MojMIg 2= WIN sHEBx AX

#wooX

54C-10-7

0/0

T SN

Particle Agglomeration of a Bipolar Charging System with a Control Grid

yaE -

(Jae-Duk Moon - Chang-Jin Ahn)

Abstract - In this paper, an experimental study for method of increasing the efficiency of electrostatic precipitator for
the collection of submicron-sized particles has been studied. An AC electric field was used to induce agglomeration of
bipolorly charged particles. A bipolar AC-agglomeration system, consisted with a multineedle-mesh discharge system
with a control grid, was proposed and investigated. Systematic experiments were carried out to investigate the
agglomeration ratio of the AC-agglomeration system as a function of the different grid spacings and grid resistances for
the submicron particles generated from liquid prophane gas burning. The agglomeration ratios, which indicate the particle
numbers before and after agglomeration of the test particles in number concentration base, were found to be 0.87, 1.80,
586, 950 and, 11.00 times for the particle sizes of 0.3, 0.5, 0.7, 1.0, and 2.0um at applied voltage of 3.5kV, respectively,
which showed that the fine particle numbers were decreased while the larger particle numbers were increase greatly.

Key Words : Particle Agglomeration, Submicron Particle, Bipolar Corona Charging, Multineedle-mesh Discharge System,

Control Grid, Agglomeration Ratio.
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Fig. 1 Schematic diagram of experimental setup.
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Fig. 2 Electrical diagram of particle agglomeration
system and photos.
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Fig. 3 -V characteristics for different grid resistance.
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Fig. 4 Corona current vs grid resistance for
different grid spacings.
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Table 1 Results of the particle agglomeration.

Dp Vac=2.5kV Vac=3.0kV

[ﬂﬂ] Ns NA NA/NB NB NA NA/NB
0.3 | 14,200] 17,807 1.24 | 11,000{ 16.772] 1.52
0.5 730 1,089 1.51 550 1.285| 2.34

0.7. 60 162| 2.61° 46 238| 5.17
1.0 12 490 4.10 10 78| 7.80
2.0 1 6 6.00 1 9] 9.00
Dp Vac=3.5kV Vac=4.0kV

[,’Im] NB NA NA/NB NB NA NA/NB
03] 8200{ 7,112y 0.87 6450 1.219] 0.18
0.5 420 756 1.80 320 226  0.71

0.7. 35 205 586 28 76| 250
1.0 8 76] 950 6 30| 5.00
20 1 11} 11.00 1 3 300

Na: Particle size distribution after agglomeration,
Ng: Particle size distribution before agglomeration.

LREAS oy} mEA

e
2k %%J’Jil —3%/}1‘21 a4 /(b)A 73_—4.

A D Nab AARRNN F@
A 7@ Felth E 19 4

HoXMIg He 434 sNTx|2 AXSH A

Trans. KIEE. Vol. 54C, No. 10, OCT, 2005

4 %% &(agglomeration ratio) Na/Np &2 fzt74e] %
AEFE A Z01EE Ho)FEn, AybHgte] Frtel upet
ME F7lete AL Bo] Fuh A7bAste]l Vac=0kv o,
%, £A&E0] gl BN Vac=35kVe] $3& 8]
Ay AL(Np)E vl 29, Dprt 03, 05, 0.7, 1.0, 18
i, 20me W, JAF og‘%—\: 0.87, 1.80, 5.86, 950 28
o, 11.00ME2 Zz of$ 24 Zrlste e BAET

ol Aol FrietH EUH 1} 2_1 Z7vstA
2[5l wekd, A FE o AARE] Emd, F 4B
A Bt e s olx)7] w (5] "1 otz 49
A7b wd = 9lE Al Zresidual time)o] iAoz #
7 Wi Aoz AlEdd

olde] A B A dx &AW 4 FHe A5
A A 22 nAdA FFEAEA 9 2HHd 5 3
&S HAFE

il

A

o=

R

R R L CEEX
WANAE SHATE w g
$A 8 ALyt AL Aol AT
AR e] Aojuz 24T Aol A
JE Hoﬂ nxe 43e A

