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Numerical Simulation of Effects of Corona Wire Diameter on
Electrostatic Precipitator Performance
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Abstract: The effects of the corona wire diameter on the performance of the electrostatic precipitator were numerically
studied. The influences of the voltage and the gas velocity on the removal efficiency for the corona wires with different diameters
were analyzed. The results showed that, with the decreasing of the diameter of the corona wire, the charge density and the electric
field strength atthe collecting plate increased gradually. The charge density around the corona wire increased from 272 uC/m*to 778 uC/n?’,
while the electric field strength decreased gradually. The lowest strength position was closed to the corona wire. With the decreasing
of the corona wire diameter, the removal efficiency of the large and small particles gradually increased. As for the corona wire with
small diameter, the removal efficiency of large and small particles increased with the increasing of the voltage. For the large diameter
wire, the removal efficiency of large particles increased obviously. As the gas velocity decreased, the removal efficiency with
different corona wire diameters gradually increased. The removal efficiency of the small particles improved significantly. The
removal efficiency of 0.1 pm particle improved by 12.3%.

Keywords: Corona Wire Diameter; Electrostatic Precipitation; Numerical Simulation; Particulate Matter

CLC number: X51

L R AR A2 N ] T A Tl SR BR A
T2, HAREARBR AT 3R 5] 99% LA I, (X240 5t
L) B I R RO X AR Y, AR RORE ) B DN,
RTEARK, 558 & A TEA FEY T, X5
NN 195 500 - NS I =7 N T R4bE SO |
WCRL Y B BR80T T R Fo A

LR 2D R 2 A AR VR A 5 A R,
TR | SRS Rt RIS AS B A1,
ZHUANG et al" >R F 256 B 7 VA8 T 400K )

isHER: 2019 -06— 11

HYFFELBRZDRCR, FFHE T H H RO R A R
B2 ., WANG et al' F1 HIROTAKA et all' ]
FH PIV HR M T L BR A 28 N B ARSI E O,
HFR I R S ARG B2, HENG etal™
T BB J7 7%, BFFE T U AR S5 F X 4 1
SO, R IS A R S5 Fa) % L2 i L RN 35 53 A A I
R, FENG et al™ " R HA R T 54 BRI
TRAH, BHUBFIE 1 # R ER A 88 NI 03 A1 OF
5 SRR AT L, S5 R R ABRAE k-e T TR A

EE BT TRAE(1978-), B, it PP, BRI Bkl . E-mail: wijul3@163.com
IR TR, g2 EARNTH L BR AR 2R PERE R M BT (0], ABEARYRL2#, 2020, 46(2): 76 — 80.


https://doi.org/10.16803/j.cnki.issn.1004-6216.2020.02.015
https://doi.org/10.16803/j.cnki.issn.1004-6216.2020.02.015

52 3

EeAE: AL BN i BR AR AR RE R IR AU 5T 77

RES A 4 AU FL SR A A N R Az 3l o KL
iy FL B — N R AR Y B, B4 L 37 1 L AN A
HL 1, LONG et al®™ X 9 Rt A RIFEAT 1 WF5T,
IS LIRA AT, 4P REW R G HIE T Y
o B 559 HIUfT LY Lawless #5575 GRS 7 474 T 00 50
RAERHLER B #w A2 B Ol LU et al'™ FEADUAT
I T LM L BR A AR N B BORLE SR O, 45 2R 3R
B L, S 2RI R 3 T DA 490 40 58 AR 28 AT T R

ARG T B X [ H A 2 LA Y T LB
AV RERE AL, X HL AR AR R M A
XD o AR SCR BB 7 ik TS AL A2k
A0 v L 37 RN BR AR R P R 52 00, ] R A FiL
RSO AN A L R A EARBR AR A S AL

1 TEESR

L R 2 i A A8 U Bl AR T i it 3,
SCEERFIARUE k-¢ frnint R A TR . e 2 5
SRR (UDF), U R s 8% i 1 L2 i i 5 e
PR L RGP B o L 2 T LR B F R TR A T
EI R CIAS RIEW

