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3 & oW o>

AP’

AP ¢
AP D
4 Prin

4 Pin

Nomenclature

pressure drop parameter defined by Eq.(1.3)

pressure drop parameter defined by Eq.(1.3)

dust loading on filter cloth

ratio of average filtering velocity of the N-th
compartment just before cleaning operation to
that of all compartments

dust loading on filter cloth

number of compartments

specific surface area

filtering velocity for filtering operation

average filtering velocity for continuous filtering
operation

filtering velocity in the i-th compartment
averaged over filtering operation

filtering velocity in the N-th compartment just
before cleaning averaged over filtering operation

residual dust on filter cloth

specific resistance of dust cake

filter cloth pressure drop with dust loading

pressure drop of virginal filter cloth

pressure drop of dust layer

total pressure drop for bag filter just before

cleaning

total pressure drop for bag filter just after cleaning

void fraction

fraction of virginal filter cloth area to the total

arca
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[Pa-s/m]
[Pa*s/m]
[kg/m’]

[—]
[kg/m’]
[—]
[m?/m?]

[m/s]

[m/s]

[m/s]

[m/s]
[kg/m’]
[m/kg]
[Pa]
[Pa]
[Pa]

[Pa]
[Pa]
[—]



Ep

Ca

e

{p

fraction of filter cloth area with residual dust
to the total area

specific resistance of filter cloth with residual
dust by uniformed cleaning model

specific resistance of virginal filter cloth by
patched cleaning model

specific resistance of filter cloth with residual
dust by patched cleaning model

gas viscosity

variance of the filtering velocity in i-th
compartment averaged over filtering operation

LTZ- to u,y
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RWICEROELE T — PO EBEBARNIA - —2HHEE I 225
Rl BEEHFICLI2EABRLOEH 2 HGHICHEET L Z &
MEEERD,

G ER M CHDLEENT T 4 V2 —OENBERICEL TIE
Tanaka et al.(1973) 1T X 5 B im i) & 22 & linoya et al.(1976)I12 £ % JE
BRI A =2 —{EENFEREISNTWD N IEAMEEDHZITD
NWTHRFT SN TEBVEREROREZEIZOVWTEEEINL TR,
Ll b, @M AN 77 v g —13, = FE 213 % 51k
W7o THBY  #HEBEFIC-RFELEF FSoh%E LEBEELITO Z
T, mPfREET LI A ~EHHNOENDHKLTEIIRSN D,
ZDOEDICEEREETLEIEINEUHR R LIEEPNLERARERD
ZOWPITWAEEHOFBICKRESSERET LI, CNEBRELLET
Jb& L T Ikeno and Yoneda(1983)i%. JE A LA IC Uk 25 72 & D ¥
MEBEZMATEARAKEABRET VE TR L BB I 2 —v a9 »
RN EEEHOELXZR I LE, LALRRNL, 20X
FTREZLRESCEREROALICH T 28BN THo D, FHEO
WMET —FZDPDEBRNTA—F— % EfEICENT L2 DN TER
yARNOT

ABETEH . HEVYIa2bv—va UFREHARBMBITERO KD
AKEENBLONPER L ERERICT T 2K E O WMHEE %
BHLTERERICLI2AKENRE~OREZFHMmT 2, £,
A A B N 3 & E o~ DT L &2 R T,

2.2 —KIELLETIIL L EBK

BWAEREOXRBXICE L T, 5% < 0% HE (Munfold, 1963;
Kimura and Shirato, 1970;Iinoya and Makino, 1976;Mori, 1979) |2 X
S THE SN TWD A, AETIL Ikeno and Yoneda(1983)23 $& H L 7=
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Eq2.HEzHWD, AXTIT, IEEmIcHESNTBERPLE L L
BECL-s TR BELESND B DOE LT, EBAEREZLE L L
BUEROEEBBELEALEBMAOE DRI E, T ZICHEHE T 2
WEREOENBERLROMELTRBELTWD, 20— LKL LET
VoK% Fig.2.1 I3 7,

AP = ({qgt acut)uu (2.1)

T, (a3 ELLBETHELINRWVWEERE SEMIZX
L|PAABTHAEAERILE LT, 2EEER T -EL L TWD,
. al3FRBELBIEOOL, HIZICHERBLIZHERICKLD
BUPRBTHERE LTINS, ARETIE, {4& o ZEBEEIC X -
TEBLRVWLDERET D, c IFEMICHESINLTEHERICED
SEHERE, v ZEBERE, 1 TEXOMETH D,

(Y

I

Filtering Cleaning

Filter
cloth

(Pressure drop)

Fig.2.1 Schematic diagram of uniformed cleaning model
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JEHE 72 PHEBEOMIC R 208, 2 TIEHAREFHE v & BB PR
Az T’k TET,
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AP”:%J y V2 (2.2)

BB PIREL 212, O X v — A 0B X OH O T oK%
BT, MEITUBREL AR oBBHEELNIZHEE L L TRESH
Do MWBEHMHETHAINERHEE v EEBEE « oMIZIX v=Ku O M
TR DDH, o T, NT T4 NVE—RKEDENBEK AP TR THE
Bl T % % (Ikeno and Yoneda,1983),
AP= AP + AP”
([m+acuﬂﬂu+-%2yK%ﬂ (2.3)

MWIETHEZ2 GO 2R(EI1T253)NT 7 4 v —OKIKE I
KOBAK % Fig22 2, AMRENBH R AP B X O M EE AP DK
WA % Fig.2.3 1277,

U Oy

1. AP’ 1. AP,” —>

u @)

3 2 AP, 2: AP,” cd

0
—> —>

" , 0,

> i: AP/ i: AP,” >

uy Oy

N: APy’ N: AP, —>

AP=AP+AP”
AP=AP=AP==AP=-=AP,

N
ZN:ui=Nuav=NQ/AO ZQ,;Q
i=1

i=1
Fig.2.2 Schematic diagram of pressure drop for

multi-compartment bag filter
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+acfot3u,.dt)ﬂu,-+%z y K (2.4)
EREDH, 22T HITAEEBEMM, LT 1 BREE LM, 1
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i /
IN p ¢ Filter cloth pressure
1 2 drop with dust cake
tC

Fig.2.3 Conceptual diagram of pressure drop for operation cycle
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AP;,= ((d+actlzu +act22u +ac_[ cdt ) wou;

Jj=1 Jj=1
+%2waﬂ (2.5)
NEBEROEMW Y = —F v TN T 7 0 v H—F 721X NIk D R
WA =2y FANT 7 4 —IZBWTIE, £ F 7213550135
BlE Chy 2o & QIERFMHICEBE RS —ETHLDHZ Db

N
Q = >'Q, = const. > (2.6)
i=1
N N-l
Nuavzz = "=(N— 1)u', = const. /

pil i=1
DEBRMMSNE D JEBANT A= — (4, a , 4 & VHIEEEE u,
R EOEEBmREENEESN THNIX Eq.(2.4)% Eq.(2.6)D & T fE >~
Ralb—varyETHIZETCAREKENHEERAPIIEHTE 5,
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u, = (N —m) ugy (2.7)
i=1
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u. = Nug, (2.8)
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T, KBTOHBEL v/l EELEIRET H L Eqs.(2.7),(2.8) &
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INEH)YAPy ZR L. =1, OB O AP T ¥% & U IE AT O K& EH

(B RJEH) A Pry %857 (Fig.2.3 2 ),
2.3.1 #HEEHE AP

Eq.2.5CBWVWT, =0 T2 %kKX%x4H5,

i1 i1 1

_ — — 2 2
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+ %/Z v Kuin® (2.10)
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-m Ugy av
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2.4 EHBRIXEGAECHEEI I 2v—Tva R ED
ey 3

AKEHITIE, EQRHICESSKHME Y I 2 —2 a3 VR EHTH T
R UT APy APpiy ITxF 3 5 KGR A Eqs.(2.11),(2.13) & @
a2+ 2, HfEvyIalb—va B THWEEERRT X —%
— Ca,a L HEWIEB AP B X OEHIEBEE u,, , B N, & B
BE ¢ b OEBKRSEMH % Table 2.1 IZ” T, 72, BT I = L —
varTbEEDEQRAYHTEBIT D ESRFM I,

PEJRBWBRF d=6.5 o1l EBHEE LR Adt=1t,2
EL. WHEHETM— 1)KBEE n&HD APy DFEEN 0.5%LL T
ol LT EFEIRICASTL LD E L, Z40KH % LGS KR
D 1/5 (61/25,6/10) LI2H/EOHEY I =2 b —a VR LK
LTH APy DED 1 %LU FTholcZl &b EiomHI e L
T HEY I 2 —va URRTHELONTE APy & APy O#HIE.

400 Pa< A P;y< 1800 Pa 450 Pa< A Pry<2200 Pa
ThHO., EFRAANAT 740 F —O@BEHEHICH D, m B IO ul, 1X
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BEIa2L—va itk RdOboN . AKEYI 2L —2a 5
B W T FRROFEHTH - 72,

0.59<m<0.9 0.005< o?/u’, < 0.24
B I a2ab—3a U RO—6l% Fig.2.4 2”79, AKX L. Fig.2.3
R LEEENBRETNVICBT2ENBROKRMELORHME R
<—FHLTWwb,

N =6 Uz =1.0 m/min
t; =20min & =5X%10"m/kg
t1/ty =5 ¢d=12x10m"!

c =8 g/m3 u =193Xx10>Pa-s
AP _=294Pa v =1.128 kg/m’

“\\\\j]
— |
z .
T | S _L__*.,.I."_._.J N _
> . b=
S ol Average ’—"!
'E ! filtering velocity u,y i
! Filtering velocity u i_ 1
or L Total pressure drop AP : ﬂ
o
2 //
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2
=
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S
S
O

Filter cloth pressure drop
with dust loading AP’

0 20 40 60 80 100 120 140 160
time [min]
Fig.2.4 Numerical simulation results of AP, AP’ and u

for six-compartment bag filter



Table 2.1 Conditions of numerical calculation

e [m] 12X10° | & [min] 10,20,30

@ [m/kgl] 5.0x10° E t1/ to [-] 5,10,20

Usvy [m/min] 1.0 U [Pa-s] 1.93 X107

N [-] 3,6,9 E v [kg/m3] 1.128

¢ [g/m3] 1.0~10 E‘A}%J’ [Pal  0,147,294,588
2.4.1 FIMER APy

Eq.(2.11) % V- 25 38 1 3 B w,, IS BT 215 0 iEAm HRBHt & B R 5t o
EAREOR Canue + 54 v K i {1+0°)ul, y THER AT 5
LA EBD,

> > v(\\
— — N

yin= 1+ o x (2.14)

yinE X B TFRIERTERKTLEKTH D,

Nte —mt
AP, +acu m 1ujv(1+02/u§v)

Y IN— 1 (2.15)
épt//luuav + Ej’szujv(l + Uz/ujv)

Ntc —mt
acu n 1ujv(N+1+02/u§V)

x = N—T (2.16)
C}ﬂ%w+5ﬂwgaixl+aaﬂi)

B I a2l —varER%E Eqs.(2.14)~(2.16)IC 5 S5 v T #H 3
HE Fig2s5 2785, x>3 BT L2EmAE 1/2 6 OFT ik,
B AT RIS H W wy=w, OLELE FECTOREL v/u &
ERELIERIZOD EEZ DN D,

— H BT HROE N AT T g2 — 3B D B
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JEH OPa UASNDOEE Y I =2 —2 a U ROMBRX % &/ ZFRIE
TRODLERAZHG5,

;qN:1-+%X~—QMB8X2 (2.17)

AMHERNLEHEMBE I a2 —Ya v EREDODEHEETZ, x=0~5 D
P T+0.5% Th b,

51 4P"| OPa |147Pa|294Pa|588Pa
N=3| @[ ¢« | m| a
IN=6|] O [ © o| A
N=9| O d

vy [

x [-]

Fig.2.5 Correlation for A Py

2.4.2 EBEW®EH APrN

MIWER APy OB A &R Eq.(2.13)% %) 88 3 & u,, 128
FHBE NI L IS O E DR EOR o ua +§z y K?

Uy {1+’ fuly TER T L, Eq.(2.16)D x 2 A\ T 5 &
RAEH D,
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yen= 1 +%X (2.18)
ZIZT, yenlFRAC AT ER CEH TERT,

APy, +acu Nez u (1+o’/m’)
Y FIN— lN—m (2.19)
Cattty + - MK ug (1407 g, )

Eqs.(2.16),(2.18),2INICE ST HMHE v I = L — ¥ a U R &2 EH
9% & Fig2.6 21 %,

294Pa

5_
i O _
4 »
= 3 |
< Eq.(2.20)
N .
2_ —]
] ] ]
% 2 4 6
x [-]

Fig.2.6 Correlation for A Pgiy

(f
8

it b x > 3BT, BRI W2 uipy = u; O T
uEm— EDOREICLI DB AR 12 o 0FT NN AELTWD,
CIZTOHLHMMEHROPa AADOKME Y I 2 —va UEROME %
Ko bH LA EH D,

('\r
=
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yrn= 1 +%X+().0029X2 (2.20)

AKEERXNEEME Y I a2 —va UHERLOEHHAET,. x=0~5 O
WP TE0.7% TH D,

2.4.3 m(=uv/ug)BEWo?/ u,?Dk

MECTHEZONZENBRMERXEQ(2.17) & Eq.(2.20)% W\ T4
WEB APN BLIOKKEHR APy ZHE L X 5 &9 25 &L & Table
2.1 THEZAOND VBB EE u,y EEBRASNT A =X — (40 a. 4
DEDOMIT, m & o ful DN MEL 2D, Z 2 Tk, Table 2.1 T
RENLEUEDPE mE?fulz ROIMEHERAOFEEZRAAL D,

FNEOHERMAKEH(APrN)y 1T, Eq(2.12) KXW KD X H IR YE
A8
N1

N
(A Peiv)y = (gt ClCtlZlZ+ act ZE) UNFIN

i=1 N-m 5

+ %2 szuNFINZ (221)

(28)@F§§JM®m\f Eq(221)7%’7rﬂﬁ/?“5k/kt 55,

(APein)y = (Cqt ac Ntcuay ) muay u + %/z vy K? (muyy)? (2.22)

22T, (APr)y X APpin 12 LW T, Eq.(2.22)& Eq.(2.13)7
5, miZx T LH2RANDOEMRAEZHE %5 (Appendix B)

2
ac(Nte—t)u,, — ArK mu,,
m=1— = K
Co+ac(Nte—tyu,, + 7=
2u
_ 2
ccu, (Nte—t— 4 (N _2N=m, 2K )7}
1 N-m N-m acu ~u,
- = 5 (2.23)

2 AYK

u

av

¢y +oac(Nte—t)u,, + 5
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ZZT.B=[NN—Dt.+ 2N+ m*>)—mBN+ 1)t; 1./ (N—m)Td %,
S HIZ, EqQ22) oAU E3HEEEHE /N ERET D E, RAD LD
Wi D,

m=1 —%p;+ Pim(1— m) (2.24)

