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Abstract

The effect of block arrangement has been investigated on the particle deposition in the specified collecting cell of
two-stage electrostatic precipitator by numerical analysis. Recirculation zone existed at the downstream of the
block in the collecting cell, and the particles entering the recirculation zone were mostly deposited on the collecting
plate. Particle trajectory and deposition had considerably different phenomenon according to electrostatic and
inertial effect, which depended on inlet mean velocity, electrostatic number, and particle diameter in the collecting
cell. The total collection efficiency reached a minimum value through an interaction of electrostatic and inertial
effect. In the computational domain, total collection efficiency for the case of two blocks in the computational
domain was more than that of one block at the relative small electrostatic number. However as the block distance
and inertial effect increased, the difference between the collection efficiency of two cases decreased. In the range of
relatively small particle size, total collection efficiency was always superior to particle collection efficiency that

was predicted by Deutsch equation.
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Fig. 1. Schematic diagram of typical two- stage electrostatic precipitator.
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Eond)ol @3t A7)zkg 48 £ 9)d}(Suh and Kim,
1996).

rle o

&t+2
EcoH=“MES (]3)
EpsﬂdecEck
5o de AS, AN AAAD Ho =z
A2t FH4= (migration velocity)E oh23} o)
vleld o} (Hinds, 1982; Crawford, 1976).
gEC,

= 14
! 3rud, (14

DAk 71AAbe]ol] v] T (slip) & melslE Co=
Cunningham BA A p2A] dwid ez &3 2ol
Atg-®oh

Co=1+Kn [A+Qexp(—%)] (15)

o] 7]4, Kn's Kundsens (Kn=2 Ald,)24 7]A¢)
Gl 2ok At AA e ¥ E vehde, Cun-
ningham XA A 52] Aol Fagd APl A=
1257, 0=04, b=1.10]c} (Reist, 1992).
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Fig. 2. Comparison of gas flow field between present pre-
diction and experimental results.
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case (Case 2) and Deutsch law with ug=0.5m/s,

g 71 g A= A 16 A6 x

7d%-¢] Hlal Deutsch Z&A Bt FA AL
7

al
o

271l we} ol2fdt dge] FhAdtE LS F
£ 9o} 2Elr #HAEEUANG A FAe
el A4 0.029 4ol Deutsch E-&4]xc}
Azl g 2 YA EAs= W, HAS
0044 ASel s JehA aedt ol 59 ¢
ols} #A7} sled, & A7l AR 25 ¥
ol HE Z 12¢]ch vl HaxEA R
7ol AM ALl dgfe] olFe] FrlsdElm
A EEL 50%5F 94 E3HA Ad A 29 %
Aed, 2000). 2t 552 EolF ¢ ¥4 o=
H HAEEUARS 317 et & A%, Deutsch A&
Ape ADEESE o A & 5 . spAR
Deutsch &84 A4l gol nl&3)r] mjgel] HA
27} Folxd vl Deutsch Fd-4|Ret Gopx] 7
g 7leo|th aizk e v mA A2 FHol= A
A4t vl2H e 7Sz Deutsch &4 2
AxEgEE 59 + YT EF 5o 2Pz
# §17 el vmA & 7 4ol Deutsch L EH B}
ANEEE ¥Y & US4 5 9

27 8 3lF A4 =sl 20mise] A goln, L
H 74l mlE F9E5=2E A vk Fobskale wet
A 27 7ol AE uhe) Rre), A efske] &
7bated £ Aol W@ AAlEEY Felrt FFadt
Aed 47 ¢ 2 vk =3k 23 79 A9t o}
A7tz BE7EY Frlel wE AAlage] Wz
= B 5 g, #Haggydo] 28T YA A
S Case 298] Aalgge] oS Gopzit. 12 1
H gellM = HAEEUAES YA 2 FF
o] ofske] Frlsle] T A Alels] Axla
&9 apel7} A4S A 5 QU =¥ 1
H BollA AAHS7E 0083 AY-, AA el ¥lnH F
o) Case 26| A& B52HA 0] Z7hgkel wel 289
100%7} == 23} 47 e] viebd v, iz A
A x gl Be)aA 2L E537 2] kel ¢l
E Case 19l S 2E YANA 10029 FHA
EEE Bk

= 7% AAEES Deutsch H84 7 vz
uw, AHM4 0084 Deutsch 840} A &g
o] Wolx)= iAo EA A Helx, A 0022
004¢ A%, FHazgAua 22 A g6l



Ay g e 2vy A2y A Bgadel AR Ege WAE ¥ 651

Es=008
4 G§===~@"--6'-'6'-"9‘—"3—"—"-"'Q—'-"—"-E

| Es=00s s,

(=
P=1

o
P=1

£
(=]
L

Up=2.0mfs blw=2

Total Collection Efficiency (%)
L+
L=}

r
[=4
L

O Cese 1
@] Case 2
No Deutsch Law

o} T

T T T T

0 0 40 &0 80 100
Partticle Diameter (pm)
(a) biw=2
Es=0.08
100{ g0 0-8-6-0-@ 83
~ AN
) 4 Es=004 N
— @ '\.
13;‘ 80 4 B ._.._\.\_.._.._.._ —
5 S Q.
0 1 N\ Tl
£ = ©
w
=4
2 ] .
=1 Y S
9 . .
S
g . u,=2.0m!s biw=g
F 207 O Case 1
8] Case 2
A Mo Deutsch Law
0 T U T T T T T T v T
0 20 40 60 80 100

Particle Diameter (pm)

(b} bw=8

Fig. 8. Total collection efficiency for the blaock distance
according to one block case (Case 1), two blocks
case (Case 2) and Deutsch law with u,=2.0 m/s.