Vi =—pi/g (1)
V-J=0 (2)
E=-V¢ (3)
J = (u+bE)p, 4

K(1~a)H, o BHETE, Vs p; hy 7 2 B,
C/m’; gy AT HUREL, Fimg J N LT S, A/m’s
E NHIZRE, Vim; b N E TR, m/(Vs); u
TR, m/s. BRSO R T A R,
SEBRBLA 2 TSR RGE A5

WORLRT LR B T Lawless A5, A R 225
& 7 L far H R BT L RS2 R ORI Bl R
Pk B BT, R R T R ) AR R R
JIEH o PR RRL, 71534 7% 18 T Cunningham
B IE R o AT SR 8 it 7 A P DU 3 3 2 iAH
() Bifi AL A0 B R AT AL ORLRLAR 43501 2R 0.1,
0.25. 0.5, 0.75. 1.0, 2.5, 5.0 F1 10 um, ki % & K
2 100 kg/m?, Ok 4 & ok 200 mg/m®, i T HURLHE
FEARAIR, BRHAALI T3 PO 25 R 22 (8] (4 A BLAE
FH UL B BUREX SAR B5] o BEADF 3 B g o A%
TRL AR 4] I R B K SR 3000 A, A [ A2 B0k Y
BRAFCR I (5) .

n; = N;/Ny; (5)
K (5)H, n, AR TRPRAR UL RO BR AR RCR, N, R
ZRLAE FURL B R SEANEL, Ny SRz b AR ORI ) 46
PRIEEEL
LR R 7 P S A R F A 2R 4 A, el
ZRHRIEFE 150 mm, K 600 mm, HL 207 T2 4%
L, ARSI 1.5, 1.0 F110.5 mm. #H 52k
AR LA 1, AAn R SR E S, x
] SR AT
| 600 mm |
yt—> w&%/
megk 7 " \

150 mm

H1 SRRLBENREE
AR AR R 1,
F 1 EBTHRARAR R

(DA ik AR HL A 2 BE ORE
A 1.0, 08, 0.6m-s7! Bp/on=0  dpi/on=0 kiR
B Jaswagi | ¢lon=0  Jp;/on=0 Hkik
HR 2k BETH] 45, 40, 35kV  pi=pw I
WA A BETH] 3¢/on=0  OpiJon=0 Lk

HL37 15k H Kaptzov B, TA A TE L&
HL R, H R 2R T 1Y) L A B DR R AN A, Y
i Peek ARG H . 7RI R SR, 75 K&
i 5] FE 2 R R T ) FEL A 285 B (), DT (RS UL A
B L R IR S Peek AxUITHALER—EL

2 ZEREWE

21 RELZHEEXNESEIZHIE
ML LR B R 1.5 mm B f L R0 P £ 25 2 53

A DL 2
a HJE/AV b AR/ pCom”
. 4.50e+01 . 2.72e+02
4.05e+01 2.45e+02
3.60e+01 2.18e+02
2.70e+01 1.63e+02
. 2.25¢+01 . 1.36e+02
1.80e+01 1.09e+02
9.00e+00 | 5.49e+01
H 4.50e+00 h 2.78e+01
0.00e+00 6.64e1+01

B2 BEMBEZEESf



78

B2 XS RS

546 3

P 2 m] UL, o AEBR AR N S BT o0 A, H
LA F A e, [ DU SR N PR Rt A A
T3, PR TP ey B2 o, 1] DU DO Rl

701 a
—— HA1.5mm

60 —o— 1 4%1.0 mm ‘:‘
o —— H#£0.5mm R =
g0 5 g
i i
30 il
= R
7 20 ®

10+

0 22 "- 1 1 1 ‘V’ =LY,

=300 200 -100 0 100 200 300

WA Al AL B /mm

e 2 Al B 30T FD FEL 37 9 A o B A B PR RE A R
SR R R AR R 2 Al A FL A 2 R MR 3
SR JBE A1 AR LA 3.

