG CYCLE TIuE

CUNTINUDOUSLY CLEANED SYSTEM

REVERSE FLOW VELOCITY

OPERATING DATA
AVERAGE FACE VELOCITY
GAS TEMPERATURE
INLET OUST CCNCENTRATION
MEASURED AT

FABRIC AND OUST PROPERTIES

12
2,0

36,0
0.0
0,9000
100,

5,00
25,

SPECIFIC RESISTANCE, %2 ESTVIMATED FROM

MASS MEDIAN DIAMETER
SYANDARD OEVIATION
PARTICLE DEN31TY
BULK DENSITY

EFFECTIVE RESIDUAL DRAG,

MEASURED Ay
RESIDUAL LCADING, ®R

SPECIAL PROGRAM [ASTRUCTIONS

“Ax NUWRER OF CYCLES MODELED

ACCURACY LEVEL
TYPE OF RESULTS REQUESTED

FRACTIONAL AREA CLEANED,

9,0
3,00
2,000
1.000
350,

25,
50,0

20

0
DETAILED /
0,50

72

MINUTES

VINUTES

BIMIN

M MIN

DEGREES CENTIGRADE

G/M3
DEGREES CENTIGRADE

“JCRONS

G/sCm3
G/Cv3

NeMIN/MNY
DEGREES CENTIGRADE -
/v



TABLE 9. EXAMPLE OF CALCULATED VALUE PRINTOUT

CALCULATED vALUFS

INLET O9ST CONCENTRATION 3,99
CCRPECTED TO OPERATING TEVPERATURE

FAaBLI( A%y DUST (ént PROPERTIES CURKECTED FOR GAS

SPECIFIC CAkE RESISTANCE, x2 1,60

EFFECTIVE DRAG, SF a7,
FRBACT] o NAL AWFB CLFANEDL, AC 0,50
Tiet INCREVENTY 0,75
SYSTEY CONSTANT ae 0,0
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TABLE 10.

— OACeORAGS  BREA 1 AREA 2 WS -
] 9136002 7,106¢02 7,99E002
9,20€002  7,3264002 8,1%402  Units:
E 'WW‘TW
H s:See002 7.73ee2 :'332“2
S [1]3] Eo +0
e " TT.00E$20 WEeT T "
7 S.36Ee02 8, l7£002 6.87E402
_8 S,72E+02 B8,34E¢02 6.79Ee02
9 ©.056¢02 02 T, 0TEe02T
0 6.30E¢02 o.:veoog ;.:::oo;
N 6,01€402 IJE0 +0
712 8,99E402 ioEooi T. 78402 I -
BAG=FLOWS AREA 1 AneA QBAC
1 22E=01 065000 9,390
- Svesor 360 Do ATEs0f T T
3 1.01:-01 9.96E=01 8,97E~01
4 7.65E01 9.71E=0} 0.105-01________“____
3 7.T8E=01 1'17!‘ TTBLOTESOT
» 0.0 7.51E+18
T _1,80Ee00 lve-ox 1 loewo )
[] 1.51€¢00 9,00€-01 XY
. l.a::ooo : ugs-oa t 322’8:
— !-__..- 10186000 8,65E-01 1,02E400
1.18E400 8,50E<01 9,93e<01
12 8,356=01 1,09E000 9. 64E~01
T ¥s 70,0 T TOELPE YS50,.6 T 7 OELO= .90
BAG 1 8AC 2 8AG 3 aae q
_Is 21,00 = 22,00 27,00
CakE 2.0688F002 i.n?intobz 2.,2738Ee02 3 37?6!.02 2.
SBAC 0,7989E+03 0,8185E¢03 0,8372E+03 0,85S0E¢03 0,
QBAG 0,9395E¢00 0,9170E400 0,8960E¢00 0,8779E¢00 O,
8iG 11 BAG 12 8ic
s 15,00 18,00
_ CAKE 1,0845E¢02 1,9501E#02
s8AG O, 1 1S62€+08 0. 7762E¢03
OBAG 0,9926E+00 0,.968SE+00

EXAMPLE OF POINT-BY-POINT DATA PRINTOUT FOR DETAILED RESULTS SPECIFICATION ONLY

Drag in N-min/m3
. -Flow in m/min
Time in min
_DELP in N/m?
. Concentration in g/m3
Fabric_loadings in g/m?
..Weight dumped is._g/m2 of area per compartment
(1) CONCENTRATIONS ,1091E=01 WEIGHT DUMPED® 127,6
BAG S 8a6 6 BAG 7 BAG 8 8AG ® B8AG 10
33,00 «0,00 3,00 6,00 9,00 12,00
8782E002 2,5085€002 1,3500£002 1.4B7TE002 1.0109€402 1,7296€+02
8721E403 0.1000E+21 0,6A7SE403 0,6T8BE¢03 0.7070E¢03 0,7326€¢03
8607E900 0,7506E=17 0,1159E401 0,1106E+01 0,1062E901 0,1025E¢01
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TABLE 11.

EXAMPLE OF PRINTOUT RESULTS FOR DETAILED OR SUMMARY DATA REQUESTS

SUMMARY TABLE ¢ CONTINUQUS/R2 ESTIMATED/AC ENTEREQ/DETAILED RESULTS/

TIME
(MIN)

0,01
0,75
1450
2,2%
3.00

PRESSURE
oROP
(N/7M2)

675,
609,
728,
1 ITH
151,

FRACTIUNAL
PENETRATION

8,uU93E=03
0,U34E«0)
U,933E=03
3.693£-03
2,731E=03

. come,y

1,0a16
1,0816
1.1092
11095
1,1058

INOIVIOUAL COMPARTMENT FLOWS (N/MIN)

ComP,2

0,993%
0,9877
1,0634
1,0037
1,0017

COomP,3

0,9539
0,9512
1.02%0
1.0254¢
1.0240

COMP .0

0,9204a
0.9201
0,9922
0,9924
0.,992¢

compP,S

0.,8916
0.,8930
0,963%
0.9430
0,904%
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TABLE 12. EXAMPLE OF DATA PRINTOUT WHEN DETAILED, SUMMARY OR
AVERAGE RESULTS ARE REQUESTED

30,00 MINUIES UPERATIUN,

38,00 MINUTES OPERATION,

30,00 MINUTES OPEKATION,

CYCLE NUMBER

CYCLE NUMBER

CYCLE MUMBER

°
AVERAGE
AVERAGE
AVERAGE
MAX IMUN
4AX [MyM

7
AVERAGE
AVERAGE
AVERAGE
MAK JMUNM
MAX I Myw

)
AVERAGE
AVERAGE
AVERAGE
MAXNUM
wAX [myM

PENETRA) IONS
PRESJURE ORUPE
SYSTEM FLOAs
PENE /RATJONS
vnEgSUNE DROPs

PENETRATIONS
PNESSURE DROPs
SYSTEM FLQOns
PENETRA | IONS
PRESSURE ORQP=

PENETRATIONS
PHESSURE OROPE
SYSIEM FLOWS
PENETRATJONE
PRESSURE OROP=

S.00£=03
713.34 NsMg
0,9000 M/NIN
8, 49803
750,71 N/M2

$,00F=03
713,30 N/mM2
0,9000 #/™IN
an"ol'ol
750,02 N/M2

S,00E=03
713,29 N/MQ
Ny9000 W/MIN
8,89E-03 ,
750,00 N/MZ2



returned. In Table 8 only particle size and density properties of the
inlet dust are printed since K, will be estimated within the program. 1If
K2 is to be corrected for size properties, the size parameters for both the
inlet and reference dusts will be printed along with the temperature and
velocity for the reference K; measurement. If sufficient data are entered

for the nonlinear model, SR and K_ as well as the temperatures of measure-

R
ment will also be printed. Under special program instructions, the frac-
tional area cleaned, ac, is printed only when it is available for entry to
the program (as assumed for the example case of Table 8). After all data
inputs have been printed, those values which have been calculated within

the program and/or corrected for temperature are printed (Table 9).

The input data, actual or calculated, will be printed as shown in
Tables 8 and 9 even when errors exist. This enables the model user to
compare the results with the original or intended data input when error
messages are generated by the program. Examples of the types of error
messages that may result from errors in the input data are presented in
Appendix C, Table 21.

If no errors exist in the input data, the filtration simulation will be
performed and one of three types of tabular results will be printed. When
DETAILED results are requested, data similar to that shown in Tables 10,

11 and 12 will be returned to the user. If SUMMARY is specified, data
in the formats shown in Tables 11 (less compartment flows) and 12 will be

printed. When AVERAGE is selected, only the average and maximum operating

conditions shown in Table 12 will be returned to the user.
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A complete description of all parameters for each discrete area in each
compartment for each time interval is shown in Table 10 as part of the
DETAILED output. Results are printed in the order in which they are calcu-
lated. The first two blocks of data are the drag values and face velocities
corresponding to the two areas (in this case a, = 0.50) on each bag (or
compartment), respectively. The units for each parameter are also shown
in Table 10. Note that compartment 6 is currently off-line as indicated
by a very high drag (1029) and zero flows.

The pext line of information is the simulation time (T), the total
system pressure loss (DELP), total system flow velocity (DELQ), system out-
let concentration and, finally, the amount of dust removed from a compartment
during cleaning. This weight is expressed as grams of dust removed per unit
of cloth area in a single compartment. For example, for the case shown, if
the total filtration area for a compartment were 100 m? then 100 m2 x 127.69/m2
or 12,760 grams of dust would have been removed from the bags in a single
compartment.

The average values for fabric loading, drag and flow (velocity) through
each compartment are summarized in the last block of data.

Total system pressure loss and penetration are presented as functions of
time in the summary table (Table 11). Individual compartment flows for up to
five compartments also appear in the summary table. These data correspond ex-
actly to those which will be plotted if a graphical output is requested. Since
more than five curves on the individual flow versus time graph would produce a

very crowded figure, data for only five or less compartments are plotted.
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In Table 12 is shown an example of the format by which system pressure
loss, penetration and flow averaged over an entire filtering and cleaning
cycle are printed. The maximum penetration and pressure loss experienced
during a cycle are also output. The time specifications preceding the cycle

number is the total cleaning and filtering cycle time.
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6.0 GUIDELINE SENSITIVITY TESTS

Several guideline tables and graphs have been prepared so that the model
user can make preliminary approximations of filter system performance based
upon estimates of the principal design and operating parameters. The above
approach allows the model user to determine the relative importance and the
range of credible values for the major system variables before carrying out
any extensive computer modeling. For example, given the situation that the
fly ash concentration and size properties may vary appreciably for a specific
combustion process, or the size properties have not been determined at a high
level of accuracy, it is advantageous to define the impact of this variability
on filter system performance by means of the guideline tables and graphs.

This preliminary step will usually indicate when the data inputs are incon-
sistent with normal filter function or incompatible with the modeling process.
Tests were performed to determine the effect of either variability or
errors 1n the assigned operating parameters on system performance and to iden-
tify those operating parameters that have little or no effect on the filtration
process. Based upon preliminary tests, average face veloecity (V), fractional

area cleaned (ac), limiting pressure (PL), inlet concentration (Ci) and the
specific resistance coefficient (K;) were found to produce the greatest impact
on performance. Performance was defined by the three indices, average
pressure loss, average penetration and cleaning frequency. Those parameters

that play minor roles in determining system performance are the number of
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compartments, compartment cleaning time and the reverse flow velocity during
cleaning. The above variables and five additional parameters were assigned
constant values (see Table 13) so that the effects of changes in the major
variables could be ascertained. The numerical values shown in Table 13 (with
the exception of reverse flow velocity) are typical or average values asso-
ciated with the filtration of coal fly ash. Although K, was not varied for
the bulk of the testing, the effect of K, variations on pressure drop closely
paralleled the effect of changes in inlet dust concentration. This effect is
not unexpected since dust cake resistance is linearly related to both K,
and Ci'

A summary sampling of sensitivity tests showing the interrelationships
among the more important variables involved in the filter system operation
are indicated in Table 14. For example, the first two data groupings
(1 and 2) indicate how average pressure drop, penetration and time between
cleaning might vary due to differences or errors in estimating the fractional
area cleaned, a.s for two different systems. As a result of variations in
velocity and cleaning frequency, the test range for a, (0.1 to 1.0) has a
decidedly different impact on both average pressure drop and penetration.

Further reference to the tabulated data confirms the observation that the
absolute effect of changing one variable depends strongly upon the magnitude
of the other system variables. In some cases, one might conclude that varia-
tions in any one data input have little effect on system performance based
upon resistance and emission criteria. However, when the time between cleaning
increases from 6.6 to 672 minutes for a test velocity range of 0.3 to 0.91 m/min,

data group 6, the frequency of fabric cleaning is increased nearly 20 times.
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TABLE 13. SYSTEM OPERATING PARAMETERS HELD CONSTANT
FOR SENSITIVITY ANALYSIS

Parameter Constant value

Number of compartments 10
Cleaning cycle time 30 min
Compartment cleaning time 3 min
Reverse flow velocity 0 m/min
Gas temperature 150°c
Effective drag, SE

at 25°C 400 N-min/m3

at 150°C 528 N-min/m3

Specific resistance coefficient, K,

at 25°C, 0.61 m/min 1.0 N-min/g-m
at 150°C, 0.61 m/min 1.32 N-min/g-m
Residual fabric loading, W, 50 g/m?
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TABLE 14.

DATA SAMPLING FROM SENSITIVITY TESTS

* Average Average Time
Data # Variable preasure between
group Constant parameters parameter drop pt“t:::t;" cleanings
(N/m¢) pexr (min)
1 Ky = 1.0 Ve 1,22 Continuous c, = 6.87 ac = 0.1 4171 0.78 0.
ac = 0.4 1690 0.57 0.
ac = 1.0 1209 0.70 0.
2 Kz = 1.0 v =0,61 PL = 1000 Ci - 6.87 a. = 0.1 1130 0.13 8.0
ac = 0.4 860 0.13 80.0
ac = 1.0 713 0.14 170.
3 Kz = 1.0 V= 1,22 Continuous a, = 0.4 ey =~ 2.29 1159 0.78 0.
. ci » 6.87 1690 0.57 0.
ey = 22.9 3517 0.77 0.
4 Kz = 1.0 vV = 0.61 P " 1000 &, = 0.4 cq = 2.29 810 0.029 270.
ey = 6.87 860 0.13 80.
cy = 22.9 1050 0.17 10.
S Kz = 1.0 ¢4 =6.87 ac=0.4 Cont{inuous Vv = 0.61 560 0.36 0.
vV=20.8 865 0.32 0.
ve= 1,22 1690 0.57 0.
6 K2 = 1.0 ¢y =6.87 a.=0.4 P - 1000 V=03 726 0.037 672,
v = 0.61 860 0.13 80.
vV =0.9] 1097 0.30 6.6
7 vV =o0.61 L 2000 c, - 2,29 a, - 0.4 Ky =1 1445 0.08 759.
K =3 1520 0.19 240.
8  V=0.61 Continuous C, =2.29 ac=0.4 JRz=1 460 0.98 0.
Ky = 3 650 0.98 0.
9 V=061l Ky=3 € =229 P -~ 2000 Linear 1520 0.17 230.
ac = 0.4 Nonlinear 1440 0.19 240,
10 Ve 0.61 PL = 2000 a,= 0.4 Ky = T, Cy = 6.87 1480 0.08 236.
K2 = 3, C{ = 2.29 1520 0.17 230.
131 V = 0.61 Continuous a, * 0.4 K= 1, ¢ =6.87 560 0.36 0.
Kz =3, Cg = 2.29 650 0.98 0.

Continuous indicates a continuously-cleaned system
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The impact of errors (or variation) in K, on filter performance is demon-
strated in data groups 7 and 8. A factor of 3 increase in K, produces only
minor changes in average pressure loss for limiting pressure systems (group 7)
but results in a significant change in penetration. On the other hand, the
effects are reversed for continuously cleaned systems (group 8).

The effect of K, on pressure loss may be approximated in some cases by
examining the effect of inlet concentration. Data groups 10 and 11 show the

results of tests in which K; and C, were varied simultaneously, but with their

i
product held constant. Test data indicate that changes or errors in K, will
produce changes in pressure loss roughly the same as those which would be

experienced if C, were changed in proportion to the change in Kj.

i
Figure 9 shows the effect of variations in face velocity, V, and

limiting pressure, PL’ on the average system pressure loss, 3} when all other

system variables are held constant. The lowest curve shown describes the

resistance path for a continuously cleaned system. Once an average velocity

is selected, the average resistance can never be lower than that corresponding

to the velocity intercept with that curve; i.e., no pressure-velocity coordinate

can exist in the shaded region. Thus, if one selects a limiting pressure loss

of 1000 N/m? as the point where cleaning is to be initiated and concurrently

selects a face velocity of 1.5 m/min, the system automatically reverts to a

continuously cleaned system with an average operating pressure drop of

2500 N/m2, far exceeding the limiting pressure. On the other hand, given a

face velocity of 1.0 m/min and a limiting pressure of 2000 N/m2, the velocity-

pressure intersection occurring above the shaded zone indicates that the system

will operate according to the selected V and P. values and on an intermittently

L

cleaned basis.
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Figure 9. Effect of face velocity (V) and limiting pressure loss (PL) on

average pressure loss (P).
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The curves shown in Figure 9 represent the average pressure levels for
systems in which the fractional area cleaned, a., is 0.4. However, a, is a
function not only of fabric loading but other factors as well such that the
loading distributions will differ for various combinations of velocity and
limiting pressure. Depending on the type and intensity of cleaning, some
systems may never achieve a cleaning level of 40 percent while others may
exceed this value. Refer to Equations 18 and 20.

Numerous plots of average pressure loss, penetration and time between
cleanings have been prepared for different combinations of inlet concentration
and cleaned area fraction. Due to the large number of plots generated from
the sensitivity testing, only a few summary results are given in this report.
Complete tabulations, however, are provided in a related report in which sen~
sitivity tests were thé main object of study. Reference 11 also furnishes a
detailed interpretation of the sensitivity tests and their applications.

The cleaning frequency (defined by the time between cleaning) and the
dust penetration associated with the systems described in Figure 9 are
presented in Figures 10 and 11, respectively.

The time between cleanings, which increases as the limiting pressure drop
is allowed to increase and decreases as the face velocity increases is con-
sistent with expected filter system behavior, Figure 10. Similarly, Figure 11
shows that dust penetration increases rapidly with increasing face velocity,
regardless of the assigned limiting pressure with one very important exception.
During continuous cleaning, the effect of increased face velocity is first to
provide additional surface cover within the time frame of the cleaning cycle.
This effect overrides the reentrainment effect of increased filtration velocity
until, for the systems described by Figure 11, the adverse velocity effect

dictates a rise in penetration.
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APPENDIX A

SUBROUTINE STABLE — DETERMINATION OF STEADY STATE

A description of the three criteria used to determine when the simulation
has reached a given level of convergence is presented below. Average pressure
loss is the test variable which is traced throughout the simulation. In the
course of evaluating the convergence tests discussed here, it was noted that
average penetration and filtration cycle time (time between cleaning) also
converged when average pressure loss converged.

Check #1

Check #1 involves the determination of a least squares fit for the
regression line through the points indicated in Figure 12, i.e., natural
logarithm of the slope of the P versus T curve, versus average time, t.

Here, average time refers to the average of the absolute times bracketing the
time interval over which the slope is measured. Thus, the slope can be

represented as:

_de

A+Bt
it = © (36)

m

where m = slope of P versus T
A = intercept of the regression line of Figure 12

B = glope of the regression line of Figure 12
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The actual average pressure drop at infinite time, P_, can be found by inte-

grating Equation 36 with respect to absolute test time, T:

_ fe . . A+Bt
P dedt fe dt

Since t = T + constant
dt = dT
ty (37)
and P = /eA_Bt dt = i eA+Bt
B t

By integrating between the limits t; = 0 and ty = tavgs the following

general equation results:

1 (38)

p =L (GA¥BE

avg - eA)

[+]

which reduces to P_ = %-(-eA) when tgyo approaches infinity.

An estimate of how close the actual value of average pressure drop, P,
is to the predicted final value, P_; i.e., the fractional error can be computed

from Equation 39:

P(ta ) - Pm (39)
E = vg = | -eBtavg

The current convergence criterion used in the Subroutine STABLE for this
check is 0.01. This limit is decreased to a value of 0.00333 when an accuracy
code of 1 1s selected in place of the less stringent code of O.

Check {2

Again referring to Figure 13, a second check involves a linear regression
for the last four data points; i.e., the results of the most recent four oper-
ating cycles. The slope of the regression line is an indication of how average
pressure drop is changing with time. An estimate of the change in pressure

from cycle to cycle is:
(40)

me+AT

E = P
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where E = ratio of the estimated change in pressue drop over a cycle to
the actual pressure drop

m = glope of the regression line of Figure 13

AT = complete cycle time

P = average pressure drop of the most recent complete cycle
When E is computed to be less than some predetermined limit (currently 0.005)
the system is considered to be at equilibrium.
Check #3

If the average pressure drop oscillates about the steady state value as

shown in Figure 14, and convergence is not indicated by either Checks #1 or #2
the system may actually be at or very close to equilibrium. Check #3 determines
whether or not the magnitude of the oscillations is decreasing with time.
Successive changes in average pressure drop are compared without regard to
sign once oscillation has begun. If the absolute difference between Pg and P9
is less than that between the preceding values P7 and Pg, Figure 14, the

system 1s considered to be at steady state.
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APPENDIX B

BAGHOUSE SIMULATION PROGRAM LISTING

A listing of the baghouse simulation program card deck is presented in
Table 15. The listing includes all the Job Control Language required to run
the program on an IBM 370 under 0S/VS2 using the FORTRAN Gl V2.0 Compiler.
Plotting routines are compatible with the CalComp Basic Software Package for
Pen Plotters and General Subroutines Package. A list of all the variables

and arrays used in the program is presented in Tables 16 and 17.
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TABLE 15. PROGRAM LISTING

//HK101018 JUB (0170,D72,0E8K), 'RLEMM! ,CLASSEE, TIMERS

//¢ BAGHOUSBE PKNGRAM JuM 370 wlTH CALCOMP PLOTTER

//+ 1976 GCA TECHNOLOGY ROGEF STERN = DOUG CUOPER

A BAGHOUSE SIMULATION PROGRAMe IBM 370« ZETA PLOTTER

/e 1977 GCA TECHNOLUGY DIVISION HANS KLEMMe RICHARD DENNIS

1/ REVISED 0OCY, 78 = GCA/TECHNULOUGY DIVISION = HANS RLEMM/ RICHARD DENNLS
//731MULA EXEC FURTGICG,ACCTSCOST, PARM,GUS'SIZERLBK!