T, BRoomEBERBIERPL,BIOER CHEMBIEE P IZTFEALEN
KATERSIN, 0~1DOBDOHEEZ EDEHTH 5,

aC(Ntc — tl)uav

P = pE (2.25)
Cy+ac(Nte—tyu,, + 225
2u
AyK*?
. 2# av
P = e (2.26)
{q+ac(Nte—t)u,, + & u,,
2p

S 512, Eq224) O m DRBZHILDO mIZHRAT B L
m=1 — %PH Pl — %PH Pim(1— m) }{%p;— Pim(1— m)}

= 1= 2r{l = P(L = 2} P m(1—m){1— Pim(1—m)}
(2.27)
LR, P, m E1IUTFThS I b EmKkOE 3 HE BT 5
LR LS I E N B,

m:1—%P;{1—P;(1—%P;)} (2.28)

Fig27 IZlX, HMWE I a b —var»"oHEoinnle m OfFE %
Eq22)Icft>-T7m vy L7z, 2N XY mfEIX Eq.(2.28)TH E
F<SHEBEHRkRD Z EDBm0 5,
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A
0.9r
s 0.7r .
. Eq.(2.28)
05 | | | 1 | | | | |
0 0.5 1

p,{1-p,"(1-P,"72)} [-]

Fig.2.7 Correlation for m (:%/uav)

—H BB I ar—var b BLNTE o ul b m E D4
CRAWREZER Pl —P(1—P/2)) #HVTHBELE, Zo0HH
@GR % Fig2 8 IlmT,. LY o/ ERKRATRGICHBETE 3

NG T,
o’ fud, =0.34[ P {1 — Pj(1 — %p;)} 1’ (2.29)

Table 2.1 TREINDFEMHEDH & T, Eq.(2.28)& Eq.(2.29)% HW\ T
Eq.(2.17)B X " Eq.(220)0 LR L 72 HIHIJEH A4 Pivest B L O &
JEH APrines Z BHEYI 2L —va ry TEHELATEZWHER 4 Piviin
BLOKKIEE APrnsim S LEZHEREZ Fig.2.9.8 X O Fig.2.10
R, EABRKTIVEE (CFHRET051%B L T1£0.21%) T
MR TEDHZLENTND,
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AIPIN’eSt [Pa]

0.5

Eq.(2.29)

0 0.5 1
P, {1-P,"(1-P,"/2)} [-]

Fig.2.8 Correlation for g 2/ugy?

2000r |AP,, "|147Pa|294Pa|588Pa
=3| & | A
N=6| ¢ | O | A
=9

10001~ N

l 1 | L | l
50900 1000 2000
A PIN,sim [Pa]

Fig.2.9 Comparison between simulated and

estimated values for 4PN
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Fig.2.10 Comparison between simulated and

estimated values for 4P,

2.5 EHBEIXHEBERXPOLOEEBARNTA—Z—B LWV
SEHJIRBEEDOHER

2.5.1 EHERTFA—F—¢, BERoo#HE

MHEHR AP, AEEHR APy B & O EHIEEEE u,y & HEWRE
BT RA = — 2K %, ENWHEKHEEIX Eqs.(2.17),2.2008 LT m
Lootful, OB R Eqs.(2.28),2.29)IC 5 2 T, EHEANTA—F—Th
DHNEAEIN (g BRLOEEN e 2R L2 L EOHREMONE
ERET L, 205G WEHRFTEIZ (4L aD 2 BHZRBEICKRD D
VERH D Z b, 2O HMEK e ITIT®RAZ H Wiz,

¢ = (4 Pixsim — 4 Pixest )+ (4 Prinsim — 4 Prin, est )’ (2.30)
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Z 2T, APiNnsim & 4 Prinsim VL Table 2.1 D&M & THIE Y
2l —2a  ryINTEHETHY ., 4APNest & A Prinest TZENE N
Eq.(2.17) & Eq.Q220)» L #fE S S /=M 2 £ 7, IX K 5+ % 1213 Simplex
EAaEBV, BB e 2 107 PP LL PO E 2 5 % T HFH &
DK L 7o,

MR INTCHNLEMEIN (g BEOHETN ace DEZ . m &
] DMBICHWEE)P {1 —pP (1l —pP /2L Ty b
L7-f R % Fig.2.11 & Fig.2.12 128 L 7=, Table 2. 1 [T /k T fEH v 3
2=y a IV EBETadEIZETRZEN 0.12X10"" m!' B
L 05X10°%m/kg THEZ D, HESNTE Chest BED @
O IFIFEME (KEYIa2bv—Ya Y IHVWEME) OFYITHHm
LT, #ic, Bl L% P {1 — P(1 — P,/ 2)}78 0.3 8L F o4k
T, (4 BLVP T E5% U TOBRETHHE T LRS-
7= o

1 | |
0.15} -
E & -
o (DA N e
s P 5 ——————
— g o0 5.0%
£ 0.10f . -
g
)
0.05 | | 1 | | | 1 | |
0 0.5 1

P, {1-P,"(1-P,72)} [-]

Fig.2.11 Estimation values of {4
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Fig.2.12 Estimation values of a

Fig.2.12 {28\ THiEh O 5 23 M ¥E (2 0 I WL TREZE D K & I Hff
BENRLOND DOIEL, APiNsim B & APrinsim O 2 P18 855 12 /N & <
o, HHEICBT AN B FoMELRELLLEbOTHD, — .
EHEMEO LR EIT (42 x L TE4.7%, al2x L T£3.3%Th -
7=

SoTL BB ER Py (1 — Pi(1 — Py S 2)} 05/ S VI B4R L
X, Py RSV P, RREVZEEZE®RLTHY, BBEMEL
LT EENTA—F =gl aD/hNSRBBLIEET 556K
BRI L LEBELZIT o THEMBE T IBERBOE B KN K&
RORWVWEAEDLWITEBEBRNSREREBRE L H W CIEEBREZAT
ILGAIWCMY T 5, — . Fig.2.7 B X O Fig.2.8 5, Fiiih o £ %
Rﬁ1——ﬁ(1—lﬁ/znﬁd\é<iﬁémﬁﬂofrnﬁ1&:\awéﬁio
IS LI EEBIEZERL VWD, T HLIE, 2ENNT T
ANV —DHEE LATRICBT D2ARKEDBHELOEZEHEN /NS <
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BEEOEBEEICRERERENTVWEBBIEOLAICHY T 5 2 &
ZEWRLTWS,

2.5.2 VHEEBEE v, OWE

BTTE L BRI, AREH AP EJEE AR T A —F— (4, a,lK %,
JE B EMEBE R ER20B X m & o’ful, B X Eq.(2.28) &
EqQ2NICH X T FHIEE HEE u,, ZHR L 72L& O HEME O R E
ST 52, Zo%a. WHRFAREOBMEARK ¢ 1Tk & LI,

& = (A Priysim — APrivest)’ (2.31)
ZZT. APpinsimlE Table 2.1 0% b & THEEY I 2L — 3 =
YERNTEMHETH Y . APrinest & EqQQ20)0 L HE S ZHE E T,
ZThH, WRFHEITHMBES oM 10° PAPLLTOMEE R D E THE
05 U T, HESE S T B ey e O EIE L B PL{1 — Py (1
— P/ kel T ry FL, ZFORRE Fig2 13 1277,

1.2

AP, "|147Pa|294Pa| 588Pa

1 1 1 L | 1 1 1 1
Q% 0.5 1

P, {1-P,"(1-P,72)} [-]

Fig.2.13 Estimation values of uay

44



TR XV, Table 2.1 IZ R FTIEBE KA DO H & T, Egs.(2.28),(2.29)
DB Db & Eq.(2.20)7 b H#HEH S 472 S U8 0 B O HE R E vy est
FVHEEYI 2 —va VICHVEEYIEREE 1.0m/min & 408 i
FHCEB N TEWHEE (CFHREL020%) T—HT 200
72

2.6 EHHEIMEEBENXDOEHRIE

FiET CEHLAEENDBEEMBENX Eq.(2.17) & Eq.(22008 X X m &
o’ ful, DB X Eqs.(2.28),(2.29)1F . BL FICR T & 9 72 T2/ %
N5,

O FEH R E e & OEER S E2E 2 HRFICEDEEN
HHTE, NERERH HNOFREN TE D,

@ EBNRT A= —DNBREMOEENZITE T, FAE
BUTFTTHEBE T 2BEET bbEEORE SN
RETE D,

@ FERMBILUOEHKODERT — bl BEMETH L EH
WNIA—=F—(ql aPBERHBTE D,

FFICEEAN T A =2 —0F BT HEDHEMELS X CEM DR S O
EZEBERT2ERTCAEMARIERNIEL VR D,

Table 2. 1 IC R LEHME S I 2 b —2a VE&MEE T, EEERO
boOWmABILBT 2B 2O E K EzRFEHLELGOMBENXNICXLSEE
MEHEII2—va EEORETIUTO L) Th o7,

APpiy DHEH - FHIEHEE 2 EL2TOEREMEZEME L
T Eqs.(2.20),(2.28),(229) CHH L7z 4dPry &
BEY I 21 —varTRKDOE APy & O
BRRZEIT+0.21%TH » 1=,
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Yz

ugy @ HOH o SRR LS OB R & A Py & BERD &
L T Eqs.(2.20),(2.28),(2.29)7> b B H L 72 uay &
BEYI=a2b—varE@eoPYyRAEITT0.20
% T o o> Tz,

Ca,aDEM © AP, APriy 2 COEBRSEMH ZEE® & L T Egs.
(2.17),(2.20)F X OV Eqs.(2.28),(2.29) 7 b H i L 7=
Cara EBMEYI a2l —va vEE o FEEEE
X, CaT4.7%,a % L TIXE3.3%ThH o> 72,

2.7 fE5ENHEKMEREKX

2.7.1 FIHEER AP

Eq.2.17)C.m=1 , o*ful, =0 L L =84 0ME% Fig.
214 1T, BMEEOPa OB EZRVWEREY I 2V —Y 3 v
MR CTHEX 2RO U255,

YWZ],+%AF—UMM3X2 (2.32)

TIT. Yk XRFRERTERZER TH S,

AP, + acu Nee = ul,
Vin= lAf—l (2.33)
Cdluuav + EJ'VK 2“2\}
acu Nte=h ul (N +1)
X = —1 (2.34)

1
Cdluuav + Ej“yK 2”31/

WM EHBROPa OBALTRVWIEHME Y I 2 —a VR EME
ADOYEREEIL, X=0~5 O#PH TE0.7%TH V. Eq.(2.17)& O ==
56 & BB,
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1
0 2 4 6

X [
Fig.2.14 Simplified correlation for A Py

(m=1, o 2/ua\,ZZO)

2.7.2 EEEH AP

Eq.(2.200% m=1 , o’/ul =0 Lfi¥{td %L Fig.2.15 %15,
BMIEH OPaOHAEZRWEMABE N IIT®RA LD,

Y riN= 1+—%A¢+00060X2 (2.35)
2T, YenEWRIZRARTER TEH TERIT,
APy + acu : g,
N -1 (2.36)

Yrin= 1
Z-"dluuav + ElyK 2“2\/

Fo. XTI Eq234)THbLEN D, MHMIEHBR OPa DA LRV
B I=a2b—va B REMBEXOEHAZELZT., X=0~5 O &
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T Eq.(2.20)D %56 O £0.21%I2% L, EqQ.(2.35)D %L 51X £1.2% & K
XhEEF AR, F. BMEH TR uyy ,(d ,aDEHITH L TH
K& +£0.3%,£5.5%, 3. 5%DFEHRETHETE D,

m, o’ful, & £V Eq.(2.32)% Eq.(2.351F. AKEREHH
THIZTHBEWZ D, . Eq.(2.32)& Eq.(2.35)® — ¥k 4 1E TH
DRWHBEARXZHWLES S TIE. APy & ue ITX L TIX YR E
3% TROOLNDN (g & allX L TITFEHBEENEE L~ £18%, *=
15% & 7c 0 ERMBMEIXE 220,

— ¥
il GG |
=

>5 3k _

Eq.(2.35)
2 - -

1 | | | | | |

0 2 4 6

Fig.2.15 Simplified correlation for A Pgy
(m=1, o’/ u,,’=0)
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2.8 HAME L OB

RIfilc T, ERARAIZA - —NEANRBECRARBE T2 %
AU, RE CIxEEERICR T 2 EEOE DB REH IR L.
ROLIER AT A =F =X 2BHEyI a2V —va ViR & ENMH
xR T s LT TRk EELET V] ZREMMT D,

2.8.1 ZEBREBRBIVCERFE

FERAEE M~ Fig.2.16 I2, EBREZMHOFM % Table 2.2 2R T,
EEBIZIIAAINV AT 2y hANT T o0 Z—FH 0 EEHBONIC
XA A EE 600420 g/m* DRV = AT L7 = b hIEA (B 165mm, E
S 500mm,JE @ EFE 0.259mH) N 2 K ST 3HERESINL TR, £
O IE B I 1.554m® TH D, R ITEBEEET IR T 2 EE
7 =77 —F—0OTCEERMEHEIN, EEBICCHEINLD,
EEBEEPORKKEELZ —ECHRSLO HAREET IR T 24
V7 4 AMBEHOQIZTHEZHFHFEHEL . A v X=X =TT nrY
—@oREZEEHETS, T REEOENRHIARTIEELHBLEO
ZHOWTEXRGET@~20mA)ZEHBR L, XY ar®@zHWTE DIk
MENZR&ET 2, k., KIZIE R I TV AR WS EEICITHmE
L LD ary Ly =X 2V cy VEBMAKREIN
TWb, REBEMEICERBE I VU A2 H W, Bk X OEA I
&L O 50%0 F& R mEER X O FEHERREE % Table 2.3
IRt By R kL BE 4 AR I E 121 L — 3 — [E AT 5 (HORIBA LA-500)
Z Hv iz,

F—TINT 4 —F—TRBEHI LT A% 2.6kg/h TEREMICTY
ML, —ERH LIV AT 2y ML EE LEBIEZITVR
WNOREESERK AP O E LEAAN ToOREELR+ 52 &
It 5F CTEBRAMB L., TORFMEMBRELIE LT, KAEBRT

49



AL EREEBICITEMPL 2R FTIFHERBEINATND Z LD,
WG ERICB T2 a2 =AY MU N=3 TEHEIhhTW?
FOBRBEBIZ1IINE72ZY 0.518m°> TH D, FHIEEBHEE u,, X
1.5m/min TEREZTo/, EM=7 2LV 2T =y MiE
=7 —FE % 0.65MPa, L% & LI & 0.1s. £ %786 B (3L %
ELEBEOIED KER)IX 3208 & EE L7, EAMICHE ST E
KO GERE cIX, TORSERER CHE L ZIEAM~ O
0.68 [=(EAMICHBEINT-mMEBERE) (K LLhHER)] »