800 b
—0—Hf&1.5mm
600
400 -
200
0 == L L 1 1 1 = =
-300 -200 -100 0 100 200 300
WA A A7 B /mm

B3 MELAHAXNBEEZEE.BEIHEESHHEME (L)

Pl 3 n] B, i i JRE M R 37 5 JEE A Wi 4 i Ak
FR o A AR AN BT 50, A5 T P A 0 100 07 5 L o 9
GUEERE % /N R DR P S 8 W A = e
2L AR/, F e 2 E A R 7 00 B AR i K
T 3 B R AR A B R e R LR R . A

—0— HA 1.5 mm
—o— H4 1.0 mm
—— FH4£0.5 mm

B 7 25 B /uCem™

1000

L3758 /K V - m™

Y JEE R R, 756 JEE R84 R, AT R T R B 22 280
A 55

A TR] HL S R AR N, R R R L 37 9 Y
x=0 HAAL B A (TR PE, HUBaR T —RArE
f9 70 A1) WLIEL 4.

—0— H4%1.5mm
—Oo— H4 1.0 mm
—— FH4£0.5 mm

g

g

0

25
{7 B/mm

25 50 75
37 B/mm

B4 BBLAEEMNBEZEEEIFEESHZM (x=0)

MR HAAM 1.5 mm Jg/P 3] 0.5 mm B, 5
T 22 BT Y H e 5 BE A 272 nC/m? A B K
778 nC/m’, HHEK M BE 2R 18 R, 13X A7 A1 T /N ks
AR, UL 4a, HL3Z 9 B TR LR AL R, Bl
T 2 LR 4, R 37 R /)N, R O
Ko BEE L ERBYN, LM n R g
BRI, HIOR fe/IME B AL BT A 2
&l 4b i Sk TR, XN R T0RE A B o
FE WA B 3 5 K DX 3 1 FL 376 5 i P S 2 LA
A/ INTTTHE R, an &l 4b Hp ) B8k fos, XA 1T
URL A B o
22 HBELZEAMWNBRAMERNZI

L2k AR N IR R 2R B8R A s i DL IR 5

B L2 28 AR /N, R [RDRE A 0k Y B 2R
ROCRHRZ WG R (J#] 52 1 10 pm BURLERS) o kL
o FEL AL 6 L oy RN BT FL . OOk LA
Yyfei R 3, oy HL R R B2 LR R . B ARk
FLARI/IN, WA R BRI 55 DX 8 L A i 3 R
(& 4b), XA R TR0k G far B I BR o /N LA
P Har L Ry S, Ay L 2 A7 L i 4 3 R £ FL R[]
PIFENR . 2R ELAR /N, L far 2 BEBE R (4] 4a),
A F T/ INTRL A far AT R o ] Sa 10 pm 45
7 BR 2 SOR B L 2R B AR I/, X R T
45 kV B 10 pm P07 1 BR A 350CR 2k 2] 90% L L,
TR N R 2 B O e AR PR 3 R B A
([l 4b ] Mk ) Zead bl . H 24k AR I/ N,



52 3

EeAE: AL BN i BR AR AR RE R IR AU 5T 79

T K HE 37 50 ) A7 B 4T ) P S 2R AR T, X B )
T UKL A %, BT LA BR 2R SIOR SO 2 R . 24
35 kV B 10 pm B0RL A bR AR RCR A RT3 (60.1%),

100 a
C1HA£1.5mm M
ok COE#1.0mm
I 5 7£0.5 mm
X ]
i o0r
%
< L
. 40
&
20 +

0

01 025 05 075 1 25 5 10
R/ pm
(2)45 kV

HL S22k EAR BN, DA HL o7 5 b 3 1) B 22 UK A
B9 Y FL 37 R B AR T B A A, DT B 2R iR 4
K, WA 5b.

80 b

CI1HA1.5mm

O E#&1.0mm
60 | I 5 4£0.5 mm .

0 -
01 025 05 075 1 25 5 10
RiAR/ um
()35 kV

B5 HELZEENBRLMEZN

2.3 REFRENAERSEEZNHMN

FL 2R ELAR AN TR, R RO R AR R A 0 AL
K 6.

