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Two-stage type electrostatic precipitators (two-stage type ESP) are widely used for air cleaners due to
high collection efficiency of submicron particles and low ozone generation. Collection efficiency of two-
stage type ESP is affected by corona discharge, structure of collecting section, applied voltage, particle
diameter distribution, condition of flow field and efc. Flow field is affected by the structure of the device,
gas velocity and ion wind generated in corona discharge section. The net electrodes are often set in
corona discharge section of two-stage type ESP for air cleaner, but the ion wind in the ESP with the net
electrode has not been studied. This paper describes the experimental study on the ion wind in duct type
ESP using simulated corona discharge section. Flow field was observed with Schlieren method, and the
gas velocity was measured with the hot wire anemometer. As a result, there are 4 patterns of flow field
according to the net electrode position. The flow field with lowest turbulent velocity was obtained by
addition of net electrodes at upstream and downstream side of corona discharge wire. The most turbulent
flow field was obtained by addition of a net electrode at upstream side.
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Fig. 2 Characteristics of corona current of the duct
type ESP with net electrodes at upstream and
downstream side.
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Fig. 3 Flow field in the ESP with a net electrode at
upstream or downstream side L=50mm.

FE22%K HESE (1998)

2. ZOW, SWEROZRBEICL 5T 0TS BE~DEE
WIhE v, S, ZOBEDOSNEEBRATEN A BHRIE 1
HE720 D3 5 0.02mA/m IZHBE o7

222 WEHORNZOFHL
GBS RE L2 VBEDY 2 — L VBT LB 5
S LB WMOTHE, HINBEE/1S5 A -8 L LT,
B 3 () WORT. &8, BEEEFLTPRE (y=0mm)
25 FHEARERAE (y=50mm) FCOMPBAERLT
Wh, TAEEE 1.0m/s T, HrSEANHLTVA,

I 0T REBBEANOENEES 0kV OFFZIE= 27 T Ak
MBEDFZEI RS WT, FHUIREE I TIRIRERIC
fihsd. EINEE%: LiF5E 15kV (024mA/m) 5%
POHWNDEID . BERD_EFHMA CIERBERICIH - T
FlEaM 6N, FHRATIEFERERICHD? 572, 25kV
(1.01mA/m) TlkaaFHBIZ L2 RENDBEIK
&Y, BUEMET OAR BARL A CIL il a8 & .
SRR L) RAGICEASE T TEY, 25kV TiE
BOERR & ) THHCEADOBESFEETH 5.

SAIEME L LM 50mm (L/D=1.0) 2R L7-5a
DYa2)—VEEEZE 3 (b) WRT. BT (net..)
DEFAESHIE 1| L Y SN BREEZRT. 48
BAREIHCH DT HNTVE720, RTIER{E->Tw
SHEETE 1mm UTOEARTHS. HIMEE 15kV
(033 mA/m) FHEDSEHENICEHlEbIS, MR
12 & 2 WAL SRR 2 8 X CERER IS o T
5. CORERBBLEE TON AEE XN LT3
(223 8R) . ThidanFBRITAREE TR L,
RO LW ERIC DN T, 2HOBRBES S
PRI 7D THE, FDOIDEH A4 VEAD
HENFRANIEZER SN D, AR OEBERINIC
L OFRBBARANORELERT 2 &, SHWERE LM
IRETHORFFE L 2VWEEZLNS,

SR THM 50mm (L/D=1.0) I23E L2
DY )=V yEREM 3 (c) [RT. LM EHEE
Bz BBELASBASEHEBICEMELE 15KV
(033mA/m) FEPSHENCEMIBEHbIE, a0
TEATT A DBedth U7 SHE I D, W ORI
TR BHRIESL PRI (y=0mm) KZMIFTEE -
TWwb, ZOR, FERT RN CERERLE CF A EE
BB 5T BOIR L, PR REIEE %o T
5 (223 2R) . TRAOSWERICHENS 20 - B
G ERAICERBEBEI S 2 HELIFLALRALTHS T,
cHEMLT FHREME THEMOMYE £L = 50mm
(=L/D=10) CHELIHEO V2 ) —LVEERF 4




SRR DR PR B SRR ERE DG RIZ T

(@) 1Z7RT. ®WT (one net..) DBEIMEIIEHEMRE 1K
L IZHNABIRETH S, 221 TR L ) lcan)
BIILBCERR T o0 U CPARER & SR 12285
KHRRTBY, 3o BREES M EEICHECRET
BN HEOH AR EZELONS,

SHEM Z TN ERE LGS, 14 YAOHRNE~D
BRI MNE {, BED 30kV ORTHEHINER
0kV O R IEIIEITPAER & FAT I 5.
Z ik, o EE OBE RARICKTE ST A A ¥ BN
LI EFT DT ADBIEDA 220 A F » BAMEE I
LblHEEZLND.