&

i
/N

B E o
FI&

GEETOLLEDLOLRWVWERELT. GEBEREE c 2t EHED S
BE LR EGE CERMLZEA~ODRZEROME & L -,

S
ST

® 3 @
Y

oy

@D:Table feeder @:Bag filter @ :Orifice @:Blower
®: Differential pressure transmitter ®:Computer

Fig.2.16 Schematic diagram of experimental apparatus
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Table 2.2 Experimental conditions

Uavy  [m/min] 1.5 c [g/m’] 7.59
N [-] 3 u [Pa:s] 1.87x107°
t [s] 320 y [kg/m’] 1.185
t2 [s] 0.1 A4 Py [Pa] 2.39

Table 2.3 Characteristic diameters of CaCO; powder

D 50 Ds Dy
Original powder 9.85um 2.64um 0.69um
Powder on filter cloth 5.72um 1.86um 0.60um

2.8.2 ®MRBLIUEHE

Table 2.2 IR L7 R E M Tl EER 217 VW E H L L 2 A EE
HEROBHBELEE % Fig2 17T ICE R TRT,. EBRr6EHELN T
FIWEAR APy (266Pa) & A& LR APry (552Pa)% JE 778 J # B K
Eqs.(2.17),(2.20)B £ & m & o*/u, ® B X Egs.(2.28),(2.29)iC 5 %
THRLNIEEBRANT A= =L a 2 FTRRICRAT,

Ca=0.190x10"m™’ a=7.35x10"m/kg

COEERTA—F =G E a HVWEEMBEY I 2 —3 9 |2
IOV HORTEARRKENEELEORKRME(EE ZFRKICHEAE TRT, E
DEEROPEICHEM L2 EEERBICTISEEALEL D720 HHE
V3al—va VITEBER 10O -~ RIEEENLEEZEL -,
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B A& EAR APpy 1Z EHIE 552Pa (2 xF L TR 551Pa & K E B <
Bonizn WHEE APyIC DWW TIXEHE 266Pa & FF % 1€ 236Pa
WX 1B3%DMENE L, . AMEEHBEELXORFHELZE IZ >
WTHLERMEFHFEMIRELS AR FBRZERL., ZORK I,
WA LI ELERMEBS —RICRLRELEISNTHD EWVIREI
boHrEEZLOND, TORICHOVWTIE, F4ETHRRD,

B —— observed 4

—————————— simulated
(uniformed cleaning model)

Y
1-

~
I T O VGV VT Y
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~

~
e e e s s s

400

Total pressure drop [Pa]

<
=

200 1 " | 2 1 L |
70 75 80 85
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Fig.2.17 Behavior of total pressure drop for calcium carbonate
by continuous filtering operation in 3-compartment

bag filter and the simulation results
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2.9 W& F

Hgr EEZ N T 7 o VX — T BERA R 72 ERE R 2N 2 2R
WKEHHBEELKET LV EH W T EWERICEZ 2 AKEERS L OEAMRLE
BH~0REEZRBRFT L., RO L O fEwmax G5,

1. HHMEBRZ LY AL REEHEKOEGRFT I W T,
I ELEROE NEORM FEYOIER®EE.., L EFY
O P HEE uy & DO m(= uy/uay )B L ug, lTx+ 5%
5= D W [ 0 U838 E w0 4y Bl o ful, WV T, K
ROITIAER APy & AR KT A Pey 25T 2 JE 8K
HamlzxEMHL -,

2. EHWHEEAEGREEMBEI I 2L—va rEREDOKEIC
Fov#EH@mArboTFnEzEZEELLLENBEEAEEXZE N
T 5L EBIT. m(=uy/ue)B L O EAE o ful, © F X
EHLLE, 2k, BEYI 2LV —Ya a2 i7 )
TR ARKENHEE, TFAEBME ISR T D R KR E R
EBIOEBEARIA—F =yl anlnFEHTEDLZ L%
~ L7,

3. m=1, o’ful, =0 L AL LG A OM S IE S HE KM
RICBWTHEREEDEEL, FAEBRMIC T 2K KK IR
HWEBIOEBRBANTIA—F =gl aBdn EFRHEFAEIND
BECTHETEL2Z %R LI,
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Nomenclature

total filter cloth area

dust concentration at inlet of filter cloth

median diameter

specific surface area diameter

mean volume diameter

ratio of average filtering velocity of the N-th

compartment just before cleaning operation to
that of all compartments

number of compartments

total gas flow rate

gas flow rate in the i-th compartment

time

filtering time

cleaning time

filtering time [=¢— (i— 1) (¢t,+ t,)]

partial period time (=1¢;+ ¢,)

filtering velocity for filtering operation

filtering velocity for cleaning operation

average filtering velocity for filtering operation

average filtering velocity for cleaning operation

filtering velocity in the i-th compartment
averaged over filtering operation

filtering velocity in the i-th compartment
averaged over cleaning operation

filtering velocity in the i-th compartment

just before cleaning
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[m?]
[kg/m’]
[m]

[m]

[m]

[—]
[—]
[m?/s]
[m?*/s]
[s]
[s]
[s]
[s]
[s]
[m/s]
[m/s]
[m/s]
[m/s]

[m/s]

[m/s]

[m/s]



Uy

<

4 P
A p”

AP, =

A4 P;

4 Prin
4 Pin

¢ a

filtering velocity in the i-th compartment

just after cleaning
filtering velocity in the N-th compartment just
before cleaning averaged over filtering operation
characteristic velocity for machine
dimensionless variable defined by Eq.(2.34)
dimensionless variable defined by Eq.(2.16)
dimensionless variable defined by Eq.(2.36)
dimensionless variable defined by Eq.(2.33)
dimensionless variable defined by Eq.(2.19)
dimensionless variable defined by Eq.(2.15)
specific resistance of dust cake
gas density
total pressure drop for bag filter
filter cloth pressure drop with dust load
machine pressure drop
machine pressure drop for u,,
total pressure drop for the i-th

compartment bag filter

total pressure drop for bag filter just before cleaning
total pressure drop for bag filter just after cleaning
specific resistance of filter cloth with residual dust
coefficient defined by Eq.(2.2)
gas viscosity

variance of the filtering velocity in i-th compartment

averaged over filtering operation u; 1O Uay
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[m/s]

[m/s]
[m/s]
[—]
[—]
[—]
[—]
[—]
[—]
[m/kg]
[kg/m®]
[Pa]
[Pa]
[Pa]
[Pa]
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NI 74 NZ—DETDEFRKIIT, HHEBAMRERFIZIEZ/NS WA, H
R & b ER LB, BB LEHNICHERBE T 2 HERE
DIENHEREEBHHEWE L TCERLLT 2, ZOoFENHAKIIT, £
FEEE 2RO ELEH N ZRETL2IXATCHELRBMTHLY . ERE
EMEICE S THRIORITINEDLS TS, LER-S T, NT T 4
NE—DORFICBNWTHEBEELS L OGERE & & O#EEESEFIC

TOEFRENHEREKEISHET LI LEPNEZEICR >TSS, 2
DIETHEKEZ X T H2EREL T, BREER EOERKRSM & B
BIXOMEBICHEGT 2N TA =X —TbdIHENEAMEI & KN
Mo TWad, L2l b, HhREMEICEL X, 8%k =
TORMPEWI ELBIVCEMEMEEDOHMAAGDLDEDZ ST

EAERAESRTEBLT . HRTEERICELIZE2G 20, —J,
MmERE OB I L T, Bmgwauu et al.(1968), Dennis et al.
(1978) , Mori(1979)i2 & - T i& & E ~ DK FEN R E STV 250,
FOWRFAEIZEBHEED 02 F~15FLENH Y EiEl S TR
V., Yamada et al.(1987)1X. MERE O HHEELENDIEBEE O 0.4 F ~
LOFEIWCWHHI T 2T —F &L ICEBRBICH T HEELZ L, JEEF

FHI



PEOREHIEEZRBEL TWD R, ZEREN K EDME &S FEIC X
STEDXEHIIZEDLLEINETIEFEELL TRV, £, Kimura and
linoya (1965)7»% Kozeny-Carman 2% W T HT % & £ L . Suzuki et
al. (199K FEEMEHETET VE2RB L TR ESM 26 ENHE
KEWMETEDLDZ LEEZRLTVDLIN, BEEESIOEERE R L
DELFHOLE~OKGFEERD D E TITIEE> TR,

ZOXHIT, HRIEARRE BRI EENICH M T
5EEFEEAT. AT T 4N —2RFATLIHACEEROT — 2B
FOERICELID2ZH/B20VORBRTH D,

ARETIE, ESABIRMBIMEORZL 2 SEEOMIKIC X 5 3
BRAE RO VHIEAAIEE & IR PIC X T oI m L B L O B R
B o EYRd, 72, Kozeny-Carman N & ERER 2 H W TH EE
DERBELHMEAL., LB EHAEDELS L OCEESME L OMBE %
AR

3.2 EREBLAPEFE

FEEREEIL, B 2EO Fig2 l6 IR LEEBAMHEMA L, RBhIAE
i, REBEANV D LALEERBLIOERLEEZHA WL, T 0WEHE
B, PHARBERE LK % E % Table 3.1 12/RT, B KOk E 5 A
B E X v — % — [\ H7 15 (HORIBA LA-500)% il W7=, 7235, 4 H I8 Ai
TRBBMAE S ICHMICE XL TEREIT - 2,

Table 3.1 Physical properties of test powders

Test Powder Ds[pm] D,[um] ps[kg/m3]
Calcium carbonate 1.85 0.60 2710
Silica sand 11.50 4.18 2600
Diatomite 11.98 6.29 2300
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JE NI A =2 —DHEICHTE s T, KFIEMOMEAMNENF L
WERZLULELIESFERICEIIMETEEZEH WL, 79 HHIEAmMK
PMEFICETODETERBELELE LBEZREPBEVRT, TDO%,
MEZHEBLREVRECTCE2EMRZ IV AV 2y PIZEXDEEE LE
it B MOKEhEAWNEL —E& L. B2 GO ERR

IMEFEBLIPEBELTWVWIHEZREL TEREMLE R 2, F54
EBROFIEZT. EFT . 7 —T V7 4 —F—THELZERENIZU H L.
ks LEBEZITLTIC, EHBER AP ORI LR+ —E L 7
LETHEREZME L., EOBRKOREMZH L2 R E L7, J8A IS
HEHBMLZHEZX . MEK TRHRATEBERRNICHEL X CILREL
TWLD MR AZEIL L TRE&E L., BlERM P IS Uik & S B
Br ALK LIk, GEREOXLELZ RO, KRED
N NEHEWOMGBEIT IR D 2.6kg & 1.3kg, NS HED
INE IR EEEE RO F L 1.3kg & 0.65kg U1 D L7, RBRSGAMOFEM A
Table 3.2 (Z/~x 9,

REE N T MK DIENEK 4P OFBIZAL O R EB %2 Fig.3.1
T, BEMBEZITIETBELEO EA AT RE VN, KEFAEH &
EHICARIT—EEICHET 2R T E X 5D,

AKETHEAMERE 4P O XHAIIF., % 2 % CT/r L 7= Ikeno and
Yoneda(1983)23 %2 tH L 7= Eq.(2.1))Z W\ %

AP’ = ({at ac u t)uu (2.1)

EQ2.D)FD e BELX PR aPNRKRDODDEBENT A —F—ThbDV  §i&lZ
e LEBETHELINRWVWEREMELEMICL2EREHTH
NIEMIPL, B F TR ELE LBEFOOLH L ICHEHRE L-HEREIC
EA2HWPBRECTHBEBEMIIN D, o, cIZIEAMICHE I T K E

CEOLSKGERE (U%, @ ERE ST w ZiEEEE, XX
BOMETH L, RKEBRTHEINDIETNHEK 4P X, Eq.2.DHITR
TIUEAER 4P LIEAM O B A KRS @i T S RIS A U D B E R
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AP L BWMBESNEETHDLI 0, TOMEMIEE 4P L J8 8 #
Eou b OBRERD TEBSLERD DL, KEBREED AP O W E 5 F
Z Fig3 2l ZRT 8, AP L TR0 /NS RETH - T,

Table 3.2 Experimental conditions

Filtering velocity [m/min] 1.0 ~ 3.0
Filtering time [min] 15,20, 30
Powder feed rate [kg/h] 0.65,1.3,2.6
Pulse pressure [MPa] 0.65

2000 T

Eq.(3.1)

&
slope=a «u
Q, 1000 .
~ |
AP _t" ,

' Calcium carbonate
u=2.5m/min
¢=3.69g/m?

0O 0.1 0.2

cut [kg/m’]

Fig.3.1 Measurement of pressure drop by batch operation
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20 ! T T T T T

[Pa]

4P~

U [m/min]

Fig.3.2 [Effects of filtering velocity on

mechanical pressure drop

Fig.3.1 O FEBRFER L EqQ.1)E O LIZE L, JEHHEK 4P 23 FE[H
EEHLICEBRMICELT HEEICB W CHIEMR Eq3.1)&2 5l &, £ D
Nl o wul BEEEIE TCOU R AP O o EBENEAEI &,

ZZ TR - TR O T,

AP = AP+ acut pu (3.1)
AP,= ¢, wut AP (3.2)

T, GERE coOfIX, MERMPICMHBE LD EE» S IEAMIC
P EETPTICEERNICHERBI LB LEDEEEZ ZSWVWEELD
PR LA mESY - OMEMER my LV . c=my/(ut) L T

HH L=,
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3.3 EBRBERLEBLE
3.3.1 LI o« D

Figs.3.3, 3.4, 351213, H#MEICOVWTOERL-HEH o & &
BE cOMBREERBHEE uflic R L ThHD RBILY T LEEDT
F. EEEEICHBRRLS GEREOIFE -1/ RICEAL TS Z L
Wb, LML, BB L TH o3 EERBEOCHMICME > T/hEL
LN BAMEIERED b o T,

TIZT, REBAONLVY T NEEMICH LT, KR ol 5 IEE
WE u O BERTARDLED ., acd? LIEBEE v« OBKR % Fig.3.6 12
7y L7, ARICIEISZEECICHERLOT -2 72y FLT
bbb, KKEY, REINVYTLALEEDOLER o X kXoBFRE
FEmET DA EnN o,

@ XCu “xXc (3.3)

2
Calcium carbonate
Filtering velocity \’\‘l‘\
1.0m/min slope=—1/3 @]
1.25m/min
2.0m/min

2.5m/min
! 3.0m/min

0.002 0.005 5 001 0.02
¢ [kg/m’]

Fig.3.3 Effects of dust concentration on specific resistance

a x10° [m/kg]

4»0.%5
<

of dust cake for calcium carbonate powder



5.0
"an
E
o'\o
g Silica sand
1.0 1 Key | Filtering velocity _
@ 1.0m/min
[ | 1.25m/min slope=—1/3
4 2.0m/min
A 2.5m/min
0.5 . n . o
0.001 ; 0.005 0.01
¢ [kg/m’]

Fig.3.4 Effects of dust concentration on specific resistance

of dust cake for silica sand powder

1o————— ———

Diatomite h

y | Filtering velocity
1.0m/min
1.25m/min
2.0m/min
2.5m/min

3.0m/min '

0.001 ; 0.01
¢ [kg/m’]

Fig.3.5 [Effects of dust concentration on specific resistance

a x10° [m/kg]
|

4»01%?

of dust cake for diatomite powder
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10 ————— -
[ Key Test powder ]
@ | Calcium carbonate| |
_ A Silica sand
3 > Diatomite
! ahn
=4,
lTO
X
«Q
o
N
0.1 —— ' ' '
0.5 1.0 ) 5.0
u[m/min]

Fig.3.6 Correlation of specific resistance of dust cake

with filtering velocity and dust concentration

—J7. Kozeny & Carman [Tk F FRIEJE %2 . £ O N KM HE & KB R
FREBOAEEXRmMMEE ERAEBICELVWYE —-RBROMEOEL LY
EEZ, MEEE R REEOETIEK AP, DBEBZRELLTO L 9

WCFE EH TV 5D,
_5.0852(1-¢)?

