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Two-stage-type ESPs (electrostatic precipitators), which can cope with the fast gas stream like 9 m/s, are composed of

ionizers and collectors. DC high voltage is applied to the discharge poles in the front stage ionizers. Particles passing through

positive or negative corona are charged. The rear stage collectors capture the particles. Since the current in the ionizers is

greater than that of the collectors, the power consumption of the ESPs is governed by ionizers. Although spike-type

dischargers are widely adopted in ionizers having parallel flat-plate structure, the relation between geometrical location of

the spikes, power consumption and collection efficiency has not been clarified yet. In this study, the effect of the gap distance

and the position of the spike tips have been evaluated by comparing the collection efficiency at the same power consumption.

The result implies the conditions to realize efficient ESPs with less power consumption.
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Table 1 Specification of test equipment.

Items Details

Duct(#1,2,4,5,7,8) | W 121, H 140, L 200 mm (Inside)

Tonizer (#3) Duct; W 121, H 32, L 180 mm (Inside)

5 mm-pitch slits on ceiling and floor part.

Type ; Parallel-flat-plates type

Wind velocity rate ; 9 m/s

In case of G20; 3 spike-plates & 4 earth-plates.
In case of G15; 4 spike-plates & 5 earth-plates.
In case of G10; 6 spike-plates & 7 earth-plates.

(b1) ZEEAE EME DHE () ZHENE T E D5EE
(b1) Spike tip to windward. (c1) Spike tip to leeward.

4_‘ X [mm]
=

W [mm]

(b2) A L& 22 oFmE  (c2) JBUT A & Sk oo (X
(b2) Bottom-view of spike tip  (c2) Bottom-view of spike tip

[mm] v

to windward. to leeward.

1 AHEHORAME

Fig. 1 Basic structure of ionizers.

(d1) G20 (d2) G15 (d3)G10
(G=20 mm) (G=15mm) (G=10mm)

(e1) G20 (€2) G15 (e3)G10
(G=20 mm) (G=15mm) (G =10 mm)
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Fig. 2 Test cases for ionizers with different composition.

(d1), (d2), (d3)D% 3 7 —AITHONWT, FHNENSeuaiEEE X
% 40,75, 110 mm & 2L E87-. (LI Z % X40, X75, X110

Collector (#6) Duct; W 111, H 120, L 200 mm (Inside)
Plate ; Thickness 0.4, H 124, L 200 mm
10mm-pitch slits on ceiling and floor part.
Type ; Parallel-flat-plates type

Wind velocity rate ; 2.6 m/s

Amount of high-voltage-applied plates ; 6
Amount of earth-plates ; 6

Gap between adjacent  two plates ;10 mm

Fan (#9) MU1238A-11B (Oriental Motor Co., Ltd.)
Quantity ; 2 (tandem coupled)

With a variable frequency controller

High voltage Model-502 (Pulse Electric Engineering)

power supply Max. output; DC+25kV,25 mA

(#10) Stability 0.01%

High voltage MODEL-600F (Pulse Electric Engineering)

power supply Max. output; DC-15kV,30 mA

(#11) Stability 0.005%

High voltage APH-10K5N (Maxelec Co., Ltd.)

power supply Adjusted output voltage ; DC -9 kV (constant)

(#12) Max current ; 30mA Ripple ; 0.02%

Particle KC-01C (RION) , Light scattering method

counter Range ; 0.3,0.5, 1, 2, 5 over um

(#13) Sampling volume ; 0.01 CF (approx. 34 s)

Wind velocity Climomaster MODEL6531 (Kanomax)

Meter (#14) Mode;1 s measuring & 10 times ave.