SHEBROZENE L OFEEK 4 (b) , () IR
4. (b) ExL=75mm (*xL/D=15) , (c) &=*

[=95mm (£L/D=19) ONEOBHEDERHKRTH 5.
L 7% 95mm PLETIXSREM % H#E L 2WiEE ORI

FERELTHE. BMOauFBREELN A 4 Y EOE

BLRETHH, +L/D=1.0 OBEITEILBBTENIEIC
RizdanriEnwEIL %R, £L/D=2 BEJLET

RAEEA~O T 0 FERRDTHTH Y, FAULE T
WEBROBEITE
Net  Corona discharge wire Net
) \ /
[}
f] 0w
<
= ‘L
30kV
total 2.5 mA/m
(one net 0.60 mA/m )

(a) Flow field with nets at upstream and’
downstream side +L=50mm.

N\et Corona dis/charge wire Net

(b) Flow field with nets at upstream and
downstream side +L=75mm.

Net Corona discharge wire Net

total 1.06 mA/m
¢ (onenet 0.04 mA/m)

(c) Flow field with nets at upstream and
downstream side +L=95mm.

4 LEHMAE TFTROMS £ L=50mm |ZE&HEBE
BH BGE DTN
Flow field in the ESP with net electrodes at
upstream and downstream side =L=50 mm.

Fig. 4

(EEARIE D) 265 (39)
223 HARABESHEEFRBESH
Ta) =L EEE VBN Lo L F C&FTTY
AHBESA 2 WE LT, I A SR B EERT T 1
HHOTH A AREELZRT. BEBOTH 100 mm DAL
BTOTARESMER, 5 \ORT. BELZHNL Z2WE
AWKz b7 o TEIZH—IZ 1.0m/s THRALTV 5
SHEERELORE (K5 @), Y2 -V VYEHE

Tk 15kV 2OEMAXTHDbDRLOIIIH L, 20kV
(064mA/m ) W ETEAITEbNR B, 25kV
(1.01 mA/m) TEFHWBBEEOREIT T TS HEIC

A& VRO HBEML, HIRE (y=0) fﬁLquxé.

SRR E BEBRD LHM 50mm (L/D=1.0) CEE
Lizia (s (b)), Y2 )—LVrEErLEESH
3 L9102, PRBBEEOREE, aurHEICLS M4
VRO 720 EIEIE AT 1 B R B, g 5.
EIIIEE V=25kV Ok, FREBEBOEE, S y=25mm
FTM16m/s THb, SHIHERIEI LEHE
BWHEL, FRE (y=0) T 04m/s TH5.

SHEE Y HEMRO THM 50mm (L/D=1.0) IZKE
L7z%a (B 5 (¢)) , 14 YRADKBE TR
(y=0) THAFBRIEINES N, FAEMBITEE TILRE S
5. EIINEE V=25 kV TlkrRggif (y=0) THAHEE
W 1.53m/s 1275, PAREBICED I HFIGE
L CERBETE (y=45mm) TiEH 05m/s THolz.

SHEEME % LHRAB L OCTRAOWA £L=50mm (*
L/D=10) ICHBELAHE (K5 ) ) , &% ERA
DS HIE LI a2 FUIO &I Bl LB &I T,
O 0BT A RES AN DOREIES TR E V. EI
BE V=25kV O%E, #RT l4m/s TH 5D,
y=20 mm 25 PALBIGLEE £ CH EHE LRI Twikw,

I A G e LR IS R8BS B it e
FNTVR 5., R TEPHREERE 108 L, TR
TEPE RS & P AREDEDEME (rms) %RDT
BLREE L Lz, FAREICE AR RS E, ]
PTOHREMRICKE (EET2EFTMONTNE 210,

EHBEBEIZELASES, a0 HEROTHMA
100 mm OB BT AETRBESA LK 6 1[ZRT.