//7FORT,8YSIN 00 «

CRetatanatatatataarta st tindadadataddtanatatanananatpfatodatatatateotenttan00000000

C 00000010
c STEP = SImMyta BAGHMOUSE MUDEL STEP # 1 00000020
c MAIN PROGRAM FOH BAGHOUSE SIMULATI(N PRUGRAM 00000030
C IF ERRORS EX1ST IN THE INPUT DATA Jsi 00000040
C 00000050
C'Qt:ttqtta...ttatttn--tttnnttattgatnto-t.-ctn'tt'.n'-ott.nn.tna....tao.OOOOOObo
CALL DESINE 00000070

CALL OPERAY 00000080

CALL SwDATA 00000090

CALL USER(I) 00000100

CALL CHECKI(I) 00000110

CALL SETUP 00000120

CALL CHECK2(I) 00000130

CALL OUTFIL 00000140

CALL PLOTYINCI) 00000150
IF(1.EH,1) GU 10 20 00000160

CALL MOOEL 00000170

20 DU 10 N®30,15 00000180
END FILE N 00000190

10 REWIND N 00000200
END FILE & 00000230
REWIND R 00000220

CALL EXITY 00000230

END 00000240

(continued)
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TABLE 15 (continued)

SUBROUTINE CAKDRG(WDEL,VEL,CURAG) 00000250
CRRRReRRaEafee st et et et R RaRntaRe st tadnRadanatntanaRanennantanetnnaaneaa(0000260
c 00000270
c SUBKUUTINE OF BAGHUUSE 4/77/mAKeRD GCA TECHNOLOGY DIVISION 00000280
C SUBROUTINE OF RAGHUUSE 10/78 MAK/RD GCA/TECH DIV 00000290
C=CALCULATES CAKE DNAG 00000300
Colx2sSPECIFIC CAKE RESISTANCE OF CAKE AY 0,63 M/MIN, NeMIN/GeM 00000310
CowDELSTOTAL FABRIC LOADING ON AN AREA OF FABRIC, G/M2 00000320
CewRSRESIDUAL FABRIC LOADING UN AN AREA OF FABRIC, G/M2 00000330
CowSTARS CONSTANY CHARACTERISTIC OF DUST AND FABRIC, G/M2 00000340
CeZK2EHO INITIAL SLOPE UF DWAG VS, LOADING CURVE, NeMIN/GeM 00000350
CoVELSVELOCITY,M/MIN 00000360
C=CORAGSCAKE DRAG,S, NeMIN/M3 00000370
< 00000380
CO R e et a e r R R Rt N et t st s a R atd AR AR RRORRERAAReReRAodedttonntannentnnn00000390

COMMON/FABDUS/ZK2, SE.WR, SRy ZKR ) WSTAR 00000400

IK2VEIK2+80ORT(VEL®3,.281/2,) 00000430

IF(NSTAR,6T,1,E=20) GO TO 10 00000420
CeLINEAR MODEL 00000430

CORAGESZIX2Vea (WDEL*WR) 00000440

G0 10 20 00000450

10 WPRIMESWOEL =i 00000480

EXPUBOWPRIME/WSTAR 00000470

1F(EXPO.LT,»30,) EXPUs=30, 00000480
C=NONsL INEAR MODEL 00000490

CORAGEBIKZVAWPHIMES (ZKR*IK2V) *nEBTAR (] ,«EXP(EXPD)) 00000500

20 RETURN 00000510

END 00000520

SUBROUTINE PENET(CZERD.wEIGHT 4 VEL sWR,PEN) 00000530
et n e Rt st aaaa sttt et AR AR s AR AR RO RN AR RN AR ANEANRRRRRAatanndna00000540
4 00000550
C SUBRUUTINE OF BAGHOUSE 4/77/WAKeRD GCA TECHNOLOGY DIVISION 00000580
CoCALCULATES TOTAL PFNETRATION 00000570
C*CIERUSINLETY CUNCENTRATION, G/M3 00000580
CoMEIGHTETOTAL FABHIC LDADING ON AN AREA OF FABRIC, G/M2 00000590
CoVEL®VELOCITY, M/MIN 00000600
CoWRERESIDUAL FABRIC LOADING ON AN AREA OF FABRIC, G/M2 00000610
CoPENSPENETRATIUN 000000620
c 00000630
coa'ttaaotgnona.aang.-nuotaat.aaetu.c-nnaa.ttnnannmantttatnta...cantOOOOObao

C980,0005 00000650

Amgoo, 00000660

IF(VEL,GT.1,.E29) ABO,416/(VEL®3,281)22440,094 00000670

IF(VEL.LTY,1,E=9) VEL®O,0 000000680

XFei,5€=7 00000690

IF(VEL,GT,1,E~9) XFR] SE7*EXP(12,72(1,EXP("VEL/3,203,2081))) 00000700

EXPUS(WEIGHT=nR)*A 00000710

PEN20Q,0 00000720

IF(EXPOLLT 40,) PENS(O,1exXF)*EXP(=F XPO) 00000730

PENRPENSXFoeCS/CZERC 00000740

RETURN 00000750

END 00000760
(continued)
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TABLE 15 (continued)

SUBROUTINE ™UDEL 00000770
CABROENRIRAR RN AQRRNRRRARARRARAAARARRRRRAARRRORSRRARRRadRassatenaaonrtanl0000780
c 00000790
c SUBRUUTINE OF HAGHUUSE 12/1/RwSe«DC GCA TECHNOLOGY DIVISION 00000800
C SUBRUUTINE NF BAGHUUSE 4/77/HAK«RD GCA TECHNOLNGY DIVISION 00000810
c SUBROUTINE OF BAGHOUSE 10/78 MAK/RD GUA/TECH DIV 00000820
CeMAIN ORIVER SUBPROGRAM 00000830
CeALL T1'8 ARE TIMES,MIN 00000840
CoALL W'S ARE CAKE LNOADINGS,G/M2 00000850
CeoALL 3'S ARE DRAGS,NeMIN/M} 00000860
C=ALL P'S ARE PENETRATIUNS 00000870
CeALL C'S ARE CONCENTRATIONS 00000880
C=A BAG 18 A CUMPARTMENTY 00000890
CoIK2sSPECIFIC CAKE RESISTANCE OF CAKE AT 0,61 M/MIN, NeMIN/GeM 00000900
CowWRSRESIDUAL FARRIC LUADING UN AN AREA OF FABRIC, G/M2 00000910
CowBTARS CONSTANT CHARACTERISTIC OF DUST AND FABRIC, G/M2 00000920
Co2kis INITIALSLOPE OF THE DKAG VERSUS LOADING CURVE 00000930
C*SZERUSRESIDUAL DKAG, NeMIN/M} 000009490
CoTEMPKSGAS TEMPERATURE,DEGRESS RELVIN 00000950
CoACAKESCAKED AREA,THAT PORTION (F A BAG wWHICH I8 NOT CLEANED 00000900
CoZR2MUBVISCOSITY CORRECTION FOR SPECIFIC CAXE RESISTYANCE 00000970
C=NEBNUMBER (F CUMPARTMENTS OR BAGS 00000980
C=TSCLEANING CYCLE TIME,MIN 00000990
CoNTRTOTAL NUMBER OF CYCLES TO BE MODELED 00001000
C=MaNUMBER OF TIME INCREMENTS PER BAG 00001040
CoSMALQESAVERAGE SYSTEM VELOCITY,IF OPERATING AY CONSTANTY YOTAL FLOw, M/M00001020
CoCZEROSINLEY CONCENTRATION,G/M3 00001030
CoLDIAGSPRINT DJAGNOSTICS 00001040
CoTLAGSTIME PERIQOD FOR WHICH ALL BAGS ARE ON LINE AFTER ENTIRE CLEANINGO00010S0
C=CYCLE 00001060
C=0PSTOPRPRESSURE DROP AT wHICH CLEANING IS INITIATED, N/M2 00001070
CoWSTARTSINITIAL (OADING ON ALL BAGS AT TIME s ZERO 00001080
C=VRFLOUSREVERSE AIW VELOCLITY FOR ONE BAG, M/MIN 00001090
CoSESEFFECTIVE CAKF DWRAG, NeMIN/M3 00001100
[4 00001110
CR AR AR R AN R AN AR ARAR AR R AR AAR AP A AN AARANRRARARRRANARRAR AR annean(000051220

COMMON/DESIGN/N, T TCLEAN, TLAG,VRFLO,OPSTOP,FREQ,AMPLIT 00001130

COMMON/OPDATA/SMALG, TEMPK,CZERD, TCZERD 00008140

CUMMON/FABOUS/2K2,8E,WR, SR, ZKR, NSTAR 00001150

COMMUN/EXTERN/NT M, NSTART,ACLEAN 00001160

COMMON/DIAG/LUTAG,PRDIAG,PLDIAG 00001170

CUMMON/CALC/DELT,NAREA, TAREA 00001180

COMMON/ACURAC/JCOUDE 00001190

COMMUN/TITLE/HEAD 00001200

COMMUN/MUDELD/PAVR, TCONT,DTLAST,PENTOT,PAVTOT,DPAVG,QAVG, TLAST, 00001210

« TOSUM,PNMAX,DELP,DPMAX,TREF ) IFBAG,NFLAG,JFLAG,LUPCNT 00001220

COMMUN/DEVICEZINPUT,OUTPUT 00001230

INTEGER UUTPUT 00001240

LOGICAL LOIAG,PLDIAG,PRDIAG 00001250

REALAR MEAD(8) 00001260
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TABLE 15 (continued)

OIMENSION IDUM(10),PDP(3),PDR(3),PT(3),PPS(3),P0(3,%) 00001270
DIMENSTON TIME(30),0L0TIM(30),CAKE(30),8B8AC(30),QBAG(30) 00001280
DIMENSIUN wD(10,30),8(10,30),QAREA(10),P(10) 00001290
LOGICAL LCONP,LDIAG 00001300
DATA DRAG,BAG),BAG2/'AREAY,'SBAG','QBAGY/ 00001310
WRITECOUTPUT,220) HEAD 00001320
220 FORMAT(1M1//720,80('")/7/ 00001330
* 120,'RESULTS OF BAGHDUSE ANALYBIS8'//720,80('s')//720,8A8//7) 00001340
GO 10 3 000013%0
2 CZEROSCZERQE 00001300
CALL RESTHRY 00001370
CoINITIALIZE DATA 00001380
3 CALL INITAL 00001390
AREABL ,/IAREA 00001400
IREPTEBFLOAT(N)}/Z10,40,95 00001410
DO S I=1,1AREA 00001420
QAREA(I)mSMALY 00001430
00 5 IBAGS),N 00001440
OLDTIM(IBAG) =2 00001450
TIME(IBAG) =1} 00001460
S nD(1,18AG)SWSTART 00003470
CZEROE=SCZEROD 000014080
TCURKNEO0,0 00001490
TLAGSIFIX{TLAG/DELT®0,5)«DELT 00001500
IF(TLAG,LY 0,01) TLAG®O0,0 000035510
TMOOSTLAGeT 00001520
IF(DPSTOP,GT,0,)TMODs) ,E¢20 00001530
K3in0 00001540
MAXJENT 2 (MaNCIFIX(TLAG/TaMsN$0,9999) )¢5 00001550
C DETERMINE DRAG THROUGH FABRIC 00001560
SFABSSR 00001570
IF(WSTAR,LT,1,E~»20) SFABaSE 00001580
JLOOPSO 80001590
C LOOP ON TIME 00001600
1 JLOOPSJLOOP) 00001610
DELYRT/M/N 00001620
TTESTSBAMUD(TCUNT®0,01,TMUD)=0,01 00001630
IFCTYEST LT,0,005) TTEST=0,0 00001040
IFCTTEST GT . (100,005) JAND TTEST LT, (T¢0,005)) TTESTsY g0001680
IFCTCONT LT 1 k=9, 0R YTEST (L Eo=0,01,0R,TTEST,GE.0,01) GO TOU 12 00001660
LOPCNTSLOPCNT 00001670
TOIFSBTCUNT=TLAST 00001680
QAVGNR (QAVG=Q8YSTMeDTLAST)/2./TDSUM 00001690
PAVNOWS (PAVTOTPENTUTADTLAST)Z2,/7TD8UM 00001700
DPAVGNB (DPAVEG=DELPADTLAST)/72,/T708Um 00001710
TDSUMB0,0 00001720
TLASTSTCINT 00001730
QAVGBOSYSTMeDTLASY 00001740
PAVTOTSPENTOTADTLASY 00001750
DPAVGESDELP2DTLASY 00003760
(continued)
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TABLE 15 (continued)

€ CHECK FOR A LIMITING PRESSURE SYSTEM FUR FORCED CONTINUOUS OPERATIUN 00001770

€ CHMECK FOR TIME BETWEEN CLEANING CYCLES EQUAL YO ZERQ 00001780
CONTSTSTO[FaT 00001790
IF(DPSYOP.GT.O.S.lND.L(lPCNI’.GT.}.IND, 000031800

# CUNTST GT,=T/M/N,AND . CONTST LEL(T/M/N40,01)) GO TN 2 00001810

CewRITE AVERAGE PRESSURE DROP,FLOW AND PENETKATION UP TO TIMESTCUNY 00001820

1F(NFLAG,GT,0) WRITE(OUTPUT,230) TOIF,LOPCNT,PAVNOW,DPAVGN,QAVGN, 00001830

*  PNMAX,DPMAX 00001840
1F (JFLAG,ER,D) CALL STABLE (DPAVEN,TCONT,JCODE, JFLAG) 000018%0
LUPTSTaNT=L OPCNT 00001860
1F(LUPTST oLk o3.AND,JFLAG,EQ,0) JFLAGN20 00001870
IF(JFLAGLNE . 0) NFLAGSNFLAG#] 00001880
IF(NFLAG,EQ,4) GO TO 310 00003890
IF(NFLAG,EQ,1) TREFSTCONT 00001900
IF(JFLAG,EQ,20,AND,NFLAG,ER,1) WRITE (CUTPUT,231) LOPCNT 00001910
231 FURMAT(' *««CONVERGENCE TO STEADY STATE NOT REACHED AFTER',SX, 00001920
* 13,51, 'CYCLES awet///) 00001930
PNMAXS0,0 00001940
DPMAXE0,0 00001950

12 CONTINUE 00001960
IF(TTEST.GT,T) GO TO 11 00003970

C EXTRA PASS FUR CLEANED BAG 00001980

C=8AG LOOP 1 00005990
DU 13 18AGa1,N 00002000
IF(OLDTIM(IBAG) LE,TIMELIBAG)) GO 10 13 00002010
1FBAGSIBAG 00002020
TCONTSTCONT+,01 00002030
GO YO 14 000020480

13 CONTINUE 00002050
C=END OF BAG LOUP i 00002060
11 IFBAGEO 00002070
DELTST/M/N 00002080
JTIMERJLOUPeY 00002090

CoOLTERMINE TIME 00002100

TCONTBJTIMEDELT#TCORR:IFIX((FCONT+DELT)Z(T+TLAG)) 00002140
18 TTESTEAMUD(TCUNT$0,01,TMOD)=0,01 00002120
IF(TTEST,.LT,0,005) TTEST®0.0 00002130
TF(TTESY,GY,(Te0,005) ,AND, TTEST, LT, (T40,005))TTESTST 00002140
1F(TTESTGT T AND,TTESTYGE.(T+*TLAGeDELT)) DELTSDELT4TCURR 00002150
8SY8TMa0,0 00002160
DELVT=DELT 00002170
VRFLOWS0,0 00002180
1F(LDIAG,AND.NFLAG.GT.0) WRITE(OQUTPUT,16) (DRAG, 1,181, JAREA),BAGE 00002190
16 FORMAT(IX, 'BAGDRAGS ,1X,11(3%,A4,1X,12)) 00002200

C=BAG LOOP 2 00002210
DO 20 IBAGS1.N 00002220
SBAG(IRAG)=0,0 00002230

CeAREA LOOP 1 00002240

) DN & Is1,1AREA 00002250

C 1F A BAG WAS JUST CLEANED , ESTIMATE FLOW VELOCITY 00002260
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TABLE 15 (continued)

IF(SCIAREA,IBAG)LT,1,E¢19) GO YU 17
CALL CAKDRG(WD(],IBAG),8MAL@,S(1,18AG))
8(1,1BAG)2S(1,IBAG)*SFAB

17 CONTINUE
IF(TCONT,GT,1 . E=9)QAREA(])2DELP/S(],IRAG)

C=DETERMINE ORAG ON EACH AREA
CALL CAKDRG(WD(I,]IBAG),QAREA(]),8(1,1BAG))
S{I,IBAG)SS(],IBAG) *8FAN

6 SBAG(IBAG)uSBAG{IBAG)*AREA/S(],18AG)

CetND OF AREA LOQP |
SBAG(IBAG)s1,/SRAG(]18AG)

C OETERMINE TIME IN CYCLE
IF(TTEST,GT,(T+0,005)) GO TO 21
OLOTIM(1IBAG)=TIME(IBAG)
TIME(IEBAG)=AMOD(TTEST¢0,01¢1B8AG2T/N,T)=0,0}

21 IFCTTEST,GT,T) GO TO 19

C=TEST FUR AN UFF LINE BAG

IF(TCONT (L To14E*9,AND, TIME(IBAG) LT,(T=TCLEAN=,001)) GO TO 19

00002270
00002280
00002290
00002300
00002310
00002320
00002330
00002340
00002350
00002360
00002370
00002380
00002390
00002400
00002410
00002420
00002430
00002440

JIF(TIME(IBAG) (LT, (T=TCLEAN®,001) ,AND,TIME(IBAG),GT,0,005) GO TO 1900002450
IF(TIMECIBAG) oL To(ToTCLEAN=,003) AND,TTEST,LE,0,01,AND,TLAG,GT,1,E00002360

s=9) GO TO 19
DU 22 Is1,]AREA
22 S(1.18AG)=t Ee20
SBAG(1BAG)=) .k e20
VRFLOWSVRFLQD
Ce0UTPUT INTERMEDIATE RESULTS

19 IF(LOIAG,ANDNFLAG,GT,0) nRITE(QUTPUT,1S) IBAG,(S(1,IB8AG),]sy,

*  JAREA))SBAG(1BAG)
15 FORMAT(1X,13,7X,11(1X,1PED,2))
S8YSTMEBSYSTMe ], /8BAGUIBAG)

IFCOLDTIMCIAAG) (GT TIME (IBAG) ¢ANDTTEST LY, (T¢0,005)) OELTTmg,01

20 CONTINUE
CeEND OF BAG LUUP 2

CoCALCULATE SYSTEM DRAG,PRESSURE OROP ANU FLUw VELOCITY

§8YSTMEL,/83YSTM
DELPSSMALQsSSYSTMANIVRFLON23SYSTM
QSYSTMESMAL Qe VRFLONW/N

CeCORRECT INLEY CONCENTRATION FOk REVERSE FLOwW AIR
CZEROSCZEROES (QSYSTMaVRFLOW/N] /QSYSTM

IF(LDIAG,AND,NFLAG,GT,0) WRITECOUTPUT,30) (DRAG,I,1s1,1AREA),BAG2

30 FORMAT(IX, *BAG=FLOWS ', 1X,11(3X,Ad,1X,12))
PENTOT=0,0
WDUMPs0,0
Ce=BaAG LOOP 3
DO 60 1BAGs),N
IF(TTEST,.GY,T) GO TO 26
DELTSDELTTY

IF(CTIMECIBAG) ¢ T/M/N) oGT,(T=TCLEAN) )DELTBYoTCLEAN=TIME (1BAG)

26 nWCOMPEO,0
CAKE(1BAG)mO,0

00002470
00002480
00002490
00002500
00002510
00002520
00002530
000029540
00002550
00002560
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
000020650
000026060
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
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CeAREA LUOP 2
DU 28 1=1,JAREA
QAREA(I)I®DELP/8(I.IRAG)
CeNETERMINE PENETRATINN
CALL PENET(CZENO,wO(],1HAG) ,WAREA(]),wR,P(]))
WAREASQAREA(I)o(1,=P(1))2aDtLIRCZERD
CAKE(IBAG)SCAKE(1BAG)enD(],IBAG) *AREA
27 PENTOTSPENTOT*P(1)*AREA2QAREA(]I)/Q8YSTM/N
28 wD(1,1BAG)anD(1,IB8AG)*WAREA
C=END OF AREA LVOP e
NBAG(IBAG)=NELP/SRAG(IBAL)
CoQUTPUT INTERMENIATE RESULTS
IFCLOIAG.ANDNFLAG,GT,0) wRITE(OUTPUTY,1S) IBAG, (QAREA(I),Im1,
* JAREA),QBAG(1BAG)
IF(TTEST,GY, 1) GO TO 60
IFCOLDTYIM(IBAG) LEL,TIME(IBAG)IGD 1D &0
C=CLEAN NAREA AREAS ON A BAG IF NECESSARY

WOUMPB0,0
D0 36 11%1,NARER
WCOMPa0,0

C=AREA LOUP 3

DO 35 [sl,1AKEA
IF(WD(1,1IBAG).LT,wCOMP) GU TO 35
wCOMPEND (1, 1RAG)
IFAREAS®]

1§ CONTINUE

C*END OF AREA LOOP 3

WOUMPSWDUMP ¢ (WD (IFAREA, JHAL) "WR) *AREA

36 WO(LFAREA, IRAG)SWR

60 CUNTINUE

C=END UF BAG LUUP 3

DELTSDELTT
DPAVGBOPAVGH(DTLAST4DELT)#DELP
QAVGSGAVG+ (DTLASTSDELT)*QSYSTM
PAVTOTSPAVIQTPENTOT*(DELT¢DTILAST)
PAVRSPAVRePENTOT#(DELT#DTLAST)
TOSUMSTDSUMSDTLAST
OTLASTSDELY
CONTOTSPENTOT*C2ERD
IF(PENTUT.GY.PNMAX) PNMAXSPENIQY
IF(DELP,GT,NDPMAX) DPMAXSDELP
IF(NFLAG,EQ.0) GO 70 120
IF{ NOT ,PLOIAG,AND, ,NOT,PRDIAG) GO TO 120
K3aK3e]
PT(K3)STCUNT=TREF
POP(K3)=DELP
PDR(XK3)8Q3YSTM
PPS(N3)SPENTOT
LMAXSMINO(S,N)
00 100 Lsi,LMAX

00002770
00002780
00002790
00002800
00002810
00002820
00002830
00002840
00002850
00002860
00002870
00002880
0000209¢
00002900
00002910
00002920
0000293¢
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
00003080
00003090
00005100
00003310
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230
00003240
00003250
00003260
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[aNaXal

(o X ulal

100 POIX3I,L)suUBAG(L)
1F(K3,LT,3) 6O 10 120
x3s0

PUNCH PLOT

110 FORMAT(6G10,5)
WRITE(B8,110) ((PT(K),PDP(K))/)KE},3)
00 115 L=si,LMAX
IUNITBL¢49
115 WRITE(IUNIT,110) ((PI(R).PR(K,L)I)IiKR1,3)
WRITE(19,110)(PT(R),PPS{n),x81,})
120 IF(.NOT,LUIAG) GO T0 290
IF(NFLAG.,EQ,0) GO TO 290

PRINT DIAGNOSTICS

WRITECOUTPUT,130) TCONT,DELP,USYSTM,CONTOT,NDUMP
130 FORMAT(IX/?' Tw',G10,4,10x,'DELP2',G10,4,10X,'DELG=!,G10,4,
[ 1 10X, 'CONCENTRATIONS' ,G10,4,10X, "WEIGHT DUMPED',G10,4)
10UM(10)80
DO 250 Lst, IREPY
140 DO 150 xs1,10
MAXKSIMINO(K, (N=102(L=1)))
150 JOUM{K)sIDUM(10)+K
WRITE(OUTPUT,160) (IDUM(K), h3],MAXK)
160 FORMAT(SX,10(6X,'8AG *',12))
WRITE(OUTPUT,170) (TIMECIDUM(])),1m1,MAXK)
170 FORMAT(' Tm',T6,10(F9,2,3X))
WRITEC(OUTPIT,180) (CAKE(IDUMU])), 181, MAXK)
180 FUNMAT(! CAKEs',To,1PE12,4,9E12,4)
WRITE(OUTPUT,190) (SBAGCIDUM(]I)},1m),MAXK)
190 FORMAT(! SBAG',To,10L12,.,4)
WRITE(OUTPUT,200) (QRAGCIDUM(I)),im},MAXK)
200 FORMAT(' QBAG',T6,10E12,4,0PF2,0)
250 CONTINUE
IF(TTEST.6T,T) GO TO 270
IFCOLOTIM(N) LT, TIME(N)) GU TO 270
PAVRES (PAVTIOTePENTOTADYLAST)/2,/T08UM
WRITE(QUTPYT,260) PAVR
200 FORMAT(//' AVERAGE PENETRATION DURING CLEANING CYCLE',SX,
* 1PG10,377)
PAVRe0,0
270 CONTINUE
NRITE(OUTPYT,500)
S00 FORMAT(/7/7)
290 JF(IFBAG,NE,0) GO TN 11
IF(OPSTOP.LT,1,6=9) GO TO 300
IFCTMOD (LT, 1 E#19,ANDLTTEST(GT,(T*T/M/N)) TMODSTCUNT=TeI/M/N
IF(TTEST,LE,T.OR,DELP,LT,DPSTOP) GO TO 300

00003270
00003280
00003290
00003300
00003310
00003320
00003330
00003340
00003350
00003360
00003370
00003380
00003390
00003400
000034010
00003420
00003630
00003440
00003450
00003460
00003470
00003480
00003490
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003000
00003610
00003020
00003630
00003040
00003650
00003660
00003670
00003680
00003690
00003700
00003710
00003720
00003730
00003740
0000375¢
00003780
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TMODSTCONTY 00003770
TCORRRD,0 00003780

300 GO 1O 1 00003790

c #END OF TIME LOOP 00003800
< 00003810
C FINISH PUNCHING 00003820
4 00003830
310 CUNTINUE 00003840
IF (o NOT PLDIAG,AND, «NUT,PROIAG) GO TO 430 00003880
WRITE(8,400) PT(3),P0P(Y) 00003800
IUN]ITe9¢LMAX 00003870
WRITECIUNLIT,400) PT(3),PQ(S5,LWAX) 00003880

