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Abstroct

The most established model which is notubl? used in the
design of baghouse was developed by Martin CGrawford . and . -

named as Crawford Mathematical Model., As the model involwved. -

a lot of trial and error calculction, ottempt wos made in
this paper to simulate the model on the microcomputer. A
program was written in FORTRAN 77 and it was succesfully
simulated in the design of baghouse to capture the fly-ash
from the typical Malaysioc's Palm 0il Mill Boiler. Based ¢n
the simulation output three profiles, thot include pressure
dreop, flowrate and weight of dust caoke were plotted against
the operating time. The graphs generated showed that the
length of cleaning cycle is 28.5 minutes if the length of
the cleaning process specified is 5 minutes and the maeximum
pressure drop desired is 4" H,0. The simulotion olso deduced
that one baghouse with three compartments of 140.5 m? each
is required in the design of boghouse to ccgture fly ash
with o leoading concentration of 0.00786 kg/m and 3 m /s air
flow rate.

Introductibn

Originating from a voriety of sources, but primarily from -
industriol processes, air porticulates eéxert o significant
influence on atmospheric phenomena, plants, property, and.
human and animal health, ' o

- Most of the control devices and physical principles
involved in particulate control are uniquely suited to
specific applications, and the proper choice of method . _
depends upon careful consideratien of severol factors such
as particle size distribution and concentrctlon ‘and gas '
flow rate.

Currently, there are five major groups of control device
being practised world wide. These include grovitationol
settling chomber, centrifugal collector, wet collector,
electostatic precipitotor and baghouse. .

The recent development in air particulate control device
found thot there hos been a fast rising demand in industriaol
applicotion of baghouse due to its potential of removing _
fine particles at efficiencies grecter thon 99+%. Besides,
the operoting flexibilities posseses by the baghouse which
include the wide range of veolumetric feed flow rate and type



of dust are also the major influences in enhoncing the
application of such device.

There are three common types of'baghouses, glossified by the -
rethod used for cleanning the dust from the bags, are
reverse-air, shoker, and pulse jet baghouses. Both reverse-
air and shaker baghouses have been widely use for many
years.

Even though the inreasing demand in industrial applicotion
of boghouse will be a hoost to the baghouses manufacturer,
the monufacturer is also focing with a delima of meeting the
industriol daote-line due to the existing time consumed
baghouse design technique. Therefore the needs of the
computer application in baghouse design should be given due -
consideration. o : ' '

Scope
In this popeﬁ. emphasis will be given more on the Crcwford'

Mathematical Model. Effort waos made to derive all the
equations involved and program was written on FORTRAN 77

pased on the eguation derived. However program and the flow o

 diogram will not be supplemented in this paper in order to

protect its originality. Instead, algorithm involved and the .

simulation output will be attoched as a proof of its _
validity. Attempt wos not made in this paper to revise the
basic theory of filtration and complete procedure of

. designing a baghouse. Finally, it is also worth to note that;:HZ]

the written progrom is only simuloting the Crawford
Mathematical Model and input required in the program should
be calculaoted earlier. v

Theory

Industrial baghouse are constructed with several
compurtments. The number of compartments chosen during the
design depends on the Key design parameter which inclucde the -
total flow to be filtered, the availaeble {desired) moximum
pressure drop, the filtration time desired between two
cleonings of the same compartment, and the time required'to
clean one compartment. selection of the best key design -
porometers. 1s @ matter of experience and gommon sense. (his:’

is due to the fuoct that ali. the parometers are relatecd. For
instance, the total air flow rote and the max imum allowable



pressure drop are interdependent, and are relaoted to the
number of compartments, the filtration time, and the
cleaning time. Crawford hos developed o detailed
mathematical model to determine the filtration time and o
cleaning cycle when given o maximum pressure drop
constraint. As the calculation in Crawford Mathematical |
Model involves ¢ lot of trial and error which are time
consumed, application of computer will be an asset if
considered. Detaoiled algorithm involved in the design of the
baghouse is outlined below and assumption was made that the .
caleculation involved in the determination of the design
parameter are well understood. In addition, no attempt was
made to elaborate each step involved. AR '

Baghouse design glgorithm.