K6 AL, 4 Sk EAR /N, ISR, /Iy
FURLAIURL I BRARCRERIE R, LR AR OR
I, IOBORIBR B RCR AT 8. IO TREE
FERETR, TR SR A5 A ) FEL i 2 R P 37500 P

10072 g 35yy
—0—40kV

80F —2—45kV

B, T RUR A BRASRACR W R . i
TR/ N, FE R DR AT I 8 v P A % B, T P
RS, e % S E AR A b, i B
£ 0.5 mm B}, B 35 H8KH] 45 kv, LKA
HL AT 85 DA 419 B4R F 778 nC/m’, 32155 359 pC/m’,
ML 2R AR 1.5 mm B, B g % 2 AN 121 3 K 3
272 pC/m’, HAEE] 151 pC/m’,

1007 b 5 35y
—0—40kV
80 —2—45kV

D
S
T

b5k %%
3

[
(=

1 O 1 J
0.1 1 0.1 1 10
R/ pm HRLAE/um
(a)HL B £k H4£0.5 mm (b)HL 2 £ H /£1.5 mm

E6
HL S22 AR 0.5 mm I, XU X BR 2R 0% 1
ML 7
Wt A TR /), URLAE R A2 45 P A 455 B
I TRI3E K, A A T RORLAE L 3 AR R T e piz
gy, MR i UKL BR R AR o RIS, 45 B s ] 4
KA HN T/ INURL A B3t FL, DA T /NI R 225
RO P v AR A B o BRI, KU AN [
LR ELAR R BR DRV R AL AR 0, k] 7 s
TSR AR 0.5 mm I A XUGHD BRAX SR )
AL

R EI B R R T

——1.0m/s
—o— 0.8 m/s
—2— 0.6 m/s

1 1I0
AR/ m
7 RUERTBR AR ( BRLER 0.5 mm)



80 IREE LR R

546 3

3 it

1) Bl HE 2k AR 080/ )N, WAL AR P H fp 4% 3
TR PEL L7588 TS T T 4 5 L 3 P L 7 28
SRR, H I RN, FLAR {1 R 3 e R A
T ) L R AR o PR BT R T 2 B DA 272
WA H] 778 uC/m’,

2) B A FL LR ELAR IS, AN [RPRLARAORE (1 R
ZPBYRERIB TG

3) L2k ELAR T /NEE, LR IE O, AN [ AR
L) BR 2R ROR AR B WG K Lk AR KT, K
T [ 2D A5 R B e o d

4) B A RGN, AN AR R 2
AR ARZRIIG T, /INFIUR Bk 2 305 3 %) 44 v A 6
B, 0.1 pm FURLH PR ARORE R 12.3%.

& E X H

[1] JAWOREK A, MARCHEWICZ A, SOBCZYK A T, et al. Two-
stage electrostatic precipitators for the reduction of PM2.5 particle
emission[J]. Progress in Energy & Combustion Science, 2018, 67:
206 —233.

[2] DONG M, ZHOU F, ZHANG Y X, et al. Numerical study on fine-
particle charging and transport behaviour in electrostatic
precipitators [J]. Powder Technology, 2018, 330: 210 — 218.

[3] TU G M, SONG Q, YAO Q. Experimental and numerical study of
particle deposition on perforated plates in a hybrid electrostatic
filter precipitator [J]. Powder Technology, 2017, 321: 143 — 153.

[4] ADAMIAK K. Numerical models in simulating wire-plate
electrostatic precipitators:A review[J]. Journal of Electrostatics,
2013, 71(4): 673 — 680.

[5] ZHANG L, NINOMIYA Y, WANG Q, et al. Influence of woody
biomass (cedar chip) addition on the emissions of PM10 from
pulverised coal combustion[J]. Fuel, 2011, 90(1): 77 — 86.

[6] SIPPULA O, HOKKINEN J, PUUSTINEN H, et al. Comparison
of particle emissions from small heavy fuel oil and wood-fired

boilers[J].  Atmospheric  Environment, 2009, 43(32)

4855 — 4864.

[7] MAYNARD A D, KUEMPEL E D. Airborne Nanostructured
Particles and Occupational Health[J]. Journal of Nanoparticle
Research, 2005, 7(6): 587 — 614.

[8] LONG Z W, YAO Q. Evaluation of various particle charging
models for simulating particle dynamics in electrostatic
precipitators[J]. Journal of Aerosol Science, 2010, 41(7) :
702 —718.

[9] JAWOREK A, SOBCZYK A T, KRUPA A, et al. Hybrid
electrostatic filtration systems for fly ash particles emission
control. A review[J]. Separation and Purification Technology,
2019, 213: 283 —302.