AP o= : uLu (3.4)
&

ST HAMAEEEREO LR E M., e TR REE O =R R, LITK 5

WEORESTHDH, 22T, MTolEmEEE D, T 5L,
S,=6_"D; (3.5)
E72. EQGZ UM LI HEM U WERICEMA L, BAEEY 2L
O i K BE & omy 121X
my=cut=(1-¢) p,L (3.6)
OEBERHDHZ LD EqQ3.NEH D,
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2 -
=80 d-8)” g, - 1§(—)—(—1—%—cutxuu (3.7)

pie’ p,Die
EQ.G.)E EQDOHE 2 HE Ol bk A &35,
_180 (1-¢) 5)
2 3
pstg

APpow

D Z & bB Kozeny-Carman X226 EH L HEHICE T %

L
Eq.(3.8)D ZEFRRIZEMR T 2 (1 —e)/ LHEMN, BMEE v & ZERE
DEBEZITTCWVWDL I LI sd, ERLELEEEI o & Table 3.1 (27
SNLHHEREEE Dy B LUK TEE p, 2 VT Eq.G8)bHEMHL
(=g u'?le'P et Lty ry M LEMSES Fig3.7 KR T,
IITHLEBLLCHBELOT X bEKICTr Yy b L, HoE
TORRIZTEREBEORVVHERBZERLL TWVWDL I ERTND,

10 ¢
- Test powder
« Calcium carbonate
= 1.0 [ ® — B
w I A Silica sand
- - O Diatomite
N
0.1 L
0.1 10

172

u /Cl/3 3/2/(81/2kg1/3 )]

[m
Fig.3.7 Correlation of measured value of (1-g)/¢’ with

filtering velocity and dust concentration
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3.3.2 P o ICBE T 5 R T fEAT

T, ZBORTFETCHBRIN TV D HERE O — R FI2xt 7+
DNFNT U AEBEZDL, BELOHMBIENIRDOIETE%E APy, & T
HE, B PO R FIERATEOIETZIT APy X (L/L)E RE D,
BT B EERNZERE « TREESATWDLZENG, ES O K
FRNOKFHEAEEIT(-oEBE2xbn, B Fiikon+ 54
HREEAEDE 7 AP o FR R TEE D,

AP =L AP, —
L (1-¢)
ZIT, B-RFEBORS L XFHKERE D, TEREDLZZ LMD
Eq.(3.6) & Eq.3.9) bk X%E21H 5,

(3.9)

D
Dy — APpow Ps v
L(l-¢) cut

COH R FICHNTWDIENECKHIET 2B E L L TERISD
cEBEZXADLILICIVKROERLEZ/H D,

AP o= AP, (3.10)

AP pow _ AP pop Dy
o cuto

SHlZ, MEBREOZERRIIRE T O FREMICEZEIND &E R

(3.11)

B, TR T B BE £ = (o zpd/6/fc)] P h S WO WK T A BB

f 1/3
_qu (3.12)
Dy \c

2T, ERRE ¢ A Eqs.(3.11),B )0 MKk e OFBEZITH L L
T(—e)/gdBHmERANTERET 5,

(1-¢) _ K(Appowpstjp(psjq (3.13)

&3 cuto c

Eq.(3.7) & Eq.(3.13)7H AP,,w & 1HE L, Fig3. 7T DR EH WD &K
X % 15 5 (Appendix C & i),
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L)

EEST o200 THMETERL WS, B i@ mEEL VD
BAPDOEHEBE DN AT A—F =D D THAHIEEILLND,
INEY oxcp) BRHBEBRERE TDOE ROKF RITAELR D,

1/3
l—gzK,[Dv] Dv—(y+1)/2(sz (W)l/z (3.15)

3 s ¢

EBMERLS K,y R/ _FILICEDVRD D &

K'=6.44x10% , y=—1/2
5, HbH, ERMLAEEEIR & Eq@)2LHEMLE(—e)/ s
¥ Fig3.8 D Lo ICMHBEIN., TREARTHERXNEZE D,

! _3‘9 —6.44x10° [&]Dg/4ps“3c-1/3u1/2y“2 (3.16)
& s
10'f ]
on
w
=
w
L
—10%F E
Key Test powder
@ | Calcium carbonate | |
A Silica sand
& Diatomite
. M| . M | A
107 10°° - 107

(D,/DYDy)" (0 &) (uw'”

Fig.3.8 Comparison of measured value of (1-g)/¢

with calculated that from Eq.(3.16)
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A7y PLEERBLOFERT — X3, o 2 >0 BKITx
HZABEBMONTFEH T(1—e) e’ EMDREREZAITHY ., LOME B
DTFHIZIEFNLNTTHEELTWVWS, ARICBWTHEHRtLOF — %
BHEEBREPLIRXTHRILDDEE2RD L, (1—e)/ g DEN 4 EHIC
HO ., ZEREICLTOSEHBICHD, Zhid. (1—e)/ & DEBKE
WREREMEICHEL WS ZEE2ERT IO EEZILND,
HE(1—e) TEHLEBERE Fig.3.9 1277,

PPYE
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e) [

Test powder

Calcium carbonate
Silica sand

(1
S e |7
<

‘ Diatomite
1l e ]
’. R | . TR | . R
_10 10_9 5/4 ! 1_/;3) 172 10
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Fig.3.9 Comparison of measured value of packing fraction

with calculated that from correlation

X512, Eq.(3.8)L Eq.3. 1) L HEIL o iZ A D K 5 2 FEEBA T
XbaIhd,

3
a=1.15x10" (DVJ D§3/4p3_2/3c_1/3u”2u1/2 (3.17)

N
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AEBRL T, FETOERT —XICLD2L0THY, ZXROMKE u
FIFIE — EME(=1.9x10 °Pas)DFA ThH 5, EqQ.(3.171)IT X B K HT
@%%ﬁamkiwﬁawkmm@%Fg&mmmﬁoﬁﬂ#%
EqQBINIC KB a OMEFREIZ EBR L2530 3 Wik L b FEHHE
DE25S%DEFHIZH D T &R D,

10 ¢ ———— T
- o
E
0 125% ol
S 107 Y- ]
~ i Yy ]
o -
N o —25%
Key Test powder
o Calcium carbonate
A Silica sand
v O Diatomite
0.1 — — —
0.1 1.0 10

Fig.3.10 Comparison of measured specific resistance of dust

cake @ cxp with estimated that from Eq.(3.17) @ est

3.3.3 HERRIEMER &4

FERMUZENIEAARI GEIEBEEE v OFMK %L Fig.3. 111277,
S bmEMAERICII2EET RS, BHEEEICEL TH R
MEFHMEANCTC—TELAREDL, ZHIE, KEBRTIIANLVLAY = v |
WCED2RBEELEMFEEZ L LTWVWDEEDEEZLND, BIEMNIZ
T, R FEPMNSEANBICEE LT WRBEI LYY AN EKD
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REREEZRL TV D,

Key Test Powder Feed rate '
@ | Calcium carbonate | 2.6kg/h
QO | Calcium carbonate | 1.3kg/h
A Silica sand 2.6kg/h
A Silica sand 1.3kg/h
* Diatomite 1.3kg/h
& Diatomite 0.65kg/h
g a
— 1.0 & -
¢
()
—
X A é
S A
\n i
0.1 - ' S—
1 2 3 4
u [m/min]

Fig.3.11 [Effects of filtering velocity on specific resistance

of filter cloth with residual dust

3.4 HEHROEEKEHEEZZBLEZSENNT 7 40V H —
DEHBEROEMHE I a2V—va VR

F2EIIBWT, 22BN 7 4 VX —OHEERICEB T HHE /=
DIENEELE AP, OB Z(L % Eq.3.18)THREINDIET LA THIMEY

S a2l —Ya rEITo -,
i—1 t i—1 tz ' '
j=1 j=1

13
wﬁ)awim)ﬂm+%zyK%f (3.18)

Eq.(3.18)ICHB W T ¢, T a=EHEFRH., I 1 ELEE LEM. 1T
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te=t— (i— 1) (t,+ t)< t, & R¥E D, FE2ETIET, LRI o 1T —
& LT Le, Lax L. Ao FEBREE RS EHUITIE]
u® 05 FIIKFET DI EN RSN, 22 TR, ZOEEKFS
ZENT T 4N EZ—OENBROKHZEMICEORERLET
ERET S, FEICELCHER o 3Rk TRHAT D,

B
B
K& A

&= aav(ui/ Uav)o'5 (3.19)

T, ai T X TCa, CHEBTIEF2EEOMITIC T 5,
Eq.(3.19)% Eq.B.I8)ICRA L., B2 ELFAKOEKMEY I 2 b — =
YO FNETIT o T fE RO — % Fig.3.12 IR 3, FAMICIT O 720
@i= an ELTHMBEYI2ab—vary L EHRELBERTORLTH S,

N =6 u, =1.0m/min  y =1.128kg/m’
t, =20min ¢ =8g/m’ 4 =1.93x10 Pa
ti/t, =5 AP, =294Pa.s &4=12x10'm

a =5% 10’ (u/u,,) m/ke

— 2500F ) ]
o B I @ =5 x 10’ m/ke
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o

2

% 2000

g _

T
1

1500

200 250 300
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Fig.3.12 Effects of filtering velocity dependence of specific
Resistance on behavior of pressure drop in a

six-compartment bag filter
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Nomenclature

dust concentration based on collected dust on
filter cloth

specific surface area diameter

mean volume diameter

thickness of multi-layer dust cake

thickness of single-layer dust cake

average distance between particles

dust loading on filter cloth

number of compartments

specific surface area

time

filtering time

cleaning time

filtering time [=¢t— (71— 1) (¢, t,)]
filtering velocity for filtering operation

filtering velocity for cleaning operation

average filtering velocity for filtering operation
filtering velocity in i-th compartment for filtering
operation

filtering velocity in i-th compartment for cleaning
operation

specific resistance of dust cake

average specific resistance of dust cake for
filtering operation

specific resistance of dust cake in i-th compartment

for filtering operation
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[kg/m3]

[m]
[m]
[m]

[kg/m’]
[—]
[m*/m?]
[s]
[s]
[s]
[s]
[m/s]
[m/s]

[m/s]

[m/s]
[m/kg]

[m/kg]

[m/kg]



4 P
4P’
AP
4P,
4P
AP 0
AP,

{a

Ps

specific resistance of dust cake in i-th compartment
for cleaning operation

gas density

total pressure drop for bag filter

filter cloth pressure drop with dust loading
machine pressure drop

pressure drop defined in Eq.(3.2)

total pressure drop in i-th compartment

pressure drop for multi-layer dust cake

pressure drop for single-layer dust cake

void fraction

specific resistance of filter cloth with residual dust
machine resistance coefficient

gas viscosity

particle density

normal stress in dust layer
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MEDLETNVICEDILIARNT T4 VE—D
JE B RICET 52 ERIZ L

4.1 ¥

i

N7 4N —OREMEBICEHT 2RI TIHZSOFRESE
(Mumfold,1963;Kimura and Shirato,1970;Iinoya and Makino,1976;Mori,
1979;1keno and Yoneda,1983)IZ L » THE I N TEH , TDIF L AL
WA ETLIXEEMBELZ GALEAOE R E 2 ZICHESERET
L2HMBREOENDHIEOME L TERBELTNWD, 2Ab0RHKXTIX
MBI IZIEM E I EERELEARLEMOIE WA KE R L,
FTHNUBRIIHEHBE T L2MEREOIFIE 1 FBICHAILTHEMNT S EL
TREINTWD, L2L22R6, BE4pEEKEICE W TEDEK DR H
Pib @z £ T 5L, EFEFEGKEROENHELO LR AT R E
<, HEMEBEEOHEME AR I - EMWICWHIT T 28R E2 5 %
% (Fig.4.4 2, @EERKICBWVWTH, EAWBEKXO EF AR XE 5
R L FAR 2R A bz ", Zhuid, LB MBI ICIIhENEM
N E X m i Ry — IR L, FFRREE &bz —fL T
W ZEIZEkD2boHEREIND, FRIC, @ ER TIZEABRED
FEAAES —EEICHILT 2A1ICHEE LEBIEXIRINDTEO .
KOXRHKXNTEHIENBIROEHAKE LIS XTI ENTER Y, €
ST, B ELEZPLDENBROREMEE® OIS EE L
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Dennis et al. (1978)1%. #a% & LEMFEZ o EmE 2< & L S
BWH D EHLIBREETCHELINLIE I T EETLVEZH WD
e TRISEBRICBTDIENHEORHELEHNRI T L2 L
ERLTWD, L2LARRL, 20T A TCIHEEe<<hELEInNz
Wy OEGUEE E BRI O EF AR N — EMEICET LR R T oH
ELTWwWaZeEnn, FENFHMBIUOTEBRERE R ECOEERSEMGE D &
W, TOWHREZREDLLD2WVWITHETLI2LHEN DT, TDIZD,
JENHEEDO LR AN —EMEICHE T 2ICHE L LBIENIND
WAL EIR M DN T T g F =BT D E SRR O R E ks E) & HE

BT HFETIZIEE-> TR,

F2ETIE, WMEBRED —HKIChEELIhhbE L [ —FRLEEL
TN, EHWT, HigEBM AT 7 o v =BT HEEEKD
KAz HEyIalb—Yary Lz, LErLARL, ZTOFET L

TIHEKIERIFARMEA CHEH CE 2, ENHBEKORHKEZ +
DRBTHZENTE o T,

ARETIH, WL LEOEBHEALE L LBECL--ThHorRE
EFTHHELINDIMB LBEHFEMREBETHLELINDLIE; 2D 2 H
T THELET V] ZHWAHZ & T, Fidbd L7zE 4 EE To
ENHEEOEBERBEZZ SO KM EEB 2 RT3 L L b0,
CTOETNTHEBGEGH NS 7 0 VX =1 2B DEHEKORRZE
b EB TEXDHZ L E2RT,