1. Specify the cvercge pressure drop, maximum pressure_drcp;'
_totcl flow rate, filter res;stence coeffxcment and .
resistence factor. '

2. Calculate the et flltrctlon areaq requlred based on’ 1“""'
assumed fxlterlng veloc1ty :

5. Determihé number of compartment andg bog'reduired, nhmber}
of operating compartment, and net filtration area per
compartment required. DR

&, Specify type of baghouse and cleaning time.:

5. Specify the cleaning'efficiéncy and calculate the _
quantity of unremoved dust during the: cleaning process..

6. Determine the filtratien time ond cleoning cycle”ot
specified pressure drop from the Cruwfcrd Mothemutlccl
Model simulation program. T

7. Calculate the average pressure drop.

8. (i)  If the colculated cverage pressure drop gﬁecter than
_assumed average pressure drop then reduce the
filtring ve1001ty and repeat all the f0110w1ng
steps.

(ii) If the caolculated average - pressure drop lesser thcn.
assumed average pressure drop then 1ncreose the
flltrlng v91001ty and repeat oll the followlng
steps.



{iii) If the calculcted average pressure drop more or 1.ss
" same than assumed average pressure drop then
stop itercation beccuse design has converged..

Fal

Crawford Mathematical Model

In this section, Crowford equations are derived to determine

the cleaning interval for o multi-compartment shake and. air. .-

reverse baghouses. These computations are moinly for design
purpose; in practice the boghouse will be cleaned occording
to a set sequence whenever the presure drop QCross the
filter reaches a certoin preset vaolue,

Derivation of Crowford's equcotions

Consider a baghouse with a total flow rate Q distributed
among g identical compartments. During the cleaning part of. -
the cycle, n -1 compartments crre active. The pressure drop

AP, cond its maximum volue is APm; ‘this value is to be reached:
just as the newly cleaned compartment is activated:. The '
weight of dust colculoted on each filter is given by Cmai, -
where subscript i represents the ith. compartment. The flow

- rate through ith. compartment is Qi; and the filter dreg in
each compartiment is Afi, which is the some for all . v
comportments. The cnalysis begin ot the time when

" comporiment 1 has just been clean ond is reactivated. Let'tl_.f

"be the length of the cleaning cycle, that is, the time
period between the start of one c¢leaning process ond the
start of the next cleaning process. Also, let At be leﬂgth

- of the clecning process. - o S

From ‘the basic theory of filtration, the equation may be
written for each compartment as : '

AP = (K, 4+ K, 8 - ENES
i, . _ H

C. = QCoi . . : (2)

' Ap : .

The totcl flow rate is cqual to the sum of .the flow rates
through each comportment cen be expressed by the follow1ng

e uctlons i
9 _ Q-:)JQ; Oy —ai o SRR
je ) . . L C
o} ’ . : . .
Q::E:Q,..r,nag<:r<:, O R SRR EY

Im1



The weight of dust cake on the filters of the ith
comaprtment is given by the integrol of Eq. (2) :

r

an‘= Cnm + QI U It L N ) s o
. ] -,‘0 AI‘ f 2 - . O R ‘))

Taking the derivative of Eg. (5) bdd_ﬁsidg'Eq..(i)_

IIC,.“,. _C,... _ Cnr ap . . . . . (6)
df —A[i ! Kl+KlCuu, . ) .. ’

Eq. (6) may be integroted and rewritten'o;:.
KRG, ~C Ky s : oy
o r Pler e mcufara
' . o : "

Eq. {(7) can be solved for Cmai; the positive sign is used in
the guodratic equation, and in addition, the quantity @ is
- defined as . ' o : = .

. 1 o . ’ : .

