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Electrostatic Precipitator without Using Corona Discharge
— Discussion based on Collection Efficiency —
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The authors have been studied the electrostatic precipitator (ESP), which can charge suspended particles instead of corona
discharge, to collect particles with Coulomb's force in strong electric field. By the observation of the vestiges of attached
particles on the electrode-plates in the previous first-study, it was confirmed that the particles were collected mainly by the
gradient force and then re-entrained into the gas stream with acquired induction charge. In the parallel plate section set at the
downstream, these charged particles were collected. The collection efficiency of this first study, however, was not measured. In
order to clarify the performance of particle collection, we measured the size-dependent collection-efficiency in this second study.
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Fig.1 Electrode-plate for experiment.
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Fig.2 Layout of electrode-plates.
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Table 1

Specification of test equipment.

Items

Details

Duct
(#1,2,4,5,6,7)

W 121, H 140, L 200 mm (Inside)

ESP duct (#3)

Duct ; W 121, H 32, L 300 mm (Inside)
with slots for fixing electrode-plates

MU1238A-11B (Oriental Motor Co., Ltd.)

Fan (#8) Quantity ; 2 (tandem coupled )
With a variable frequency controller
High voltage | HVa-10K10N/OLTS/100 (Maxelec Co.,Ltd.)
power supply | Max. output ; DC -10 kV, 10 mA
(#9) Ripple 0.01%
KC-01E (RION), Light scattering method
Particle Range ; 0.3,0.5, 1, 2, 5 over um
counter Sampling volume for individual
(#10) measurement ; sample-mode of 283 mL
(per34s)
Wind velocity | Climomaster MODEL6531 (Kanomax )
Meter (#11) |Mode;1 s measuring & 10 times ave.

Voltage meter
& Probe (#12)

Digital multi meter type73303 ( Yokogawa)
Ratio;1/1000 (FLUKE), For high voltage

Current meter
(#13)

Type 201133 (Yokogawa )
Range; 0.1, 0.3, 1, 3 mA
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Table 2 The measured maximum and minimum concentration. % *
( By counted particle number in room atmosphere ) o 6
S
Size of Counted number per 1 L (1 x10° m’) 3 4
Particle Max. concentration ~ Min. concentration = 2
[pum] (ratiotoall [%])  (ratiotoall [%]) O 0 | | | | | | |
5.0 over 0 ( 0%) 3 (0 0.1%) 0 1 2 3 4 5 6 7 8
1.0t02.0 200 ( 0.7%) 317 ( 66%) (b) 4 — 2 2 FEHAE 0.8 mm
0.5t0 1.0 1,927 ( 63%) | 1,087 ( 22.7%) (b) Case 2 :Plate thickness 0.8 mm.
0, [0)
0.3t0 0.5 28,373 (%9f) 3,325 <@Sf> B4 S (R 03 um D 20)
All over 0.3 30,525 (100.0%) 4,782 (100.0%) Fig4 Collection efficiency. (all diameters over 0.3 um)
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Table 3 The range of counted particle number at inlet of ESP. ( Case 1 of plate thickness : 0.4 mm )

Size of Range of counted particle-number per 1 L (Range-ratio [ %] to the center value of range )

particle . m| " N "

[um] 1" measurement 2" measurement 3" measurement 4" measurement 5" measurement
2.0t05.0 7-38 (£68.9) 923 (£43.8) 3-19 (£72.7) 4-17 (£61.9) 5-18 (£56.5)
1.0 t02.0 49-97 (£329) 58— 119 (£34.5) 121 -186 (£21.2) 60—91 (£20.5) 55-79 (+17.9)
0.5t0 1.0 423 -572 (£15.0)| 488669 (£15.6)| 14461921 (£14.1) 768 —883 ( +7.0) 622-759 ( £9.9)
03t00.5 |4,848-5990 (£10.5)5,107—5,647 ( *5.0)| 19,806 —23,373 ( £8.3)|11,081—12,487 ( *6.0)|10,434—11,521 ( =5.0)
All over 0.3 | 5,403 — 6,590 ( £9.9)|5,699 6,387 ( £5.7)| 21,500 —25,378 ( +8.3)[12,012—-13,362 ( £5.3)| 11,166 -12,322 ( *4.9)
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Fig.5 Collection efficiency. ( Diameter: 0.3 — 0.5 um )
(a) Case 1 :Plate thickness 0.4 mm.

15
O st D
Q\c’ A 2nd i
>10 o 3d A
5 ]
c X 4th 4 PR
B o .-
L.% +  5th é_ ____________
S Sy Ave P
-8 3 % .-
§ O 1 R 1 ] 1 1 1
o
S D 1 2 3 4 5 6 7 B

-5
Applied voltage (negative) [kV]

6 HEEsRpek (RfE 0.5 - 1.0 pm)

(a) 7r—A 1 WHHUE 0.4 mm

Fig.6  Collection efficiency. ( Diameter : 0.5 — 1.0 um)
(a) Case 1 :Plate thickness 0.4 mm.