B2 HN LR VIE, PRERTEORS W/l
FRV THELALITRED T/h 3w,

SHEEBELOSHE (K 6 (a) ), 20kV THFHY
AEEDATEEAAENA, GREE LY 2 -V VY ER
ERC LI, 15kV 220 8L, WEESETIEFR R

(y=0) THENDELRE .

EREHS EFHEME 50mm (L/D=10) 2H55HE



266 (40) BERESG
16 '
1.4 [
12 |
. T
208\
g . —- O kV
E ' —0— 10kV (0.03mA/m)
g ——15kV (0.24mA/m)
O —o— 20kV (0.64mA/m)
—- 25kV (1.01mA/m)

10

0 20 30 40 50
Position y [mm]
(a) Without wire net.
1.6
14 |
— 12}
w
E 13
£ o8
= —o—10kV (0.07 mA/m)
8 o4 — 15KV (033 mA/m)
02 | ——20kV (0.78 mA/m)
'0 —x—25kV (1.34 mA/m)
0 10 20 30 40 50
Position y [mm]
(b) Upstream side L= 50 mm.
1.6
1.4
12
vl
a1
208 —— O kV
206 [ —o10kV (0.07 mA/m)
£ —_a-15kV (0.33 mA/m)
8041 20KV (079 mA/m)
02 | —25kV (1.35mA/m)
0 1 1 L 1 i
0 10 20 30 40 50
Position y [rm]
(¢) Downstream side L= 50 mm.
16
1.4
1.2
8 16
F08 1 o okv
S 06 —o 10KV (0.08 mA/m)
% 04 [~ 15KV (0.49 mA/m)
1G] L —-20kV (1.04mA/m)
02 - — 25KV (1.77 mA/m)
0 . . . . )
0 10 20 30 40 50 .

Position y [mm]

(d) Upstream side and downstream side =L= 50 mm.

5 SHEBARD A RES AN DIGE
Fig. 5 Gas velocity distribution in the ESP with net

electrode.

HE HESHE (1998)
50 -
— ——0kV
® a0 -o—10 kV ( 0.03 mA/m)
B —=—15kV (0.24 mA/m)
Z i 40— 20kV (0.64 mA/m)
g 30r ~»-25kV ( 1.01 mA/m)
; L
g 20
2
5 10t
H -
O 1 - 1 1 1 i)
0 10 20 30 40 50
Position y [mm]
(a) Without wire net.
50 -
& 40}
f=y -
g 30+
k=] x—%
8 o0 T e 0kV
g o 10kV (0.07 mA/m)
E| —- 15KV (0.33 mA/m)
E 10 —-20kV (0.78 mA/m)
i 25KV ( 1.34m A/m) —
9% 10 20 3( 40 50
Position y [mm]
(b) Upstream side L= 50 mm.
50 -
| —e—0kV
= 40 -0-10kV (0.07 mA/m)
B ——15KkV (0.33mA/m)
& —0-20kV (0.79 mA/m)
g 30r o x_ 725kV (1.35mA/m)
=
w 201 X X
g s
Z 10}
= L
=
0 1 1 i 1 Il ]
0 10 20 30 40 50
Position y [mm]
(¢) Downstream side L= 50 mm.
50 -
- —-—0kV
— 40 | —o—10kV (0.08 mA/m)
® L —2—15kV (0.49 mA/m)
& 30l —0—20kV ( 1.04 mA/m)
2 —25V (1.77 mA/m)
g .
g 20}
Q
(5]
g
=
£
5
= T '
0 10 20 30 40 50

Position y [mm]

Upstream side and downstream side ==L= 50 mm.

SHBEBOELREEICS 2 58
6 Distribution of turbulence intensity in the ESP

wit_h net electrode.

6




eAY R O ot AR B S

(B 6 (b)), PARERLEEORTHEEIL, 207 REC
L4 VRO HZEHEEKICDI o THMLTW 3

FUNERE V=25kV O%E, FRE (y=0) 225FHK
TR ITEE T IAN LR (R L, SPAE AR Tl
D 40 %Iz ELTW5,

SAEWATHM 50mm (L/D=1.0) ZH 254 (K
6 (c) ) , PAEABLEEDICIEETINEE & & b IZHLIER
BEBmLCwa, HINEE V=25kV O%4, Wimmch
J2o T, #9110 ~20 %¥EMLTW5.