Voltage meter Digital multi meter type73303 (Yokogawa)
& Probe (#15) Ratio;1/1000 (FLUKE), For high voltage

Current meter Type 201133 (Yokogawa)

(#16) Range; 0.1, 0.3, 1, 3mA

Digital camera DMC-FX01 Lumix (Panasonic)

Mode; starrysky  exposure; 60 s

LIRS T2, (el), (€2), (3)D% 3 7 —RITHOWVTIE, Fh
FIX50, X85, X120 £ LI /T2, 2 TOFEBR —RIZToON
T, ZERfRERIZITIER LR OB EEE AL,
EEBENN 1WA D &5 ICHINEER L O E B & T
L7z (097W 5 LO3WIZZR D L D ICFHELT).
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Fig. 3 Appearance of test equipment.
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Collection Efficiency 11 [%]

Collection Efficiency n  [%)]

[%]

Collection Efficiency n

X 4
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------------ (-1454
70.0 CISI3.8D " 548 sy g 5
155787 (+1522 66) (1462 ,68)(+15.88,
600 - T (+15.,55 ,64)
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500 —— Negative W | - 4- Negative L

30 40 50 60 70 80 90 100 110 120 130

Distance X [mm]

(a) Gap length “G” = 20 mm (G20)

90.0 V., LA
-1057 ,95
( ) (1072 90 (-10.55 ,95)
80.0 (-10.27 ,100 _
7190 103898 (1097 9)
700 (1 'Sf) _______ (a2 82) (1205 &2)
(+#11.79 ,84) (+11.92 ,84) (+1 1.33 ,84)
60.0 —— Positive W - ®- Positive L
—— Negative W - o- Negative L
50.0 —
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Distance X [mm]

(b) Gap length “G” = 15 mm (G15)

kV, uA)

90.0
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(17.47 133) E+8.53 1 16%
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34)
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- 4- Negative L
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50.0 1 1 1 1 1 1 1 1
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Distance X [mm]

(c) Gap length “G” = 10 mm (G10)

Fig. 4 Tip distance “X” versus collection efficiency

each gap distance “G”.
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E2)723, G20+ X65 THIE STV DHET-2/R7. EEAE
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B 5(b)7 B (N IEMEORET Z T, ZERft R (P)
L HHIBIREN O TRAE LTI AIEDEETH S, THITE
THEREOH T, T 60 I TIRE L=, (b) & (o)ITFER
ST TORIETHY, (d)EEIIFREET Oms) TOKL
EThob.

ADDb) )L, ARD)e)Z b &, FE(A)DC H#hoy
& D 7B I OHEEE)DE By & F EROICRWTC, kTE
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(a) FEMROMLIE
(a) Layout of poles.

P (+203kV)

(b) FINEE+20.3 kV
MR & X

(b) Applied voltage+20.3 kV

(c) FITINEEE+20.3 kV
MR & X
(c) Applied voltage+20.3 kV

in no-wind. in no-wind.

P (+21.0kV) P (+19.8kV)

.

(d) FINERE+21.0kV
JEGR 9 m/s D & X

(d) Applied voltaget+21.0 kV

(e) FITINEEE+19.8 kV
JFGE 9 m/s D& &
(e) Applied voltage+19.8 kV

at wind-velocity 9 m/s.
5 EHEOHT (G20, X65)
Fig. 5 Aspects of positive discharge. (G20, X65).

at wind-velocity 9 m/s.
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®2 ORI LRI DL (G15,X40, 1EHE)
Table 2 Particle diameter distribution and collection efficiency for
each particle diameter. (G15, X40 and positive voltage).

Diameter (pm) Count/m’ Collection
efficiency (%)

5.0 over 3,532 100
From 2.0 to 5.0 35,320 100
From 1.0 to 2.0 190,728 87.0
From 0.5 to 1.0 5,605,284 78.3
From 0.3 to 0.5 113,631,504 69.9
All (0.3 over) 119,466,368 70.3

K3 HEEO ORI D —1F]
(G15, X40, HFEHAEE11.95 kV, EEEHELE 0kV)
Table 3 An example of collection efficiency by ionizer only.

(G15, X40, ionizer voltage; +11.95 kV, collector voltage; 0 kV).