3.4 KIE1.0552.0 umDFLFIC DOV TDEESER
r—=A LIZBT DK 1.0 55 2.0 um DR FI2DWT
DEEFEY 7T IIRT. BEOHIME & 12, LEEH
AT RIS v, RAE 0.5 A5 1.0 um DG
LD L, FEESMN T TOEERD/INTG v FPHE|Z
KELBo>TWAE, (F—=A212BWT b EOMEN %
IRL72) RENKREL o T, BREDEIZHE IR
S572bDEEZ L. FED 1.0 um 2 5 & FHRED
BEEIC A LIE, BEOWREY THLHMEIN TV,
SR OEBAERIE, CNOEFHELTWRVWESZ 5.
3.5 HifR2.09°55.0 umDFLFIC DOV T DERESR
r—=A 1B BKE2.0 55 5.0 um DFTIZDOWT
DEEFRZIIRT. BEOHIME & 12, HLEFEH
FRI LA ECAS N, A 1.0 205 2.0 um D
Btz L, FELEEET TORERDING Y £



210 (56) HEL TSRS B
25 O st
o\'? 20 A 2nd
[ m] 3rd
oy 13 A X 4th 0 &
§ 10 T +  5th 4 X
S Ave. u
™~ 1]
% 5 T A g
A - ]
= 1 b | | | - b= 1
S 09 &
350 1 2 3 8 5 6 71 §
©
O -10 o
+
-15 - -
Applied voltage (negative) [kV]
B 7 HerEspE ORI 1.0 - 2.0 pm)
(a) 7r—A 1 WHAHHUE 0.4 mm
Fig.7 Collection efficiency. ( Diameter : 1.0 — 2.0 um)
(a) Case 1 :Plate thickness 0.4 mm.
35
30
T 25 4 y O
=20 f & |
AT B o« S — 4
L 5T = -
2 0 7 ) L - A I’ Z 1 1
o= . o
G ﬁ g 1 2 3 475 6§ 7
s [ o Ist A
g :20 i A 2nd D
8 25 - 0O 3rd
S -30 F X 4th +
O -35 +  5th
'3(5) r - Ave. [u]
Applied voltage (negative) [kV]
FMERNE M (R 2.0 - 5.0 um)

8
(a) 7r— A1 WHHUE 0.4 mm

Fig.8 Collection efficiency. ( Diameter : 2.0 — 5.0 pm)
(a) Case 1 :Plate thickness 0.4 mm.

FIZREL B >TWAE, (F—2212BW T EEEOME
MAERL7z) FENKEL ->T, BREDTHEIZ—fE
hEENDIDEEZS.

3.6 EEFOHE

r—2A1 (RKE04mm) &7 — A2 (HKE 0.8 mm)
OHH LD, FEPKEL R DIHEST, FEEONT
VENPKELC L, RIS, KES1Oum 2825 &,
WIS K E { %%, ) 7 (R 1.0 205 2.0 um DEEEESR)
EX 8 (RifE2.0205 5.0 um DHEESR) 2R L L HI%E
FCE o TiE, AORERPHENTHD. IR
HEINDZOTERCEIMLTWALEZ L2 ERL TW
b, ZOZ kxR, BELHE) ITRTHATIIZEL IS L
BEbETELET .

X9 %, ESP DGR & fif AR 2, 183 OHY
WLUERIICERE L2 DT, BREIZT VT 7y b

_________________________________

_____________________________________

Energized-plate

B9 MDA T DFRR
Fig.9 Indication of each area in electrode-plates.