Deutsch &A1 B AF&aEe] 2 U=ty <«
o] 2% 6ol wlsl Fhasteh. 28 TN AY Case
20l BE7tH o] Z713bol wiel Deutsch A8
e} AAlmgol B Yale] dodo] WA o =rta}
A, A 0029 Zfele HangdAdns ¢
He] ARl wla} Deutsch -EA BT &g 22

ARk edofe] A 2%t R s 2y 7
s} v|msled of g}

4.4 £

o dTelMe 254 A7) Alz e yFalse &
AME f3s, MFTA} 3t AR 998 xA
sha, FAE dFeiM e 7148 AFEHY 5T (),
A4 (Es), B2 (biw)y 2 A7 ()€ W2 A}
F38he] BSedel] uhE YRte] ofF ¥ AMEE
of 33t Al vla, FEE $3) HH A2 F
58 stk B deld o2 AAE vigle
2 g3 2L FES 49k
DAEE dd9ez FdHE A = g 2
£ Ave Yz HmA 9P AP E o
B o] o|Foizlet. utetr] 17l AE$pE
A g Ak el BFe] & A A0 BF
o] % sHal Aol wig] FRmEe] b et
g3 el AAAG QT F4=9] £rlz BAHY
qefe] Zrisld Y A e BFe] ¥
el Aol = el Aol gl Axa g} 3z el
T Fagie

2) B3040 Frbe AAY Addd e B
Fo] g sl AL BFo] ¥ &t
AR HE2] zlelE FAAMFIA Ao =E A
Asredd o] £ F A At
A3 el B-Fo] 7 7TQ) 75l vig) &
ol Z7igtell ulel HAEEYAHN ZAHEE=
A4 ADFEE] ] Fepd £ gl

3 AR Aaredd Wl BFo] & Aol 7gs
%] ¥ 7l A$ZE Deusch £&4 s v s)
B, g4 vlmA ALSE Deutsch &&AHc
Axt g go] 1 5ol EAFozd Ve FHa
gAY A E5&2 oA} Deutsch &4
B} g

—_—

2o 24
Hhd =, shA A (2000) 2944 AR Alrl e AR BF3
A Az ARk Ftage] vlAe 9
aF, A=w 7)1 84, 16(2), 165-177.
Chang, C.L. and H. Bai (1999) An experimental study on the

J. KOSAE Val. 16, No. 6 (2000)



652 iz U

performance of a single discharge wire-plate elec-
trostatic precipttator with back corona, J. Aercsol
Sct., 30, 325-340.

Crabb, D., D.F.G. Durao, and J.H. Whitelaw (1977) Velocity
characteristics in the vicinity of a two dimensional
rib, Proceedings of the 4th Brazilian Congress on
Mechanical Engineering, Floriancpolis. Brazil.

Crawford, M. (1976} Air Pollution Control Theory, McGraw-
Hill, Mew York.

Crowe, C.T. (1982) Review-numerical models for dilute
gas-particle flows, Trans. ASME, I. Fluids Eng.,
104, 297-303.

Crowe, C.T. and D.E. Stock (1976) A computer solution for
two—dimensional fluid-particle flows, Internation-
al Journal for Numerical Methods in Engineering,
10, 185-196.

Hinds, W.C.(1982) Aerosol Technology, John Wiley & Sons,
New York.

Kihm, K.D., M. Mitchner, and §.A. Self (1983) Comparison
of wire~-plate and plate—plate electrostatic precipi-
tators in laminar flow, J. Electrostatics, 17, 193 -
208.

Kihm, K.D., M. Mitchner, and S.A. Self (1987) Comparison
of wire—plate and plate —plate electrostatic precipit-
ators in turbulent flow, I. Electrostatics, 19,21 -32.

gz 8] A6 Aoz

Launder, B.E. and D.B. Spalding (1974) The numerical com-
putation of turbulent flows, Computer Methods in
Applied Mechanics and Engineering, 3, 269~285,

McLean, K.J. (1988) Electrostatic precipitators, IEE Proc,
135,347-361.

Oglesby. S.Jr. and G.B. Nichols (1978) Electrostatic precipi-
tation. Marcel Dekker, New York and Basel.

Patankar, $.V. (1980} Numerical Heat Transfer and Fluid
Flow, McGraw—Hill, New York.

Patel, S.N., T.D. Rahmolow, R.A. Kjendal, and 1.J. Meehan
(1985) The effect of back corona in a laboratory
scale electrostatic precipitator, IEEE Trans, IA-21,
935-938.

Reist, P.C.(1992) Aerosol Science and Technology, McGraw
—Hill, New York.

Suh, Y J. and 8.8. Kim {1996) The effect of obstructions on
the particle collection efficiency in a two-stage
electrostatic precipitator, J. Aerosol Sci., 27, 61-74,

Yamamoto, T.and H.R. Velkoff (1981) Electrohydrodynamics
in an electrostatic precipitator, J. Fluid Mech., 108,
1-18.

Yoo, K.H., IS. Lee, and M.D. Oh (1997) Charging and col-
lection of submicron particle in two-stage parallel
-plate electrostatic precipitators, Aerosol Sci. Tec-
hnol., 27, 308 -323.