Diameter (um) Collection efficiency

by ionizer only (%)

5.0 over 100
From 2.0 to 5.0 86.1
From 1.0 to 2.0 48.1
From 0.5 to 1.0 23.6
From 0.3 to 0.5 20.4

All (0.3 over) 20.8

DIR—=F 4 INAT =I5 D, BNRKKEORREI
119,466,368 ff/m® (ki) ThHo72235, HIEHROZE(LIC
LT V10~2 {SREOREEH Th o7z, L, 20Ok
FEDEBN IR EE 52 72 h o Tz,

FTo, BEHBA~OBLENE 0 kV & L, HESOHMIE

JE+11.95 kV ZHIINU7= & & ORIERBIERESREZ K 3 ITRT.
HETSOZERALEIL G15 - X40 THD. 03 225 0.5 pm OHL
BROLERERNRIN 20.4% ARV D T, BRI DEREDR T 20.8%
LIRS 2o TS, T CTHEATAEIL 2.0 pm LA EORFE
IZRWTIL, BRI S & X OEBEER (F22R)
EREREVNIRN ETH D, HEMHEMAL, 2.0 pm 2L ED
RRAROBIRIZH LT, 9 mis &0 ) @EESRME T Thbh b
FREE R MEBBIERE A JHE T2 Z L3 BT e o 7.
AR TREA A2 3 @B TR TIZI S L5 DT, fifElc
A7, SRR LY bR T THD. | & fE
FICEBIR S, B RT3 v BB R
DTN, RIFEDOKE L IS BB L i TR
aLl, ZNE9 nys THEL, WEMOMR EICHiET 2 L
VD IBINERR AT o 7.

Gl15, X55

(a) BAROBLE (G15,X55)
(a) Layout of poles. (G15, X55)

b

. G

(c) IS iR D AR
(c) Part for dispersing JIS-powder

(b) %7 s
(b) Appearance of the duct

(d) HrFEHPEMR LI Shz JIS ROk T
(d) Aspect of collected JIS-powder on ionizer-poles
6 A LR T COEREINI-Z X N DR

Fig. 6 Traces of collected dust at windward and leeward

TV R JIS 78901 (ZHIE I IS sRBRK IR 1,8 Fl
(BEH = — 1) H A R TR 2 Lot No.P098003 T 5.
Kifk 5 pm LA ORI AN ERET 6 BlifE S, fisr s LT
Si0, %) 4 #l, Fe,0:#7 2 #l, ALO;KI 3 HEEELHLOTHD.
JIS FRBREA 1,8 FROKIRIT, ZORBEDINLE - T, B

b RNVZERHOBBEORIAE L D KE V. K3 0D, KRk
DOBEEIZOWTIE, HEE COmWEERNREHETE5 2
EDHI LT, Lo C, HEENIC T D 2 v I OEN %,

RLT T B0, Khifko NS R EE A5 2
Nl B

6(a)|Zs S4LD SUS304 Bk (0.41) % 9 BUHE L7-.
R ODH A K1 F 4T IR—C 100 x 36 mm OEHFEO iz,
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BE 10 mm, ZEERHRE 12 mm, ZSE5EHEAA 30 FEOZSE 3
BRI THDH. K 6@IZmT LI, T Ofka S m
IR TFIZm< & D ICAZAICELE LTz, Zef s A 2 o
A1 4 BBl UIESEE 2N 5. Ji R & o 5 otk
I S . AR G15 JoimiRRE X55 TH D, X 6@l Hy
TiE, M OOWRTTZ VAT R AEMIEHRL, &
9 m/s T L7=. X 6(b) & ()i, IS AR EN D,
ZHEKI 200 mg/m’ ORI D L 91247 RO IS
A W TIRAICHUR Lz, BFEERITIEH0kV 259 20 &
BIEIN L, B b~k T DO 2,22,

B 6(d)d, AR LTI S IS RO Ch
% EBEAHINES VB L& OZEITIE P DRt F &
ZOZEENDITIEaa T ENRAT L. —F, Eishz
JEF A & OZGRIZIIN OFLF AT, ZoRENLITAaR
TR AT 5. A A& OSEEOIKEIC L DIEBNT B &8
FZH Y, ATREORENICEHIICHD. b, miF s
JERICHEET DU, IS AR AMAE LTS, A kA
EOZGEDEM (B #8) 1%, HEZERD 9 mis OBRDTZD
ISRz L9 IRz 5. £, B FHE OZREOEN (C
) X, BRI b TR Lz L 9 IcR X D.