400 FORMAT(2G30,5,775, 'NEW') 00003890
IF(LMAX,ER,1) GO TO 425 00003900
LMAXEBLMAX®Y 00003910

DU 410 L=t ,LMAX 00003920
JIUNITEL S ’ 00003930

410 WRITECTUNIT,420) PT(3),PO(3,L) 00003940
420 FORMAT(2G10,5,T75,'SAME!) 000013950
425 WRITE(15,400)PT(3),PP8(3) 00003960
Q30 CONTINUE 00003970
230 FORMAT(/)X,'FORY,F10,2," MINUTES OPERATION, ', 00003980

e ' CYCLE NUMBER ',13/ 00003990
150, 'AVERAGE PENETRATIUNS',180,1PE9,2/ 00004000
150, 'AVERAGE PRESSURE OROPE ', T80,0PF10,2,! N/MR' Y/ 00004040
0750, 'AVERAGE SYSTEM FLOWS' , TB0,0PF10,4,' M/MINY/ 00004020
«750, 'MAXIMUM PENETRATIONRY,T80,1PEG,2/ 00004030
2150, '"MAXIMUM PRESSURE DROPEY, T180,0PF10,2,' N/M2'/ 00004040

[ ) 00004050
RETURN 00004060

END 00004070
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SUBRUUTINE PLNTINCIERROR)

00004080

CARRRARERRENtanaRteRtasatatadsardedadadsistfatdsdndsennatrsnnannnenantns00004090

SURRUUTINE 1O INITIALIZE PLOTTER 11/11775/RwS=0C

SUBRNUTINE OF RAGHUUSE 10/78 HAK/RD GCA/TECH DIV

OoOMNAOOMN

SURRNUTINE OF RAGHOUSE 4/77/HAK=RD GCA TECHNOLOGY

00004100
00004110
DIVISION 00004120
00004130
00004140

CARARRRRe st adeaantotRanaR Rt RastadRaRRARARRARRARARQsRAdRaRsntnnannannann(00000)SD

COMMON/DESTGN/N, T, TCLEAN, TLAG, VRFLD,DPSTOP,FREG, AMPLIET
CUMMON/DIAG/ALDLAG,PRDIAG,PLDTAG
COMMON/TLTLE Z/HFAD
COMMON/DEVICEZINPUT , OUTPUT
INTEGER NUTPUY
LOGICAL PRDIAG,PLDIAG,ALDLIAG
REAL®R HEAD(R)
DATA AMpytgty
DATA XLENTH,YLFNTH/2280,/
IMAXSMINO(N,S)
LOIAGSO
IF(PRDIAG)LDIAGStO
IFCALDTIAG) LDNJAGSLNIAG1O0
IF(PLBIAG)ILOTAGILDIAGSY
IFCIERROR EU,.1) LDIAGSDH
WRITE(8,IS)LD]AG, IMAX
1S FORMAT (1P, 11
READ(INPUT,200,ENDS20) XLENTH,YLENTH
200 FORMAT(FS,2,1X,F5,2)
C«DEFAULT VALUES FOR xRy AXIS LENGTIHS
26 CHONTINUE
IFCXLENTH, LT 6,0) XLENTHEs,0
IF(YLENTH, LT, ,5,0) YLENTHES,0
IF(XLENTH,GT,20,) XLENTHBZ24,
IF(YLENTH,GT,12,) YLENTHSE12,
CHITIRFLOAT(IFIXCXLENTH/O,04/7,)07)/7100,
IF(CHITY LT,0,14) CHIT =D, 14
CHIT28CHIT 0,07
YPUISISYLENTHeS ,aCHITI2+CHITL 0,24
YP828YPUS1=0,0U=CHIT]
YPOS3I8YPNSP«0,0UeCHIT?
C«PRESSURE DROP V8 TIME
DN 20 JUNTIT=8,10,2
20 WRITE(CTIUNIT,25) HEAD,YPOS!) ,CHIT1,AMP
25 FORMAT(RAR,SX,2F5,2,A1)
WRITE(B, 30) YPOS2,CHITI,XLENTH, YLENTH
30 FURMAT(
LIPHESSUNE VS TIME GRAPH!',170,2F8 2,07/
RT2R, *TIME (MINUTES)'/
K723, 'PRESSURL (N/M2) 1ty
KISEMISEMI?, T95,F0,2,165,F0,2,T80,'1")
CoINDIVIDUAL FLODW VS TIME
WRITE(10,50) YPOS2,CHIT],YPOSY,CHIT2,XLENTH, YLENTH
S0 FIORMAT(
RYINDIVIDUAL FLUW RATE GRAPH!' ,T70,2FS,2,'8"'/
L'CIUMPARTMENT » 1°,7T70,2F5,27
£728,'TIME (MINUTFS) '/
BT23,'FLON RATE (M/MIN)?y
LISEMISEMT! ,T55,F6,2,T05,Fb,2,T80,'11)

00004160
00004170
00004180
00000190
00004200
00004210
00004220
00004230
00004240
000042%0
00004260
00004270
00004280
00004290
00004300
00004310
00004320
30004330
00004340
000043550
00004300
00004370
00004380
00004390
00004400
ag0Q4dqot
00004402
00004403
00004404
10004408
00004406
00004410
00004420
00004430
00004440
00004450
00004460
00004470
000044n0
00004490
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004580

-8

(continued)

104



TABLE 15 (continued)

IMAXSMINN(N,S) 00004590

IF(IMAX,EQ,1) GO YO 715 000040600

DY 60 [m2, IMAX 00004610

IUN]tsle9Q 000040620

YPUSIxYPS3= (1= )# (N 04+CHIT?) 00004625

60 WR1ITECIUNIT,T70) 1,YPUSI,CHIT? 00004b 30

70 FORMAT('COMPARTMENT & *,11,770,2F%.2) 00004840

75 WRITE(1S5,25) HERAD,YPOSE,CHITY,AMP 00004650

CePENETRATION VS T]IME onnoased

WRITE(15,80) YPOS2,CHIT1,ALENTH, YLENTH 00004670

80 FORMAT( 00004080

LPENETRATION VS TIME GRAPH!,TT70,2FS,2,'8'/ 00004690

| ¥4 00004700

L7128, ' TIME (MINUITES)'/ onodaNn10

AT23, 'PENETRATION' ,TT70, ' teS 1,0/ 00004720

R1LUG=8EM] ', T55,F0,2,T65,Fn,2,T80,'11) 00004730

DU 100 JUN1Ts8&,j0,2 00004740

1N0 WRITE(IUNIT,110) 00004750

WRITE(319,110) 00004760

110 FORMAT(TA,'0,0',718,10,0") 00004770

120 RETURN 00004780

END 00004790
(continued)
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TABLE 15 (continued)

SUBROUTINE DESINE 00008800
c'totatnnoocana-...oo..oo.n-...--.otti-n..ttan-n-cntnt.aa.t-at.nontot-QQOOOOGBlO
c 00004820
C SUBRUUTINE OF BAGHDUSE 10778 HAK/RD GCA/TECH DIV 00004830
C READ AND PRINY HEADINGS AND ODESIGN OATA 00004840
¢ 00004850
cQ.aactn-'otaaco.-aco.on.toato.aa.tacttnat..aacaaaottnttnttqﬁaat.o..aaaaOOOOlBoo

REAL*8 HEAD(S) 00004870

INTEGER OuTPUTY 00004880

CUMMON/ZDESIGN/N, T, TCLEAN, TLAG,VRFLU,0PSTOP,FREC,AMPLITY 00004890

COMMUN/DEVICE/Z INPUT,DUTPUTY 00004900

COMMON/TITLE/HEAD 00004910

QUTPUTaS 00004920

INPUTSES 00004930

READCINPUT,S00) HEAD 00004940

READ(INPUT,S10) N, TCLEAN,T,TLAG,DPSTOP,VRFLO,FREQ,AMPLLTY 00004950
C=DEFAULT FOR CUMPARTMENT CLEANING ( OFF LINE ) TIME 00008960
C= SOX OF CLEANING CYCLE TIME/NUMBER OF COMPARTMENTS 00004970

IF(TCLEAN,LT,0,05) TCLEANST/N®0,S 00004980

WRITE(OUTPUY,600) MEAD 00004990

WRITE(QUTPUT,610) N,oTCLEAN,T 00005000

IF(TLAG,GT,0,05) WRITE(QUTPUT,620) TLAG 00005010

1F (DPSTOUP,GT,0,0%) WRITE(QUTPUT,630) DPSTOP 00005020

IF(TLAG,LY, 0,05,AND,OPSTOP.LY,0,05) WRITE (OUTPUT,640) 00005030

WRITE(OUTPYT,650) VRFLOD 00005040

IF(FREQ,GT,0,05) WRITE(UUTPUT,660) FREQ 00005050

IF(AMPLIT,GT,1,E=5) WRITE(OUTPUT,670) AMPLIY 00005060

WRITE(QUTPUT,680) 00005070

500 FORMAT(B8AY) 00005080
510 FORMATCIS, IX,FS 1ol XoFSel o XoFS, loiXeFU0piXoFb0p1XeF3e1,41X,FU,2)00005090
600 FORMAT(1M1,720,80(**?)//1720, SUMMARY OF INPUT DATA FOR ¢, 00005100
1  'BAGHOUSE ANALYSIS'//120,80('2')//720,8A8) 00005110
610 FORMAT(//T20,'BASIC DESIGN DATAY/ 00005120
1  T25,'NUMBER OF CUMPANTMENTS',T55,13/ 00005130
3 T25,'COMPARTMENT CLEANING VIME',7YS5,F06,1,T70,"MINUYES'/ 00005340
Q T127,'(0FF LINE TIME)'/ 00005150
@ T25,'CLEANING CYCLE TIME',155,F6,1,770, 'MINUTES' 00005160
S ) 00005170
620 FORMAT(T25,'TIME BETWEEN CLEANING CYCLES',TSS,F6,1,770,'MINUTES?) 00005180
630 FORMAT(T2S,'LIMITING PRESSURE OROP?,T55,F5,0,T70,'N/M2?) 00005190
bU0 FORMAT(T2S, 'CUNTINUOUSLY CLEANED SYSTEM!) 00005200
650 FURMAT(T25, 'REVERSE FLOW VELUCITY', TSS,F7,4,T70, 'M/MIN') 00005210
660 FORMAT(T25,'SHAKING FREQUENCY',T55,FA,1,770,'CYCLES/SEC") 00005220
670 FORMAT(T2S, 'SHAKING AMPLITUDE',759,FS,2,770,'CM*) 00005230
680 FORMAT(1X) 00005240
RETURN 00005250
END 00005200
(continued)
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TABLE 15 (continued)

SUBRUUTINE OPERAT 00005270

PO e RNt ARNatee st AR teadanasettilatntneadaaaondatRansrastsnensnaeneen000052680

¢ 00005290

C SURROUTINE OF BAGHUUBE 10/78 MAK/RD GCA/TECHK D1V 00005300

C READ AND PRINT OPERAVING DATA AND CORRECY TEMPERATURES T0 00005310

¢ OEGREES KELVIN 00005320

C 00005330

O N RN RN RS R AR AR RN AR AR RN RN NP BN A AR AR R AR AR R AN RN SRR OREROAant*0000005340

INTEGER QUTPUT 00005350

COMMUN/UPDATA/SMALG, TEMPK,CZERD, TCZERD 00005360

COMMON/DEVICE/INPUT,OUTPUY 00005370

READ(INPUT,500) SMALQ, TEMPK,CZERQ, TCZERQ 00005380

IF(TCZEROLLT,1,E=5) TCIERUS25,01 00005390

WRITE(OUTPUT,600) SMALG, TEMPK,CZERD, TCZERD 00005400

TEMPKBTEMPK+27Y, 00005430

YCZERNSTCLZERN 273, 00005620

500 FORMAT(FO,U,1X,FUd0,1X,F5,2,1X,Fd,0) 00005430

600 FORMAT(T20,'OPERATING DATA'/ 00005440

1 T125,'AVERAGE FACE VELOCITY'/T55.F7,4,770,M/MINY/ 00005450

3 T125,'GAS TEMPERATURE',7155,F5.0,770, 'DEGREES CENTIGRADE'/ 00005460

Q 2%, 'INLET DUST CONCENTRATION';T55,Fb,2,770,'G/M3V/ 00005470

5 130, 'MEASURED AT!,T55,F5.0,170,'DEGREES CENTIGRAODE'/ 00005480

5 ) 000054990

RE TURN 00005500

END 00005510
(continued)
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SUBROUTINE SWDATA

00005%20

R0 RReaRNEaaRaReenttadttANaRaenenntieatinandonandantnssdidesananataetsnns00003530

SUBROUTINE OF BAGHUUSE 10/78 MAK/RD GCA/TECH DIV

00005540
00005550

READ AND PRINT DUST AND FABRIC PROPERTIES AND CORRECT TEMPERATURES00005560

C
C
C
¢ TO OEGREES KELVIN
c
c

00005570
00005580

RN N AR AR ARAR AR AN R ANAOAReAN AR RO RRAARERARARARARRSRaRadntnaatnae(0005590

INTEGER OUTPUY

REAL MMD1L,MMD2

CUMMON/FABDUS/IK2,8E.WR,3R. ZKR, NSTAR
CUMMUN/DEVICE/INPUT,0UTPUT
COMMON/KREST/TIK2,VIK2,MMD1,8G1,MMD2, 8G2, RHNOP , RHOBLK
COMMON/MUCORR/TSE, TSR, TIKR

WRITE(QUTPUT,600)

600 FORMAT(T20,'FAHRRIC AND DUST PROPERTIES'/)
READ(INPUT,500) 2ZK2,TZK2,VIK2,MMD],8G),MMD2,3G2,RHOP,RHOBLK
READCINPUT,S10) SE,TSE,nR, 3R, TSR, ZKR, TZKR,WSTAR

S00 FORMAT(FS 42,1X,Fa0IXoFT s i XoF3al o1 XsF3,201X0F 10 1X,F3,2:1%s

1 F5,3,1X,FS,3) *
S10 FORMATY(FA,0,1X,FQ,001XoFSel o1 X Flo0,1X,FU0,1X,FS.2,1X)Fd,0,1X,
+ FS,.1)
C IF K2 WAS NOV ENTERED ASSUME IT 18 TU BE CALCULATED
IF(In2,.6T.1,E=S) GU TO 20
IF(BE,LT,1,E»S) SEs350,
IF(WR,LT, 1 ,E=5) nRESO,
IFCTSE,LT.1,E=5) T8E=25,01
WRITE(OUTPUT,020) MMD2,362,RHOP,RHUBLK
620 FORMAT(T2S,'SPECIFIC RESISTANCE, K2 ESTIMATED FROM'/
1 T30,'MASS MEDIAN DIAMETER'oT1S5S,F4,1,770,'MICRONS'/
2 T130,'STANDARD DEVIATIUN',155,Fd,.2,/
3 T30,'PARTICLE DENSITY?,T5S5,F6,3,770,'6/CM31/
G T30,'BULK DENSITY',T155,F6,3,770,'G/CM3Y/
S )
’ZKZ‘aSQoi
VIK2s0,6}
G0 Y0 30
C K2 wAS ENTERED
20 IF(TZN2.LT,1,) TIKE=25,01
IF(VZ“ZQL‘olOE's, VIK2so0,061
WRITE(DUTPUT,010) ZK2,TZK2,VEKE
610 FORMAT(T25,'SPECIFIC RESISTANCE, X2',155,F0,20T70, 'NeMIN/GoM1
1 130, 'MEASURED AT?,
2 Y55,F5,0,770,'DEGHEES CENTIGRADE'/
3 TS5,F7,4,770, 'M/MIN?
q4)
C IF NO SIZE PROPERTIES FOR INLET DUST WERE ENTERED ASSUME NO
C CURRECTIONS ARE TO BE MADE
TF(MMD2,LT,.1,E=5) GO TO 30
WRITE(OUTPUT,630) MMD],8G1,MMD2,862

00005600
00005610
00005620
00005030
00005640
00005650
00005660
00005670
00005080
00005690
00005700
00005710
00005720
00005730
00005740
00005750
00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
00005840
00005850
00005880
00005870
00005880
00005090
00005900
00005910
00005920
00005930
00005940
00005950
00005960
00005970
00005980
00005990
00000000
00000010
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TABLE 15 (continued)

630 FORMAT(TAUS, 'MMDL',TSS,FE,1,TT70,"MICRONS!, T8S, "=8TANDARD DEVIATION 00006020

ot ,T405,F4,2/ 00006030

* 730, 'CORRECTED YO Y, 00006040

* TaAS,'MMD2? , T1SS,FuU, 1,770, 'MICRONS', T35, '=STANDARD DEVIATION', 1105 000000%0
n,Fa,2/ 00006060

* ) 00000070

30 CONTINUE 00006080
IF(TSE,LY,1,t=S) TSEmRS,01 00006090
IF(TI8R,LY, 1 ,E=S) TSRE25,01 00006100
FF(TINRRLT, 1,E=5) TIuRE25,01 00000110
WRITE(OUTPUT,640) SE,TSE,nk 00000120

040 FORMAT(TRS,'EFFECTIVE RESIDUAL ORAG, SE',T155,F5,0,770, 'NeMIN/M3 '/ 00006130
1 130, "MEASURED AT',155,F5,0,770,'DEGREES CENTIGRADE'/ 00006140

2 T2S,'REBIDUAL LOADING, WwR',155,F6,1,T70,'G/M2! 00006150
3) 00006160

C 1F SR AND KR WERE NOT ENTERED ASSUME LINEAR DRAG MQDEL 00006170
IF(SR,LT,1,E=5,AND,ZKR,LT,1.,E=5) GO TU 40 00006180
WRITE(DUTPUT,0650) SR, TSR, IXKR,TZKR 00006190

650 FORMAT(T72S, 'RESIDUAL DRAG, SR',T55,F5,0,770, 'NeMIN/M}?/ 00006200
3 T30, 'MEASURED AT',155,F5,0,T70,'DEGREES CENTIGRADE'/ 00006210
2125, VINITIAL SLOPE, KR',155,F0,2/T70, 'NeMIN/GoMn'/ 000006220

3 T30,'MEASURED AT',T155,FS,0,770,'DEGREES CENYIGRADE') 00006230

40 WRITE(OUIPUT,06060) 00006240
660 FORMAT(/) 00006250
TSE=T8Ee273, 00006260
TZKRETZKR¢273, 00006270
TIK2uTIK24273, 00006280
TSRETSRe273, 00006290

RE TURN 00006300
END 00006310

(continued)
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SUBHOUTINE USER(IERKUR)

00006320

CORRAR AR R AR RaaatRaaRaReaReRRARRARARRRARARRRORRRRRRARRASRaNRdRanannene00006330

¢
C
C

SUBROUTINE 0F BAGHUUSE 10/78 HAK/RD GCA/TECH DIV
READ SPECIAL PROGRAM INSTRUCTIONS

CesALOIAG I8 T/F FUR ALL RESULTS
C*ePRDIAG IS T/F FOR SUMMARY TABLE RESULTS ONLY
CeaPLDIAG 18 FOR PLOTTING

c

00006340
00006350
00006360
00006370
00006340
00006390
00006400

CRORE AN ARG RO ONR et s Rt At dRAesadatiRaRRARanaAsRaRRARRaRRRRtRnansdnantena00006410

c

INTEGER QuUTPUTY

LOGICAL ALDIAG,PLOIAG,PHRDIAG

REAL*8 DETAJIL,SUM]1,SUM2,BLANKS,AVG1,AVG2,DATYPE
COMMON/ACURAC/JCUDE

COMMON/DEVICE/ZINPUT,0UTPUT
COMMON/DIAG/ALDIAG,PRDIAG,PLDIAG
COMMUN/EXTERN/NT ;Mo WSTART, ACLEAN

DATA AVG1,AVG2/* AVERAGE','AVERAGE '/

OATA OETAIL,8UME,SUM2,PLOTER,BLANKY,BLANKS/

* CDETAILED',' SUMMARY', 'SUMMARY f,tPLOT!,! Yot 1/
READ(INPUT,S00) NT,JCUDE,DATYPE,PLTYPE,ACLEAN
WRITE(ODUTPUT,600) NT,JCODE,DATYPE,,PLTYPE

600 FRMAT(T20,'SPECIAL PROGRAM INSTRUCTIONS!/

1 12S,'MAX NUMBER UF CYCLES MODELED',TSS,13/

1 725, 'ACCURACY LEVEL',T75%,12/

@ T12S,'TYPE OF RESULTS REQUESTED',T5S,A8,' 7 ',A4s

3 )

IF(ACLEAN,GT,1,E=S) wWRITE(DUTPUT,610) ACLEAN

610 FORMAT(TRS, *FHACTIONAL AREA CLEANED, AC',T155,F4,2)
1ERRUR=O

500 FORMAT(I3,1x,12,1%,A8,1X,A4,1X,F3,2)

BEY FLAGS FOR LEVEL OF DETAIL ON OUTPUT AND CHECK INPUT FOR ERRORS
ALDIAGe,FALSE,
PLDIAGE FALSE,
PRDIAGS FALSE,
CHECK INPUT DATA FOR ERRORS
IF(DATYPE EQ.BLANKB) GO 10 10
IF (DATYPE .EQ,DETAIL) GO 10 20
I1F (DATYPE ,EQ,SUM1,0R,DATYPL,EG,8UM2) GO TU 30
I’(n"'pEUNF +AVG1 .AND'D"VPE oNE .AVGZ) !&RROR!!
G0 TU 10

20 ALDIAG=, THUE,

30 PRDIAG®, TRUE,

10 IF(PLYYPE.EQ,.BLANKG) GO TO 4V
IF(PLTYPE EQ,PLOTER) PLDIAGE,TRUE,
IF{,NOT,PLDIAG) IERHORSZ1

DETERMINE NUMBER OF INCHREMENTS

40 M=42
IF(JCODE=1) 50,60,70

S0 JCNDE=)

MEy
RETURN
60 JCODEs3
Ms8
70 RETURN
END

00006420
00006430
00006440
00006450
00006460
00006470
00006480
00006490
00006500
00006510
00006520
00006530
00006540
00006550
00006560
00006570
00006580
00006590
000060600
00006610
00006620
00000630
00006640
00006650
000060660
00000670
000060680
00006690
00006700
00006710
000006720
00006730
00006740
00006750
00006760
00006770
00006780
00006790
00006800
00006810

00006820
00006830
00006840
00006850
000006860
00006870
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SUBROUTINE CHECKRI(T)

00006680

CRReR Rttt e Ra et et ttaete sttt eeaeRitRantaananedaedatRsResnedontddtsannrtne00006890

¢
c
¢

SUHRUUTINE 0F BAGHOUSE 10/78 HAK/RD GCA/TECH D1V

00000900
000006910
00006920

CONO AN RN AR aat R s ad et RN Rd st ARARRRASARRARRARERRRtatnanaatannntnn00006930

600

10

20

30

35

$9¢0
a0

50

60

70
78
190

REAL MMDL,MMD2
CHMMON/KREST/TZK2,VIN2,MMD1,8G1,MMD2,8G2,RHOP, RHOBLK
COMMON/DESTIGN/N, Ty TCLEAN,TLAG,VRFLO,DPSTOP,FREQ, AMPL] T
COMMUN/ZDEVICE/ZINPUT,J

COMMON/QDPDATA/SMALU, TEMPK,C2EK0, TCZERD
COMMON/FABOUS/ZIx2,StywR, SRy ZKR,NSTAR
COMMON/EXTERN/NT,M, WSTART,ACLEAN

WRITE(J,500)

IF(1.EQ,1) wRITE(J,0600)

FORMAT(/120,'ILLEGAL REQUELST FOR TYPE OF RESULTS')
1F (N,LE(30,AND N GT,0) GO 'TO 10O

WRITE(J,S510)

Ist

IF((N«TCLEAN) ,LE.T)GO TO 20

WRITE(J,520)

I=1

IFCTCLFANLLT.T)GO TO 30

WRITE(J,530)

=l

IF(1/N/M,6T,0,01) GU TO 35

WRITE(J,S560)

1a}

IF(SMALO,GF ,0,3,AND,SMALO,LEL3,0) GU YU 4o

f=t

WRITE(J,590)

FURMAT(/T20,'AVERAGE FACE vELOCITY OUT OF RANGEs 0,3 TO 3,0')
IF(TEMPK,G6Y,273,5) GO YD S50

WR1TE (J,540)

i}

lF(F“EOIG1.,OG.SU‘NUQ‘”PthIGYC,OE.S) G0 10 60
IF(FREN LY 1,E«S5,ANDAMPLI 1 LT, 1.,E25) GO YO &0
WRITE(J,S570)

Is1

IF(M, NE,42) GIs TO 70

is}

WRITE(J,580)

IFCTLAG,GTY,1,E=5,AND,DPSTUP,GT,1,.,E=5) GO TO 75

60 10 100

WRITE(J,010)

s}

IF(ZK2,LT.1,E=5) GO TO 130
IF(""DI.GY.l.t-S.AND.SGl.G'o‘QE'SnAND.NNDZ.GT.l.t'S.lND'SGe.GI.
* 1,E=5) GO 10 110
IF(M“Dl.LT.l.E-S.AND.SGI.LY.loE's-AND.“NDJ.LY.I.E'S.AND.SGZ.LY.