BB LRWB L THRMOM S £L=50mm (+
L/D=1.0) 2% (K6 (d) ), &M% ERMOA
IEE LG ER T RMOMRICEKRE LG ERT, o
O R O BLIR R 5 1 BT TR TR &, El
MEE V=25kV OHE THRHIC Do CTIEITH—T,
K5 REETH 7.

AT, 2 B ESP Oau S BUERICSHER Y
WETHZ L CREREN EPRES T 28 2h
I EAUE, SREESIEER & S EBO R OB L %
5. AT FBERICHT 2RI, SO & R
FERC, HEEE T IRV HERRIE A 2 ), BRICR AN
BOrH5 L9 Thsb. SHEMD 2 KA ESP O FEFRA
AT BE LCiE, auFBBIZLVEL LA F YV ED
WELDANZ, o BEERRER 022 M EREE S A D
B S ENEIBNT LI EDELLND. o T,
SHIBMIC L 2 RENEOM L2 R THEE 0 2
DOERFZRBLTRDBRITNI RS2V THA ).

3. ¥£&8

TBEH~OEWBEBOREIC L BTN 0§ 288
DWTHRZ, Zh2 Tl LUTOBEY THA.

1) WHEHORWBIIRIZTA A VAOEELY 2 — L
VETHHAAT A LICL Y, EREICHL ML £
WEBOFE, REMBEIZLY 4 DORFENY — V%W
Lz LT, 414 VRO E T E L.
2) SHEAEEHE LBEAOTHM 100 mm SLEICB)
BRI A GRS A & [E L7z, v:u—vyﬁﬁﬁw
t#%tﬁ@f ﬁxﬁbﬁﬁkﬁaﬁfﬁxﬂ@%
T4 OEHEELE om“cﬁ)%# L7,

SEREEORIGIC RITTHE (ERIED)

267 (41)

EREE T LIHAAICRE L 256, ERBREIEORRE
u%ﬁwﬁ@%gf%ML,w%%fﬁLTé FHn&ERE
V=25kV (134mA/m) OB E, FREMEE TH
lem/s 12 L, FREF (y=0) Tik 04m/s IZJKEL,
REFE 2T 2. SHER L EROTEHIZFRE L
YiE, SO IED ATES AN BT T REILRD TR
Sy, V=25kV THREBIEE 2R TIREwE L ST
TR,
3) SMWEBLREL/BHESOTHM 100 mm 2B 5E,
TSI RIT T a a0 FIEORE LA L I L.
SHHEE T LRMRE L2256, REEEae - REo
EERZT B, TORR, FARERILE Tl FHiE
D 40 BITET AL, SHERE HEHROTEIGHR
& L7236, SLRHRESH L V=25kV (1.77mA/m) T
DWTHEIZ D7z o TIITH—TH 5 BRREEL /NS o7z,

WIS ARFERICH Y BEE) 2 CER BV EEFE LK
DRFTHIROSIFRA AR HEERLET.

BEH

1) FRERES, ARHE, WMEBEEEY, SERY, FHH
MR, EXREIR, HFRER : %%ﬂﬁ“"‘%‘%ﬁ, 15
(1995)113 :

2) R. M. Felder and E. Arace-Medina : AIChE J_, 31 (1985)
82

3) A G Hein . JAPCA, 39 (1989) 766

4) S. A Self M. Mitchner, K. D. Khim, D. H Choi and R.
Leach : Proceedings of 2nd ICESP, Kyoto, p.249 (1984)

5) RAMER, JIGTZ, LN BBRESE, 4
(1980) 152

6) T. Yamamoto and H R. Velkoff : J. Fluid Mech., 108
(1981 1

7) C.G. Noll,T. Yamamoto : Environ. Int..6 (1981) 261

8) MEMMEME | MELKFEREE, 10(1986) 477

9) RALRF—, ¥ LHHE, BEVAR | BRERH LS,
A106 (1986) 377

10) P.Atten, F.M.J. Mccluskey and A. C.Lahjonri :
Trans. Ind. Appl.,1A-23 (1987) 705

11) G L.Leonard, M. Mitchner and S. A. Self . Atmospher.
Environ., 14 (1980) 1289

12) D.Cucu and J.Lippold : J. Electrostat., 17 (1985) 109

13) RVER, WHILERE, WMARHEA, GHEER, EHE
U, RAGEIE | ERFRHEA L 90, p2ss,
HESFER (1990)

IEEE