The resulting equations for Cmoi is
K

C = h_ Ky ooy
..Kli !+,(!+K (_m‘) +r'h

lr!l

"Eq. {9) may be written as

1
+(ﬁ

(10)

. K, .
-(m+xm@f=Mﬂp+,wm,
_ - _ K,
If we define #, as the value of @ by Eq. (8) when t is equal
to ty, the time at the completion of the cleaning cycle, '
then this equaotion becomss

@+&CMY+WJ" . an
K _ . ' _

(K|+-K1CmﬂJ2: KII

At the start of the new cleoning cycle, the state of
cleanliness of the compartments has shifted cyclicly by one
pesitien, so thot compartment 1 occupies the position of
comprtment 2 ot the beginning of the previous cycle, and so
forth, as expressed by the following relations. when t = £y

1o

Cum. al = Cm'. = 0

(-‘md.. =.C-u,.. i l-3""'”rm I ’ . : (:‘2) )



in which we have assumed thot compartment 1:$tqrts otit with -
no dust coke on the filter element in the ith compartment ot.

the end of the cleaning cycle. Combining Egs. 17 and 12

gives . s a.
Ry + K Caa, ) = K K G R ¢\

which may be expanded os follows:

(Ky + K;C Y = K2+ K04,
(Ky+ Ky Cot ) = (K 4+ KOl )+ KAy -—A,‘+2& ,

(K, +K; Cﬂﬂ.k.ﬁ}: = Kaz '*;.{”e - I}Klld)l )
Then we see that for ith, compcrtment B

B Koy A K Cour = K:\/: [ i = ”.x'

Solving_fcr Cmaio,
CM = — .1 _Em
o * K, + 1(:' TH-1), . . s
_'Substituting Eq. (14) 'into"Eq. (TS)IQiVGS._'er‘ ‘Cmai ¢ -
L = ‘[/i+gb+([mi)«::-»l]
o “\z

. We substitute Eq (15} into Eq (1) giVihg._f:::&'
' A AP _ R
KNS+ d+ (i = 1),

Q1=

T (13)

S oaay

asy

*Then substltutlng £q. (16) 1nto Eqs (3) oﬁg'(k) giveé: Q

Q=Y Af‘me' O<t<t,—4t,

KT+ (- 1), ST
el . = I R P
0= z AﬂAP = Al <t<t, e

KT (- D

T

-Evcl&oting the second of £gs. {(17) when t = tT)'ﬁ“é 61; dhd:

AP = APm, we have

0K, Z‘ I
AI‘AI t=1 \/I+r7rj}:m

'Eq; (8) may be solved for 4P by differenfiafibn,_giyjngffﬁ

. ‘l\;ll i‘!(f!
IR, C,, di

My

CAf =




_Egq. (17) may be integrated, giving

Ap ¢ ! AP dt o
Ql K, 1-1'[ T+¢+{i— 1), . ]
. Apneteh Afde
_Q(! t‘+é’) K;.-ﬁt, Jn_m,\/1+¢+{f~1)¢.

‘When Eq. (20) is substituted into these equotions, the
result is -

AnKy oo d¢ , ' ' L (21.)-
. _— Q< < . o

2K2 -le'g:l'[-\fI""é'i'{f—l)l ¢ I- ) ) .
- AnKy ol dé t<d<d i

= _7 z;\ C~rQ"‘J¢-~/1+¢+(:—i)¢, & : c o)

When Egs. (21) and (22) have been integrated. the resuip;ié-
_ ARk,
(= AC,,Q,E[‘/MQ‘““'% Jl-{-z«—!}q&]
' 0 << R EE)

_:f_.-m +K—I'K‘ X[\/1+¢>+ i~ 1) \/1+¢.+(1——I)¢]
. 1 -y

Ny
w . ¢’1<¢'<¢\_/l (24)-
In Eqs.'(22) to (24} @' is given by : :
. .. . 2K ’I""O' : ! B . . : -

When Eq. (23) is evoluated ct tl-ngt for which @ = @, the
final equation is _ ' . -

'.‘zfx Ef+ Fit —hg - 1) S SR

The quontlty 91 must still be determined. If Eq. {24} is
evcluoted when .t = t1 undlp p!. the result 1s :

KL 8t R (1 i = (0 - G
A Ky i1

The second- rodical in the preceding ‘equation may be expcnced
b1n0m1G1 theorem ond higher terms negiected giving.
K, CanQ 80, =
‘Inu(. (.!"(f)}ll’f”f’)lu

ke 3



' Comblnlng thzs equctzon with (18) glves _ o e
' i x gy — 2R2Cme 8P B¢ ' L (27)
_ K | o |
when Eqs. (23) cnd (24) are substituted into Eq. (20}, the -~
following equotlons for pressure drop are obtalned R RS