4.2 BEBLET I EEBK

ARECTCHLHEMER 4P O£BH X 1F, F2E TR LE Eq.(2.1)%E H
W5,
AP’ = ({atacut)uu (2.1)
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AT T 4 F =R R IR E LA OB E AP 2 N &
TEARBENHERK AP ORI L HE 2T L FEKICKRAAEZ AN D
AP=AP’ + AP”

=({gt acut)pwu+t %2 v v?
= ({ygt acut)uwu+ llg/Kzuz (2.3)

TIT, vIEBEMERE IR T ORREE CERBERI I LITHRE L
TES> T 2N WREE v COMIZ vvAul2 2BBEND D, — A
HLLET AT B L LBEROKREDELZ & AT LIEAK
PlLégldaBm T—EERE L T WD,

ST HhEELBAECL o CHRBmEICEE T 2HBEENY I
FoTERPD D &V D ERBER RO M5 092088 2 K E
DB LGN EMER (p 2T 2B (LLE, JE#EmD &K
TIEIHEEEAMREE CHREL SN BREMAEI (c 20T 208
Wi (LA B mCEMT)D2H CHERSINTWND ETHHED
ET N EE R D, TOBAKE Fig.4.1 12777,

Filtering Cleaning
Residual dust

N\

Filter cloth /

Fig.4.1 Schematic diagram of filtration model

based on the patched cleaning model
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B BRI B W T % & LB ER OLEE | o458 m T ol
WHE % & % up, uc & T 5 & FUEEE IS xHE T D AREE T HE K I
Eq.23) X W kA THRHE D,

) (4.1)

APc = ({ct acuct)uuc+ APy (U8 ) (4.2)

I T, AP, X%k D Eq4.5) TCEXRIND LHIE B HE u, 128

JOEMER TH D, £, 22 TR o (XIEEEE O LI
KELBZWVWLDERELT—ELLTWD,

ZO2HEIZIWHIEETHDLI B AP=APp= APc & 720 K
AN Y LD,

APp = ({p+ @cupt)wup+ AP, (IEEHE D
m C

E

({pt acupt)pup=({ct acuct)uuc (4.3)
P> T AR OWIRIEE up & ue ODMITITHEBERBE v/
=uc/up DEBNRKY LH MAIIFZENAL D08, KFEAKLE & &
LICHWERmOMERE A ZATEREOEZN VR RY up, uc &
b oup IS, TITRBRBHBELZ Ao, REBHEOH 2 1818 [
DL Ap, BEMEOZWIRBE OmBEEL Ac & L. T OLHE
e e T H L
Ap= g, Ao , Ac= e Ao , &te—1 (4.4)
EREDL . EFR . AKDOUHEELZ Q FEBHM TCOREZ K X~ Qp,
RQclT 5L, @=Qp+RQcMH un FIWATERH D,
Um = @/ A= (QptQc)/ Ay
= Qp/ (Ap/ &) +Qc/ (Ac/ &)
= g Uup +g.uc (4.5)
{p,{c,ecoa, 4 LEHWREE u, 2 EOBEBBRFENBEMTHN
iX. Eqs.(4.1),(4.2)% Eqs.(4.3),(4.4),4.5)DO&ETHEMEHRE 21795 =
ETHEBICBIT OAKENBRRL AP ORKENLEETE 5,
WIZ, NITHERINDOINT 74NV —TOEKEEDOLE 25
XhH, TORMKENEBRLEOBEAX K% Fig.4.2 [Z7- 7, 450 R
WTH (oK EREICEKIT DB EEE up,; ,uc;. Lo 1 %] %
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BELLTWAROLEEmICE T 2WEBEEELY up;, uci & L.
FLIHBEZHBEES LTS ¢ KEZRICK T 5258 EOF 150
25 0 TS RS LI AR TE KT Egqs. (4.6), (4.7) TERE DL H L,
CITHLHEEH B EREEOLEITEKAFELRZV S D LIREL T —
EELTWD, ZTZ2T 13RI IEBEFFM. ¢, 1 THh% & LKRR., ¢ 1%
t,=t— (i— 1) (e, + t,)< ¢, ERE D, &> T, Egs.(4.6), 4.7) D ( )
NOFE2EMNOHEAHTA 2 OB ICHEHRB T 5HEICL D E
HERKERLTWD,

B -1 il ' f
APD,i—(§D+ac; J; uDﬁjdt+ac; IO uDﬁjdt+acJ‘0 up,;dt)u up.i
1
+— 14 y K?ui’ (4.6)
2
y B L S t
Pci= (< ¢ +ac; J.O uc7jdt+ac; IO uC’jdtJracJ‘O Ue, dt ) uuc

+% 1y K’ (4.7)

NHER D RNV AT =y AT T 4 0 Z =128 T, &5
FIEETHY, EEROLHER R QIIKHICHMALRS —ETHDH Z &
2B DOBEAMRB Y SO,
AP = APp,= APp,=-= APp;= = APpx N
— APci= APcyr= = APci= = A Pcx
N N

Rp= Y Qp » Rc= D Qc; » K= @pt&c=const. > (4.8)

i=l i=1
NuD,av: (N_ 1 )u'D,av ’ NuC,av = (N_ 1 )u'C,av

Ui = gyUp,i T EUC,

Uav— &p uD,av+ Ec Uy = const. /

by ds & RERIC (p,Cce , gera, A LA EHOREBEEE u,y, 72 8
DEBR LMD S ThiE, Eqs.(4.6),(4.7)% Eq.(4.8)D 5 F T i
HET LI TAKENDREEAP OB AL ZRHE TX 5,

83



A 4

1:4Py,’ u 0,
[ 1:AP1”
1:4P,’
[ ]
[ ]

Q [ ]
S Apy; u; 0
e
4Py

N:APyy Fuy, N
N:AP”
N:A4P.\’

AP=AP,= APy + AP’= AP. /+ AP

\ 4

Y.

Fig.4.2 Schematic diagram of pressure drop for multi-

compartment bag filter by patched cleaning model

4.3 ZREELHETE

FEERIEE T, FH2ED Fig2l6 IR LE-EBLZ2HFER LEZ, BB
Kicix, B3ZETCHWEmRBEA LYY L LERDE L OVHE# + (Table
3R L -,

4.3.1 FHEMER {c EBBMER AP0 RIE

MmEAM EREZAT ORI, KBEE% DT T VIS 02 e T I8 A
(cH ROTEBLRENDDL, F, REBRTHESIN D AKIE A
R AP 13 EqQ.(23)IZ R T X o2, IEAMER AP & 36w H UL A o B+
B AP” ERMESNEZMHETHD Z L6, TOMBMIEE 4P L 88
HWE u bt OBAKREZROD TEBILEND D,
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HEEHIEM 2RO AT, A2 EEE T ICIRBEEE uc 24 2 TAK
JE IR APc (=APc"+ AP & W E L 72 R % Figd3 o~ T . mE%
GERVIEEREAE Y T RO RKE K 4Pc 1L Eq.(2.3)1 H K
ATRYE D,

APc =({c ux uc + %z v K* uc? (4.9)

Fig.d43 B LW Eq.4.9)0 6, {HEHIEMEI (B LW TR aP” &
TEHEE uc L OMBEREE D,

Cc=4.80x10" m ! AP” = 3600 uc’ (4.10)
HL AEBIRKAKIXTBLIOERTOERTH 5729 Eq.(4.10)1F
KARDOEE vy S 1.2 kg/m®, R 0 A 1.9X10 °Pa- s T fFICHB 1T 2
EHREATh D,

100 —
- | ¢ =480%10"m -
L | AP"=3600u, |
i vy=1.2 kg/m3 d

1 =1.9%10" Pa.s
? [~ -
&

Q‘U 50 T
< = -
- Eq.(4.9 -

0 1 1 1
0 2 4

u. [m/min]

Fig.4.3 Effects of filtering velocity on total

pressure drop of virginal bag filter
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4.3.2 EIREBEOERFIE

.G BBAENPEFICETLIETRELLKE L LEBEEZE
YIRS, TR, BAEEZMHEE LR WIRE TEIEAMICH L AL R
Vv MMXOHEL LEBEEZITY. FEAMOIKE R EAMNELFE
L L, BB 20 EBZINICHNEBLOLEL TV D HEKZ B
ELTCEREFHZEZX L, EFROFIHIT, 77— V7 4 =X —TH
FrEeEIClYHL, %L LBELZITOTICAKENHEK 4P
DM EL +5IC—EIZRDE TERZAMA L. £ ok H LA il
M ME Ui, MEAMEICHEAER Lo B &I, WS TR A T
BERANICHERBICEBEL TS HEZER L THE L., 1 EKFH
Picftfs LB ENORIINEZZ LIS Z LIV RDE, TOD
fit, EBRFEOHFEMIIFESIEDOE 2HLFAKRTH D,

4.3.3 HEGEELRDERFIE

T—T NI 4= —THEEEEMICOYE L, - ERER I LI
NNV AY =2y MCXDIEELBIEZITWVWRD O ARIEIETBEIEK AP
D% ELEMNTORRMEMLS S ICEFLT 2 F THERE Kk
L, ZORMA(BRERE L, AEBRCTHERL-EERICIX
WAAN 2K/ FIT3FHFEBEBINALTVDE I ENE  ERERICBIT D
A= RFA Y MHIT N=3 TEHESATWD, £ Ol mMEIT1
Y70 0518m> ThH b, EMzT7 —ICEd LAYy bid, =
T —EN % 0.65MPa, A% & LR A2 0.1s, 25088 R (B % &
LEAEDI XY BFRENIT 3208 & B E L7, £ Ol o %EERMFIL
Table 3.2 IC/R L7l 7y #HEs O KRB & AR & L7z, #EERIZ B W\ T
BAICHESNT-HERCESS GRERBE c X, BoEKRO X R
WENRTE R W), By EBEER CHELZEAMA~OREE [=
(EMICHE SN ERE) (EHE Lk ERE)] PDERLELTDH
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BEOOLRWEREL T, GERE c o2l EABOFTERE L& H
EE TRM LB M ~OB EROME L THREL L,

4.4 EBRERLER
4.4.1 B EBEOERBRERLEMHE I I 22— a &R

RERL7ZZ3mIKIC oV T, FHIEEEE u, & 2.0m/min & L 72k
3R L7 RIEE K O R Z L i # 2 Figs.4.4(a),(b),(c)IZ F#
Tord, £/, Figdd(a)D g MEMHEZILRKR LTS O % Fig4.5
AT, BEMICIEERNH DN, 3HIEE LEBELFBL LYY
BB CIEAREEDBEERED EFAE[dAP)/ dt]iZ/HhE AR, T <ITKR
S o TR KA Z I 2 o, FFEA&EE & BICTHRITHEAD LT
—EMEICEE T o EH XD, AB LTS Tik.Kanaoka and Yao
QRO 7 TAT v¥azZ2HWEMBIIEBWTHREL WD,

2000

(él) Caicium carbonate
| ¢ =1.044%10"m"'
¢ =0.273
s c=9.56g/m3
| un=2.0m/min

=
&,
~ 1000
<

observed

calculated

@ =3.26x 10" m/kg
calculated

@ =3.26x10"(uy/u,,)"” m/kg

1000
t[s]

Fig.4.4(a) Behavior of total pressure drop for calcium carbonate

by batch filtering operation and the simulation results
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(b)Silica sand
{ =0.426X10"m '
4001 ¢ CZO.378
c=5.05 g/rn3
u,,=2.0m/min
=)
&
QL
< L
200 ..~
AP, observed
calculated
a=1.32x10" m/kg
calculated
® | -132x10°uyu,)" mike
O " " " " "
0 1000
t [s]

Fig.4.4(b) Behavior of total pressure drop for silica sand by

batch filtering operation and the simulation results

800—————— .
(c)Diatomite
¢ =0.424x10"m"' 1
e =0.124 1
c=3.15 g/m3
u,,=2.0m/min
<
&
A 4001 -
<
AP_ observed
calculated
O | 4=3.75x 10° m/ke
calculated
® | —375%10° /)" m/ke
0 1 1 1 1 1
0 1000
t [s]

Fig.4.4(c) Behavior of total pressure drop for diatomite by

batch filtering operation and the simulation results
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10—
Calcium carbonate

| u,=2.0m/min
c=9.56 g/m3

s
=]
A 200
<
Key
. observed i
ARY | extrapolated
O " 1
0 50
t [s]

Fig.4.5 Behavior of total pressure drop for calcium carbonate in

the early stage of filtration by batch filtering operation

Fig.4.5 £ X O Figs.4.4(a),(b),(c)IZ /m T Hiff#h T3] CToOUYF 4P
& AP, X, Eqgs.(4.1)~ (4.5 5 % % Eq.(4.11) & Eq.(4.12) TEHE 5
(Appendix D Z M), KKK LT T /L Tix., Bl L7=MyHEEKEICE
FOARKIENBROZETDH AR T LN TERVWEDEF 4P, X
Figd 52T Ko CRME B roAm LA EERE LI 70,
AP, Figs.4.4(a),(b),(c)IT /T K 9 1T W R 28 {b il ¢ 12 Wi &2 O o
THF LA E LT,

A4 P Zﬁﬂum + APn (4.11)
AP. = (&ly+&cl) #um + APy (4.12)

B E R AP, X Equ(4.10)0x bR D b, P o 1
AP=AP_,+ o c umt u un (4.13)

MHRDH LB TEHHIEF2HBM), 22T, GREE
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BHLE,

TR KV EIERR TOARKEDHE R OFMELIHRL S AP,
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AR L3Sk EDOENBEEIEOFEMEMMBHRNOLRDZ g, (p,a B
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BB EEOEBEBLZLALZTT . EHHEHILICEIE-EHEE TR
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Fig.4.6 Effects of filtering velocity on the fraction

of virginal area
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Fig.4.7 Effects of filtering velocity on the specific resistance
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of filter cloth with residual dust
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4.4.2 HEHFEEEOERERLEEME I =2V —va VR

SyiEER & RIERIC BRBR L 72 3 BRI D W\ T, B o Ul
Upy 7 2.0m/min & U 72 BEIZ M L 72 RAKTE 77 8 2% o I [ 28 1k dh # % |
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Fig.4.9 TIlX Fig.4.8(a)D R HI NV > U LD FERFERIZOW T, #H
Tt EHR I I T D NIEAMIEE (o D Z W T, G o 12 E K
GHEEBEBLESACEHERFEEZZELRVWESG T, AKE LA
KOWRHZLEBICEOREOERNELDINERT, T2 T, &
ElcEEpEECTHELEEE L, EEKGFEHEEBEELLELAGO
LB a3, F3ETHLHmA L7 K 91T Eqs.(4.6),(4.7)% @ kb H Bt

a% a=a.(ulu)? EEVTEMBEY I 21— & iTo72,

1500+ (@) Calcium carbonate

1000
=)
=)
m 1
< H
S ¢/ o/ ¢
500f " :
Key
Uay =2.0m/min — observed
0 =3.26% 10 m/kg calculated
"""" 9 -1
¢=9.56 g/m’ CD=11~0414><(110 m
_ calculate
= i ?_02273. 119 |t aax10n!
2000 2500