00006940
00006950
00006960
00006970
000069A0
000006990
00007000
00007010
00007020
00007030
00007040
00007050
00007060
00007070
00007080
00007090
00007300
00007110
00007120
00007130
00007140
00007350
00007160
00007170
000073680
60007390
00007200
00007210
00007220
00007230
00007240
00007250
00007200
00007270
00007280
00007290
00007300
00007310
00007320
00007330
00007340
00007350
00007360
00007370
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TABLE 15 (continued)

s 1,k=5) GO YO 80
1=1
WRITE(J,030)
630 FURMAT(/T20,'PARTICLE SIZE DATA FUR K2 ARE INCOMPLETE')
110 JF(MMD] ,GE, 2, ,AND,MMD] LE,50,) GO TO 20
In}
NRITE(J,640)
640 FORMAT(/T20,'MASS MEOIAN DIAMETER OF MEASUREMENT QUT OF RANGE',
« ' 2 70 S0 MICRONS')
120 1FU(SG1.GE.2..AND.SGI.LE,4,) GO TO 130
1=}
WRITE(J,0650)
650 FORMAT(/720,"STANDARD DEVIATION UF MEASUREMENT OUT OF RANGE',
« ' 2 10 4v)
130 IF(MMD2,GE, 2., .AND MMD2,LE,S0,} GU TO 140
1=}
WRITE(J,06060)
660 FURMAT(/T20,'MASS MEDIAN DIAMETER (F DUST OUT OF RANGE',
* ' 2 70 S0 MICRONS')
140 JF{SG2,GE.2,.AND,SG2,LE.4,) GO TO 150
13}
WRITE(J,670)
670 FORMAT(/T20,'STANDARD DEVIATION OF OUST QUY OF RANGE!,
+ ' 2 10 4
150 IF(MMD] ,GT,1,b=5,AND,MMD2,6T+] ,E*S,AND,8G1,CT 41 ,E»5,AND,SG2,GT.
* 1,E=5) GU YO 1860
IF (RHOBLK,.LYRMOP) GU 10 160
18}
WRITE(J,080)

680 FORMAT(/720,'8BuULX DENSITY CANNOT EXCEED DISCRETE PARTICLE DENSITY

s 1)

160 1F (RMUBLKGTV.1.E*5,AND,RHOP,GT,1,E*5) GO TD 180
f=1

WRITE(J,090)
690 FORMAT(/720,°'BuULK OWR DISCRETE DENSITY MISSING')
180 CONTINUE
610 FORMAT(/T20,'BOTH TIMED AND PRESSURE CONTROLLED CLEANINGS !,

* 'SPECIF1ED = ONLY ONE 1S VALID')
500 FURMAT('*1',T20,'DJAGNDOSTIC MESSAGES')
S10 FORMAT(//720,' THE NUMHER OF COMPARTMENTS MUST NOT EXCEED 301)
520 FURMAT(/T20,"'THE NUMBER UF COMPARTMENTS TIMES YWE COMPART',

1 "MENT CLEANING TIME MUST HE LESS THAN THE CLEANING CYCLE TIME?)
530 FORMAT(/120,'THE CUMPARTMENT CLEANING TIME MUST BE LESS',1X,

1 'THAN THE TOTAL CYCLE TIME')
5S40 FURMAT(/T20,'A GAS TEMPERATURE MAS NUT BEEN ENTERED!)
560 FORMAT(/T20,'TIME INCREMENT TOD SMALL, 1€, < 0,01 MINUTES!)
570 FURMAT(/T720,'INVALID FREOUENCY DR AMPLITUDE FOR SHAKER')
580 FORMAT(/T120,°'INVALID ACCURACY CODE')

RETURN

END

00007380
00007390
00007400
00007410
00007420
00007450
00007440
00007450
00007460
00007470
00007480
00007490
00007500
00007510
00007520
00007530
00007540
00007550
00007%60
00007570
00007580
00007590
00007600
00007610
00007620
00007630
00007640
00007650
000076060
00007670
00007680
00007690
00007700
00007710
00007720
00007730
00007740
00007750
00007760
00007770
00007780
00007790
00007800
00007810
90007820
00007830
00007840
00007850
00007860
00007870
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SUBRDUTINE SETUP 00007880
CROARAN AR AN NN A R ARG RAARERARANOAREARRRARAROARARARANANARNRRNRERNARASRANantenn000070890
c 00007900
C SUHROUTINE OF HAGHOUSE 10/78 HAR/RD GCA/TECH Dlv 00007910
C CURRECT FUR TEMPERATURE AND V]ISCOSITY 00007920
C CALCULATE AND CORNECT n2 FUR S1ZE PROPERTIES 00007930
c CALCULATE SYSTEM CUNBTANT we 00007940
C DETERMINE NUMBER OF AREAS THAT A B8AG IS TO BE BROREN UP INTU 000079%0
C 1IF Im)] AN ERROR EXISTS 00007960
c 00007970
ccttatn.t.ttttan..oaaantot'tﬁt.naattaattttattogot-ntantotaaataoat...na..oooo1900

REAL MMD1i,mMMD2 00007990

COMMON/K2EST/TZK2,VIK2,MMD], 8061 ,MMD2, 8G2,RHOP, RHOBLK 00008000

COMMON/MUCDORR/TSE, TSR, TZKR 00008010

COMMON/OPDATA/SMALG, TEMPK,C2ERU, TCZERD 00008020

COMMON/CALC/DELT)NAREA, ] AREA 00008030

COMMUIN/FABDUS/7K 2 SEJWR, SR, ZKR, WSTAR 00008040

CUMMUN/EXTERN/NT My WSTART,ACLEAN 00008050

COMMUN/DESTIGN/N,T) TCLEAN, TLAG, VRFLO,DPSTOP,FRER,AMPLIT 00008060
Ce VISCO8]1TY CORRECTIONS 00008070

VISC(TEMP)=m| ,06Ee3aTEMPea] ,S/(TEMP+110,) 000068080
C- DELY 00008090

DELT=ETY/M/N 00008100

TTESTISNATCLEANONATCLEANS] k=4 00008110

TYEST2EN*TCLEANSN*TCLEAN®] E~d 00008120

IF (T, GE,TTESTZ AND T, LE,TTEST]) TCLEANSTCLEAN=0,0015 00008130

19kIPs0 00008140

IF(ACLEAN,GY, 1 ,E=5) 18KkIPx] 00008150
€ CALCULATE X2 IF NECESSARY 00008160
c IF K280 CALCULATE 17 00008170
< IF K2%0 AND MMD2m0 D0 NUT CALCULATE 00008180
1o IF K20 AND MMD2>0 CORKECTY 1T FOR MMDLISIGMAG 00008190

IF(IK2,6T 41 ,E25,AND ,MMNO2,LT,1.E=5) GO Tu 30 00008200

IF(2K2.6T41 ,E=S. AND,MMD2,GT,1.E~5) GD TU 20 00008210
C CALCULATE K2 00008220

SOL JORRHOHL K /RHOP 00008230

RE(3, 02,4800 100#(5,/3,))/(3,=4,5980LID*#(1,73,)¢4,5+80L100«(5,/3, 00008240

* o3, e80LIDeRD) 00008250

802836,010,4#(2,3049(ALOGIO(3GR))282)/MMD 202 00008260
€ PARTICLE SI2E IN MICRONS,DENSITY IN G/CC, VISCOSITY IN CENTIPUISE 00008270

1K2816,6420,0184R2302/0,/RHOP 00008280

6V 10 30 00008290
C CORRECTY FOR MMD AND SIGMAG 00008300

20 S0B2836,010,+8(2,304s(ALUGIO(SGL))e22)/NMDInn2 00008310

SOF28306,210,%%(2,3040(ALOGI0(SG2))nn2)/NMD2Rn2 00008320

2K2E2K2+S0F2/8082 00008330
€ CORRECY TN VELOCITY OF 0,61 M/MIN 00008340

30 ZK2BZK2+SURT(0,61/VIK2) 00008350

CORRECY FOR TEMPETURE 00008380

IK2BIK2eVISC(TEMPK)/VIBC(TZRR) 00008370
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SESSESVISC(TEMPK)/VISC(ISE) 00008380

SHISReVISC(TEMPK)/VISCITSR) 00008390

INRBIKReVISC(TEMPK) /VISC(TZKR) 00008400

CZERDSCZERN&T( ZER()/ TEMPR 00008410

€ CORRECT SE TU ww 00008420

SESSEewRa K2 00008430

C CALCULATE WSTART 00008440

C INITIAL LOADING ON EACH CUMPARTMENT AT TIME ZEROD 00008450

IF(DP8YOP,LT,1,) GO TO 40 00008460

WSTARTS (DPSTUPeSE+SMALQ) / (ZKR2*SORT (SMALD/0,61))/8MALQ#NR 00008470

GO TU S0 R 00008480

ENTRY RECALC 00008490

Q0 WSTARTEIO0,#(CZERU*SMALQR(TeTLAG) )40 ,28LwCZEROYSMALGe TN 00008500

* /(N=])/2,enK 00008510

SO IF(WSTART,LT,nR) wWSTARTEAR 00008520

C CALCULATE SYSTEM CUNSTANT WSTAR ( we ) 00008530

WSTARS0,0 ' 00008540

IF(ZRR,GT 1,825 ,AND,SR,G1,1,t=5) NSTARS(St~SR)/(2KR=2K2) 00008550

IF(ISKIP,NE, 1] CALL CLEANC(O,0,DUMMY) 00008560

C* TOTAL NUMBER OF AREAS ON A BAG (JAREA) AND 00008570

Ce NUMBER TO BE CLEANED (NAREA) 00008580

ERR=0,01 00008590

7T In] /JACLEAN®O,340,2 00008600

Jsl 00008610

IF(ERR,G1,0,00)G0 10 9 00008620

DO 8 Ixt,10 00008630

00 8 Jsi,1 00008640

ATESTSFLBAT(J)/ZFLUAT(]) 00008650

IF (ATEST,LE.(ACLEANSERR) AND,ATEST GE, (ACLEAN=ERR))GD T} 9 00008660

8 CUNTINUE 00008670

ERRBERR+0,01 00008680

60 10 7 00008690

9 NAREAS) 00008700

1AREAR] 00008730

RETURN 00008720

£ND 00008730
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SUBRUUTINE CHECK2(]) 00008740
CrNRasaenRaRenteantnaatsRARRaaan iRt taRtiaRasaReanedtnostRdndacessntnnaneees0000875%0
C 00008700
c SUBHOUTINE OF BAGHUUSE 10/78 MAKR/RD GCA/TECH DIV 00008770
c CHECK CALCULATED VALUES FUR ENRURS AND PRUPER RANGE 00008780
C 00008790
CORRAPAREARNARNRARARARARENRRABARAPRRARARNNNRNARSRAARRARARNAROSRRNERanaadean 00008800

COMMON/DEVICE/ INPUT,0UTPUY 00008810

COMMON/FABDUS/ZK2/ySE ) WR, SR, ZRR, WETAR 00008820

COMMON/EXTERN/NT )MyWSTART,ACLEAN 00008830

COMMUN/OPDATA/SMALG) TEMPK,CZERD, TCZERD 00008840

INTEGER OUTPUT 00008850

IF(WSTAR,LT,1,E=S) GO 10 a5 00008860

IF(SE.GE.8R) GN YO Qb 00008870

Is] 00008880

WRITE(OUTPUT,200) 00008890

200 FORMAT(/T20,'EFFECTIVE ORAG, SE ,» 19 LESS THAN RESIOUAL, 3K') 00008900
4S IF(ZKR LT o1 ,b=S,AND SR.LT,1,E*S) GO TO S0 00008910
s 00008920
WRITE(OUTPUT,620) 00008930
620 FORMAT(/T20, 'INCOMPLETE DATA FOR NONeLINEAR DRAG MODOEL') 00008940
86 IF(SR,GT,1,E=5) GO TO 47 00008950
Is] 00008960
WRITE(QUTPUT,0630) 00008970
630 FURMAT(/T720,'RESIDUAL DRAG SR , 13 MISSING®) 00008980
Q47 IF(ZKR,GT,.1,t=5) GO TO S0 00008990
Is} 00009000
WRITE(OUTPUT,040) 00009010
640 FURMAT(/T20,"INITIAL SLOPE » KR , IS MISSING') 00009020
50 IFC(ACLEAN,GT.) E=5.AND,ACLEAN,LE.1,) GO TO o0 00009030
1s} 00009040
WRITE(OUTPUT,500) 00009050
600 FURMAT(/T20,'FRACTIONAL AREA CLEANED OUT OF RANGE,O0 YO 1) 00009060
60 TESTXK282K22298021,5/408,2(TEMPKEL10)/TEMPKER],S 00009070
IF(TESTK2,GE,N,25.,AND,TESTK2,LE.10,) GO 1O 75 00009080
WRITE(QUTPUT,010) 00009090
610 FORMAT(/T20,'n2 18 UUT UF KRANGE,0,2% TO 10') 00009100
18} 00009110
75 IF(1.,EQ.0) GO TO 80 00009})20
WRITE(OUTPUT,210) 00009130
RETURN 00009140
80 WRITECOUTPUT,220) 00009150
210 FORMAT(///,120,'THE PROGRAM HAS BEEN TERMINATED BECAUSE OF ! 00009160
3} ,'ERRURS IN THE INPUT DATAY) 00009170
220 FORMAT(//7/,720,'THERE ARE NO ERRURS IN THE INPUT DATA') 00009180
RETURN 00009190
END 00009200
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SUBROUTINE QUTFIL

00009210

N RNt AR AN R R e NS RGN NSRS ARett R AR SR ARAddsaAneRRRRRandnddtndnneantan(0009220

c
c
L
C

SUBROUTINE OF BAGHUUSE 10/78 HAK/RD GCA/TECH DIV
PRINT CALCULATED AND CONKECTED VALUES

00009230
00009240
00009250
00009260

(RN a e N AR a R AN ARt R R et AR AR AR SRR AR RARRRAIARARRRARRRRRARRERNERdsannaaattan00009270

COMMON/EXTERN/NT M, WSTART,ACLEAN
COMMON/OPDATA/SMALQ, TEMPK,CZERD, TC2ERD
COMMUON/ZDEVICE/ZINPUT,J
COMMON/ZCALC/DEL ToNAKEA, TAREA
CUMMUN/FABDUS/IK2,SEsWR, SKe ZKR, KSTAR
WRITE(J,100) CZERUL,ZIK2,8E
IF(ZKR,GT.1,E=5) WRITE(J,610) ZKR
IF(SR,GT,.1,E~S) WRITE(J,0620) SR
WRITE(J,0630) .
WRITE(J,600) ACLEAN,DELT,WSTAK
100 FORMAT('1',720,'CALCULATED VALUES', /777,
1 T20,'INLEY DUSY CONCENTRATION',155,F6,2,770,¢G/M3,5)x/
* T20,'CORRECTED TO OPERATING TEMPERATURE'//
2 120, 'FABRIC AND DUST CAKE PROPERTYIES CORRECTED FOR GAS
3 ¢ 'VISCUSTITY?, 2/,
4 T25,'SPECIFIC CAKE RESISTANCE, K2',T55,F6,2,770, 'NeMIN/GaM?1/
& T25,'EFFECTIVE DRAG, SE',755,F5,0,770, 'NeMIN/M3t)
600 FORMAY(T20,'FRACTIONAL AREA CLEANED, AC',TSS,F&.2//
9 T20,'TIME INCREMENT!,T155,F5,2,170, 'MINUTES'//
® T20,'SYSTEM CONSTANT na!,T95,FS,1,170,1G/7M2%/7
. )
610 FORMAT(T2S, ' INITIAL SLOPE, KR',755,F6,2,170, 'NeMIN/GeM')
620 FORMAT(T2S, '"RESIDUAL DRAG, SR',TSS,F5,0,T70, 'N«MIN/MI')
630 FORMAT(/)
RETURN
END

SUBROUTINE CLEAN(WTOTAL,ACLN)

00009280
00009290
00009300
00009510
00009520
00009330
00009340
00009350
00009360
00009370
00009380
00009390
00009400
00009430
00009420
00009430
00009440
00009450
00009460
00009470
00009480
00009490
00009500
00009510
00009520
00009530

00009540

RN AR EteRaaetantttaadttddRaddnetaninatdssdaantanadnANsntenesanecntanreen(0009550

C
C
C
C
¢
C
c

SUBROUTINE OF BAGHUUSE 10/78 HAKR/KD GCA/TECH DIV

CALCULATES FRACTIONAL AREA CLEANED, AC , FOR SHAKER AND COLLAPSE

SYSTEMS
NOTE ¢ wTOTAL AND ACLN ARE NOT USED BY THE PROGRAM

COMMON/ZOPDATA/SMAL U, TEMPK,CZERD, TCZERD
CUMMON/FABDUS/ ZK24+ SE oWy SRy ZRH, HSTAR
COMMDN/DESIGN/N, T, TCLEAN, TLAG, VRFLO,DPSTOP,FREQ,AMPLIET
COMMON/ZEXTERN/NT My NB8TART ,ACLEAN
IF(WYOTAL,.GT,.8,) GO TO 30
IF(DPSTUP,LT.1,) GO T0 20
WPS(DPSTUPSEsSMALD) /7 (ZK248QRT (SMALL/0,61))/7SMALONR
WPRIMESWP ¢+ ToC2ERUSSMALG/2,
ACLEANS] (SI1E~8eWPRIME#®2 52
IF(FREQ;GI.l.ﬁ-s) ACLEANS2 ,23Ew 124 (FREQn#2eAMPLIT*NPRIME ) w02 52
GO 10 2
20 ACLEANSO,006%(CZERD*SMALQ2(T*TLAG))»20, 710
IF(FHEQ,GY ,1.E=5) ACLEANZG,9E=a0n(FREQ*«2«AMPL ITRCZERDSSMAL Q#
] (T+TLAG))*20,716
@5 1F(ACLEAN,GT,.),) ACLEANS],
JFCACLEAN,LT,0,1) ACLEANRO,]
RE TURN
30 ACLNS] ,S1E«BenTOTAL#+2,52
IF(FREQ,GT,1,E=5) ACLNS2 ,23E«124(FREGO24AMPLITANTOTAL ) #e2, 52
IFCACLN,GT,),) ACLNS),
IF(ACLN,LY, 0,1) ACLNSO,!
RETURN
END

00009560
00009570
00009580
00009590
00009600
00009010

COAGAERRRRRARRNANRQERARRRIARARARARRARARARARRRARARRRORARARARNRRARSRnarnan(00009620

00009630
00009640
00009650
00009660
00009670
00009080
00009690
00009700
00009710
00009720
00009730
00009740
00009750
00009760
00009770
00009780
00009790
00009800
00009810
00009820
00009830
00009840
00009850
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SUBROUTINE STAHLE(DROP, TIME, JCODE,LCODE) 00009860
CONRRRR IR R AR ARt ARt Rt d et tRARS s Rt R RaRinaRARNARaRsRtARaeRadsaetsocnattan(0009870
4 00009880
c SUBROUTINE (OFf WAGHMOUSE 10/78 HAX/RD GCA/TECM DIV 00009890
4 CHECKS FUR CONVERGENCE 10 STEADY 3TATE 00009900
c 00009910

CrR AN AR AR RN AR AR AR R AR AR AR AR R AR A R ARR R AN RAARRRRRARRRARRRadnnanneen(0000920
COMMUN/STABLD/T1,T72,7001,7002,0P1,0P2,P01,P02,8IGN],»1,N,NL,NCHG 00009930

DIMENSION T(50),DP(50),0PDP(20) 00009940
REAL NCHK3 000099%0
REAL LIM,LIM 00009960
LCOVE=O 00009970
18]+l 00009980
T(1)STIME 00009990
OP(1)=DROP 00010000
TisTleTiME 00010010
T2STI4TIMESTINMF : ‘ 00010020
DP13DPLeDROP 00030030
DP2EDPZeDROP* T IME 00010040
NsN¢ L 00010050
IFCILNELI)GO 10 45 00010060

C SEY LIMITS OF CONVERGENCE 00010070
LIMi=0,018 00010080
LIMZ280,001 00010090
LIMInLIMY/FLOAY(JCUDE) 00010100
LIMZBL IM2/FLOAT(JCOUDE) 00010110

3% GO TU 4o 00010120
45 TAVGE(T(l)eT(1=1))/2, 00010130
DELDPR(OP(I)=DP(1=1))/7(T(1)=T(]wl)) 00010140
IFC(I1.LT,5)G0 Ty 10 00010150
NsNe=} 000310560
TisTleT(1l=a) 00010170
T28T2eT(1=4)aT(]=d) 000103180
DPIzDPLI=DP (I~4) 00010190
DP2sDPR2=1(1=4)#DP(]=l) 00010200

10 ADELOPZABS(DELDP) 00010210
IF(ADELDP L T,1,E#20) GO 1O 15 00010220
T001sT001+TAVG 00010230
1002810024TAVGPTAVG 00010240
POI1SPOL+ALOG(ADELDP) 00010250
PO28PO+ALNG(ADELUP)2TAVG 00010200
NLSNL ¢ 00010270
IF(NL,LE.3)GO 10 25 00010280
AIs(NL2P02=T001eP01)/(NL*T002°T0012T001) 00010290

C CHECK ¥ 1 00010300
CHKISEXP(B12TAVG) 00010310
IFC(CHK] LE LIM]) GO TU 50 00010320

1S IF(1.LT,5)60 10 25 00010330
B18(NPDPR2=T1*DP1)/(NeT2=T1+T1) 00010340

C CHECK ¥ 2 00010350
CHK2EBL/7(DROP/Z(T(1)=T(1=1))) 00010360
ACHKESABS (CHiKR) 00010370
IF(ACHK2,LE.LIM2) GO TO S0 00010380

2% GO 10 55 00010390
$0 LCUDES®] 00010400
GO 10 70 00010430

85 IF((SIGNI*DELDP) ,GE .0, AND,DELDP,NE,0,)GO TO 20 00010420
NCHGENCHG 1 00010430
OPDP {NCHG ) mDROP 00010440

20 SIGNImDELOP 00010450
IFINCHG,LTY, 3)GN YO 40 00010400

C CMECK & 3 00010470
NCKK]IABS(DPDP(NCHG)-DPDP(NC”G-I))-ABS(OPDP(NCHG’IDODPDP(NCNG-R)) 00010480
IF(NCNK3,LE,0.0) GO TO %0 00010490

40 LCODESO 00010500
65 CUNTYINUE 00010510
70 CONTINUE 00010520
RETURN 00010530
END 00010540
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SUBROUTINE INITAL 000109560
Cl....it.tt.'!lt..'.'.ltttltt..t..nQ'.'.t.tt.tttttt...t.'.tt.l.-'ttttt.lOOO]0570
c 00010580
C SUBROUTINE 0F BAGHUUSE 10/78 HAK/RD GCA/TECH DIV 00010%90
C THIS ROUTINF INITIALIZES VARIABLES USED BY MODEL AND STABLE 00018600
C 00010610

c---a.icntn.a-....-o...not.ottatoa-tottta.tnt..anao...n.at.tn.at.a.nt-100001Obzo
COMMON/MODELD/PAYR) TCUNT,DILAST,PENTOT,PAVTOT,DPAVG,QAVG, TLAST, 00010630

*  TDSUM,PNMAX,DELP,OPMAX, TREF » IFBAG,NFLAG, JFLAG,LOPCNT 00010640
COMMON/STABLD/T1,T2,7001,7002,0P1,0P2,P01,P029SIGN1,I,N,NLJNCHG 00010650
DIMENSION ZERUM(13),ZEROS(9) s 1ZEROM(4), IZERDS(A) 000106060
EQUIVALENCE (PAVR,2ERUM(1)),(IFBAG, IZERCM(1)), 00010670