K.g/4
ﬂP: . oo o :
Tiay (14 ¥ (= 1jg 0 O<d<ey S
- _ “(28)
4P = KiQld, :

Z?”’{I+¢+ (i~ 1)é.0" =i ¢=<¢’<¢'1

Crcwford Mathematiccl Mode! Simulation f!uu am - Algor;thm j

Q, Cmv, APm.Atc.rAfi

1. - Program recd: data required; n.,

2. #7 will be evaluated according to Eq; {18). Progrum'will_r"
solve the equation iteratively. : . i

3. Solved @, will be printed.
4, QH‘ will be computed bosed on Eq. (27)
5.7 E" will be printed

6. Program will calculate the length of clecning cycle tiﬁ'
~-for the baghouse from £q. (26}. - :

7.ty will be printed.

8. Evaluction of the initigl weight qf dust cake, Cmao for.
each compartment according to Eq. {14). : o

9. Cmao for each compartment will be printed..

10. Prograom read doto required; increment volde (D) Of;ﬁ’forf-.7 '

condition 0 ¢ & « g1'ond increment volue (D ) of O for
condition By ¢« @ .¢ ﬁ :

11. Computer will evaluate t, 4P, Cma, ond Q from the £9s.
(23}, (28), (15), and (16} consecutively for each
compartment at g ~ 0. S

12, t.AP;ICmd. ond @ will ve printed.

13. Computer will increase ﬁ by increment of O ond step 11
and step 12 wlll be repeoted for aoll p <’ﬁ1



14, IT ﬁ > Q%f, computer will evcluate ti,AF. Cma, and Q A
from Egs. (24), (28), (15), and (186} canecgtiVely for
‘each comportment at O = 0g4° R

15, t,aP, Cma, cnd Q will be printed.

16. Computer will increase ﬁ by increment of D und step 14
and step 15 will be repeuted for all ﬁ" < 9'<.ﬂ%

17. If ﬁ').ﬂ1- program stop.

Result

"Based 6n dctc of fly—ash from Palm 0il Mill'Boiler furnishéd_ LT]f

by PORIM, design of baghouse wos done according to the -
 "baghouse design glgorithm outlined earlier. Converged ..
results of the design are listed below :- ' -

Q = 300 mslmln. (PORIM Spec.)
Cmv = 0.0076 kg/m> (PORIM Spec. )
n. = 3 compartments .
Afi = 140.6 m2
8Pm o= 4 in. Hy0
at, 300 seconds
ty = 1711.57 seconds

The output file (FILE NAME : ' BEG ANS) of the Crcwford
Mathematical Model simulation progrom is attoched in thls
.paper. Based on the s1mulotlon output three grcph were
. generated :

i.. Fig. 1 : Pressure drop versus operating time’

ii. Fig. 2 : Flow rate versus operating time for ecch-
o ' compartment '

iii.Fig. 5 wWeight of dust coke versus operotlng tlme for o
each filter - o

Discussion

Fig. 1 potrays the time variation of pressure drop in an
cperating baghouse design during o time. Note thot when one
compartment is token off-line fTor cleaning, ¢ll the gas mpst

- then flow through the remaining compartments. Consequently,
the total pressure drop increases suddenly. Just as the
.pressure drop reaches its mcximum'clloQoble vclue}fthe '

’g



_ cleaned compartment is returned to service, and the pressure
drop decrease suddenly.

Fig. 2 shows the flow rates through the different
compartments during one cleaning cycle. The flowrate drops

" through the newly cleaned compartment while increasing
‘through the others. When the third compartment is removed

for cleaning, the flow raote increases abruptly through the
others. In additien, Fig. 5b also potraoys that at any given
time, the flow rate through each compartment will differ
_from the others because each comportment will have a :
different amount of dust accumuloted in it ot thot time in
the cycle. The flow rate through the cleanest compartment . =
will be the greatest, and that through the dirtiest -
“comparitment will be the smollest. Furthermore, the relative’
‘flow distribution through the compartments changes during .

. the cycle as newly cleaned compartments come on-line.