DRLFTEHELY) TR aMmeff LTh s, WEJmh
AP S TH S, ESPICBIT AR E T, i K
WA NS Lz2s, 20X )ICTh/ciiEs o
TWh, BELHE ) 1B 2 SmRBEE Y L <A
Bk, FPEMAROM NG T &R 2 g o ) 7
[C-D] (RFHEEBRTY 7) L, BEMEK O T i H
Exti S B EMARD ) 7 [N-P-Q-R] (FRFERR
I T) A, ERR & R ORENMFE L T 5.
— 5T, MEBRKOBEMNTOT) 7 [K-L-M] CF&%
BRTYT7) &, BHEROPRAEOT) T [E-F-G
CESEBRT) 7) 121, HEBN/NS 2380 O EN
HLTBY, REBMEIIFLEL TV, SE 1)
THERLNTWE LI, =7 [CD] IXfFE LK
BElE, xFad % Ui I ASH il L 7B EE S TR L 72 b o
Thl), =V 7T [N-P-QR| ([Ift# LR, Xy
B i HAZHefil L 7o AR L 72 b D THhH %, HI 5,
AFEERT) TIZBWT, WS TR S 7
BEESHAH L, MIAEIZAHEL b, (EL : B
KLF- AR A0, SRR & ) R A E &
HOTHMERICAET S &0 E ™ 2LURT25 &
. INGIEE, BEXM D) IIRTETHRICET
LB RO FF I wEEbNs.) 4RO
FEERIZBWT, 1.0um 22 5 WK & 2RifET, &
DEERPUESNLZZ E1F, (REERRLTH D)
TSI\ ok L 72 SRR /N & T A EEAS, RO s C ok
£, RELHEOWRY & %> THEMREL, MmIcft
EL7-bnEEZONL, 22T, R&ERIWY E%oT
BRI 20T, FEMEEH TS ICEME
2 2 AT E AL, AMEICHE S N T VDS,
FHEATE T O N A BT ESANT5 2B B, o
WESNLZ LR, ESPLHMT 25605 %
ZbNb, ZLT, Z0L)REEC, ADOLEE)Y
NReFTnboLEZ N5, —F, FERRTY 7T,
WAUH AR T, KE LY O ES TR 20
REMEDMR N T, /NS ZBLY) O EE L 2% s
BholzbDEEZOEND.



TS EE AL WiEREERE

AIFE 5L, MO REDY 0.4 mm DO¥E L 0.8 mm
DO E L O ZER LR T L LI TE Lo,

4. fE5R

EEAB 2 EEBH -, Fr v 710 mm THEITHD
H\VW#EWIZT S LCHIE L 72 ESP # K L 72, Btk o
HEIE 04 mm & 0.8 mm O 2FEfHE L7z, oo
BEAFEE L 2 WREOEE (de-8kV LELT) ZHINL,
FNRGAEL JAE 2 m/s THB S, S—F4 27 VY
Y= HWTHRERZHE L. 2ofE, DT
L 7.

(1) Ff% 0.3 pm PL B0 B BT F O 4L EESR X ENINE T
o¥ImE & BT EA L7z KB -8 kv THER
10% 2. e OFIEIIMAA® - 7.

(2) FAE 1.0 um 22 2 K X e EOFEERIT,
WES B2 RE AR L, FHEPHE - 7.

(3) KfE 1.0 pm UL T OEERIZOWT, BOWE)S
04 mm & 0.8 mm O¥GEOHMELRERLHERT L
Lidcanhroi,

SEXM
D FAER, My ONHE L UERE. KE
a0 FREE A L e SRR E - AR O HERIK

cal

HE— . MrEBAEAE:

L X 28 A, 39 [1] (2015) 27

G

2) Harry J. White: Industrial Electrostatic precipitation. Addison-
Wesley Publishing Company (1963)
3) BESAFR HHESN Y N Ty 2y, A= stk (1981)
HERETBEETDER /AR ) =144

4) BRH#E—HL
A HFORSE. HARI 7OV VEEEEE =70 Vg,

10)

11)

12)

13)

FH gHs) 211 (57)
17 (2002) 105
FHHAT R IX4 JFR
(1962) 1218

R HET, SFEFISEELR ¢ & KT - MR o e E
- D 2- [F KT OREEB L OSEAMT /KT OB
KA. HARBEASHERE, 63 (2008) 663

FEE L BRFRFEE TR AL, HELT
0 OVEESEE L7 a VRS, 27 (2012) 357
ARG, B REEY], EORERE, TLEBRE
TSRS B B FIRERPS 11 & T it aE
5B I, R LEE, 43 (2006) 198

T. Yamamoto, T. Mimura, T. Sakurai, Y. Ehara, A. Zukeran and

LR L TR 26

B jit, 7L 5

T~ DL T-

H. Kawakami: Novel EHD-assisted ESP for collection of low
resistive diesel particles. ITPEST, 5 (2011) 151

A. Zukeran, Y. Ikeda, Y. Ehara, M. Matsuyama, T. Ito, T.
Takahashi, H. Kawakami and T. Takamatsu: Two Stage Type
Electrostatic Precipitator Re-entrainment Phenomena under
Diesel Flue Gases. IEEE Transactions on Industry Applications,
35 [2] (1999) 346

H. Kawakami, Zukeran, K. Yasumoto, T. Inui, Y. Ehara and T.
Yamamoto: Diesel PM collection for marine emissions using
double cylinder type electrostatic precipitator. IJPEST, 5§
(2011) 174

H. Kawakami, Zukeran, K. Yasumoto, M. Kuboshima, Y.
Ehara and T. Yamamoto: Diesel exhaust particle reduction
using electrostatic precipitator. IIPEST, 5 (2011) 179

Y. Ehara, R. Nakano, T. Yamamoto, Zukeran, T. Inui and H.
Kawakami: Performance of high velocity electrostatic

precipitator for road tunnel. IJPEST, 5 (2011) 157