¢t [s]

Fig.4.8 (a) Behavior of total pressure drop for calcium carbonate
by continuous filtering operation in 3-compartment

Bag filter and the simulation results
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(b)Silica sand
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< 6 T
200 e :
Key
u,, =2.0m/min —— | observed
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2000 2500

t [s]

Fig.4.8 (b) Behavior of total pressure drop for silica sand by
continuous filtering operation in 3-compartment

bag filter and the simulation results
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Fig.4.8 (c) Behavior of total pressure drop for diatomite by
continuous filtering operation in 3-compartment

bag filter and the simulation results
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Fig.4.9 Behavior of total pressure drop for calcium carbonate
by continuous filtering operation in 3-compartment

bag filter and the simulation results
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4.5 —FEHRELLETFTNLEODLHLHE

2R 8 H TIXREE N VY T MK T D ARMIETIHE K O R
Ao EUME —HLELLETALVICLIHMBEYI 2L —v
a URER E OB (Fig.2.17 2R)x s Lc, RETIE, AE TESR
LEZHEDETAMICEIZHEME Y I a2 —variERErm L,
WeLET LV EDOWRKEIT S,

HMEBLETT ML DHMEY 2 =2 b —3 3 % fFid. Table 2.2 TR
L7EEBESMHEE TRICTAT (e, g0 a, {px AW,
{c=0.048x10"m"’ gc =0.21
@ =3.33x10"m/kg £p=0.978x10"m™

2T, EEECOmMBE R AT RPNV T T LT O E
Up=15m/min (BT 5B ERTHEOSNTMEE L, LTI o X
SETEHEOLNEFEBRAX EqB 1) 6KRD 7=, Cpik. Egs.(4.6)~
4.8)L EW SN2 APpiy (552Pa) b HH L72, 7ok, WHH o 21X
EEE KT H2RGEEEZEREEST ~EHlE LT,
BEYI2bv—va I CX0HELALEAREEDRKRORHZEL
%%%F@Am ZOMTART, 22 ChENBEELOPEIZHERL -
TEHEBBICISEZEENANELDRED HEYI a2 b—Ya VITEFE
B o1.0s O WISBEENEZBE L, B, AMICITHED D —
B EELETANICELDHEMBY I a2 —va UERLMBMRTRL
72

MEDLET NV ER WL A KEEE APy 13 E W E 552Pa (1 %f
L CHRHEAE 553Pa, MIHIEHHE AP IZ DWW TiX, FEMHAHE 266Pa 12 %
L CRHEME 268Pa L WHE TR TCE 22 & o le, £,
KIEEHBEOHEBZLEBHICONTS EBRE & EMITH L —
HLl, 2hED . BHEDBET VIS 7 4V E —DJE KO
WA LEEBZHET 29X TCHAHARETVEF X 5,

= B & [
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Fig.4.10 Behavior of total pressure drop for calcium carbonate
by continuous filtering operation in 3-compartment

bag filter and the simulation results
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Nomenclature

total filter cloth area

virginal filter cloth area

filter cloth area with residual dust

dust concentration based on collected dust on
filter cloth

dust loading on filter cloth

number of compartments

total gas flow rate

gas flow rate in virginal filter cloth area

gas flow rate in filter cloth area with residual dust

gas flow rate in virginal filter cloth area of
i-th compartment

gas flow rate in filter cloth area with residual dust
of i-th compartment

time

filtering time

cleaning (pulse jet) time

filtering time [=¢— (7i— 1) (£, + t,)]

filtering velocity for filtering operation

filtering velocity for cleaning operation

average filtering velocity for continuous filtering
operation

filtering velocity in virginal filter cloth area

filtering velocity in filter cloth area
with residual dust

filtering velocity in i-th compartment for filtering

operation
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[m*/s]
[s]
[s]
[s]
[s]

[m/s]
[m/s]

[m/s]
[m/s]

[m/s]

[m/s]



Uc,av

UDp,av

U c,av

u D,av

& av

4P
a4 P°
a4 P>
4Py
4P,
AP,

average filtering velocity for batch filtering
operation

average filtering velocity in virginal filter cloth
area of i-th compartment for filtering operation

average filtering velocity in filter cloth area
with residual dust of i-th compartment for
filtering operation

average filtering velocity in virginal filter cloth
area of i-th compartment for cleaning operation

average filtering velocity in filter cloth area
with residual dust of i-th compartment for
cleaning operation

filtering velocity in virginal filter cloth area of
i-th compartment for filtering operation

filtering velocity in filter cloth area with residual
dust of i-th compartment for cleaning operation

filtering velocity in virginal filter cloth area of
i-th compartment for cleaning operation

filtering velocity in filter cloth area with residual
dust of i-th compartment for cleaning operation

specific resistance of dust cake

specific resistance of dust cake for u,,

gas density

total pressure drop for bag filter

filter cloth pressure drop with dust loading

machine pressure drop

total pressure drop defined in Eq.(4.11)

total pressure drop defined in Eq.(4.12)

machine pressure drop for u,,
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[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]
[m/kg]
[m/kg]

[kg/m’]
[Pa]
[Pa]
[Pa]
[Pa]
[Pa]
[Pa]



4P

A4 Pp

APy
APc;

APp

(e
b

total pressure drop in virginal filter cloth area

total pressure drop in filter cloth area with
residual dust

machine pressure drop for upy

total pressure drop in virginal filter cloth area
of i-th compartment

total pressure drop in filter cloth area with
residual dust of i-th compartment

fraction of virginal filter cloth area

fraction of filter cloth area with residual dust

specific resistance of filter cloth with residual
dust by uniformed cleaning model

specific resistance of virginal filter cloth

specific resistance of filter cloth with residual
dust by patched cleaning model

machine resistance coefficient

gas viscosity
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ELEBEZORBE Z AL EELEINBRNVESE D DLEE E T
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STWARW, £70, Mori(1979) X% & LEFEZ IR B E 2 . IEAM
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IEELERMS LB LELAICL > THEDORERNEDD Z &
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BXOMATMHENRT T OO TIIWD N BERD B R NEBERO
JENHRROFHIZEOLI REBZRETNITOVWTELL T
L0 mEREIN TRV,

FARFETIHZ AR ELEZEORBRBEZHE E LEBEICKL Th o1
EETHREELEINDIE D EBEEHFEMREET TRE L INDIH SO
2EICHT T THEBELET V] ZRAL, TOHMEIIab—T 3
VEERN B gEEE S X ONEFBEERN AN T o L — I B T DA
JENHEAORBMEFHALABERI KA TET LI 2R,

ARETIE, F2ETCERRILELAEELEMOE NE(ELITEH
NIORMEHOEBEE B EHOBREE u,, L DO m
(= wylug) & upy TR T 2K O Y o JE&EE o o5 #E
ol HENT A= =L L TCHAT D FEE FAECTRRLEZIE
BHETNL]ICHEML CHEmMTIZIT, HEYI 22— 3 v
R EDOHBNOWIEWVWERSFFICHEMNTE, SHICKREKERT
F TR AEERFREEICE M TR AREE DB RITT 28 E
ODEmWHBEXNZEH T 5, £, AMHEXADLHEERE BREE e K/h

CEbLTHEHTEDL L ERT,

5.2 HELET NV EEBEKX

W2EFE2H T, BAIEE AP AT 7 4V Z — |2 ARA KRR
WS LLA DR E B AP % M 2 7o RIKE T K 4P o RE AL & L

T &2/ L T2,
AP=AP  + AP”

=({yt+ acut)uu+ 11 v v?
2

:((d—l—acut),au+%i y K? u? (2.3)

F2ETHWE =B ELLET V] TIH., %L LEBER
DEKEMEZGATEENIEAAEI (o 1 T2BEME T K ERIAL
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oo HABETIH, L LBEICL> CTHEBBICEE T 2HERE
MLGHICE o TERNH D LWV EBRBEMERELO . M5 MHICIE
WHEHAMBEOERE LB NAEMAER (o Z2A T 2BED &, 1
FBIAREE CHELINTEHERFEMERN (c 2 AT 2EEMEC
D2HETHEREINTVWDE LTS BEELET V] 252, T DMK
XX % Fig.4.1 12~ L 7=,

O, NEBE(ERZIEINI)THREIND NT 7 0 LK% —TOHE
B OL G2 ERA(Figd2Z2R). F1=EHE2HhEBLEL T ¢ KH
BB L2 AEEBIEOFH =0 K ER @IS L ARKE B
K FTRICHILT D Eqs.(4.6),(4.7)THRED L H R L=, HL,
M o T B EEOLNICTKFELZVWED EREL T—EE L
TWo, 22T, =T EEFRE., I8 % & LRRE. 1% 5=
t—(i— 1)(t1+ t)<t1 £ RED, > T, Egs. (4.6), W.7)D( )HND
B2EHMNMNOHEAH T A ~ORBPICHEHEB T 2WEICL D ED
HEREXRLTWD,

i1 o, t,
AdPpi=({ptac _[0 up dt +ac)y _[0 uD'jdt+acJ'O up, dt )« upi
j=1 j=1
1 2.2
+E/Z v Ku; (4.6)
i1, S t,
APci=({ctac .[0 uc;dt +acz .[0 u'c, dt +czc-|.0 ug;dt)uuc,
J=1 J=1
+%zyK%£ (4.7)

ZC AU T D 0~ ¢y [ 0 e RS E O R E 2 uy; &g .
0~nﬁ@ﬁ%$ﬁ@ﬁ@¢§%&?&:@fkﬁékﬁﬁéﬁéo

i1 i1 ¢
APpi=({ptac 112@"‘ ac tQZu'D’j+ cch.OSuD'i dt ) « up,i
j=1 j=1

+%zyK%£ (5.1)
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i-1 i-1 ty
APci=(¢c tac tlzucvj+ac tZZ”'c,j"' acj-o uc, dt ) u uc,
=1 j=1
1 2 2

NE(ETZIENY)VER O #EGEER AT 7 v 2 =BTk, %
FEFUYIEETHY) E2EFEOLHERE QIFKHICEMLRS —ETH
52D WRDOBERDBEY D,

AP:APD,]_:APD,ZZ"':APD,i:"':APD,N ™
= APc1= APcr=+= APci= = 4PcNn
N N 5.3
Qo= Y Qp, Qc= > Qq; @ = Qp+ Qc= const. ~ (53
i=1 i=1
N upqy = (N—1 )ulD,av v Ny = (N—1 )”'C,av _J

T2 T, Upay, Upay, Ucay, Ueay IFTEBE DB L OEEE CIlZ T 5
EPHORBHERETHD, T, B/ 20REBEMEE A, KH¥
MEOH DI mOmMEZ Ao, « FKEHE O 2 VIR m O iz
Aci &L, TOHEMBMERZ gt g T2 &

Api= e Ai , Aci=eAi  &te—=1 (5.4)
EREDL, . B IBOLAHAEL Q). FEBEm ToOREL
F2 Rpi,RciltT2L.Qi=QRpitQQc,iMb uilTIANTHRYE D,

ui = i/ Ai=(RQp,itRQci)  Aj
= Qp,i/ (Ap,i/ &) +Qci/ (Ac.i/ &)
= &pUp,i *tEcuc,i (5.5)
Peo T, BB OUWEEEE uasy FTIRANTEYE D,

Uay= &) Upa+ Ec Ugqa = CONSL. (5.6)

(o . Cce a4 L ERLYOREMEEE u,, 70 O EER KM D RE
M T HNnIE Eqs.(4.6),(4.7)% EQgs.(5.3),(5.5),(5.6) D & 1 T i 7
Mt 22 TCAKENBREAP ORI LT B TX 5,
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5.3 EJHHEKXHEBER

AEICTHHE2ELAMBIZ, BB S LEROEZE 1=, Ak &
LEMOELZHENEL LT, FlREEO=E Y OMEEIEE upav ,
uc,av & Upy Uy & D BER & (upav, ucav (X T D Uy, ug;, D57 ob,
cex B AL TENDRER#AGALZEHT S,

T LD, B E DICx L upav & upy® B FR Z  uyy = mp up,av
el STRGIRN

N-1

N
Nup av= Z”D,i = Z”D,i + mp uUp, av
i=1

i=1l

N-1

Yug; = (N —mp ) upav (5.7)
i=1
N1
ZM'DJ: Nup, av (5.8)
i=1

ERFOAETOREL uylug,» —E LIET 5 L. Eqs.(5.7),(5.8)
T %EH 5,

. N
Up; — N—”D,i (5.9)

— mp

Eq.(5.9)% Eq.(5.1)ICMR AT D L kA% 5,

i1 N i-1
APpi = ({ptactu)iu, tact D g,
j=1 N—mp 72
t3
+acj0 Uy dt) uuD,i+%2 y K* ui? (5.10)

ZZTLupi =uy; EPL, BNz i=1~N T TixMa, I
WD O P IR E up oy ST D uy, DM o BEET D LI
W DI L ARERIE B K APy Tk X THRHE S (Appendix E
Z ),

1 .= ) 2
APD - (Dﬂ”D,av +EC¥C/ZM ”D,avZ{N+(1+ 9o )}

2

N_mD uD,av
2
—acu{ t2— (ts— t1)Iup.av® (1 +-22)
N_mD uD,av
1 2 2 c?
+Ez ¥ K2 ua® (1 +7-) (5.11)
u

av
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B, MMEROEICH D 021, BEH OB EE u,, 126
TOHEEOEYEMEE O MMEELLTRLTWS,
ﬁ*%@iif%ﬁﬁCKﬁbf\uc,avk %@E@ﬁf;ﬁ%ﬁ:mcuc,avkﬁ

<&

N-1

N
Niucav = ZTCI: ZTC,"' mc Uc,av
i=1 i=1
N-1
e, = (N —mc) ucav (5.12)
i=1
N-1
W, = Niuc ay (5.13)

[N

G, 22 THLHETCOREL ulug —ELRET D L.
Eqs.(5.12),(5.13) kL W kKX % 15 5,

i, = NL% (5.14)

— mc

WidmDDOHE EREEIC, Eq.(5.14)% Eq.(5.2)I2 1% A L,

i1 i-1
APC,i: ((C-I—QCMZWJ +wc it ZuC,j
J=1 —mc j=1
+ acj-otsuc]i dt ) uouci +% A v K% ui® (5.15)