[10] ZHUANG Y, KIM Y J, LEE T G, et al. Experimental and
theoretical studies of ultra-fine particle behavior in electrostatic
precipitators[J]. Journal of Electrostatics, 2000, 48(3/4) :
245 —260.

[11] WANG C, XIE Z Q, XU B G, et al. Experimental Study on EHD
Flow Transiton in a Small Scale Wire-plate ESP[J].
Measurement Science Review, 2016, 16(3): 134 — 141.

[12] MIYASHITA H, EHARA Y, INUI T, et al. Particle Behavior
Analysis in Hole-type Electrostatic Precipitator using PIV[J].
IEEE Transactions on Industry Applications, 2018, 54(5) :
4857 — 4863.

[13] SHEN H, YU W X, JIA H W, et al. Electrohydrodynamic flows
in electrostatic precipitator of five shaped collecting
electrodes [J]. Journal of Electrostatics, 2018, 95: 61 — 70.

[14] FENG Z B, LONG Z W, CAO S Q, et al. Characterization of
electrohydrodynamic (EHD) flow in electrostatic precitators
(ESP) by numerical simulation and quantitative vortex
analysis[J]. Journal of Electrostatics, 2018, 91: 70 — 80.

[15] FENG Z B, LONG Z W, ADAMIAK K. Numerical simulation of
electrohydrodynamic flow and vortex analysis in electrostatic
precipitators[J]. IEEE Transactions on Dielectrics and Electrical
Insulation, 2018, 25(2): 404 — 412.

[16] ARIF S, BRANKEN D J, EVERSON R C, et al. CFD modeling
of particle charging and collection in electrostatic
precipitators[J]. Journal of Electrostatics, 2016, 84: 10 — 22.

[17J LU Q Y, YANG Z D, ZHENG C H, et al. Numerical simulation
on the fine particle charging and transport behaviors in a wire-
plate electrostatic precipitator [J]. Advanced Powder Technology,
2016, 27(5): 1905 — 1911.


https://doi.org/10.1016/j.powtec.2018.02.038
https://doi.org/10.1016/j.powtec.2017.08.021
https://doi.org/10.1016/j.elstat.2013.03.001
https://doi.org/10.1016/j.fuel.2010.08.017
https://doi.org/10.1016/j.atmosenv.2009.07.022
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1016/j.jaerosci.2010.04.005
https://doi.org/10.1016/j.seppur.2018.12.011
https://doi.org/10.1515/msr-2016-0016
https://doi.org/10.1109/TIA.2018.2844209
https://doi.org/10.1016/j.powtec.2018.02.038
https://doi.org/10.1016/j.powtec.2017.08.021
https://doi.org/10.1016/j.elstat.2013.03.001
https://doi.org/10.1016/j.fuel.2010.08.017
https://doi.org/10.1016/j.atmosenv.2009.07.022
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1016/j.jaerosci.2010.04.005
https://doi.org/10.1016/j.seppur.2018.12.011
https://doi.org/10.1515/msr-2016-0016
https://doi.org/10.1109/TIA.2018.2844209
https://doi.org/10.1016/j.powtec.2018.02.038
https://doi.org/10.1016/j.powtec.2017.08.021
https://doi.org/10.1016/j.elstat.2013.03.001
https://doi.org/10.1016/j.fuel.2010.08.017
https://doi.org/10.1016/j.atmosenv.2009.07.022
https://doi.org/10.1016/j.powtec.2018.02.038
https://doi.org/10.1016/j.powtec.2017.08.021
https://doi.org/10.1016/j.elstat.2013.03.001
https://doi.org/10.1016/j.fuel.2010.08.017
https://doi.org/10.1016/j.atmosenv.2009.07.022
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1016/j.jaerosci.2010.04.005
https://doi.org/10.1016/j.seppur.2018.12.011
https://doi.org/10.1515/msr-2016-0016
https://doi.org/10.1109/TIA.2018.2844209
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1007/s11051-005-6770-9
https://doi.org/10.1016/j.jaerosci.2010.04.005
https://doi.org/10.1016/j.seppur.2018.12.011
https://doi.org/10.1515/msr-2016-0016
https://doi.org/10.1109/TIA.2018.2844209

