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Simulation Experiment of the Impact on the Motion of the Particle in Dual-phrase
Distribution of Gas & Solid Under Strong Electric Field
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Abstract: The research on the law of motion of small particles in the dual-phrase distribution of gas & solid under
strong electric field could better explain why the contamination depositing on the surface of the insulators, the gap
breakdown,the unknown flashover or some other insulation accident happened. Based on the simulation
experiments,the law of motion of small particles were discussed under low velocity and the coupled fluid and
electric field with the using of PIV.  With comprehensive comparison of the Electric field distribution,the applied
voltage ,the wind velocity,the obtained results show that the effect of electric field on the fluid field under the
nonuniform electric field is significantly stronger than under uniform electric field. What” s more,with the applied
voltage increased,the effect obviously increased,while the wind velocity increased,the effect significantly
decreased. The particles have a trend motion to the negative electrode under uniform electric field. While under
nonuniform electric field,the particles have a trend motion to the positive electrode,because the effect of the
cathode corona the particles are more easily to be charged.
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Fig. 1 Schematic of the simulation experiment platform
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Fig. 3 Top view of the electrodes in experiment
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Fig. 4 Plane-plane electrodes with distance of 30 mm
(Voltage is 25.7 kV, and wind speed is 0.6 m/s )
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Fig. 5 Needle-plane electrodes with distance of 30 mm
(Voltage is 45 kV, and wind speed is 0.6 m/s )
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Fig. 6 Relationship between the voltage and particles
motion for plane-plane electrodes (Electrodes distance is 50

mm, and wind speed is 0.6 m/s)

BT 11 (171 25 191 M ) 0 0055, B 12
8(b) L 15 1.2 m/s HIRE A KU F BT IL T AL 3
P LLIRTE S, BT M 3 R R TR
BT I T 948 P 3 B R4 K7 R T
A Sy 25 XL DT e 3 8 T 52 8 B B 0 2
WSS . O T LT XA — AR R T
I 25 XL A0k, 7 ko 40 T 7 160 1
i 4 b EL I E WA, 5 B L 2 B R T KT
i, B T 3 b R A UK 9 3 3 R e
5 34 R R LA 5 BRI R R S 45 3
M,

3 itig
RLFAEL AL s 3, HsR A S P R BLTE

ZOEE ff $ﬁ40 X/mm6 0
(€)35.7kV
7 $t—iREER, BESRFIEIHXR(EEE 30 mm,
RUE 0.6 m/s)
Fig. 7 Relationship between the voltage and particles
motion for needle—plane electrodes (Electrodes distance is
30 mm, and wind speed is 0.6 m/s)
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motion for needle-plane electrodes (Voltage is 42 kV, and

electrodes distance is 20 mm)

LG AE SR BB AR S S, oh T R AR R O
T A PR AT, Pl S R 2 A A TR AR
wH T MO AR PEEAHE , VRIS [ AR BURLAY
iy R L RS i FL O T RIVRURE 15 88 5 A A I B T

BOWORL B B HL OB 280 e VR B B T A Y
o DI, 5 88 3 A0 LA 4R 1) L 3R R 0 R G
RFBA 2 XA B —H e, DA B — B A
FLEE DX R T 2 AR AR BCR B o L R, L 3702 3
L SO

TE LB A PR B 1 00T, 42 HL R AR 4, 7 —
E R B HEOR T R IR BE (L, HR 3 AR R B
TN, TR 1 s S SR A5 BN

71T 224000 X3 PR XL 3 48 w8 I R T T 32 B 1Y
T SR A i g A B R IR e 4 S, b T A
RS R AL S R A AP R IR 2 —E
I [) 4 RE B A far AR AR S . XU 4R v, — D7 THI
Wi/ UL 2 B R e IR A RS B I O
P, B A, 7 L DX I A B R 0 AN A
TR A A7 B, IR 80T BRI L )
YER T 12 3 55 .

FURE A A iy LS, R FL A R O AN R AR 3
R Ay L — Sl ANAE T B A OB 8% 3 AR A
H LB 56 T AT — M s Al i B 2 R T LA, BT
B e, ARR—R 2 JURL Y 7K P 3 B2 73 1 12 i o
S, R WA B A R TR D T R O
Ay /D AT A G i PR S A T ORI 1 (9 4
R T L ORI T ROR A AR
T ) FEL A LA st 94 5 50RO R, 32 s A
H T A 25 0 TR Al 25 B AT A Bk

AR A OB Y 7R AL B, 2 H BRI st 4
o DL TR Y RIE R 25 O, AT 3 350 1 39 50 S UKL )
R L,

4 e

1) % 3 B KR 5 5 v /IR AR BORE 1 328 3l T
ANE )3 T L B4 B A T A

2) 75 F AW 8] A0 X AN AZ B 00, BB HL
SFYARTE R AR TR T 1 A s
B PO SR EE— AR AT R 1 IR R
Bz sl i # i o ;

3)TEH B AL IE DL T, BEE KO 3K
FL 370 9 52 Wi A A2 555

SE

[1] SCHMIDT D S,SCHMIDT R A. Electrostatic force on saltat-
ing sand[J]. Journal of Geophysical Research,1998,103
(8):8997-9001.

[2] HAMZA A S H A,ABDELGAWAD N M K. Effect of desert

environmental conditions on the flashover voltage of insula-



176 - 201547 H

Eudx

HSs1E BT

tors[J]. Energy Conversion and Management,2002,43(17):
2437-2442.