* (T1,2ERUS(1)),(1.12EROS(1)) 00010680
D0 10 Jsi,4 60010690
1ZERUS8(J) =0 00010700

10 J1ZEROM(J) 30 00010710

01} 20 Jwi,9 00010720

20 ZERUS(J)=0,0 00010730

DU 30 Jsi,1} 00010740

30 ZERUM(J)I=0,0 60010750
RETURN 00010760

END 00010770
SUBROUTINE RESTRY 00010780
CON000R0RRERAGARALARARNRARRARARs 4R RARARRARRRRRARRRARRARARRANennadanntaan(0010790
C 00010800
C SUBHROUTINE OF BAGWUUSE 10/78 HAK/RD GCA/TECH DIV 00010810
c SUBRUUTINE TN HESTART THE SIMULATION IF A PHESSURE 00010820
C CUNTROLLED SYSTEM BECUMES CUNTINUUUSLY CLEANED 00010830
C 00010840
(AR AR RA NSRRI A R QAN R AR AR ONR A AN AN AR AR AN SR ROERRRANRARSRARAARRantaan(0050850
COMMUN/EXTERN/NT My w3TART, ACLEAN 00010860
COMMUN/DESIGN/N, T, TCLEAN,TLAG«VRFLO,DPSTOP,FREG,AMPLITY 00010870
COMMON/DEVICEZINPUT,DUTPUT 00010880
INTEGER GuTPUT 00010890
oOPSTOP=0,0 00010900

CALL RECALC 00010910
WRITE(OUTPUT,000) ACLEAN 00010920

600 FORMAT(T20,R0('='}//120, 00010930

1 'LIMITVING PRESSUNE SYSTEM HAS BECOME CONTINUUUS'/ 00010940

2 T20,'SIMULATION HAS BEEN RESTARTED!'/ 00030950

3 T20,'CALCULATIONS NDw BASED ON CONTINUDUSLY CLEANED SYSTEMY/// 00010960

4 T20,'REVISED FRACTIUNAL AREA CLEANED, AC = ',Fu,2// 00010970

S T20,80('w')) 00030980
RE TURN 00010990
END 00011000
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7/60,FT08F001 DO UMITESYSDA,D1SP=(NEW,PASS),DINSLLBAGY,

// DCBE(RECFMRFR,LRECLBO0,BLKS12E3400),3PACES(CYL (S,1),RLSEE)
7/7G0.FT10F001 DD UNIT=mSYSOA,UISPs(NEw,PAES),DONSLEBAGS,

1/ DCHE (RECFMSFR,LRECLEB0,BLKSIZESC00),3PACES(CYL,(5,1),RLSE)
7/7G0.FT11F001 DD UNITsSYSDA,DISP=(NEW,PASS),DSNSLLBAGY,

/7 NCBE(RECFMEFB,LRECL®B0,BLKSIZESU00),SPACES(CYL,(5,1),RLSE)
/7/GO.FT12F001 DD UNITsSSYSDA,DISPs(NEW,PASS),DSNBLEBAGS,

/77 0COs(RECFMBFR,LRECL280,BLKS1ZE=A00),3PACES(CYL,(S,1),RLSE)
7/GU.FT13F001 DD UNIT=SYSDA,DISPs(NEN,PASS),DSNSLLBAGE,

7/ DCHE(RECFMBFB,LRECLE80,BLKS] ZE®400),3PACER(CYL,(S,1),RLSE)
//G0.FT14F 001 DD UNITSSYSDA,DISPs (NEw,PASS),DSNSLLBAGT,

1/ DCBs (RECFMRFB,LRECLE80,BLRSIZES400),SPACES(CYL,(Ss1)/RLSE)
7/GOFT15F001 DD yNITsSYSDA,DISPE(NEW,PASS),DINEREBAGSE,

/77 OCBs (RECFMSFB, L RECLEB0,BLKS]ZEBA00),SPACES(CYL,(5,1),RLSBE)
/7/G0,8YSIN DD »

//+ INSERY INPUT DATA CARDS BEFURE THIS CARD

7/78UMTBL EXEC FORTGICG,ACCTSCUST,PARM,GOs*S]2ERbOK

//FORT ,SYSIN DD o
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(O R ANt Rt e s aatastanatstetatnaat st i sadtaannnseseadtttadtsdasanasannn*nn00000000

C STEP® SUMTRL HBAGMUUSE STEP & ¢

C SUMMARY TABLE GENEWRATOR BN HBAGHOUSE MODEL

C UNIT 8 = PRESSURE VS TIME , N/M2 VS M]IN

C UNIT 19 = FRACTTUNAL PENETWREATION VS TIME

C UNJT 10«14 = INDIJVIDUAL CUMPARTIMENT FLUNS FOR COMP, 1=5 VS TIMe
c FIRST RECURD OF FILE #8 CONTAINS PRINY FLAG,PLOT FLAG,MAX » (F
c COMPARTMENTS F(IR wMICH FLUMNS ARE PRINTED

C 0aND PRINT/PLI'T AND 18 YES FOR PHINT AND PLDY FLAGS

C 2 IN THE PRINT LOCATIUN INDICATES DETAILED OUTPUY

c FIRSY 8 OW SU RECNRDS ARE SET UP BY PLOTIN ( HEADINGS AND SCaLE
C FACTORS, ETC. )

c DATA ARRANGED AS 3§ DATA POINTS PER RECORD

c

c

00000010
00000020
00000010
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
00000130
00000140

SRR ANIEBRN AR A RARSOE AR R RRARARRANRRRRRIRARRAEASRARNDARARRASANRGnaannnen00000160

DIMENSIUN TIME(3),PRESSR(3),3YSFLO(3)
REAL JINDFLO(S,3),PENET(S)
REAL*8 HEAD(8),CUMP
DATA COMP/ZIC(MP, '/
LInNESSe0
1PR36
READ(B,500) IPRINT, IMAX
IF(IPRINT  NE ) ,AND,IPRINT NE.2) GU 10 1000
READ(B,505) HEAD
BACKSPACE 8
DU 10 INs8,10,2
by 10 Js1,7

10 READUIN,S10)0UMMY
DU 20 J=1,7

20 READ(15,510)DumMMmy
JMAKSG¢ IMAX
IFUIMAX ,EQ,1)0L0O TU 4O
DU 30 INsif,JMaAX

30 READ(IN,S10)DUMMY

40 CUNTINUE

C= READY TO READ IN DATA

IPAGE=D

SO READ(8,520)(YIME(]).,PRESSR(I)r1Im1,3)
IFCIPRINTEQ.1) GO TO 65
00 60 IN®IO0,JMAX

60 READ(IN,S30) (INDFLUOCIN®9,1),151,3)

65 CONTINUE
READ(15,930) (PENET(1),131,3)

C= DATA HAS BEEN READ IN

TFCTVIME(2) LT, 1. E=5,AND TEME(3) L 1,1,E25)60 TO 1000
IF(LINES.LT,5%)GU TU 70
IPAGESIPAGE #}
LINES=D
IFCIPRINT,EQ,2) WRITE(]IPH,0600) HEAD ) IPAGE, (COMP, 1,181, [MAX)

00000160
00000170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
000005810
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
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IFCIPRINT EQ,1) WHITE(IPK,020) WEAD,1PAGE 00000500

70 CONTINUE 00000510
g 80 isi,3 V6000520
IFCIPRINTLEQG,2) WHRITELIPR,610) TIME(]),PRESSR(I),PENET(]), 00000530

*  (INOFLUC(J,1),031,1MAX) 00000540
IFCIPRINTEQ,1) WRITE(IPR,610) TIME(1),PRESSR(I),PENET(I) 00000550

80 CONTINUE 00000560
LINESSLINES+] 00000570

G0 10 SO 00000580
1600 DY 1010 I38,15 00000590
1010 REWIND | 00000000
S00 FORMAT(ILl,1x,11) 00000630
S0S5 FORMAT(8AS) 00000620
S10 FORMAT(AL) 00000630
%20 FURMAT(6G10,%) 00000640
S30 FORMAT(3(10X,610,5)) . 000006%0
600 FORMAT( '"ISUMMARY TABLE 1',2K,BA8,5X, 'PAGE?,2X,12//7 000006060
1 T122,'PRESSUHE', T34, 'FRACTIONALY/ 000000670

2 Y9,'TIME',T24,'DROPY, T34, 'PENETRATION', T64, 00000080

§ YINDIVIDUAL COMPARTMENT FLORNS (M/MIN) Y/ 00000690

A T9,'"(MIN)', 723, (N/M2) ', 1S2/A5,11,T067,485,11,782, 00000700

S AS,I1,797,A5,11,T112,45,11/7) 00000710
610 FORMAY(3X,FIUo2s9X¢F10,0,5%,1PED,3,5X,0PF10,U4,8(SX,F10,4)) 00000720
620 FORMAT( ' 1SUMMARY TABLE 3°',2%,888,5%,'PAGE!,2X,12// 00000730
1 T22,'PRESSUNE ', T34, "FRACTIUNAL Y/ 00000740

2 T9,'TIME!,T24, DROP', T34, *PENETRATION?/ 00000750

4 TO, ' (MIN)Y!,TE3,'(N/M2)Y/) 00000760
END ) 00000770

//7G0,FT08F00L DD UNITuSYSDA,DISPE(OLD,PASS),DBNEe SIMULA.GO.FTOBFO0Y
7/7G0.FTI0F001 DD UNITSSYSDA,DI8PE(ULD,PASS),DSNBe 8IMULA,G0,FT10FO001
7/GN.FT11F001 DD UNITe8YSDA,DI8P=(ULD,PASS) ,DENS SIMULA.CO,FT11F00Y
7/7G0,FT12F001 DD UNITsSYSDA,DISPE({ULD,PASS),DENSs SIMULA,GO,FTI2F001
//GOFT13F001 DD UNITeSYSDA,DISPE(ULD,PASS),DINSe  STMULALGO,FT13F001
7/GOFTLI4F001 OD UNITeSYSDA,L]ISPE(ULD,PASS),DINSe BIMULA,GCO,FT14F00}
7/7G0.,FT15F001 DD UNITsSYSDA,D]ISPB(0LD,PASS),DSNS® SIMULAGU,FT1ISFO001
//8CRIBE EXEC FORTGICG,ACCTRCOST,PARM,GOR'SIZER|TSK!

//FORT(BYSIN DO o
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—

C GRAPH LIBRARY 17/16/75/Rn8 GCA TECHNOLOGY 00000000

C VENSION 871776 00000010

C CARDSe 00000020

C TITLE(1=064) UPTIUNST XPUSI09°09) YPUS(70=T74) HEIGHT(75«79) ¢(80300000030

C XAXIS LABEL(1*64)OPTI(INSt HEGIN(O9=74) UNITS UR LOGS/INCH(7S=80) 00000040

C YAX]S (SAME) 00000050

C YYPE (YAX]ISeXAX1S)(SEMI,LOG*,PROB,BAR®)(1=8) 00000060

[ UPTIONSS LOG=(9=12) FUR A LUGRITHMIC BAR GRAPM 00000070

C NEW GRAPH DIST(35=40) OEFAULTEZS 00000080

C X=AX]S HEIGHT(45=50) DEFAULT=Z 00000090

C X Ax]S LENGTH{S55=60) DEFAULT=z6 00000100

[ YeAX]S LENGTH(65=70) DEFAULTES 00000110

C DDUBLE AxIS(74) 1 FOR X, 2 FOR Y, 3 FOR BOT™ 00000120

C SYMBOL (7580) PUINTS BETWEEN PLOT SYMBOLS 00000130

C NEGATIVE FOR SYMBOLS BUT NO LINES 00000140

C DATA x{1=10) v(11=20) 00000150

C UPTIONS X(21+30) Y(31=40) X(U1=50) Y(S1=60) 00000160

C OPTIUN (END,NEw,SAME) (T79=78) (NEW MAKES NEw GRAPH«REPEAT ALL CARDS) 00000170

[ (SAME PLOYS UN OLD GRAPMeN( X=Y AX1S) 00000180

c (79«80) (CHANGE 'SYMBOL' FOR NEXT PLOT) 00000190

DIMENSION TRUF (4000),XAR(1002),YAR(1002),PRN(S0),PRB(100) 00000200

DIMENSION XPLAR(26),YPLAH(26)XPROR(38),YPLAS(2S) 00000210

REAL LUGNEW,NEXT,NEX 00000220

REAL®*8 TAR(H),XLAB(B),YLAB(B),SPLAR(12),8PLAT(12) 00000230

DATA XPLAB/,00,,30,,48,,655.91,1,10,1,32,1,65,1,95,2,30,2,96,2.76,00000240

£3,00,3,22,3,044,3,70,0,05,4,35,0,068,4,90,5,09,5,35,5,52,6,00,0,,1,/700000250

DATA YPLAB/2540,0,1,/7 00000260

DATA YPLAS/2us5,0,,0,1./ 00000270

DATA SPLAB/',01 ,05 ',',1,2 o5':' 1 2 L 10 'y' 20 307%,00000280

2 ' 40 S0 6'.°'0 70 80! 90 1,195 98 ','99 99,5 +,00000290

3 ' 99,9 91,¢9,.99 t/ 00000300

DATA 8PLAT/' 99,99 §','9,9 99 1,75 90 Q8 *,' QS Qot,? 80 7',00000310

2 0 60 50 ', 40 30 1,020 10 ,* S 2 "1 S 1,00000320

3 1.2 L1 e t,01 v/ 00000330

DATA IPROB/.O..IG..65:.bS,.910l.10,).02.1.68.1.90.2.1702.“3o2.52, 00000340

‘3.0003.35'3.03'3.880“.2“’“.55'“.9205.21'5.57,5.39,0,23'6.65' 00000350

87,0607,591,7,90,R,32,8,84,9,29,9,81,10,36,10,91,11,55,12.27, 00000360

813,09,13,95,15,00/ 00000370

OATA BLA,SEMI,LOG,PRUB,BAR/" T tSEMIY, 'L0G="', TPROB', 'BAR= "/ 00000380

DATA SAME ,NEW,ENDD/'SAME?, 'NEW ', YEND 1t/ 00000390

READ(3,600) IPLOT 00000400

600 FORMAT(1X,11) 00000430

IFUIPLUT.NE,1) GO TO 1020 00000420

CALL PLOTS(1BUF,4000) 00000430

INUNITe} 00000449

10UTUNEY 00000450

NEX TSNEW 00000460

10 1SYM=0 00000470

CALL PLOT(0,,=3b6,4,°3) 00000480

CALL PLOT(0,0,2,,=3) 00000490
(continued)
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20

1PUSEO

BARX=O,

BARYsO,

PRUBX=O,

LTYPsO
1SYMRISYMe)
NEXSNEXT

IFC(NEXT NE,8AME) GO TO 30
XBEGERXAR(IMAXeL)
XINCEXAR(IMAXS?)
YBEGAYAR(IMAX®Y)
YINCBYAR(IMAX®2)

4 TITLE

30
40

U1 FORMAT(IX,B8A8,3X, 'XPUSE! ,F7,3s3X,'YPOSE' ) FT,3+3X, ' HEIGHYS',F?7,3,
[ 4 IX,'CUNTR',AL)

ae
45

READCINUNIT,40,ENDRL000) TAR,XPOS,»YPOS,CHIT,CONT
FORMAT(BAB,365,2,41)

1F(ABS(XPUS),.LT,.1,E=20) xPUSE,S

IF(ABS(YPUS) LT, 1,E=20) YPOISBE,0-(,2521P08)

IF(CHIT LT,1,E@20,AND,ISYMEQe1 ,AND,CUNT,NE,BLA) CHITS, 21
IFCCHIT, LY 1 ,E«20,AND,CONT,EQ.BLA) CHITE, 14
WRITECIOUTUN,41) TAR,XPUS,YPUS,CHIT,CONY

IF (CONT NE ,BLA,0OR,1P0OS,EQ.0) GO TO 45
XPOSSXP(Se,2

no 42 I#1,7

IF(TAR(B) ,EQ,TAR(I)) GU TO &2

CALL SYMBOL(XPOS=,1,YPUS,CHIT,I8YM,0,,°1)
GN 10 45

CONTINUE

CALL SYMBUL (XPNS,YPUS,CHIT,TAK,0,0s04)
1P0OSs P08+

IF(CONT,NE,B8LA) GO TO 30

C LABELS

50
55

58

C TYPE

60

1FCISYM,GT 1 ,AND,NEXT,EQ,8AME) GO YO 70O
READ(INUNIY, S0) XLAHXBEG,XxINC
FORMAT(8A8,T1069,2G06,2)

WRITE(JUUTUN,SS) XLAH,XBEG, XINC
FORMAT(1X,8A8,3X, ' XBEGE',610,3,3X,'XINCS',G10,3)
READ(INUNIT,S0) YLAB,YBEG,YINC

WRITE (IOUTUN,SA) YLAB,YBEG,YINC
FURMAT(1X,BAR, 3%, 'YBEGE"',G10,3,3X,'YINC®!,G10,3)

READCINUNIT,60) YTYP,XIYP,ZTYP,XUVER, YUP, XAXL ) YAXL, JOOUB,LTYP
FORMAI(3MI.YSI.0(0!.66.2),170011016)

IF(XTYP,.EQ,BLA) XTYPESEM]

IF(YTYP,EU BLA) YTYPSSEM]

IF(YUPLT,1,E=S) YUPs2,

YUPBYUP=2,

CALL PLOTLO,,YUP,=3)

TF(XAXL.LT,,S5) XxAXL®G,

00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000050
00000680
00000670
00000080
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000790
00000800
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00000990
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TABLE 15 (continued)

IF(ABS(XUVER) LT,1,E=20) XOVERme,

PMOVESXAXL ¢ XOVER

IFCYAXLLLT,.S) YAXLES,

WRITECIOUTUN,69) YTYP,XTYP,ZTYP,XOVER, YUP,XAXL,YAXL,I0O0UB,LTYP
65 FORMAT(LX, 384, 38X, "XUVEREY ;Fbe2s3Xs

e EXAXIS MTIS? F6,2,5%, 'RAX]IS L', F6,2:5%,
3 'YAXIS Le')Fb.2,5%,
4 'HAXISE?,11,10X,"POINTS PER TICKe!,]6)
IF(ZTYPL.EQ,BLA) ZTYPSSEM]
C DATA
70 J=)

ARITEC(IOUTUN,T7S)
TS FORMAT (TGO, 'DATAY/

3 TS, tXE !, T1Se YL 725, P X2 T3S, V21, TuS, " X31,755,°'v3', 172,
[ 3 'NEXT GRAPH TYPE NEw SYMBOL'/)

DO 100 I=1,1000

KzJe2

READCINUNLIT,B0,ENDBOD)  ((XAH(M) ,YAR(M)) M8, K)o NEXT,NENSYM
A0 FORMAT(6G10,5,T75,A4,12)
WRITE(TUUTUN,85) C(XAR(M) ¢ YAR(M) ) ,MBJ,K) ¢ NEXT,NENSYM
85 FURMAT(LIX,0(IPE10,3),T74,A4,793,]13)
1F (X“((J’l).LY.l.E'ZO.AND.VA“‘JOI)oLf.l.E'ZO.lND.XIR(K).L'l.I,E'eo
B AND,YAR(R) LT, 1,£=20) JmJ=l
IFCXARCK) JLT .1 ,E=20AND YAR(K)} LT.1,E=20) Jegmi
JaJ+3
IF(J,G1,1000) GO TU 90
IF(NEXT . EG,BLA) GU TO 100
TR (XARCI=1) LT 1. E=R20,AND,YAR(Jo}) LT,1,E=20) JEJ={
IF(NEWSYM NE,O0) LTYPSNEWSYM
90 IMAXE]Jet
IF(NEXT,EQ,BLA) NEXTRENDD
GO 10 102
100 CONTINUE
C SCALES AND AxIS
102 XAR(IMAX®1)=XBEG
XARCIMAX*2)sX]INC
YARCIMAX®1)BYBEG
YAR(IMAX®2)RY]INC
€ CUT QFF VALUES NUT UF RANGE
IF(ABS(XINC). .1 T,1,=20) GU TU 106
IF(X1YP.EQ,PROK) GU YU 106
XYYLUSXHEGeX INCoXAXL
IF(XTYP,EW,LUG) XBYGEBXBEG#1O%a(XINCHXAXL)
DO 104 IMLOOPEL, IMAX
IF(XBYG.OT  XREG,AND ¢ XAR(IMLUOP) ,6GT ,XBYG) XAR(IMLOOP)EXBYG
IF(XBYL,GT Xt G, AND XARLIMLUUP) LT XBEG) XAR(IMLOOP)SXBEG
IF(XBYG LT, XHEG,AND (XAR(IMLHUP) LT xBYG) XAR(IMLUOP)SXBYG
IF(XUYLLLT  XBEG,AND, XAR(IMLUIUP) ,GT ,XBEG) XAR(IMLOUP)uXBEG
104 CONTINUE
106 JF(ABS(YINC),LT,1.L=20) GO fU 110

00001000
00001010
00001020
00001030
00001040
00001050
00001060
000031070
00001080
00001090
00001100
00003110
00001120
00001130
00003140
0000113150
00001300
00001170
00003180
00001190
00001200
00001210
00001220
00001230
00001240
00001250
00001260
00001270
00001280
00003290
00001300
00003310
00001320
00001330
00001340
00001350
00001360
00003370
00001380
00001390
00001400
00001410
00003420
00001430
00001440
00001450
00003460
00001470
00001480
00001490
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YHYGRYREGeY INCaVAXL
IF(YTYP,EQ,LOG) YBYGSYBEGIO®*(YINCoYAXL)
DO 108 IMLNOPEY, IMAX
IF(YBYG,GT,YBEG,AND,YAR(IMLOUP) ,GT,YBYG) YAR(IMLOOP)SYBYG
IF(YBYG,GT,YBEG,AND,YARCIMLOUP) LT ,YBEG) YAR(IMLOOP)RYBEG
IF{YBYG,LT YBEG,AND YARCIMLOUP) LT, YBYG) YAR(IMLOOP)ZYBYG
IFLYBYG.LT ,YBEG,AND, YAR(IMLOOP) ,GT,YBEG) YAR(IMLOOP)SYBEG
108 CONTINUE
CUYT UFF LOW VALUES
110 x8vimy E=20
YBYGx] E=20
IF(XYYP,NE,LUG) GO TD 113
DO 112 IMLOOPS], IMAX
IF(XARCIMLOUP) ,LT.XBYG) XAR(IMLOOP)aXBYG
12 CUNTINUE
13 IF(YTYP,NE,LUG) GU TU 118
DO 114 IMLOOPa], [MAX :
IFCYARCIMLOOP) LT, YBYG) YAR(IMLOOP)=YBYG
1148 CUNTINUE
115 IF(NEX,EQ,SAME) GU TO 147
IF(XTYP,EU,BAR,OR,YTYP,LQ . BAR) GO 10 200
IF(XTYP,NE,SEMT) GO TU 120
IF(XINC,LT,3,E=20) CALL SCALE(XAR,XAXL,IMAX,})
116 CALL AXIS(0,0,0,0,XLAB,~bU,XAXL,0,0,XAR(IMAX®1),XAR(IMAXS2))
IFCIDOUBLEQ, 1 ,0R,IDUUBLEQ,3)
SCALL AXIS(0,0,YAXL  XLAB,+64,XAXL,0,0,XAR(IMAX®1),XARCIMAX®2))
120 IF(YTYP,NE,8EM]I) GO 10 130
TFCYINC LT, 1,t=20) CALL SCALE(YAR,YAXL,IMAX,1)
126 CALL AXIS(0,0,0,0,YLAB,64,YAXL,90,0,YAR(IMAXS]),YAR(INAXS2))
IFCIDOUB,LGE,2)
BCALL AXIS(XAXL,0,0,YLAB, =64, YAXL,90,0,YAR(IMAX®1),YAR(IMAX®2))
130 IF(XTYP,NE, LOG) GU TO 140
IF(XINC, LY, 1,E=20) GO TO 13%
1IF(XBEG,GT,1,F=20) GO TU 133
XHEGH],
XAR(IMAX+Y) 21,
133 CONTINUE
60 T0 136
135 CALL SCALG(XAR,XAXL,IMAX,1)
136 CALL LGAXS(0,0,0,0,XLAB, =08, XAXL,0,0,XARCIMAX®L),XAR(IMAXS2))
IFCIDUUB,EQ,1,0R,ID0UB,EQ,3)
SCALL LGAXS(0.U,5,0,XLAB,64sXAXL Vo0, XAR(IMAX®1) s XAR(IMAX®2))
1400 IF(YTYP,NE ,LOG) GO TO 147
IF(YINC.L‘Q‘."ZO) GU TU las
1F(YBEG,GT,1,E~20) GU TU 143
YREGs],
YAR(IMAX+] )=},
143 CONTINUL
60 10 14e
105 CALL BCALG(YAR,YAXL,IMAX,1)