Fig. 5 indicotes how the weight of the dust cake increases
during successive cleaning cycles for the different
compartments. When the third compartment is removed for
~cleaning, the weight of the dust coke increoses linearly in
the other two comportments. In reality, the the weight of
the dust coke is not zero in newly cleaned comportment '

. because cleaning efficiency unlikely to be 100%.°

Conclusion

. The profiles generated from the simulation output of the

. Crowford Mathematical Model program which have the
similorities with the hypotetical profiles proved that the
developed progrum is volid. As o whole, the develdpment of .

: . the progrom is not only to the extent of reducing the time

consumed in solving the Crowford Mathematical Model but its
also menoge to shorten the hours involved in the design of
 the baghouse. ' ' o
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SAMPLE OF SIMULATION OUTPUT FILE

~

RN - IR . . T )
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PETI=  0.675979411

. PEI2:  0.5C299958s
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Tim=

C.0CECECOCCrR+Dn
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___AKS A

;ﬁfl ,.; {

INSTTITUT

SAINS KOMPUTER =~ UNIVEHD 1T

JURDLLCla t

. FILE: PEG,

B4

L CFALLIIKG/K212  0.06569
CFala irGir2I=  0.25227

CHALIIIKG/F21= 0.40416

= OI{1V(K3/S5Y=  2.00BB6&
T OIf21erassr 1.60973
RT3y ra/5r= 0 LL3814C

CELPIN/P21- _ 631.192871

TUSiz  £33.504883

PHI«

6.21955585C

O CRALLT(KG/M2):
CEA{21(KG/F2I=  0.25709

a.cisie

CFE(I1(K3/P21=  T.4CB833
L CI{IIMI/ST _ 2.00462

CI{21(mass1= t.staag
__CI{BItrI/ S

1.33439
CELPLR/V2Y= | €35.0C2157

_CPEIIIKS/¥21=  G.C8166
CYEL2IIKE/PELS | C.2618%
CHALII(KG/F2Y=  0.41243
CICLITr3/SI=  2.00049

OI{21(¥3/5)= 1.51221

CI(IT{Fi787=" "1 3a73¢

CELP(K/NZ1=

TTTCrACI Y Ssp Dy,
CrEC2IIRG/3 21z
CFE(211RG/FR1=

CILIItrA/S)=
CHE2itvasses
LLEAte3/SY:
R VIS

T 633.792715

TOCRTSHE
Co2648T

Py

-~

RTYS
i}

0.416%¢%
1.96646

T 1.61331

R EVA

SEATLRAN4CE

Tisys



IKSTITUT SAINS KCHPUTER — UKIVERIITI TECRCLOGY

a6

PR TSTIFG/F TS - 6-308348
E?&(}}(K_G/PZ‘:' Q0.45286

ATTTI(r2/St=  1.96424
CTI21tP3sSE=  L.42242

GIT3T M5 1.41334

IR AVERE N Lot

CELPIN/¥21:  615.153320 Yrsi=  1278.07178 PH1= Q.659555&21
EFE( 1GKG/¥2)= Qo 16637
_ CrA(ZIIRG/ 21z 0.31313 .
_ CrE(IF(RG/FEET 0.45592 h - - )
QI ~3/51=:  t.5510%
QIL21(FI/S1=  1.6I32¢
QI{IHE#3I/SEE 1.613567
ceLniRs=2is | ermsissine T(SE= 1yze.seTaY FHiz  0.4763s5¢e52
CYatti(Ra/P21: S.16%93
T I T a2 LI To G L T
CYR(IIIRT/TFIE D.44DTT
CIi1It»2/80s 155794 e T
COI(ZIEPI/STE 1.62411 _
QTLTII¥AI/S s - 1.417395% — e T T
CELPOR/REN:  #32.16355% Test= - 1351.574¢€1 PHI=  C.45$555%0)
CPATIIING/M s D.1852% - T T T T
CCHEEPILES V2T B O T B S .
ATLTIEPE/SER - 2.13040 - o
ARV EATA S LR PEL S b1 .
S EVARNE e, anriin TV ers  1e3laTa%31 | i T T TR
TV SR LT AR LTS B A R
LR ENE A A B IR I
RN ERT A RN I U
SUCTIINYST e e S
LRI B HERL AN sUR i Do T R S AR




U FILE: BEG . ENS A INSTITUT SAINS KCMPUTER = UNIVERSITI TEKKCLCGT

88
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