G uci =ug; LAPIL CIREME C DY IEEEE uca ITK T 5
U, D WMot BT 2 LB E CIX I L AKEKENBEK AP
RATERE D,

2
1 ¢ = 1
APc = Ccmucar + 5 acy Mzmel) ye 2yt (1 +-25)3

— mc uC,aV
2
—acuf tz_(tg—l‘l)}uc,avz (1 + (ZC )
—mc uC,aV
1 2 2 o?
+E/z v K uay® (1 + 2) (5.16)
u

av

y—)—.(\‘
— — N

2
Bo :%QCM{NJFH +-90 )3

— mp Z'tD,av

to— (ts— t1)}( 1 + ob ) (5.17)

2
— MmMp uD,av

— ac{
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2
Be=tacWhzmel) ryy (1 4+ 95 )3
2 N—MC uC,av

Q—Uyﬁﬂﬂl+02) (5.18)

2
— mc Z'tC,av

— ac{

1 2
D=§zyK%1+i) (5.19)

uav

LB E, Eq.(5.11)X g,/ {p & Eq.(5.16)X g/ {c & MHE L Eq.(5.3)
L Eq.(5.6)0 R EH WD LA EHE D,

g AP0 APc_ (@+ﬂ] AP
2 e (o e

- U uav+ V4 [EDBDMZD,av'l'gCBCM%,aVJ—i_D[@—i_&JuHVZ (520)
{pb (e {p (e

4 pP= ﬂua\/[&+&:J+ V44 [gDBDMZD,av+gCBCU%,avj/[gb+gc]_l—DuaVZ (521)
(o (¢ {pb (e (o (e

Z Z C. up,av=kp uav, uc,av=kc uav tkEERTIbEB IR &
X %15 5 (Appendix F & 1)),

yZl-l-%X (5.22)

yexlid, TRECRTERTETH D5,

N 2

GAP+ac,u{ tz—(ts—tl)}ufw 1+ (ZD
N_mD Up,av
y = : (5.23)

Bo ,Uuav-i'GDusv
2 4 EcBc

k
D é,c

Ep Bp

o

k%

B 2
acyiNtc thlujv N+31+ ZD
N_mD uD‘av

X = (5.24)

Bo Hua+ GDus,
epBo 2 gcBc 2
kot kc
¢p Ce
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Eqgs.(5.23),(5.24)F @ G iz TH T,

£o, &c
G=—_%0 Sc p (5.25)
&pBp k2+chc K2
D C
¢o e
T, kp & kT A TERFT Z &0 TE S (Appendix G &2 R),
p— 2_
kD:b— VO™ —4ac (5.26)
2a
k. = 1= oo (5.27)
&

ZIZT.abc FUTERTEKRTH %,

2
ED gDéC 2‘E‘DBCuav §C Bcuav
a=|By——By |u, b=¢,+ + > c=24+ =
éc Ec éc &c &c

5.4 EHBEKX#EGRNEEECIa2Vv—TvaryEFRED
b 8%

A Tk, KX Egs.(4.6),4.NIC KD KMHEyI 2L —v a3 v
R EFEIHIC AL APICH T 2 HHE KB K Eq.(5.22) & @
i Zz4 25, HEYI2—Ya 2BV THWEEBRANT X —
H—C¢p, oo EHBMIER AP X OB EE u,, B N,
TEIRE ¢ Y oEESEMF A Table 5.1 127773,

T, BHEYI=2L—varEITO L XD EQs.(4.6),(4.7)I28
F % 7y WL

ERERJEWEF Ar=1+¢.,108 1A E LI Adt=1,/20
EL M EEMHITM— 1)KHE E nXKHD AP O 2K CTo
BZEN 05U T ot b ERFEBREICATLLD L LT,
B Ialb—ra UBERTHLNZ AP O 2 KT o IL.,

400 Pa< 4 P< 2200 Pa
ThO ERAT 7 4V Z —OEBEHFAICDH D . mp, me, obful, B
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L Glul, BBHEY I a2 —va itk kdbh, AKEY 3
2b—varyEHICBWTIETRROFEBETH » 72,
0.68< mp< 1.26 0.55< mc<0.71
0.0012< g3/uj, < 0.0078 0.16 < g&/ul, < 0.65

HELET AV EHWVWEEE I =2 —va rERO—H %
Fig.5.1 121 7,

N=6 @ =5.0 5 109m/kg
t,=20min ¢ p=1.5 %109 mrl
tt, =5 ¢ -=0.048 x 10° mt

Y c =8g/m3 « =1.93 5 105Pa.s
A Uyy =1.0m/min 0% :1128kg/m3

i AP}, =294Pa  ¢c =0.3

20

= == Auverage filteringvelocity u,,

| = Filtering velocity

-------- Filtering velocity in filter cloth area
with residual dust up

Velocity [m/min]
=
o
I
1

or = = = * Filtering velocity in virginal filter cloth area uc
Total pressure drop 4P

:

:

R S Ll

Pressure drop [Pa]

Filter cloth pressure drop
with dust loading 4P’

i 1 1 1 1 L 1 I:

0 20 40 60 80 100 120 140 160
time [min]

Fig.5.1 Numerical simulation results of total pressure drop,

filter cloth pressure drop with dust loading and

filtering velocity for six-compartment bag filter
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Table 5.1 Conditions of numerical simulation

{o [m™] 1.5x10° £ b [-] 0.7
e [m] 0.048x10° £c [-] 0.3
@ [m/kg] 5.0x10° t1 [min] 10,20,30
uazy  [m/min] 1.0 t1l ts [-] 5,10,20
N [-] 3,6,9 u [Pa-s] 1.93x107°
c [kg/m?] 1.0~ 10 y [kg/m?] 1.128

AP, [Pa] 147,294,588

5.4.1 AEoBBICBITAEARLMABER

Table 5.1 @O JE#E Ik L T, EES R[] 13=0, 13=11/2, t3= £1 I
BUDODAKENDHERKR AP\ , 4P BEX P APryn ODBEY I = L
— Y a VEERE EQs.(5.22)~(5.27)Ic kW CHEE S+ 5 L. Figs.
5.2,5.3,5.4 L7 %, 22T, mp, mc,oblup, B KO ghful, 1% 5
Yial—varyTHELAUTTEEZNR AL, Eq.(5.22)0 #H iEm A A
2060 F i B IC Wiz upi=uy, 8 KV uci= ug, P
L & R T O e, Bk Ol R R E R
LESiebhbsreE3zonsd, 2OoRmAEE 1/129006 03T % #iE
THH, FE2EERFEZH T DKM EHZ M £ 72 8 B X
Eq.(5.28)% FH i L 7=,

yil—f—%x—i—Kth (5.28)

Figs.5.2,5.3,5.4 (2%, Eq.(5.28)0 R MM TRL TH D, =
CTC, talhn BEKE LEHKEY I 2 —va VRER AR R
THEHEL, ROONT-MERE K% t3/ts THBE T % & Fig.5.5 &
720, MBI Eq.(5.29)% 1 5,

K{=6.54X10 3 (t3/t1)°'*"—5.66x10 3 (5.29)
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5.4 .2 mD,mc,o-é/uéyavio‘JZ()“o-é/uéav@mE?J

B LEMOEGHE NE)OWEME D O AP,y (X, Eq.(5.10) & Y

= 1 2 2
ZuD,i HUp N piv +E£7K Uy riv

i=1 —Mp i

ZfF . 22 T Upyay=Upy s Uy oy =y & L T gy =mplp,,
u 2

Sli
L EmER UL uy, =kou, LES ERANEHED,
APD,N,F[N = (é/D +aCNtckDuav):leDkDuav +%2’7K2 (n/luav)2 (530)

B EQALE BN T 3= & LC AR B R &R E B D,

1 Nt —mt 2
AR, oy = Cpttkpu,, +—ac,u"—mD1 N+1+ Oz-D kéujv
’ 2 N —mg Up o

2 2
t k2’ (1+ %o ]—i—%ft}/Kzujv (1+Z—2j (5.31)

D,av

—acu

D

av

AR, gy V& APy W% LW @ T EQs.(5.30),(5.31) 7 & my, (Xt 2
o BB E S5 (Appendix H &2 ),

_/lsz

ac(Nt, —t,) kou,, u, (mD - mz)
1L :UkD
mp = K2
o+ Otc(NtC —tl)kDuav + /4 u,
2k,
2
1 aCkDuavﬂ_ :I]-( /Iy/Kzuav(GZJ
_Z Ao - IZ“; (5.32)
§D+ac(Ntc—t1)kDuav+ /4 u,,
1-m Nt —m_t o2
=N(t —t D |_2t(N—-2m,)+ Nt | ———2LL_2¢t(N—-—m D
o0 22 (=g e 2= g - 25

Eq.(5.32)F Dk id. Eq.(5.26) THM T 22 LRV EHETH D
ENbhy=1 EfiiHE L. 512 Eq.(5.32)D 470 % 3 H & M/
ERETDHE, RO XS ICBILEN S,

2
ac(Ntc—tl)uav—/WK uw(mD—mz)
my =1-— i (5.33)

2
2 ¢h +ac(NtC —tl)uav + Ay K
2u

u

av
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T . ERIWERBERLE, BLOER CEWITHE P, #FNE
NKDOELHIWCERET DL, O~1OMOEE L IZEHRERD,
. ac(Nt, —t))u,,
R = . —4) e (5.34)
§D+ac(Ntc—t1)uav+ 72/,U u,
AyK?
N 2 av
B = — (5.35)
§D+ac(Ntc—t1)uav+ /4 u,
2u

D B, Lt B, ¥ EqQGBIINRATLIERKXNERD,
1 . .
mD:]-_EPDa"'PDA(mD_mZ) (5.36)

X HIZL EQ.(5.30)DAHLD mpDERHEZAHDLD mp ZHERAT D L
m :1—£P* +P 1—1P* +P (m —mz)—m2
D 2 Da DA 2 Da DA D

l * * 1 * 2 *2 2
=1-D B, + By | 1= Roy = m + P, (my—m?) (5.37)

Da

EbH, Py X, 1UTFTHLIILENPORKROFE AEEBHE T D
s Ao Xy icfimibsh s,

mg :1—%1{;& +P, (1—%13;(1 —mzj

:1_%{13;&_213;1 [1—%P5a—m2J} (5.38)

I T miE, F2EELABMTRDEZMEA Eq.(2.28) TR D BN
%

m=1 —%p;{1—p;(1—%p;)} (2.28)
EqQ.(2.28) D P, L P, ICEHEEND (g, ~KERLE L LET LOK
M EqQ.(2.3) 4 EHE 4H O Eqs.(4.12),(4.13) L o B % » B &k

KTERED,
{a = eogptecde (5.39)
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FAAAOHBEZEBEHCIZOAWVWD E XX E2H 5,

1) -« . 1 .
mc=1—E{PW—2Pcl(1—§PCa—m2J} (5.40)

TR, L B FRATERT,

a0

. ac(Nt,—t,)u,,

Pc = (541)
“ AyK?
§C+ac(NtC—tl)uav+ 2
AyK?
. 2# av
Fey = 3 (5.42)
AyK
¢ +ac(NtC —tl)uav + u,,
2p

Fig.5.6 X mlcxt T2 I =L —va iR %E Eq.(5.38)IC
ESWTEHLELDO THY . Fig.5.7 X m 2 xt 3 5 Ffi &
L—Ya URERE EQGANICESWTEHR LEZLOTH S, Z
T.zp & Zc X FROLIICERE L,

JJ
H

(Y

* * 1 .
ZD=PDa_2PDA(1_EPDa_m2j (5.43)
e = P20, (13 B (5.44)

X ES, BEhD LR 2z 2 B/ 78 d & Bim AR (=—1/2)
MBLEDOT NN AELTWD, ZHiE, zp.,2c B/NhSIL D
Eq.(5.32)Ic B W Thky=1 L AW L& Eq.(5.32)D 4% 3
HPB LV Eq.(637V0HFBFE AHE A EE /TR E LT & E
ZHbid,

Bl o ZEH Zp,zc BD/AS VIEBEAIE LT, B, B XV Py 230
EVWNLP,BIXOP, BN RKEVWILEEKRLTEY, BHEBIEL L
T, EEANTA =S = (o, {ct aD/IhSHHEZIEET DY

ERHERLE L LBELITo CHEHRB T 2HERBOE A
KMRKRELBOLRVWE AL VITHEBEBRN KSR EEZ AV
THRHBIEZITOLAICHEE T 2,
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RN ZRIETHRAE»ODO TN EZMEHEZ AW TERT S
ELompE m x5 MBI X Eq.(5.45) & Eq.(5.46)% 15 % .

1 3

mD:l_EZD +03(1—ZC) (545)
1 2

mczl_EZC_O'ZG(l_ZC) (5.46)

Wio, WBED O o2l CHTHMY I a L — g R
% EQ.(5.43) CEFE L -z, 2 WVWCE LD & Fig5.8 L7420,
/AN RETHEEEFEHEKRD D EHBEAKX EqQ(5.4T) 2K 5,

o

2
Z’tD,av

=0.3z (5.47)

AP, "147Pa|294Pa|588Pa

I ﬁZIE:Q s
O_ﬂwﬂm 1 1 1 1
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Fig.5.8 Correlation of ob/uj,
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Fig.5.8 IcBW T, F&AITL T EqQGBANEHEY I 2L — 3 »
REOTNNE SN DD, odlud, O IEFIZ/H S 7z MK
TEH y L x ~ORBIT/NDSSBEITRV,

—Ji. Wi HE C DN oalui, {2 DWW TIX EQ.(5.44)D z, TILEE
BCT&Ehholzled, TRICAT EqQ.(5.48) THEY I 2L — v 3
ViR A FE LM E Fig.5.9 IR, Eq.(5.48)H 5 B & 4R K
T/ RIETRE L,

L‘j'_zé — 1.26[N0‘5 (Pé} )0.75 (Péa )—0.25 (PC*/1 )_0.5} (5 | 48)

av

TR BRATERT,

« ge
Foy = 3 (5.49)
AyK
{eo+ac(Nt,—t))u,, + u,,
c ( 1) 2
10° = o
"| AP "'|147Pa|294Pal588Pa ;
&
8
O
=
(@)
S i
i Eq.(5.48) A‘A
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Fig.5.9 Correlation of o¢/uZ,,
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B I alb—va EEMEN Eq.(5.48) b H I L 72fE &
DFBFRET TI5%TH DN, (1+ oilul, VEDFEHEETE 2
LK 24%E RV BERTER y L x ~DEBET /NS,

5.4.3 AEKENHBRKXOHERE

Table 5.1 OEIFMHICH L THME LY I 2 —v 3 THLA
72 A Pinsim (13=0), A P1ya gim (t3=t1/2) B £ OV A Prinsim (t3=11) & o
ficRDEZ my,me, ctlud, s oblus, P MBI Egs.(5.45)~ (5.48) %
AW TAKEHEELMEBE X Eq.(5.28) THR L 72 4 Pines, 4 Piia st
BERAPrNes B L 72/ HR % Figs.5.10~5.12 {27, F 7.
HeH IR ZE % Table 5.2 @ L BRIC/R T, FIMEE A Py D5 FE D12
WARTRRRE VN, Eq.(5.28)IC I W AKIE B EEZRE L £
T TW5H,

| AP, "|147Pa|294Pa|588Pa ‘
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Fig.5.10 Comparison between simulated and

estimated values for 4P,y (¢3=0)
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Table 5.2 Comparison of simulated and estimated error