00001500
00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001000
00001610
00003620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
000031710
00001720
00001730
00003740
00001750
00001760
00001770
00001780
00001790
00001800
00001810
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00005960
00001970
00001980
00001999
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196 CALL LGAXS(D,0,0,0,VYLAB, 04, YAXL,90,0,YAR(IMAX®]),YAR(IMAX®2)) 00002000
1F(100UB,GE ,2) 00002010
LCALL LGAXS(6,0,0,0,YLAB, =64, YAXL,90,0,YARCIMAX®]), YAR(IMAX2)) 00002020
147 IF(XTYP,NE,SEM] ,UR,YTYP NE.SEM]) GU TO 150 00002030
CALL LINE(XAR,YAK,IMAX,1,L1YP,18YM) 00002040
60 T0 S00 00002050
150 1F(XTYP,NE,SEM] ,OR,YTYP,NE.LUG) GO TO 160 ‘ 00002060
LUGT=] 00002070
GO YO 180 00002080
160 IF(XTYP NE LUGL,OR,YTYP,NE,SEM]I) GD 10 170 00002090
LOGTz=} 00002100
60 TU 180 00002110
170 IF(XTYP,NE LOG,OR,YTYP,NE,LOG) GU TO 200 00002120
LUGT=O 00002130
180 CALL LGUIN(XAN,YAR,IMAX,1,L.TYP,18YM,LOGT) V0002140
G0 10 S00 00002150
HAR GHAPM 00002100
200 IF(XTYPNE,BAK) GU TU 220 00002170
YAR(IMAX®L)uYAR(IMAX) 00002180
DU 210 I=l, {MAX 00002190
JEIMAXe]+} 00002200
XAR(3*Jel)mxAKR(]) 00002210
XAR(3I*J)ZXAR(J) 00002220
XAR(3*J=])axAR(J) 00002230
YAR(SeJel}uyaAK(Je]) 00002240
YAR(3*J)RYREG 000022%0
YAR(3eJel)mYAR(]) 00002260
210 CUNTINUE 00002270
XAR(])BXBEG 000022860
IMAXZ3e [MAXe] 00002290
XAR(IMAX®]1)=XKEG 00002300
XARCIMAX*2)sXINC 00002310
YAR(IMAX+])SYREC 00002320
YAR([MAXe2)uYINC 00002330
HBARXE], 00002340
XTYPSZ1YP 00002350
GU 10 110 00002360
220 IF(YTYP,NL,BAR) GU TUL 250 00002370
XAR(IMAX®L)mXARCIMAX) 00002380
D0 230 I=),IMAx 00002390
JRIMAX®]e] 00002400
YAR(2*J)3YAR(J) 00002440
YAR(Z#J=1)mYAR(J) 00002420
XAR(2%J)RXAR(J*1) 00002430
230 xAR(2aJw])eXAR(J) 00002440
IMAXB2e IMAY 00002450
BARY=L, 00002460
YTYPSZTYP 00002470
KAR(IMAX®])BXBFG 00002480
XAR(IMAX#2)=XINC 00002490
(continued)
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YAR(IMAXL)mYBEG
YAR(IMAX®2)mYINC
GN YO0 110 )

C PRUB GRAPH

250

251

255

260

270

500
45¢
460

500

IF(RTYP,NE,PROB) GO TU 300

IFINEX ,EULSAME) GO TU 255
XPLAB(20)8m0,0/XAXL

CALL LINE(XPLAB,YPLAB,24,1,1/13)
CHXPSXAXL/b,*,N601

PSYMSmeCHXP

PSYTee= L 7o (XAXL/b,)

CALL SYMBUL(PSYMS,PSYT,CHXF,SPLAB,0,,906)
CALL SYMBOL(O,,»,35s,14,XLARHE,0,,069)

1F (1D0UB,NE .1 ,AND, 100WB,NE,3) GO TO 255
DO 2%1 1DUMlIx},28

YPLAS(IDUMIT)=VAXL

CALL LINECXPLAR,YPLAS,24,1,1/13)
PIYMSR2 v (aCHXP)

PSYTBYAXL=PSYT

CALL SYMBUL (PSYMS,PSYT,CHXP,S8PLAT,0,,906)
CALL SYMBUL(0,,5,35,,14,XLAH,0,,69)

DN 270 I=ml, IMAX

LEFTai

IF(XARCL) L Too01) XAR(I)m, 01
IF(XAR(1).LT,50,) GU T0 260

LEFT=0

TF(XARCI).6T7,99,99) XAR(I)x99,.99
XAR(1)8100,«xAR(1)
RLPSALUGIO(XAR(])n100,)»10,¢1.
IF(RLP,LT.1,) RLPE1,

IF(RLP,GY,38,.) RLPs18,

LPSIFIX(RLP)
XAR(1)8(XPRUB(LP) ¢ (RLP=LP)s (XPROB(LP+1)=XPROB(LP)))/S,
16 (LEFTEN,0) XAR(I)3b,*xAR(])

CONTINUE

XAR(IMAX¢1 )0,

XARCIMAX42)mXAXL/b,

PROB!SI -

XTYPSSEM]

GO T} 17

IF(YTYP,NE,PRUB) GU TU 450

WRITE(G,460) XTYP,YTYP

FORMAT(®' ND SUCH GRAPH TYPE AS ',2A4)
GO 10 1000

AGAIN

CONTINUE

IF(BARX,GT,.5) XTYPBHAR
IF(BARY,GT,,5) YTYPEHAR
lF(PROﬂ!.Gt..S) XTYPSPRUB
1F (NEXT NE NEn) GO TO 510

00002500
00002510
00002520
00002530
00002540
00002550
00002560
00002570
00002560
00002590
00002600
00002010
00002620
00002630
00002640
00002650
000026060
00002670
00002680
00002690
00002700
00002710
00002720
00002730
00002740
00002750
00002760
00002770
00002780
00002790
00002800
00002810
00002820
00002850
00002840
00002850
00002860
00002870
00002880
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
00002940
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S10
1000
1010

1020

CALL PLOTI(PMUIVE,04s=3)

GO Y0 10

TIF(NEXT ,EU,SAME) GO TO 20
WRITE(JOUTUN,1010) NEXT

FORMAT(' END

NEXTE *',Ad)

CALL PLUT(PMUVE,U,,999)

CALL ExIT
tND

2/GN,3YSLIB 0D DISPESHR

7/ DD DSN=SYS1,PLOTTER,OISPESHR
7/G0,PLOTTAPE DD DSNsPLOT 3656,

77 DISPE(,KEEP) JUNITH(TAPET, DEFER),
77 LABELS({,8LP),)vOLSSERBPLXXXX
7/760,FT03F001 OD

144
44

00
00
oD
00
00
oV

/77G0,FTO04F001 DO

UNITaSYSDA,D1ISPS(ULD,PASS) ,D8NEe ;SUMTHL ,GO,FTO8F 00
UNITaSYSDA,DISPE(OLD,PASS) ,DSNB¢ ,SUMTBL(GOFT10FO00L
UNITESYSDA,D18PS(ULD,PASS) ,DSNRe SUMTBL (GOLFT11F001
UNIT=8YSDA,DISPE(ULD,PASS) ,D8NS* ,SUMTBL (GO FT12F001
UNIT=SYSDA,DISPR(OLD,PASS) ,DSNS SUMTBLGO,FT13F001
UNITRSYSDA,D1SPE(ULD,PASS) ,D3NBe (SUMTHL GO FTIGFO01
UNITa8YSDA,D13P3(ULD,PASS),DENRe  SUNTBL .CO.FTISFO01
DUMMY

00003000
00003010
00003020
00003030
00003040
00003050
00003060
00003070
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TABLE 16.

VARIABLES AND ARRAYS USED IN BAGHOUSE SIMULATION PROGRAM, STEP 1

VARIABLES

ACHK2
ACLEAN
ACLN

ADELDP

AMPLIT
AREA

ATEST
BAG1
BAG2
BLANK
BLANKS
Bl

CHK1
CHK2
CLAREA
CONTOT
CZERO
CZEROE
DATYPE
DELDP
DELP
DELT
DELTT
DETAIL
DPAVG
DPAVGN
DPMAX
DPSTOP

Absolute value of CHK2.
Fractional area cleaned, calculated or input.

Fractional area cleaned, a,, calculated in CLEAN if
WTOTAL is nonzero.

Absolute value of sloge of average pressure drop, P,
versus time curve N/m¢/min.

Shaking amplitude, half-stroke, cm.

Fractional area on a bag. The product of AREA and the
number of areas cleaned gives the fractional area cleaned.

Intermediate calculation in determining AREA.
Heading, 'SBAG'.

Heading, 'QBAG'.

Four blank characters.

Eight blank characters.

Slope of least squares fit to either log (slope) of P
versus time or P versus time, min~l.

Estimated fractional error for Check No. 1 in STABLE.
Estimated fractional error for Check No. 2 in STABLE,
Fractional area cleaned on a bag, calculated.

Total outlet concentration from the system, g/m3.
Inlet concentration, calculated, g/m3.

Inlet concentration, input, g/m3.

Type of printed data requested, input.

Slope of P versus time, N/m?/min.

System pressure drop, N/m2.

Time increment, min.

Intermediate in determining time increment, min.

Used to check for 'DETAILED' results request.
Intermediate in calculating average pressure drop, N/m2.
Average pressure drop at the end of a cycle, N/m?.
Maximum pressure drop during a cycle.

Maximum system pressure, if exceeded cleaning begins, N/m?

(continued)
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DP1 - Sum of average pressure drops, P, N/m?.

DP2 - Sum of the product of average pressure drop and time,
N-min/m2.

DRAG - Heading, 'AREA'.

DROP - Average pressure drop passed to STABLE, N/m?.

DTLAST - Time increment of last loop, min.

ERR - Error used in determining cleaned area.

FREQ - Shaking frequency, cycles/sec.

I - Index. Error code.

IAREA - Number of areas on a bag.

IBAG - Bag index.

IERROR - Error code.

IFAREA - Number of the area to be cleaned.

IFBAG ~ Number of the bag just cleaned.

11 - Index.

INPUT - Input device, initialized in subroutine DESINE to a value
of 5. All cards are read from INPUT.

IREPT ~ Line counter for output of intermediate calculations.

IUNIT - QOutput file number.

J - Index.

JCODE ~ Accuracy code, input. This is subsequently changed from
input (0 or 1) to (1 or 3) to alter the limits (LIMl, LIM2)
in STABLE.

IFLAG - Flag from STABLE to signal convergence.

JLOOP - Index in time loop.

JTIME - JLOOP-1.

K - Index.

K3 - Index in determining when to write on a file, data points
for graphs are written three at a time.

L - Index.

LCODE - Flag in STABLE signaling convergence.

LDIAG - Detailed print diagnostics; if true, intermediate calcu-

lations are output.

{continued)
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TABLE 16 (continued)

LIML
LIM2
LMAX
LOPCNT
LOPTST
M
MAXJ
MAXK

MMD1
MMD2
N
NAREA
NCHG

NCHK3

NFLAG

OUTPUT

PAVNOW
PAVR
PAVIOT
PENTOT
PLOTER
PLTYPE
PNMAX
P@1

Limit for Check #1 in STABLE.

Limit for Check #2 in STABLE.

Maximum number of individual flow rate graphs, limit = 5.
Number of cycles modeled at any time in the simulation.
Difference between NT and LOPCNT.

Number of increments per bag, input.

Total number of increments used in time loop.

Maximum number of bags for which calculations are output
per line.

Mass median diameter of reference dust, um, input.
Mass median diameter of inlet dust, um, input.
Number of bags (compartments), input.

Number of areas to be cleaned.

Number of times the slope of DPAVG versus time curve has
changed sign.

Difference between the changes in average pressure drop
for two successive cycles where the slope of the DPAVG
versus time curve is changing sign.

Number of cycles completed after convergence.

Number of cycles completed - one for use in Check {1,
STABLE.

Maximum allowable number of cycles modeled, input.

Output device for printed data. Initialized in DESINE to
a value of 6. All printed output 1is written to OUTPUT.

Average penetration at the end of a cycle.

Average penetration at the end of a cleaning cycle.
Intermediate in calculating average penetration.
Total system penetration at any time.

'PLOT'.

Type of plotted data requested.

Maximum penetration (fractional) during a cycle.

Sum of natural logarithms of slope of DPAVG versus
T curve.

(continued)
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TABLE 16 (continued)

P@2 - Sum of product of natural logarithms of slope of P versus
and T.

QAVG - Intermediate in calculating average system flow, m/min.

QAVGN - Average system flow at the end of a cycle, m/min.

QSYSTM - Total system flow, m/min.

R - Porosity function in Happel theory for Kj.

RHOBLK - Bulk density of cake, g/cmd.

RHOP - Discrete dust particle density, g/cm3.

SE - Effective drag, input, N-min/m3.

SFAB - Fabric drag, N-min/m3.

SG1 - Geometric standard deviation of size distribution of
reference (measured) dust.

SG2 - Geometric standard deviation of size distribution of inlet dust.

SIGN1 - Slope of APavg versus time curve for last cycle modeled,
N-min/m2.

SMALQ -~ Specified constant total flow, input, m/min.

SOLID - Solidity, 1 - e (porosity).

SR - Residual drag, N-min/m3, input.

SSYSTM - Total system drag, N-min/m3.

SUMI - '"SUMMARY",

suM2 - "SUMMARY".

SPB2 - Square of specific surface of reference dust, um™2.

S@F2 - Square of spécific surface of inlet dust, um™2.

s@2 - Specific surface of inlet dust, um™2.

T - Cleaning cycle time, input, min.

TAVG - Average of previous and current continuous simulation times
at which cycles end, min.

TCLEAN - Single bag cleaning time, input, min.

TCONT - Continuous simulation time, min.

TCORR - Correction for time interval splitting at the end of a

cycle, min., Currently this is always set to zero.

TCZERO - Temperature at which inlet dust concentration was
measured, C, input.

(continued)
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TABLE 16 (continued)

TDIF
TDSUM
TEMPK
TIME

TLAG
TLAST

TMOD

TREF
TSE
TSR
TTEST

TTEST1
TTEST2
TZKR

TZK2

TPP1
T¢@92
Tl

T2
VRFLO

VRFLOW

VZK2

Total cycle time, min.
Sum of all time increments constituting a full cycle, min.
Gas temperature, input, %.

Dummy variable in STABLE through which the continuous
simulation time is passed at the end of a cycle.

Time between cleaning cycles, min, input.

Continuous simulation time at the end of the previous
cycle, min.

Total cycle time = T + TLAG, reference time for cleaning
cycle, min. If pressure controlled (i.e., TLAG unknown)
TMOD is set to the continuous time, TCONT, at the end of
the previous cycle.

Continuous simulation time at which point convergence was
reached, min,

Temperature at which the effective residual drag, SE’ was
measured, °C, input.

emperature at which the residual drag, SR’ was measured,
C, input.

TCONT in a modulo TMOD system; it is the time since the
current or last cleaning cycle started, min.

1.0001 x N x TCLEAN, min.
0.9999 x N x TCLEAN, min.

Temperature at which the initial drag versus loading slope,
Kp, was measured, °c, input.

Temperature at which the specific resistance coefficient,
K,, was measured, °C, input.

Sum of all TAVG, min.
Sum of all squares of TAVG, min?.
Sum of all TIME, min.
Sum of all squares of TIME, min?,

Reverse flow veloecity based on a single compartment, input,
m/min.

Reverse flow used in calculations; set to zero if not
cleaning, VRFLO if cleaning, m/min.

Velocity at which specific resistance coefficient, Kz, was
measured, m/min, input.

(continued)
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TABLE 16 (continued)

WAREA

WCOMP
WPRIME
WR
WSTAR
WSTART
WIOTAL

ZK2

CAKE (IBAG)
DP(I)

DPDP (NCMC)
IDUM(T)
IZEROM(J)

1ZEROS(J)

OLDTIM(IBAG)
P(IAREA)
PDP(K3)*
PDQ(K3)*
PPS(K3)*
PQ(K3,LMAX) *
PT(K3)*
QAREA(TAREA)
QBAG(IBAG)
S{IAREA, IBAG)
SBAG(IBAG)

Weight per unit area added to an area in one time
increment, g/m2.

Intermediate in determining areas of highest loading, g/m2.

Total minus residual fabric loading, g/m?.
Residual fabric loading, imput, g/m?, input.
Constant for nonlinear drag model, g/m2.
Absolute fabric loading at time zero, g/m?.

Dummy variable through which a loading can be passed to
CLEAN for calculation of ACLN, g/m2.

Specific cake resistance, K;, input, N-min/g-m.
ARRAYS

Average fabric loading on bag # IBAG, g/m2.

Average pressure drop at the end of cycle # I.

Average pressure drop at the end of cycle # I.

Variable array index for output of intermediate results.

Array in subroutine INITIAL used to initialize integer
variables in MODEL.

Array in subroutine INITIAL used to initialize integer
variables in STABLE.

Previous time for bag # IBAG, min.
Penetration for area {## IAREA,

System pressure drop, N/m2.

System flow, m/min.

System penetration.

Individual compartment flow, m/min.
Simulated time, min.

Face velocity on area # IAREA, m/min.
Average face velocity for bag # IBAG, m/min.
drag of area # IAREA on bag # IBAG.
Total drag of bag # IBAG.

{continued)
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TABLE 16 (continued)

T(I) - Total cycle time at the end of cycle # I.

TIME(IBAG) - Time after cleaning for bag # IBAG.

WD(IAREA, IBAG) - Dust cake loading on area # IAREA on bag # IBAG.

ZEROM(J) ~ Array in subroutine INITAL used to initialize real
variables in MODEL.

ZEROS(J) - Array in subroutine INITAL used to initialize real

variables in STABLE

*
These arrays contain only three entries. When data is output for subsequent
processing by the plot routine SCRIBE, they are output in groups of three.
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TABLE 17. VARIABLES AND ARRAYS USED IN BAGHOUSE SIMULATION PROGRAM —
SUMMARY TABLE GENERATOR, STEP2

CoMP - Used to generate table headings for compartment identifi-
cation = '"COMP'.

DUMMY - Dummy variable

1 - Index of DO loop.

IMAX - Maximum number of compartments for which individual flow
velocities will be printed, no more than five.

IN - Input device for reading compartment flow velocities,
logical units 10 to 14.

IPAGE - Page counter.

IPR - Output device. Currently has a value of 6.

IPRINT - Print flag. If IPRINT = 0, no summary table is generated.
If IPRINT = 1, a table is generated. Location is the
first byte of the first record on unit #8, the pressure
versus time file.

J - Index of DO loop.

JMAX - IMAX + 9, value of the logical unit number for the last
individual flow file to be printed.

LINES - Counter for number of lines printed.

HEAD(8) - REAL*8 variable containing the title.

INDFLO(IBAG,J)* - Flow velocity through compartment # IBAG, data point # J
on any particular record.

PENET(J)* - Average system penetration at time = TIME(J), data point
# J on a record.

PRESSR(J) * - Average system pressure loss at time = TIME(J), data
point # J on a record.

TIME(J)* - Time at data point # J on a record.

*
The data on the

files are arranged in groups of three.
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APPENDIX C
EXAMPLES OF DATA INPUT FORMS,
METHODS OF DATA ENTRY AND DATA PRINTOUTS FOR
VARIOUS FILTRATION SIMULATIONS
Figures 15 through 21 and Tables 18 through 33 have been prepared

to demonstrate how the filtration model input data are handled from the point

where the necessary information is entered in a standard format on the input

forms shown in Figures 15, 16, 20 and 21 to the ultimate data printouts for
selected model applications. Sample printouts are shown in Tables 18 through 33
for input data reiterations, error messages, calculations performed within
the program, and excerpted tabulations of data printouts for sample data inputs.

The blank spaces appearing on the data input forms may indicate the

following situations:

° No data entry is available or no data entry is required for the
indicated variables. For example, no limiting pressure loss,
Py, should be specified for a system to be operated with comn-
tinuous cleaning (Figure 15).

° The variable of interest may actually possess a true zero value,
e.g., the time between cleaning for which the model user may enter
a zero or leave blank. In the latter case, the model assumes
a default value of zero minutes which is consistent with con-
tinuous cleaning provided that Py is not specified (Figure 15).

) A zero or blank value of K, indicates that no value is available.
Hence, entries for dust size and density parameters are required
so that K can be computed within the program (Figure 15).

° Zero or blank values for dust size and demsity properties
indicate that these data are not needed because K; (along
with the temperature and velocity assoclated with its measure-
ment condition) are available (Figure 16). If the measuring

137



conditions were 25°C and 0.61 m/min, K, alone is sufficient for
entry because these specific reference conditions are auto-
matically processed by the program (Figure 21).

° If a value for K, is not entered, a zero or blank value for Sg
or Wy indicates that no data are available and that the program

will automatically assign default values representing best
estimates for these terms.

Figure 15 shows a completed data input form for a continuously cleaned
filter system for which K, is to be estimated within the model program and
for the rare occasion where the cleaning parameter, a., has been defined
beforehand.

Table 18 shows a summary printout of the input data previously entered
on the input form with appropriate units so that the model user can be assured
that the simulation model will operate upon the correct data and present it
in the desired form. Note that assumed or default values contained within
the program will also be printed with the input data summary when actual values
are not available for items such as Sg and Wg or a blank value has been
indicated for reverse flow velocity, Vr.

However, those terms requiring calculation within the program or not
required as data inputs for the specific modeling conditions are not shown
in Table 18. 1In lieu of printing out a zero value "time between cleaning
cycles," the equivalent expression CONTINUOUS CLEANING is printed.

The printout shown in Table 19, Diagnostic Messages, indicates that
there are no errors in the input data with-;;spect to the permissible numerical
ranges for imput data, redundancies or data emissions which would automatically
stop any further program operations.

Table 20 lists the numerical values for those filtration parameters

actually computed within the program so that model user can appraise their
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FABRIC FILTER MOOEL - DATA INPUT FORM
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Figure 15. Fabric filter model - data input
form for Example 1.
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TABLE 18. SUMMARY OF INPUT DATA FOR BAGHOUSE ANALYSIS
(REFERENCE FIGURE 15)

CANANRNRN IR RARRRRRRRARRNRRACRRRACRARRRARRRARARAOPRERRCRRNEARNEARACRARARORRNARACAS

SUMMARY UF INPUT DATA FOR BAGHOUSE ANALYSIS

’

NRERRNNRATRRANRARERRARNRNRORRAOROARRANRSRRNRREOASASARROSANCORNANCRARAGRIANARRAAARAS

CONTINUDOUS/®2 ESTIVATEO/AC ENTEREO/DETAJLED RESULTS/

BASIC DESIGN DATA
NUMBER OF COVMPARTMENTS
CUVPARTMENT CLEANING TIME
(NFF LINE TIVE)
CLEMNING CYCLE TIME

CUNTINUOUSLY CLEANED SYSTEM

REVERSE FLON VELOCITY

QOPERATING DATA
AVERAGt FACE VELOCITY
GAS TEVPERATURE
INLET DUST COCNCENTRATION
MEASURED AY

FABRIC AND DUSTY PROPERTIES

2.0
38,0
0.0
0,9000
100,

5,00
25,

SPECIFIC RESISTANCE, X2 ESTIMATED FROM

VASS MEDIAN DIAMETER
STANDARD OEVIATION
PARTICLE DENSITY
BULK DEMSITY

EFFECTIVE RESIOUAL ORAG,

NEASURED AT
RESIOUAL LOADING, wR

SPECIAL PROGRAM TASTRUCTIONS

vAx NUMBER CF CYCLES MODELED

ACCURACY LEVEL
TYPE OF RESULYS REQUESTED

FRACTIONAL AREA CLEANED, AC

9,0

3,00
2.000
1.000

350,

2S,
50,0

20

0
DETAJLED /
0,50

MINUTES

¥INUTES

W/NIN

W M]N

DEGREES CENTIGRADE

G/M3
DEGREES CENTIGRADE

MICRONS

G/sCuy
G/Cv3

NeWIN/M3
OEGREES CENTIGRADE ~
G/v2
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TABLE 19. DIAGNOSTIC MESSAGES (REFERENCE
FIGURE 15)

DIAGNOSTIC MESSAGES

THERE ARE MO ERRORS IN THE INPUT DATA

TABLE 20. INPUT VARIABLES CALCULATED BY PROGRAM
(REFERENCE FIGURE 15)

CALCULATED vaLufs

INLET 0UST CONCENTRATION 3,99 G/V¥3
CORRECTED TO OPERATING TEMPERATURE

FABHIC ANO DUST CAnt PROPERTIES CORKECTED FOR GAS vISCUSITY

SPECIFIC CAKE RESISTANCE, x? 1,66 NeWIN/Geu
EFFECTIVE DRAG, SE w7, heMnN/uy
FRACTIONAL ANWFA CLFANEL, AC 0,50
TIME INCREMENT 0,75 VINLTES

SYSTEY CONSTANT e 0,0 G/ve
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TABLE 21.