g3 ze Az 2o

W) A ATE :
oAl g WAt FVEAY W 2 9

(2) 2 U]H]CQ;(]-, < Q %"32 ZARSE A3, WA b
dxtel dAF &L YAAF ‘?l

A ZFUkste AEE 24 Fu AV Adde AA kol
A&E B FAth AvFESte] Vac=0kV W, &, $3 28
Ve B9} Vac=35kVe £328o] A H4E L
29, Dprt 03, 05, 07, 1.0, 223, 20md o, LA
£2 087, 1.80, 585, 950 =Ex, 11.00M & 22 ZA
e Ho Fol B AoAFTE e vl 2EAS
o

4R 3 PEe W FEF AL wel FAch

[o]

=

ofy oo S
N,

o

zatel 2
o BEL AYAARAN AYT AN Az}
7% AQAddos £498 29U

[11 W. Wang, Z. Zhao, F. Lie and S. Wang, Study of
NO/NOx removal from flue gas contained fly ash
and water vapor by pulsed corona discharge, Journal
of Electrostatics, 63 (2005) 155-164.

{21 H. J. Kim, et al. Ultrafine carbon particles inhabit

| 469



BEPFANEE 54CH 103 200554 108

human fibroblast-mediated collagen gel contraction,
American Journal of Respiratory Cell Molicular
Biology, 28, 1 (2003) 111-121
[31 J. T. Zelikoff. et al, Effects of inhaled ambient
particulate matter on pulmonary antimicrobial
immune defense, Inhal. Toxicol 15, 2 (2003) 131-150.
[4] Y. Kuroda, et al, Effect of electrode shape on
the discharge current and performance with
barrier type electrostatic precipitator, Journal of
Electrostatics, 57 3-4 (2003) 407-415.
5} FRBER > F 7y 7. ARHERE®R, 27-3 (1998)
f6] A Mizuno "Electrostatic Precipitation” IEEE
Trans. on DEI, 7 5, October 2000
[77 Harry J. White, Industrial electrostatic
precipitation, Addison-Wesley Co, INC. 1963
[8] Y. Koizumi, et al, "Bipolar-charged submicron
particle agglomeration”, Journal of Electrostatics,
35, 1 (1995) 55-60
[9T M Alonso, et al
Neutralization of

Bipolar Charging and

Nanometer-sized Aerosol
Particles, Journal of Aerosol Science, 28, 8
(1997)1479-1490.

[10] A. Laitinen, et al, Bipolar charged aerosol
agglomeration with alternating electric field in
laminar gas flow, Journal of Tectrostatics, 38, 4
(1996) 303-315.

{11] J. Kulton, et al, A Blpolar Charge Measurement
System for Aerosol characterization, IEEE
Trans. on IA, 37, 2 (2001) 472-479.

[12] Jun-Ho Ji, et al, Particle charging and
agglomeration in DC and AC electricfields, Journal
of Electrostatics, 61, (2004) 57-68.

[13] M.  Lackowski, .A" Jaworeek, A.  Krupa,
Current-voltage characteristics of alternating
electric field charger, Journal of Electrostatics,
58, 1-2 (2003) 77-89.

[14] S. Masuda and Jae-Duk Moon, Electrostatic
Precipitation of Carbon Soot from Diesel Engine
Exhaust, IEEE Trans. on IA 19, 6 (1983)
1104~1111.

470

[15] HABEWE e, BiEE > F7 7 (1981) 259-267

[16] J. S. Chang, et al, Handbook of Electrostatic
Processes, Marcell Dekker, Inc., (1995)

[17] O. Storch, Industrial Separators for Gas Cleaning,
Elsevier Science Pub. Co. (1979) 199-213.

2 M 9 (X £ &)

g 79 YUY, 19708 FEY A

BEHEAAT) =Y. 1959 B

g ARFSTH ZA(FTH. 1982d
st sty W71 FsaHE .

st AARANAFHGR B

2

4y o oo £ B
" 0}
A oy
2 8

O

Tel : 053-950-5601
Fax : 053-950-5508
E-mail: jdmoon@knu.ac.kr

Fax : 053-950-5508
E-mail: paranshine@naver.com