4 Pin 4 P A4 Prin
correlated
. o 3.62% 1.34% 0.91%
mD’mC’O-D/uD,av’O-C/uC,av
simplified my=m.=1
4.58% 1.13% 0.97%

2,2 242
O-D/uD,av_o-C/uC,uv_O

5.5 fGEHDHEKIEREX

HLED T, my,me,m, ol lud, & ollul, OWE G LR T HE KM
X EqQGB2) 2 EH LN . EFICEHETHDIZDRXNT A =X —D
DI HE RN E E L,

AKEITIXZ.HE3HTROTLARKE B KL HEGHK Eq.(5.22)IC B
W T my=me=m=1, oglup, =0, oilui, =0 &P L., ffi5EHH#H
KHEEXZ2EHT 2.,

Eqs.(5.23),(5.24)IC B W\ Tm=my=m=1, 63 lu}, =0,0¢/ul, =0 &
R LR O ytxx T ENYE XET 25X EE5,

GAP+ac,u{ t2+(t1—t3)}ujv

Y= = (5.50)

€ (1 'V (1" 2}

—ky ) +—1K

() ()

acyM(N-i-l)ujv
X= 1 N-1 1 (5.51)
ﬂuav_i_iGIﬂ/]/Kzuan

gty

2T, G,ky, ki3 Appendix F & Appendix G IZR T G, ky, k2 B
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W TCollul, =0ilul, =0 my=me=m=1 & LIZZEH LT 5,

Table 5.1 D EH K12 L C AP N, AP1 2B XD APyt 20T
B a2 —va L% Eqs.(5.50),(5.51)IC & 5\ TH#
B L 7ZX% Figs.5.13~5.15 2/~ 7,

RIE E AR, Z R EH ORI Z t3/ts TEHRLEMSREZ
Fig.5.16 I3, MK 6 ., fEEOKMIZX T 5 E J#E KHMHEEAX
AR/ RERETRD D ERRNEH D,

Y:1+%X+K',X2 (5.52)

1
Ky=7.24x107(t,/1,)* =5.52x10"° (5.53)
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Fig.5.13 Simplified correlation for 4Py (£3=0)
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Table 5.1 D BHEAFMFIZH L THME I 2L —v 3 U THLI
72 A Pinsim » A Priagim B L O A4 Peingim & 5 JE 5 &4 B X
Eq.(5.52) THER U 7215 4 PiN esiy 4 P1y2.esis 4 PriN,es: & & o L 72 4
R % Figs.5.17~5.19 2" F, % % O ¥ihE % | Aik O Table 5.2
O FEICRT, ENERLHEENX EQGB28)THRELEL GO EHA
LB MHEERNICEIIBHE Y I 2 —va VEEDER
FE ARV, THEY L my,me,m, G2 luE, s oW, TR
RN S E B KMEE X Eq.(5.52) 1%, EAMAHEENLE VR B,
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MLEns BAETRLEZESER THELILE ¢.0% 0.1~05 D
HWHICHY —EMHTIER WV, T T, g% 0158 LT 0.45 & L
28 D AP N, AP, B X QN APew IOt T 5 5 E h#EEHERX %
=03 DG E LR TIETRKD, g0 ERICEIZMEEAL~DE
BArBiT o, %2 015 BL WM 045 L LB ETOHMY I =
VL—va URREARKEDHE LD EGH X Eq.(5.22)& O ik %
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JE B AMBE X Eq(5.52)0 A 00 H 2HEE TCIHEGNUTH Y | g
DRBIIBR COEE YL XTHFMINATWVD, S HIT, gl &
MEERORE K IR ELZRITL VWL EEZLND, £ 2T,
TOREE K«OBBEOLBIZEI Y FMT 2, HEY I 2 —v

VIE o TR EHK g T D RMEEOLEE K O %
Table 5.3 2/~ 7, if_\Eq(SSZ)EIJO)X%lOk WA
AP\ Z B9 25 YDOEN Table 5.3 12/ Rr L7z Kl ko TEDRE
i D)% Table 5.4 |27~ 7

Table 5.3 Comparison of correction coefficient

in quadratic term of Eq.(5.52) , K%

K%

Ec A Pin 4 Py A Prin
0.15 — 0.0063 0.00057 0.0015
0.3 — 0.0055 0.00059 0.0017
0.45 — 0.0047 0.00062 0.0021

Table 5.4 Comparison of calculated values Y
by Eq.(5.52) with X=10

Ec Yin Yire YrIn
0.15 5.37 6.057 6.15
0.3 5.45 6.059 6.17
0.45 5.53 6.062 6.21
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Nomenclature

Aci = virginal filter cloth area of i-th compartment [m?]
Api = filter cloth area with residual dust
of i-th compartment [m?]
A = total filter cloth area of i-th compartment [m?]
c = dust concentration based on collected dust on
filter cloth [kg/m?]
m =ratio of average filtering velocity of the N-th

compartment just before cleaning operation to

that of all compartments [— 1]
mc = ratio of average filtering velocity of the N-th

compartment just before cleaning operation to

that of all compartments for virginal filter cloth

area [—]
mp = ratio of average filtering velocity of the N-th

compartment just before cleaning operation to

that of all compartments for filter cloth area

with residual dust [— 1]

N = number of compartments [—1]
P, = dimensionless variable defined by Eq.(5.41) [—]
} = dimensionless variable defined by Eq.(5.49) [— 1
E, = dimensionless variable defined by Eq.(5.42) [— 1]
P, = dimensionless variable defined by Eq.(5.34) [—1]
B, = dimensionless variable defined by Eq.(5.35) [—1]
P, = dimensionless variable defined by Eq.(2.25) [—]
P, = dimensionless variable defined by Eq.(2.26) [—]
Q = total gas flow rate [m3/s]
Qi = total gas flow rate in i-th compartment [m3/s]
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Qc = gas flow rate in virginal filter cloth area
&p = gas flow rate in filter cloth area with residual dust
Qci =gas flow rate in virginal filter cloth area of

i-th compartment
@b = gas flow rate in filter cloth area with residual

dust of i-th compartment

t = time

t1 = filtering time

t o = cleaning time

t 3 = filtering time [=¢— (i— 1) (¢t,+ t,)]

t ¢ = partial period time (=1¢;+¢;)

u = filtering velocity for filtering operation

u’ = filtering velocity for cleaning operation

u,, = average filtering velocity for continuous filtering
operation

Uc = filtering velocity in virginal filter cloth area

Uy = filtering velocity in filter cloth area

with residual dust

u; = filtering velocity in i-th compartment for filtering
operation
Ue oy = average filtering velocity in virginal filter cloth

area of i-th compartment for filtering operation
Up o = average filtering velocity in filter cloth area
with residual dust of i-th compartment for
filtering operation
Uc = filtering velocity in virginal filter cloth area of
i-th compartment for filtering operation
Up ; = filtering velocity in filter cloth area with residual

dust of i-th compartment for cleaning operation
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1
U cav

1
U pav

XFiIn

XIN

Xi/2

= filtering velocity in virginal filter cloth area of i-th
compartment averaged over filtering operation
= filtering velocity in filter cloth area with residual
dust of i-th compartment averaged over filtering
operation
= average filtering velocity in virginal filter cloth
area of i-th compartment for cleaning operation
= average filtering velocity in filter cloth area
with residual dust of i-th compartment for
cleaning operation
= filtering velocity in virginal filter cloth area of
i-th compartment for cleaning operation
= filtering velocity in filter cloth area with residual
dust of i-th compartment for cleaning operation
= filtering velocity in virginal filter cloth area of i-th
compartment averaged over cleaning operation
= filtering velocity in filter cloth area with residual
dust of i-th compartment averaged over cleaning
operation
= characteristic velocity for machine
= dimensionless variable defined by Eq.(5.51)
= dimensionless variable defined
by Eq.(5.51) with 73=1;
= dimensionless variable defined
by Eq.(5.51) with #3=0
= dimensionless variable defined
by Eq.(5.51) with ¢3=¢,/2
= dimensionless variable defined by Eq.(5.24)
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[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[m/s]

[—]

[—]

[—]

[—]
[—]



Xrin

xlN

Xi/2

Yrin

YIN

Yi/2

Yrin

YVin

Vi

4P’

4P

4 p,,
4 P¢

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

= dimensionless variable

defined

by Eq.(5.24) with 73=1;
defined

by Eq.(5.24) with ¢3=0
defined

by Eq.(5.24) with ¢3=¢1/2
defined by Eq.(5.50)
defined

by Eq.(5.50) with 73=1;
defined

by Eq.(5.50) with ¢3=0
defined

by Eq.(5.50) with ¢3=¢1/2
defined by Eq.(5.23)
defined

by Eq.(5.23) with t3=¢;
defined

by Eq.(5.23) with #3=0
defined

by Eq.(5.23) with ¢3=¢1/2
defined by Eq.(5.44)
defined by Eq.(5.43)

= specific resistance of dust cake

= gas density

= total pressure drop for bag filter

= filter cloth pressure drop with dust loading

= machine pressure drop

= machine pressure drop for usy

= total pressure drop in virginal filter cloth area
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[—]
[—]
[—]
[—]
[—]
[—]
[—]
[—]
[—]
[—]
[—]
[—]
[—]
[m/kg]
[kg/m®]
[Pa]
[Pa]
[Pa]
[Pa]
[Pa]



Ce
(o

= total pressure drop in filter cloth area with residual

dust [Pa]
= total pressure drop in virginal filter cloth area

of i-th compartment [Pa]

= total pressure drop in filter cloth area with residual

dust of i-th compartment [Pa]
= total pressure drop for bag filter just before cleaning [Pa]
= total pressure drop for bag filter just after cleaning [Pa]
= total pressure drop for bag filter at t3=¢1/2 [Pa]
= fraction of virginal filter cloth area [— 1]
= fraction of filter cloth area with residual dust [—]

= specific resistance of filter cloth with residual

dust by uniformed cleaning model [m~ 1]
= specific resistance of virginal filter cloth [m~ 1]
= specific resistance of filter cloth with residual dust

by patched cleaning model [m~ 1]
= variance of the filtering velocity in i-th

compartment averaged over filtering operation

i to u, [m?/s°]
= variance of the filtering velocity in i-th

compartment averaged over filtering operation

i 10 ug, [m?/s?]
= variance of the filtering velocity in i-th

compartment averaged over filtering operation

Up; 10 up,, [m?/s?]
= machine resistance coefficient [—1]
= gas viscosity [Pa-s]
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Appendix A

Eq.(2.11)D &

(2.10) Xz HiL T 5,

i-1 [717 1
(4P)iv = ({q +actlzsz—|— acty ) u; ) wuiy + Ei v K2 uiy?
=) =
i—1 i—
= ({g tactndutacn Y
—~ ‘

1
u; ) A UGN
1

N-m “
+ %2 v K%uin? (A.1)
22T, BRI ugy = uw, LELL
(4P)iv = { <y +6¥C(11+N]i7 t2) ;Zj‘uj} AT %/Z yKZEiz

(A.2)
1. EqQ.(A2)% i=1~N FTUAMbERAXEED,

i=1 N-—m

N N N o, -1 1 &,
NAPw= Caw Y+ acu(n+on) Yy w))t 2 7KYn
i=2 j=1 i=1

= (dﬂiufﬁ— acu(ty + N t2) Z (Zz ;)

i=1 N-m j=1

acu(ty + N 4 ) ﬁ:*z—i—lig/Kzifz
- u. — Uu.
1 N 2 1 _11

A.3
— 2 5 (A.3)
22T, IR u,, KT D w, ONBEE LT DL,
N
02 %;(u_i_uav)z
N N
:izlz Euav Zi[+_ Nujv
N = N Py
_1&E o,
——Zui —u,, (A.4)
N =
EREDLH, 2T, b REEZ2LERAEED,
N o, i N N N
2 2l /) DI MW Ui
i—1 = - =L -1
= (Nuw)® + { Nun,>+No?} (A.5)
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EQ.(A3) T te=t1+t, EEE, EqQ(AB)ZRATE LUK EED,

NAP;y = {quNug, +%acy Nee=mts) [ (N, )2+ Nug 2+ N o 2]
N

—-—m

—acu M{Nuavz—i-Naz}—f- % A j/KZ{ NuaVZ—FNaZ}

N —m
(A.6)
L oT, AXH o EqRINEE D,
2
APy = Cquugy —l-lac,a Muavz [N—|—{1+0 }]
2 N 2
2 2
— gy Wemmt) 26 L0 }—i—li YK un 2 {1 +2}
N-m u?, 2 u?,
(2.11)
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Appendix B
Eq.(2.23) D & H
(APpiN)y T APEN IZFHEL WD E D, AXH O EQ.(2.22) & Eq.(2.13)

ZEMET L ERANLRD,

1
(é/d+ QCNtc”av) Muay ¢ + Ei VKZ (muav)2

= Conua +Lacy WNemmt) 2ent 1+ )}
2 N —-m

av

—acu

fr uav? (1 +—)+ ; z v K %ug? (1+—) (B.1)

N—m av Uy

Eq.(B.1)DO W % 4 uay, TEID ERAXZH D,

(&4t ac Ntcuagy ) m+ ii j/szzuav

2
=yt Lo Wmmt) Nt (1+ 20y
2 N —m Uy
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f uay (1 +2- )+_z YK ugy (1 +2- ) (B.2)
u
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X512, Eq.(B.3)D AL DE
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2D 5,
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Appendix C

Eq.(3.14) D #E H

Eq.(3.7) & Eq.(3.13) bk K& 5,

A 180K (A P 9
APpowpy _ R [ PpowpsDVJ (p] pa (C.1)
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Appendix D

Eq.(4.11) & EQ.(4.12) D #E H

EQs.(4.1),4.2)IZB W TIEMEBEILOAIZDONWTERD E AP AP T,
AP’ b= ({pt+acup t )Juup XYV AP'p/ ({bt+acupt) =puup (D.1)
AP’ c=({ctac uc t )uuc £V  AP’c/ ({ctacuct) =puc (D.2)

ERED, T T AP pb=4Pc=4AP’'Lt B &, Eq.(45)DEF%E» 5 kA %5
% o

godPo _ , _ &cdPc
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22T, =0 &9 %<&, Eq.(D6) D AILHD Eq.(411) &R D,
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Appendix E

Eq.(5.11) 7 &

Ao EQ.(5.10)% it T 5,
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22T, t. =ttt L E X, EQs.(A.4),(E.2),(E3) & (E.1)ICR AT B &AL
D Eq.(5.1D)% & 5,
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Appendix F

Eq.(5.22) D& H
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Appendix G

Eq.(5.26) & Eq.(5.27)%D & H
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Appendix H

Eq.(5.32) D& H
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