ZE A FR T T AT £ D A A v B AESEE ORF Tty
BRABBICE~ThEhiz Y. 77 2 & H5HEE
WRHETA AV MDOF LMD LIZNET, ZOHREITE, A
FURIC LY ARE LTRSS AL, ERETHAN

BTHEEDIRATNTNL LR THD LRtk ST D,

B i3 ge i eimh i mm o m E IS L TWD DT, A4
VRN T 7 AZLBEE S0 G, HEEZERTEME S
Tebo ST 5. £z, C TSRO M X @m0
MEEFRILRDT, A FVRNT 7 A2 KB X0 it
TR, WEEEMMELZEVWR D, B E B &
NI B4 A VR L%, 3D-PIV FEL 2 ) —L v
Tl & & AT L7 3alik &0 28 5d 0, RIERICHRGE
INTNA.

F AT, X DPEROME (G| & 225 X110, | T
M) % 72 5 1F X120) O L HINELIIRTT S, X 235
OFE (e E L& 22 51E X40, JBFEE 72 H1E X50) D
B L HINEEESEE L O DTHD.

X SR D BN 1T T DM H 52, GIS &
G10 DEED=ROW A DERE 1F-33%TH D, UKt
L, G20 2B DEKMEN 1E-5.0 2 BH-14.1% E K&EWV. X 23
WA TR OEINELED LHS AV 275 &, GI5 & GI0IZER
WTERAR 150 V THHDIZXL, G20 TiE 540 265 1,340 V
EREV. UL, XPRELRD L IW ZrD7201Z, HI
IMETE EHIEHIVENS DL L AR LTINS, FIEET
X ZREL T D LIHEERPBROEHEEZ XD, M1 1HH

F4 EEX-HEXBOMEOAELLEEDER
Table 4 Imand IVoltage between max. X & min. X.

G Voltage polarity & Tip direction | I /IVoltage
(mm) (%) V)
20| Positive Windward | 611 340
20 | Positive Leeward | 2304 70
20 | Negative Windward | D4l 1340
20 Negative Leeward -9.1 910
15| Positive Windward | S5 140
15| Positive Leeward | DLy 100
L 13| Negative Windward | 330 20
15 Negative Leeward - 12 100
10| Positive Windward | Rt N 40
10 _ | Positive Leeward | 05 - 10
.10 __ | Negative Windward | 01 ] 150__
10 Negative Leeward - 15 90

LRI, XERELSTDHE, ZoRIHD DHEMIBIR D
BT E COMEE (LB, Zol#t4Y &35, Y=160mm
- X OfRERD) BEL D Y BENWOT, anTkE
THA LTeRURA A DS BEHIRAR 1T B L 72T, BV R ISR
INTOLEIGHZ, TOMRE, KHEBRNBDOTHH0
EEZLND. ZOREBETXHNREL DL EIHLY »3E
K7D L) MEBHRNED &V BISN, G20 ThbBHEIC
Boiicizs, G20 TOHIMEED EREAV BREL 72>
7. G20 TIFHVMEENSKE HER 223, BIXIW —iEL
Lo DICHEEIRIIRE <Y, TERESBIKT LERES)
ROBPPRHREL RolebDEERD.

TIE72E G20 TOEAUIERKE VNI ONTEZ . G20
1% G15 R° G0 IZHATHRR (FFv > 7)) D3RV ARV
& v T TR LR A A D BRI EZE L CRiF
WY HANS, BRI L BT OEMEERICESTLE
FEIGNEZDEEZDLND. SR DE, G0 DHAIC
i, R & Y bR ORFETEERA R E L2 H TH A
9. REA AU BT OIAFEFIRICIT ST L E S FIGH
W2 % & BB OB T A AT - BRE (K123 T
B SN IRFERIRANED = L2 EWT 5. Ko THEED
BT ATOIE, BEE LR LTI bk, L
ML, ZOREBITMEICET S B <, anFEEonEE
NEMERFT DL ZERL, BE~OMEDFEIMEN 1)
BRI Z R L TWD Z &b, o7, G0 DA,
BED LFIES, LEDHROBIEGRELRDIbDLEER
bn. B FOREREEY, S OIZROFILTAICE < H
I, EESREEEOLMEITE BINEL R bD L
M= 5.
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EALEEGE 9 my/s O BB KR EEREIC
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