[3] HE B,ZHANG G,CHEN B F,et al. A study on the influ-
ence of sand-dust environment on air-gap breakdown dis-
charge characteristics of plate-to-plate electrode[]J]. Science
in China Series G: Physics,Mechanics & Astronomy,2010,
53(3):458-464.

[4] XBEGMG ol ETE S A5 P RACE K RIx i
R IERImA[]]. =5 iR AR, 2010,36(5): 1246-1252.
DENG Heming,HE Zhenghao,MA Jun,et al. Effect of
large sand dust particles on discharge development in sand
dust weather[J]. High Voltage Engineering,2010,36(5):
1246-1252.

[5] % W, F IR Ek,E ANTHEBARIFEE T4
T RS FR IR O[], V6 % 28 R 2= 2= ik , 2008 ,42(12)
1510-1516.

HE Bo,WAN Jun,CHEN Bangfa,et. al.

depositing characteristics of suspension insulators under

Contamination

sandstorm circumstance simulated artificially[J]. Journal of
Xi’an Jiaotong University, 2008 ,42(12):1510-1516.

[6] w30, B IR AR T 4% T LI
ZEREME RHLERLT). R R R 2011 ,37(4):834-840.
SIMA Wenxia, CHENG Hao,YANG Qing,et al. AC
flashover performance and mechanism of insulator in wind
sand environment|J]. High Voltage Engineering,2011,37
(4):834-840.

[7] SAND M J P. Erosion and granular electrification[]]. Aeo-
lian Research,2011(4):1-16.

[8] XIAO Fengjun,GUO Liejin, LI Debiao,et al. Discrete par-
ticle simulation of mixed sand transport[J]. Particuology,
2012,10(2):221-228.

(9] 2B 5, AT, o ¥ e, b 2R RS 040 01300 b T R A
BB E)]. T E Y 2010,30(3) : 492-497.

LI Yintang,SHE Yuanyuan,MENG Haiyan.

simulation of the near surface particle concentration at the

Numerical

early stage of blown sand emission[J]. Journal of Desert
Research,2010,30(3):492-497.

[10] EiRE. bR L X Sk, + 534 ,2005,
23(2):64-69.
DONG Zhibao. The Entrainment modes of blown sand par-
ticles and the corresponding theoretical hypotheses|J]. Arid

(E#% 170 W)

er’s electrical life[J]. Power System and Clean Energy,2012,
28(12):38-41.

[21] %I 3%. 12 kV R A 0 — b 5 11 K 528 D] X
AR TR RS2, 2012.
LIU Lian. Integrated design and implement of 12 kV smart

Meteorology ,2005,23(2) : 64-69.

[11] DUAN Shaozhen,CHENG Ning,XIE Li. A new statistical mod-
el for threshold friction velocity of sand particle motion[J].
Catena,2013(104):32-38.

[12] BT, K I A WA (A0 i B0 42 S Ll 1) B OE 5 S 56

WFFE[D]. 2B A PR R, 2005.
YANG Changhe. Theoretical & experimental study on the
phenomena/mechanism of discharge in air-water two-phase
mixture[D]. Wuhan: Huazhong University of Science and
Technology, 2005.

[13] SATYASITPANICH P,KEENER T C. Removal of diesel par-
ticulate matter (DPM) in a tubular wet electrostatic precipi-
tator{J]. Journal of Electrostatic,2007,65(10):618-624.

[14] PODLINSKI J,NIEWULIS A,SHAPOVAL V et al. Elec-
trohydrodynamic secondary flow and particle collection ef-
ficiency in a one-sided spike-plate type electrostatic pre-
cipitator[J]. IEEE Transactions on Dielectrics and Electical
Insulation, 2011, 18(5): 1401-1407.

[15) ¥ ik, £ oo, ERAL. XD WA 3 0 4 AR5 0F JE ().

1% 1k )% 2006 ,36(4) : 580-590.
YANG Bin, WANG Yuan, WAGN Dawei.
wind-sand flow measurement techniques[J]. Advances in
Mechanics,2006,36(4) : 580-590.

[16] JONG J F,0DU S O,BUIJTENEN M S, et al. Development

and validation of a novel digital image analysis method for

Development of

fluidized bed particle image velocimetry[J]. Powder Te-
chology ,2012(230): 193-202.

[17] SKODRAS G,KAIDAS S P,SOFIALIDIS D, et al. Particu-
late removal via electrostatic precipitators-CFD simulation[J].
Fuel Processing Technology,2006,87(7):623-631.

[18] LONG Zhengwei, YAO Qiang. Evaluation of various parti-
cle charging models for simulating particle dynamics in
electrostatic precipitators[J]. Journal of Aerosol Science,

2010(41):70-72.

BHE(1975—), B, LRME XA @ A B RR,

E OR1971—), %, BA IR AEHEE FELF A
S KAt F AR BALE

% #(1975—), B,

®OH(1976—), B, H+
25 A ) A I 2R P TR Oy ik

i

A BER @ it HA R
i%ﬁnfﬁﬁﬁﬁw 233

AP N %L

switchgear[D]. Wuhan: Huazhong University of Science &
Technology,2012.

W AME(1976—), %, M+ HE TR, TR FA I
XIRE TR,