FOR FIGURE 15 DATA INPUTS

AVERAGE AND MAXIMUM PENETRATION AND PRESSURE

DROP VALUES

Foy

FOR

Fog

36,00 MINUIES QPLRATIUN,

38,00 MINUTES OPERATION,

30,00 MINUTES OPEWATIUN,

CYCLE NUVBER

CYCLE NUMHER

CYCLE NUNBER

[ ]
AVERAGE
AVERAGE
AVERAGE
MAX JMUM
AN [MyM

7
AVERAGE
AVERAGE
AVERAGE
WA xJayv
A Myw

[
AVERAGE
AVERAGE
AVERAGE
A X [ MUW
“aAX Jmym

PENETRAYLONS
PRLSSURE DROPS
SYSTEM FLOMS
PENE IRATIONE
YNESSUYHE ORQPs

PENETRATLIONS
PHESSURE OROFs
SYSTEM FLOns
PENETRAIIONS
PRESSURE DROPs=

PENETRAIIOUNE
PKESSURE DROPs
SYS1EM FLOWS
PENETRATIONS
PRESSURE DRQOPa

S.06k=03
713,34
0,9000

8,496=0%
750,74

$,00F=03
713,30
0,9900

8,40bw03
750,02

S.00€=03
713,29
90,9000

8,09E=03
750.09

N7MQ
M/MIN

N/ M2

N/M2
M/MIN

N/M2

N/M2
M/MIN

N/ME
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TABLE 22. EXCERPTED DATA FOR SYSTEM DETAILED PERFORMANCE CHARACTERISTICS AFTER
180 MINUTES OF SIMULATED FILTRATION (REFERENCE FIGURE 15)

RN 0ANNE AR ReR RNl RrEs eIt atRRARCNeRetRRRaRaRtantResatetanaRetARefanssndns
RESULTS OF BAGHOUSE ANALYSIS
AR R R RN eI Rt R e Ra ettt neradfiteettRataeRrraeatRaeftitadeatdoasetancrtonsnede

CONTINUDUS/K2 ESTIMATED/AC ENTERED/DETAILED RESULTS/

BAG=DRAGS AREA ) AREA 2 384G
1 8,176002 S.36E¢02 &,a8£¢02
2 B,3S5E¢02 5,72E¢02 6,79E¢02
3 B,526¢02 6,08E+02 7,07c¢02
[] B,6RE402 0,3aEe02 7,33E002
S 8.,88E002 b,01E¢02 7,57E002
® 9,00E¢02 0,86E402 7,79€¢02
7 9,15€002 7,10E¢02 7,99E¢02
8 9.,29€002 7,32E+02 8,196¢02
9 Q,UUESO2 T,58E¢02 8,38E002

10 9.57€¢02 7,74E¢02 8,50E¢02
11 9,71E¢02 T7,93E¢02 &,73€402
12 8,006¢02 W,97€+02 o,13E002

BAG=FLOnE AREA 1 AREA 2 0BAG

l O.ZSE-M ‘.2‘!'00 1,00[000
2 8,08€=01 1,18E¢00 O,93E=01
3 7.926=01 1412E¢00 9.50[-0!
a TaT1€<01 1,06E400 9,20€«01
S 7.63‘.0] 10025000 9.'2!'0‘
. 7,50€«01 9,83E=01 8,060E=01
7 7376201 9,50€01 68,0000}
8 To20Ee01 9,21E-01 O8,23E~0¢
9 T.15€=01 08,95€=0] 8,05E~0)
10 7.05€-08 8,72E~-01 7,88E-01
| R} ..'sf'o‘ 8,91E-0} 7.1’:'0'
12 8,03E«01 1,36E¢00 1,10E¢00
Te 180,0 OELP= 674,86 DELG® ,9000 CONCEMNTRATIONE ,3303E«0) wEIGHT DUmMPEDE L0
BAG | BAG 2 BAG 3 BaG @ 8AG S BAG & BAG 7 BAG 8 8AG 9 846 10
Ta 3,01 6,01 9,0] 12,01 15,01 18,01 21,014 24,01 27,01 30,01

CAKE 1.3607E402 1,a885E902 1,06118E¢02 |,7306E¢02 1,8050€¢02 ,9572E902 2,0059€¢02 2.1719Ee02 2.2755€¢02 2,3709€¢02
SBAG 0,6870E+¢03 0,6790E403 0,7072€6¢03 0,7326E¢03 0,7566E¢03 0,7787E¢03 0,7995E¢03 0.8192E¢03 0.8379E¢03 0,8559E+03
0BAG O0,1002E¢01 0,9935€¢00 0,9539€¢00 0,9205E¢00 0,8910E¢00 0,8663E400 0,8a37E¢00 0,823aEe00 0,80S0E¢00 0,7881E¢00
846 11 BAG 12 8AG

Ts 53,01 0,01

CARE 2,4703€402 1,2302E002

884G O0,8731Ee03 O0,06133£403

OBAG O0,7720E¢00 0,1300E¢01
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TABLE 23.

SYSTEM PRESSURE DROP, SYSTEM PENETRATION AND COMPARTMENT
FLOW DISTRIBUTION VERSUS TIME (REFERENCE FIGURE 15)

SUMMARY TABLE

TIME
(MIN)

0,01
0,75
1490
2,2%
3,00
3,01
3.7%
4,50
5,25
6,00
6,01
0,79
7450
8,2%
9,00
9,01
9,75
10,50
11,25
12,00
12,01
12.75
13,50
l“.as
15,00
15,01
19,7%
16450
17,25
18,00
18,01
18,75
19,50
20,25
21,00
21,01
21.7%
22.50
23,25
24,00
24,01
24,75
25,50
20,25
27,00
27,01
27,75
28,50
29,25
30,00
30,01

CUNTINUDUS/R2 €STIATED/AC ENTERED/OETAILED RESULTS/

PRESSURE
DROP
(N/M2)

o7%,
609,
728,
744,
151,
75,
609,
728,
Tua,
51,
o795,
069,
728,
laa,
751,
675,
669,
126,
Taa,
51,
875,
509,
728,
144,
751,
o774,
609,
728,
784,
151,
o074,
609,
128,
74aa,
751,
074,
809,
728,
744,
751%.
6la,
609,
728,
Tdu,
751,
oTu,
609,
728,
744,
751).
ola,

FRACTIONAL
PENETRATION

8,693E=03
0,03qE~03
a,931E=03
3,0536+03
2,731E=03
8,492E-03
©,V33E-03
4, 931E=03
3,653E03
2.751k°03
8,492E°03
6,033E-03
0.9315'03
3,053E-03
2.7131E=03
8,892E=03
6,0336-03
a,931E°03
},053€«03
2.731E03
8,092t°03
0,033E203
q,931E-03
3,653E-03
e.131k=03
8,492e=03
5,033£+03
4,931E-03
3,653¢+03
2.731E-03
8,092E=03
6,VU33E=03
u,931E-03
3,653t-03
2.731E-03
8,492E=03
6,033E=03
4,931E=03
3,653¢=03
2,751€~-03
8,692€-03
©,033E=03
W,931E-03
3,0536=03
2,731E=03
8,492E-03
6,U33E~03
4, 931€-03
3,053k=03
2:731k=03
8,U92¢-03

COMP,}

1,0a1e
1,0316
1.1092
1,109%
1.,1058
0,993%
0.9877
1.0063a
1,0037
t.00617
0,9539
0,9511
1,0250
1,025¢
1.0280
00,9204
0,9200
0,9922
0,9924
0,9920
0,895
0,8930
0,9635
0,9630
0,9645
0,88063
0,8092
0,9380
0,9380
0,9395
0,8038
0,878
0,9152
00,9150
0,9170
0,8235
0,8205
0.6906
0,8942
0,898
0,805}
0,8110
0,8757
00,8752
0.8779
0,7R82
00,7948
0,8583
0,8577
0,80607
0,71727

PAGE

INDIVIDUAL COMPARTMENT FLOWS (M/MIN)

Comp,2

0,993%
0,9877
1,0634
1,0037
1,007
0,9%39
0,951
1,025%0
1,02%
1.,020¢
0,9204
0,920}
0,9922
0,9924
0,992¢
0,891¢
0,8930
0,9638
v,903
0,9au5
0,8603
0,8692
0,9380
0,9380
0,939
0,A438
0.8a78
0,9192
0,9150
0,9370
V.8235
0,828%
0,.894p
0,89a2
0,890
0,805
0,809
0,8757
V,87%2
0,8779
00,7882
0,7948
v,8583
0,8577
0,80607
v,77127
0,7799
00,0000
0.0000
0,0000
1,0997

Comp, 3

0,9539
0,9512
1.0250
1,0254
1.0260
00,9204
0,920t
0,9922
0,9924
0,9928
0,891
0,8930
0,9635
0,9838
0,%9645
0,8663
0,8092
0,9380
0,9380
0,9395
0,8a38
0,8078
0,9152
0,9150
0,9170
0,835
0,8940
0.,89a2
0,890
0,805
0,109
0,8757
0.8752
0,8779
0,7882
00,7948
0,85683
0,8577
0,8607
0.7727
0,7799
0,0000
0,0000
0,0000
1,0997
1,08%a
1,1649
1.1653
1,1598
1.,0615

COMP, 4

0,9204
0,9201
0,9922
0,.9924
0,992¢
0,8916
0,893¢C
0.9635
0,963
00,9645
00,8063
0,8692
0,9380
0,9380
0,9398
0,8a37
0.,8478
0,9152
0,9150
0,9170
0,8235
0,8285
0,894
0,8982
0,8960
0,8051
0,8109
0,8757
0,8752
0.,8779
0,7882
0,7948
00,8583
0,8577
0,8607
0,7727
0,7799
0.,0000
0,0000
0,0000
1,0997
1,08%a
1.1049
1,1653
1,1593
1,04tS
1.0310
1.1094
1,1094
1,1097
0,993a

ComP,5

0,8910
0,8930
0,9035
0.9830
0.% 4%
0,8063
0,8692
0.9380
0,9380
0,9395
0.8437
0,8478
0.91%2
0,9150
0,9170
0,8235
0,8285
0,8%a0
0.8%9aq2
0,890
0,8050
0,8109
0.8757
0,8752
0,8779
0,7882
0,79a8
0,8583
0,8577
0.8607
0,7727
0,7799
0,0000
0,0000
0,0000
1,0997
1,085%a
1el049
1.1053
1.,1993
1,0415
1.0316
1.1091
141095
11057
00,9934
0,9878
1,0033
1,003/
1.,0617
0,9%38
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\ TABLE 23 (continued)

SUMMARY TABLE 1 CONTINUQUS/nZ ESTIVATEQ/AC ENTEKEU/DETAILED RESULTS/

TIME
(MIN)

30,75
51,50
32,25
33,00
33,01
33,75
3a,50
35,25
36,00
38,01
36,75
37,50
38,25
39,00
310,08
39.75
Q0,50
41.2%
42,00
42,01
42,715
43,50
44,25
45,00
45,01
45,75
26,50
a7,.2%
48,00
48,01
48,7%
“9,50
50,29
51,00
51,01
51,75
52,50
93,29
54,00
54,01
54,75
55,50
56,25
57.00
57,01
57,75
58,50
59,25
6h,00
00,01
60,75

PRESSURE
OROP
(N/7M2)

009,
728,
Tau,
154,
074,
009,
728,
Taa,
751,
o74,
609,
728,
Taa,
751,
o4,
669,
728,
74a,
751,
ola,
009,
T28,
lua,
751.
ela,
669,
728,
748,
751.
olu,
ob9,
728,
7aa,
751,
ola,
609,
128,
Tuu,
751.
074,
0d9,
728,
Tuu,
151,
ol4,
069,
128,
Tuy,
751,
olu,
609,

FRACTIONAL
PENETRATION

0,033E+08
a,931¢-03
3,6536=03
2.,731E=03
8,u92E~03
6,033E=03
4,931E-03
3,053E03
2.731:'03
8,892¢=03
6,033E<03
Q,931E=03
3,653E-03
2.73}E=03
8,002E=03
6,033E-03
4,931E~03
3.053!'“’
2.731E~03
8,492E=03
6,033E-03
4,931E=03
3,053E-03
2.731E=03
8,492E=03
6,033E~03
4,931E=03
3,053E-03
2.,731E=0}
8,492E-03
6,033k=03
0,931E=03
3,053E-03
2.131E=03
8,492E-03
0,053E=03
4,931E+03
3,053E=03
2.731E=03
8,u92E-03
0,033E=03
4,931£-03
3,053E=03
2.731t'03
8,492E=03
0,033E~03
6,931E=03
3,053E=03
?o’slf°°;
u,4926=03
6,033E=03

CONp,

00,7799
0,0000
0,0000
00,0000
1.,0997
1,0854
1.1649
fo1053
1,1593
1,0418
1.0340
1.,109)
1.1094
1.1087
0,9934
0,987
1,00633
1,0637
1.0017
0,9538
0,9511
1.025%0
1,0253
1.02406
0,92040
0,9200
0,9922
0,9924
0.992¢
0,0891e
0,8930
0,98635
0,9030
0,90645
0,80603
00,8692
0,9381
0,9380
0,9395
0.8a38
0.,8a78
0,9153
0,915}
0,9370
0,8235
0,8285
0,894
0,892
0,8960
0,808)
0,8110

PAGE

2

INDIvIODUAL COMPARTYMENT FLORS (M/MIN)

Cowp,2

1,08%a
1.1049
1,1653
1,1593
1,0415
1,0310
1,109
1,309
1,1057
0,9934
0,987s
1,0633
1,08637
1,0817
0,9538
0,9511
1.0250
1,0253
l,02de
0,9208
0,9200
0,9922
0,992a
0.,992¢
0,891¢
0,893%0
0,963%
09,9630
00,9045
0,8603
0,8092
0,938
0,9380
0,939%
0,R438
v,8478
0,9153
0,915)
0,9170
0,08235
0,828%
0,894e
0,8902
00,8900
0,805}
0,8110
0,875?
0,879
0,8779
0,788
U,794A

Comp, 3

140316
1.1091
1.1094
1.1057
0,993
v.987¢
1,0633
1.06387
1,0617
0,9538
0,9511
1,0250
1,023
1,0286
0,9208
0,9200
0,992
0,9928
0.,992¢6
0,891
0,23930
0,963%
0,9636
0,9645%
0.8603
0.8092
0,9381
0,9380
0,9395
0,8438
0.8a78
0,9153
0,9151
0,9170
0,8235
0,8285
0,8940
0,89a¢
0,8960
0.8051
0,081410
0,8757
0,8752
0.,8779
0,78h2
0,7948
0,8584
0,6578
V.8007
0, 7727
0,724800

cCoMP,a

0,987¢
1,0033
1,0037
1.08637
0,9538
0,9511
1.0250
1,0253
1,0206
0,9204
0,9200
0,9922
0,9924
0,9926
0,8916
0,8030
0,9635
0,9636
0,9645
0,8603
0,08092
0,9381
0,9380
0,939%
0,0438
0.,8a78
0,9153
0,91%1
0,9170
0,823%
00,8285
0,8946
0,8982
0,8960
0,8051
0.8110
0,8757
0,8752
0,6779
0,7882
0,79a8
0,858¢
0,8578
0.8607
0,7727
00,7799
0,0000
0,0000
0,0000
1,0997
1,00854

Coup,S

0,9511
1,025%0
1,0253
1.02806
0,9204
0.,9200
0.,9922
0,992a
0,992¢0
0,891
0.8930
0,9035
0,9830
0,9045
00,8063
0,809
0.,9381
0,9380
0,9395
0,8438
0,8478
0,9153
0,9151%
0,9170
0,8235
0,8285
0,890
0,8%a82
0,8%0
0,8051
0,8110
0.,8757
0,8752
0,8779
0,7882
0,79a8
0,8584
0,8578
0.,8607
0,7727
0,7799
0,0000
0,0000
0,0000
1,0997
1.0085¢
1o10649
1.1653
141593
1,015
1,0315
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TABLE 23 (continued)

SUMMARY TABLE ¢

TIME
(MIN)

ol.50
02,.2%
53,00
53,01
03,75
64, %0
09,2%
66,00
60,01
80,78
67,50
68,2%
09,00
69,08
59,75
70,50
71,25
72,00
72,01
72,15
73,50
74,25
75,00
75,01
15,75
16,50
77,25
78,00
78,01
18,75
78,50
80,25
81,00
81,01
81,75
82,50
83,25
84,00
8a,01
84,75
85,50
ﬂa.ES
87,00
87,01
817,75
88,50
89,25
90,00
90,01
W, 7y
91,50

CUNTINUUUS/RE ESTIMATED/AC ENTERED/DETAILED RESULTS/

PRESSURE
DROP
(N/M2)

728,
144,
151,
o4,
009,
128,
7ug,
751.
sla,
009,
728,
744,
1581,
o074,
609,
r28,
744,
751,
6748,
009,
728,
7aa,
151,
674,
009,
r28,
Tu4d,
751,
674,
609,
728,
744,
751,
o74,
ob9,
128,
744,
151,
674,
009,
728,
taa,
151,
o774,
0069,
128,
laa,
51,
olu,
809,
128,

FRACTIONAL
PENETRATION

4,931t <03
3,093€03
2.731E°03
8,492E=03
6,033£-03
4,933E=03
3,053F=03
2,731E=03
8,092E-03
0,033E«03
4,931E03
3,0953603
2+s/31E03
8,u92¢=03
6,033€-03
4,931E=03
3,0653L«03
2,731-03
8,492E=03
6,0336=03
3,931E-03
3,053E203
2.731k~03
8,u92¢=03
6,033E=03
4,931E-0)3
3,053E-03
2-13‘5'03
8,49¢2E=03
6,033E-03
4,933¢-03
3,053E°03
2.731E=03
8,092€-03
6,033£=03
4,931E=03
3,053E=03
2.731E=03
8,892E-03
6.033E-03
4,951E-03
3,053E°03
2,731€E=03
4,u92€-03
6,033E-03
4, 931E=03
3,653¢=03
2.731tk-03
6,492€=03
6,viit=03
4,981€«03

CampP, 1

0,8752
0,8779
0,788¢
0,794dA
0.0SGM
0,8578
0,8007
0,7727
0,7800
0,0000
0,0000
0,0000
1,0997
1,085
110649
141053
1,1593
1,0415
1.,0315
1,109¢
1.,1094
1,1057
0,9930
0,9870
1,003}
1,0037
1.0017
0,9538
0,951
1.,0250
1,0253
1.,0240
0,9204
0.,9200
0,9922
00,9924
0,9928
0,891
0,8930
0,9638
0.9630
0,96u5
0,806063
0,8092
0,938])
0,9380
0,939%
0,Ru3p
QAR
0,913

PAGE

31

INUVIVIOUAL COMPARTMENT FLOWS (M/MIN)

Comp,2

0,8584
0,8578
V,8607
v, 7727
0,7800
V,0000
0,0000
0,0000
1,0997
1,08%
[,1049
1,1083
1,159%
1.,0a415
1,0315
1.1001
1.1094
1,105?
0,9934
0.,9u's
1,0033
1,0037
1,0017
0,9538
0,991
1,025%0
1,0253
1,0246
0,9204
09,9200
v,9922
0,9924
0,992¢
0,891e
0,8930
v,935
0,930
0,904S
0,80603
0,8692
0,9381
06,9380
0,939y
[ICTRY)
VeBU/A
0,9153
0,9151
0,970
),823%
0 HERY
0,8% ¢

cone, 3

0,0000
0,0000
0.0000
1,0997
1,085a
1.106409
1.1053
1,1593
1.041%
1,0315
1,109¢
1,1094
1.1087
0,993a
0,9876
1,0633
1.0037
1.0017
0,9538
0.9511
1,0250
1,0253
1.0240
0,9204
0,9200
0,.9922
0,9924
0,992
0,8916
0,8930
0,9635
0.,963¢
0,9645
0.8663
0,.8092
0,9381
0,9380
0,939%
0,8438
0,8478
0,9353
0.9151
0,9170
0,R235
0,8285
0,8940
0,89u2
0,890
v,805)
d.e110
71,4797

COmMP, u

1,16490
1.,1653
1,159%
1,0a015%
1.0315
1,109)
1.109¢
1,1087
0,9934
0,987s
11,0638
1,0037
1,017
0,9538
0,9511
1,0250
1,02%3
1,024
0,9200
0,9200
0,9922
0,9924
0,9926
0,89106
0,8930
0,9635
0,9838
00,9648
0,800}
0,8892
0,938}
0,9380
0,9395
0,8438
0,8a78
0,9153
0,9151
0,9170
0,8235
0,8285
0,890
0,8942
0,8900
0,80%1
0,8110
0,87%7
0.,87%2
60,6779
0,7R82
0,7%n
0,8%Ra

Comp,S

1.109]
1.1090
1.1097
0,993%4
0,987
1,003%
1,0037
1,0817
0,9538
0,951
1.0250
1.,0253
1,020¢
0,9204
0,9200
0.9922
0,9924
0,992
0,891¢
0,8930
0,96315
0,9056
0,9645
0,8663
0,8092
0,9381
0,9380
0,9395%
0,848
0,8478
0.,9153
0,915
00,9170
0,0285
0,8285
0,89ae
0,8942
0,8980
0,805}
0,8110
0,875
0,8752
0,8779
0,7882
0,7948
0,85%84
0,8578
U.HO07
0,7727
06,7800
0,0000
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TABLE 23 (continued)

SUMMARY TABLE 3

TIME
(MIN)

92,25
93,00
93,01
93,15
93,50
95,2%
90,00
98,01
9,75
97,50
98,25
99,00
99,01
99,7%
100,50
101,25
102,00
102,01
102,75
103,50
104,29
105,00
105,01
105,75
100,50
107,25
108,00

CONTINUOUS/R2 ESTIVATED/AC ENTERED/DETAILED RESULTS/

PRESSURE
OROP
(N/MQ)

Tua,
151,
o074,
609,
728,
Tdu,
151,
o744,
669,
728,
744,
751,
674,
669,
728,
744,
151,
ola,
669,
728,
Ta4,
751,
e74a,
009,
728,

ra4,

151,

FRACTIONAL
PENETRATION

3,053E%03
2,731E~08
8,402E=03
0,033E-03
4,931E+03
3,653E°03
2.,731€=03
8,892e=03
6,033E=03
4,931E°03
3,053€E=0}
2,731E=03
8,492€-03
6,033E°03
4,931€-03
3,653E=03
2.731€=03
8,092€03
6,033E=03
8,931E-03
3,653€6=03
2,731k=03
8,492¢-03
6,033E-03
4, 931E%03
3,653€03
2,731E=03

come, )

0.,9151
0,9370
0,8235
0,8285
0,894a¢
0,8942
00,8900
0,8051
0,8110
0.,8757
0,8752
0,8779
0,7882
0,7948
0,8584
0,8578
0,8607
0,7727
0,7800
0,0000
0,0000
0,0000
1,0997
1.085a
1.1049
1.,10653
1,1593

PALE

INDIVIDUAL COMPARTMENT FLONS (M/MIN)

Cowp,2

0,892
0,8960
0,8051
0,8110
0,8757
0.8752
0,8779
0,7882
0,7948
0,858a
0.8578
0,8607
v 7227
0,76800
0,0000
0,0000
0,0000
1,0997
1,085¢
1,1009
1,1653
1,1593
1,06415
1,0319
1,1091
1.109a
1,1057

COMP, 3

0,8752
00,8779
0.7882
0,7948
0,8584
0.8578
0,8007
0,7727
0,7800
0,0000
0,0000
0,0000
1,0997
1.0854
1.1649
141653
1.,1593
1,015
1,0315
1,109}
1.,1094
141057
0,993a
0,9876
1,0633
1,0037
1,0017

comP,a

0,8578
0,8607
0.7727
0,7800
0,0000
0,0000
0,0000
1.0997
1,085
1,10649
1,1653
1,1593
1,0015
1.0315
1,1091%

1,109
1.1057
00,9934
0,9870
1,0033
1.0637
1.,0617
0,9538
0,9511

1,0250
1,0253
1,0246

COMP,S

0,0000
0,0000
1.0997
1,0854
1.1009
1.1053
1,1593
1,041
1.0315
1,109
1,1094
1.1087
0,993a
0,987
1,0633
1,0037
1,00617
0,9538
0,9511
1.,0250
1,0253
1.0246
0,9204
0,9200
0,8922
0,9924
0,992e0



reasonableness. The only exception is the printout for a c which will always
appear regardless of whether computed within the program or an original data
input.

Tables 21 through 23 indicate the tabular printouts received when

DETAILED results are requested.

Table 21 provides a printout of average and maximum values over cycles
6 through 8 for dust penetration and filter pressure drop as well as showing
the average system flow (or air-to-cloth) ratio. According to checks performed
within the simulation model, approximate steady state operations have been
reached during cycles 6 through 8, thus eliminating the need for further cycling.

Table 22 represents a detailed summary of filter system performance
parameters ;}ter 180 minutes of simulated filtration. The instantaneous
gas flow and drag values for both the individual bag regions (areas 1 and 2)
and the entire bag (or compartment) are indicated for each of the 12 compart-
ments making up the filter systems. Also shown are the times that each com-
partment (bag) has filtered after 180 minutes of system operation along with
the corresponding fabric dust holding.

Over the 180 minutes required to execute filtration cycles 6 through 8
(Table 21) and the corresponding time interval 0.01 through 180 minutes
indicated in Table 23, a total of 144 separate tabulations similar to
Table 22 would be printed for each 0.75 .minute time increment. It is
emphasized that this capability, which has been designed within the model for
research purposes only, is not called upon for routine model applicationms.

Table 23 provides a point by point tabulation of overall filter system
pressure loss and dust penetration for the 144 iteration periods cited

previously. In addition, gas flow distributance for 5 of the 12 compartments

148



are indicated for each of the iteration periods. It should be noted that the
gas flow distribution data are only printed when a DETAILED printout is
requested for research purposes.

For those cases requiring a less rigorous data reporting, the specifica-
tion of SUMMARY printout will provide only the first three columns of Table C-6.

Figure 16 shows data inputs for a filter system to be cleaned on the
basis of pressure control as indicated by the data input of 1000 N/m2? for Py.
In this case, a zero or blank entry for "time between cleaning" merely indicates
that the true value is unknown and will be determined subsequently from the
final program outputs. Only six operating cycles were chosen so that the
printout could be demonstrated for the nonsteady state or nonconvergence
condition.

Table 25 shows a printout of the calculated and/or corrected values for
key input variables used in the modeling process for the Figure 16 data.

Tableé 26 and 27, and Figures 17 through 19 represent the model
output received when SUMMARY PLOT is entered (Figure 16). Note that the
message ''convergence to steady state not reached after 3 cycles" appears
on Table 26. Therefore, there might be some risk in accepting the average
and maximum values for pressure drop and dust penetration shown for the six
cycle data summary and the Table 27 tabulation of overall system pressure
drop and fractional penetration versus time over the 40.5 minute period starting
at the end of the third filtration cycle.

In Figure 17, average s&stem pressure loss is indicated for three
consecutive filter cycles for a five compartment system. The pressure spikes
(positive and negative) depict the system pressure loss immediately before

and after the cleaning of each compartment. The smooth concave downward regions
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FABRIC FILYER MODEL - DATA INPUT FORM
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Figure 16. Fabric filter model - data inmput
form for Example 2.
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TABLE 24. SUMMARY OF INPUT DATA FOR BAGHOUSE ANALYSIS
(REFERENCE FIGURE 16)

'.'.....l..t.'.'."l.!.'.'......'.'l..........lt..l.""iti.t'...‘....l..'....l.
SUMMVARY IF [Pl DATA $10k MAGNIIUSE ALALYSES

B8R4 0000000000000 0¢0000ee a0 tItERE RedeidntetneggtteqfiQtedeaetgtotttadeteestasy

PRESSUNE /02 GIvEN/SYVYVARYAPLOTTED RESULTS/NG (1 ye PGENCE/

RASIC LESIG. DATA
SUvKER (b COYPANTVEL TS
CHYFARTYEAT (LEBN]NL 1 ])wt

fobd L1 TIvE)
CLEANTIAG Crilr TlvE
LIYITI' G PwbkSSI WE Cwae
wbvbRSE FLLA VELOCITY

PEWAY ]G 1818
AVEKAGE FACE vELUCTITY
GAS TEvPERATURE
INLET P0ST LUSCENTRLTIDN
wpASUREL Al

FARRIC AxD (1uST PROPERTILS

SPECIFIC RESISVTANCE, K¢
MEASURED AT

EFFECYIvVE RESIDUAL DRAG, SE
MEASURLD Al
RESIDUAL LOADING, nR
RESIDLAL DRAGL, SR
MEASUKED at
INITIAL SLOPE, %k
VEASURED at

SPECIAL PHOGRAM [NSTRUCTIONS
Var nLiuvHER Jb CYCLES “DDELFC
ALCUEACY LEvEL
TYPE (F MESULTS REQUESTED

b
1.0

16,0
{itao,
nen

1,000n0
150,
10,00
150,

1,00
100,
0,9000
u00,
150,

50.0

75.
130,

4,0
130.

L.
v

SuvMvaNY / PLntY

RS LXTA N &1

LAENTRE 3
Arve
wyul

MIVIN
DFGREES CENTIGWADE
«/V}3

CEGRLES (L. T]IGRADE

New[h/ oy

NEGREES CENTIGRADE
v/VIN

NeMIN/V]

DEGREES CENTIGRADE
Gsv2

ENIYALX]

NEGRELS CENTIGRADE
Nev [ lGm"

CERREES LENTIGRADE



TABLE 25. 1INPUT VARIABLES CALCULATED BY PROGRAM
(Reference Figure 16)

4

CALCULATED vALUES

INLET DUST CONCENTRATIUN 10,00 G/m3
CORKRECTED 70 CPERATING TEMPERATURE

FABRIC AND DyST CARE PRUPERTIES CORWECTED FOW GAS vISCUSJTY

SPECIFIC CARE RESISTANCE, K2 0,90 NoMIN/GaM
INJTIAL SLOPE, XNH 0,14 NeNIN/GeM
EFFECTIvE ORAG, SE qas, NeMIN/M3
RESIOUAL ORAG, SR 18, NetIN/uy
FRACTIUNAL AREA CLEANED, oC 0,14
TIME INCREMENT 0,50 MINUTES
SYSTEM TUNSTANT »e 113,4 G/m2
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TABLE 26. RESULTS OF BAGHOUSE ANALYSIS
(REFERENCE FIGURE 16)

PO ENB AR R RN AR RARED R0 ¢t R ARINR 2R RaR RNt N aotentRNaaittedicanaddottRaatdoonane

RESULTS NF RAGMOUSE ANALYSIS
CCRAGRASRDRNE 00t P RERT R RRGRRRRPRARRORRRRRRRERNER00QeRtQaeift et Raeastetantosatarte

FRESSURE/ZR GIVEN/SUVVYARYEMLOTTIEL RESUL TS/ CuNyf RGFENCEZ

CeCW VERGENCF T STEADY STLTF .1 2 aleb! a5 THW 3 LrCLeS ens

b 13

o

FDR

13,90 YInuTeS (PEWATTLN,  LTCLE “ovnte 9

AVERAGLE PENEIRAT]('NS 6,736=03
Avi WAGE PRFESSUNE LR(PS 1064 ,60 A/wQ
LYERAGE SYSTEM F(Ja3 19000 w/M]
MAX JMUM PENETRAT JONS 3,00k=02

- VAxX JMyw PRESSURE ORNP= 13R9,92 N/m2

13,50 MINUTES (IPERATION, CYCLE NUVMBER S

AVEHAGE PEMETRATIINS 6,72E=03
AviRAGE PRESSURE ORNPsE 1062.97 N/M2
AVERAGF SYSTEM FLlinx 1,0000 w/4]N
MAX VUM PENETRATJUNS 3,00E=n?2
VixImyw PHFSSLIRE DwQOPE 1391,00 N/M2
18,00 MINUTES QPERATION, CYCLE NOVKMER 3

AVERAGRE PENETKATIUNS 6,49t <03
AyFRAGE PHESSUNE ORQP= 1056,00 wN/M2
AVERAGE SYSTE™ FLUna 1,0000 ¥/MIA
VA |YuM PENETRAT NS 2,99E =02

vAX MUV PHESSHPE KPS V383,77 n/wR



9stT

TABLE 27. PRESSURE DROP AND FRACTIONAL PENETRATION VERSUS TIME
(REFERENCE FIGURE 16)

SUMVARY TANLE t PRESSUPL/n2 RIVEN/SUMVARYRPLOTTED kESULTS/N) CONVERGLENCE/

PRFSSURE FRACTIONAL
TIvE D&QP PENETRATI (O
(viw) (N/V2)
0,01 1020, 1,79Qk=u}
.50 tuse, 1,0u0p=0%
1.0y 1289, 3,073k=N}§
1.50 1378, $,/10E=0}%
2,00 1390, J dbuten}
2,01 ROM, 3,unik=02
24590 Qe, THELIXIR)
$.u0 1eud, [TELE I LR )
3.9 129K, 9,994 e}
uL 00 13¢9, 9, bout =)
| 1R7, @99V o
u,50 "o, 4,508E-0v}
5.00 1172, 1.,00=03
5,50 1299, 0,190t o0}
0,00 1292, Se380L~03
6,01 174, 2,914 =02
8,50 881, U4,001€=03
7.00 1147, T.170¢6=03
7,50 1232, 6.,313L°03
A N0 1205, 9.500€E=03
8,01 Tou, 2.,884E=vp
8,50 809, 4 ,ON)E=0}
9,00 17, T,180E~=0}
9,50 1209, 0.3286+03
10,00 1242, S.520€=03
10,01 7%, 2,8548E=02
10,50 80, U,073E=03
11,00 923, 4, ust=03
11,50 9uS, 3,191€°03
12.00 WS, 2.,708€-03%
12,50 9R}, 2.3065F=n3
13,00 9%, 2.110E=03
13,50 10, 1,926 =)
13.51 1022, 1,780€-03
ta,u0 1030, 1 000E=0}
14,50 1290, 3,713F=03
15,00 1374, 3,7449L+03
15,50 139, 3.,52uE=03
15,51 AOR, $,00uE=02
10,00 19, 4,170€°03
to,5%0 1208, 6,398L-03
17,00 1298, 5,01JE=03
‘7.50 1328, “.QUSQ'U'!
17,51 re7, 2.997E=02
18,00 =95, J,5%07E=03
1&,5v 1179, 7,0VuE=D}
19,00 12%8, DelUdk=Ds
19,50 1290, 5,3u0ka(}
19,91 773, 2.913k 02
260,00 k19, d 0%k}

20,50 11du, 7,191k



TABLE 27 (continued)
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SUUMARY TAULE t PRESSURE/RZ GLIVEN/SUMMARYAPLOTTIED RESUL TS/NU CONVERGENCE/

PRE SSUKE FRACTTONAL

T1vg OROP PENETRAT o,
(M) (N2wQ)

21,00 1229, 5,292¢~03
21,50 1202, 9.403E=~03
21,51 Tel. 2.877 =02
22,00 Bo7, d,bb0RF=D}
22,50 1120, 7,1458¢=03
23,00 1205, 6.,292¢~05
23,50 1234, S,491f~0}
23,51 153, 2.0uSt~y?
24,00 as?, u,0535t~03
24,50 919, 4,vulet=b3
25,00 Quy, 3.1006F=03
25,%0 901, 2,085E*03
26,00 77, 2.344E-0)
20,50 992, 2,09RE=~0}
27,00 1005, 1.,911F03
27,01 1018, 1.70uE=03
21,50 1030, 1,007€03
26,00 1284, 3,081E=03
2R.50 1387, 3,714E=03
29,00 1384, 3.,493k=03
29,01 805, 2.992E=0?
29,50 915, 4,152e=03
30,00 1201, 0,347E=0}
30,50 1290, 5,5%0€-03
31.00 1320, 4,893€-03
31,01 783, 2,943E=02
31,50 A90, 4,538t =03
32,00 1163, 0,934k=03
32,50 1249, 0,075€-03
33.00 1201. 5.,282E03
33,01 Te9, 2.897E=02
33,50 R7a, 4,0208=03
34,00 1130, 7.000E°03
54,50 1219, 6,2076=0)
31%,00 1292, 5,402¢=03
35,01 158, 2.,85QE=02
35,50 LTI 4,025F=03
36,00 1118, 7,0uRE=03
18,50 1195, 6,195¢=03
37,00 1227, S.349Fe03
37,01 Tud, 2,825€%02
37.50 as%0, 4,00ut=v}
38,00 1, 3,949€~03
38,450 933, 3,100t =03
39,00 952, 2,029€°0}
39,50 08, 2.293E=03
¥0,00 Qa3, 2 USIE=L]Y

un .50 %o, 1.607E=0}
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Figure 17. Pressure versus time plot for Example 2

(Reference Figure 16).
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of the curves represent that portion of the system operation when all compart-
ments are on line. Figure 18 shows special traces called out by a SUMMARY
request that indicate the concurrent velocity-time distributions for each of
the five compartments. Ordinarily, the above data would be used for research
purposes.

The concurrent variations in dust penetration with time are shown for
Example 2 in Figure 19. Note that the maximum penetration values coincide
with the minimum pressure loss levels indicated on Figure 17. During those
time intervals when all compartments are on line, the penetration varies
inversely with pressure loss as should be expected.

Figure 20 data inputs reflect a time cycle operation in which the filter
user or designer has set the constraint that there be a specific, i.e.,

11 minute, time interval between successive compartment cleanings. In this
example, it is assumed that a Kz value is available for the dust of interest
but for a different size spectrum and with measurement at a temperature and
velocity differing from that of the filter system. The input data summary
generated by the program for the Figure 20 input form appears in Table 28.
Calculated and/or corrected values for Cy, Kz, and Sp are given in Table 29,
It should also be noted that since AVERAGE data were requested, the average
pressure drop and penetration statistics alone are printed, Table 30.

An example of an incorrectly prepared data input card is shown in
Figure 21 so that the program response via diagnostic primtout could be
demonstrated. The types of errors depict illegal values, redundancies,
contractions and omissions. Table 31 shows the input data summary that by
itself may alert the model user to the numerous input errors and Table 32

indicates calculated and/or corrected values for relevant data inputs.
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FABRIC FILTER MODEL - DATA INPUT FORM
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Figure 20. Fabric filter model - data input
form for Example 3.
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TABLE 28. SUMMARY OF INPUT DATA FOR BAGHOUSE ANALYSIS
(REFERENCE FIGURE 20)

P02 0AAESERRQPARATRORS00 R R 4RCSRRRERER0000RARR0RQRARBEGRR02ARCRORRNRCRRERNRERRRENNY

SUMMARY OF INPUT DATA FOR BAGWMOUSE ANALYSIS

CPRNECE0RC R0 enedefRtAR e RRaeataeedi e ddndadacensea?itatiseteeotanandtanacntetadse

TIMED/X2 CORRECTED FOR S12E/AVERAGE RESULTS/

BASIC OESIGN DATA
NUMRER NF COMPARTMENTS 3

COWPAKTVMENTY CLEANING T]VE 3,0 VINYTES
(OF¢ LINE TIME)
CLEANING CYCLE TIME 10,0 wINUTES
TIME BETWEEN CLEANING CYCLES 11,0 MINUTES
REVERSE FLOW VELOCITY 0,0 WIMIN
DPERATING DATA
AVERAGE FACE VELOCITY 0.,6100 W/MIN
GAS YEMPERATURE 150, DEGREES CENTIGRAOE
INLET DUSY CONCENTRATION 10,00 G/v3
MEASURED AT 25, OEGREES CENTIGRAOE
FABRIC AND DUST PROPERTIES
SPECIFIC RESISTANCE, X2 0,75 N=MIN/GoM
MEASURED AT 50, OEGREES CENTIGRADE
0,3000 M/MIN .
MMD1 9,0 MICAONS «STANDARD DEVIATION 3,00
CORRECTED 10 MMD P2 2,0 MICRONS «STANDARD DEVIATION 2,50
EFFECTIVE RESIDUAL DRAG, SE 3s0, NoWIN/M}
MEASURED atv 150, DEGREES CENTIGRADE
RESIOUAL LOADING, wR 38,0 6/M2

SPECIAL PROGRAM INSTRUCTIONS
WAX MUMBER OF CYCLES MODELED 20
ACCURACY LEVEL 0
TYPE OF RESULTS REQUESTED AVERAGE /



TABLE 29. INPUT VARIABLES CALCULATED BY PROGRAM
(REFERENCE FIGURE 20)

291

CALCULATED vaALUES

INLET DUST CONCENIRATION 7,04 G/m3
CORRECTED TC OPERATING TEMPERATURE

FABRJC AND DUST CAxE PROPERTIES CORRECTED FOR GAS v]SCOSITY

SPEC)IFIC CAmk RESISTANCE, X2 1,14 NeMIN/GoM
LFBECTIVE DRAG, SE 390, Nesu]N/M3
FRACTIONAL AWEA CLEAMED, AC 0,15
TIME INCREMENT 0,83 »INYTES
SYSTEM CONSTANT ne 0,0 G/w2
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TABLE 30. RESULTS OF BAGHOUSE ANALYSIS
(REFERENCE FIGURE 20)

PRI RERINRERO0ERE000 000 n e an s d T T RTRTRT AT TR SR oaTRendoneeosneessttdanartasanss

RESULTS OF BAGMOUSE ANALYSIS

PENANPA ORI RAP Rt ISR RRARARSRORNERARARGDRRRNRRRRREeaRRen Rttt aaaasttRodedRendinss

TIMED/XK2 CONRECTED FOR SI12E/AVERAGE RESULYS/

+OR 20,83 MINUTES OPEPATION, CYCLE NuvBEH 10
AVERAGE PENETRATIUNZ 2.41E=03
AVERAGE PRESSURE DROPs 564,40 N/M2
AVERAGE SYSTEM F(LOws 0,6100 M/MIN
MAXIMUM PENETRATIONS 1.02E=02
¥aAxXIMUM PRESSURE DRDPs 797.98 N/M2
FOR 20,83 MINYTES OPERATION, CYCLE NUMBER 11
AVERAGE PENETRATIONS 2.40E=03
AVERAGE PRESSURE DROP= 562,87 N/M2
AVERAGE SYSTEM FLUns 0.6100 M/MIN
MAXIMUM PENETRAT]ONE 1,02E=02
MAXIMUM PRESSURE DROP= 795,02 n/m2
FOR 20,83 VINUTES OPERATION, CYCLE NUMBER 12
AVERAGE PENETRATIONS 2.G0E=03
AVERAGE PRESSURE DRQOPe 561,88 N/M2
AVERAGE SYSTEM F(LOns 0,06100 M/MIA
MAXIMUM PENETRATIONS 1.02€=02

MAXIMUM PRESSURE DROPs 793,08 nN/m2



The numerous errors in preparing the inlet format card, Figure 21, are
called out in the diagnostic messages of Table 33. The reader should recognize
that the likelihood of the indicated error count (hopefully) is extremely
remote. However, the summary of diagnostic messages provides some indication

of the model's capability to recognize poor programming.
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FABRIC FILTER MODEL - DATA INPUT FORM
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Figure 21. Fabric filter model - data input
form for Example 4.
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TABLE 31. SUMMARY OF INPUT DATA FOR BAGHOUSE ANALYSIS
(REFERENCE FIGURE 21)

P00RRRN000000aRRtRRNORR0R0RRRORRCARRRARPRCRN R RRQENIEIRNRRORORBORRARRAORREtRRRORY

SUMMARY OF INPUT DAYA FOR BAGNOUSE ANALYS]S

CORGARR0RCIARAPAREINCRAR0QE00EARRCREEONIONIP RN Q a0t t deRentottatendsetndontd

ERAOR MESSAGE TESY

#AS1C DESIGN DATA

NUMBER OF CQNPARTMENTS 70
COMPARTVENT CLEANING TIwE 10,0 vINUTES
(UFF LINE TIwp)
CLEANING CYCLE TIwE Se0 NINUTES
TIME BETWEEN CLEAMING CYCLES 17,0 VINGTES
LINITING PRESSURE OROP 56, (YLF]
REVERSE FLOn VELOCITY 0.0 V/NIN
SHAR NG FREWUENCY 7,0 CYCLES/SEC
OPERATING DATA
AVERAGE FACE VELOCITY 0,0030 M/MIN
GAS TEMPERATURE ’ DEGREES CENTIGRADE
INLEY OUSTY CONCENTRATION 10,00 G/M3
MEASURED av a5, DEGREES CENTIGRADE

FARRIC AND DUST PROPERTIES

SPECIFIC RESISTANCE, X2 1,00 NoWIN/GoM
MEASURED a7 25, DEGREES CENTIGRADE
0,6100 w/VIN
EFFECYIVE RESIDUAL DRAG, SE 10, NoVIN/M]Y
MEASLRED a7 25, DEGREES CENTIGRADE
RESIDUAL LODADING, wR 90,0 G/m
RESIOUAL DRAG, SR a0, NeMIN/V]
MEASURED AT 25, DEGREES CENVIGRADE
INJTIAL SLOPE, n® 0,0 ANeN]N/Gew
MEASURED aT 25, DEGREES CENTIGRADE

SPECIAL PROGRAM INSTRUCTIONS
MAX NUMBER OF CYCLES MOOELED S
ACCURACY LEVEL 10
TYPE OF RESULTS REQUESTED SUMMARY /7 PLat

FRACTINNAL AREA CLEANED, AC 9,99



TABLE 32. INPUT VARIABLES CALCULATED BY PROGRAM
(REFERENCE FIGURE 21)

91

CALCULATED VALUES

INLET OUST CONCENTRATION 10,92 G/uy
CORRECTED T (IPERAYING TEMPERATURE

FABRIC AND DYST CAxE PROPERTIES CORRECTED FOR GAS vISCOSITY

SPECIFIC CARE RESISYANCE, %2 0,93 NoMIN/GoM
EFFECTIVE DRAG, SE Se, NeU[N/MY
RESINUAL DRAG, SR 37, Now[N/M3
FRACTIONAL AREA CLEANED, AC 9,99
TIME INCREMENT 0,00 MINUTES
SYSTEM CONSTANT ne 0.0 G/M2
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TABLE 33. DIAGNOSTIC MESSAGES (REFERENCE FIGURE 21)

DIAGNOSYIC MESSAGES
ILLEGAL REQUEST FOR TYPE OF RESULTS

THE NUVRER OF COMPARTMENTS 4yuST NOT EXCEED 30

THE NUMBER OF COMPARTMENTS TIMES THE COMPARTMENT CLEANING TIME WUST BE LESS THAN TRE CLEANING CYCLE TIME

THE COMPARTMENT CLEANING TINME MUST BE LESS THAN THE TOTAL CYCLE TIME
VIME INCREMENT TOC SMALL, JE, < 0,08 MINUTES

AVERAGE FACE VELOCITY OUY OF RANGE, 0,3 TD 3,0

4 GAS TEMPERATURE MAS NDT BEEN ENTERED

INVALID FREUUENCY OR AMPLITUDE FOR SHAKER

INVALID ACCURACY CODE

80TW TIMED AND PRESSURE CONTROLLED CLEANINGS SPECIFIED = ONLY ONE 1S VALIO
PARTICLE SIZE DAYA FOR x2 ARE INCOMPLETE

MASS MEDIAN DIAMETER OF MEASUWEMENT OQUT OF RANGE 2 TO SO MICRONS
STANDARD DEVIATION OF MEASUREMENT OUT OF RANGE 2 T0 4

MASS MEDIAN DIAMETER OF DUSY DT DF RANGE 2 YO S0 MICRONS

STANDARD DEVIATION OF DUST OUY OF RANGE 2 TO

BULx DENSITY CANNOT EXCEED OISCRETE PARTICLE OENSITY

INCOMPLETE DATA FOR NON=LINEAR DRAG MODEL

INITIAL SLOPE , KR , 18 MISSING

FRACTIONAL AREA CLEANED QUT OF RANGE,O 10 1

THE PROGRAY HAS BEEN TERMINATED BECAUSE OF ERRORS IN THE INPUT DATA
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