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Abstract

The transformer oil was taken as the object of study, and the finite element method (FEM) was
employed to analyze and solved the partial differential equations (PDE) which was built by field
ionization for describing the generation and transport properties of free charge carriers. The re-
sults showing that the dynamic characteristics of space charges in the liquid-gap discharge under
DC were gained. According to the simulating results, the fundamental causes of the dielectric lig-
uids breakdown by the electric field dependent molecular ionization are described as following;
the pre-breakdown current is firstly formed by the generation and migration of the charge carri-
ers in the oil gap, then the joule heat generated from it makes liquid-gap to form the low density
region in the liquid, which facilitate initiated little streamer emergence as avalanche in gas dis-
charge, meanwhile, the streamer is continuously evolving. Then these conclusions enable ones
easily understand breakdown mechanism of the liquid dielectrics that are reasonably applied to
power system fields.

Keywords

Transformer Oil, Field Ionization, Charge Carriers, Space Charge, Streamer

18 RE B T 38 e wR i PR A e 1

& M, &R, B2 £, F 4%, LRME, ABRAY, T4
EIEE .

MEGIH: B, ALER, A, FE, DOUR, MEEE, IR, fEE RS TR SRR D). RS E
2, 2016, 5(4): 53-62. http://dx.doi.org/10.12677/cmp.2016.54008



http://www.hanspub.org/journal/cmp
http://dx.doi.org/10.12677/cmp.2016.54008
http://dx.doi.org/10.12677/cmp.2016.54008
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

FH %

E b B R A, dbRL

eSS B A B P

S RIEFE TR, TREFA R LN I HAR A E S E Al s, B A/RE
Email: “zhengdianchun@126.com

ks HEA: 20164E10H29H; S HEY: 2016411 H15H; KA HEY: 2016411 H18H

m =

DA FR BRI VE B UK &, SR AR PRI /7 (finite element method, FEM)XY B2 3% 85 B BS LB 82 52 (¥ A
TRBW A AT BRI TR P 8RR T B A R s A M ) (i 2 75 72 (parrtial differential equa-
tions, PDE)AT RAFIAT, R EFAE T 22l BRBCR I AR 2 [ AF 3 0 et . BUERIISERER
B, GBRESBRASFIIRAREZMERT 8 B8RRI E. TR T MG TR, Hik~E
REERERMRPERREREX, FITRERE. REXENREHNEREBRE S ERR &R
RS FENE, FRTRERNRERN RATEAEE S HEHIMNA .

KA
ARSI, HEAE, RAT, TEEN, WiE

1. 518

Hil, SAEE 7N o R ER T KL, BiERE e . St E LIS E L
1], i B — m AR R R, Bl R AE R T 5 2 s A R T I A B T
i), AR R R A B S B R T T REN S, NI AE AN IEE TR A E T
[2] [3] [4]- JEHEAEHL » AEALEBAR AR MR E 51 LA F 28 A1 R, R ol 2 A BROS IR A I
R IR SBUNE BN 55 B A P S A AR T o T D' L R R A L o oy 2 R SR i o AR YRR
e/b 8 Ut H R FBCA LI BER IE SCRVE R R A DG B IAEAE . AR, WA i BRI R R R &
ARICHBLR[E], CHRAEMRAY T, Frk i e AMEN e B R EAERE L 6] [7], XRMIE L
AT BEAFAEA AU B R . (B, XU B AR AT B A A R A SRS HE A 0 AT, W EERE RO
WAL WHOCIE K EESH. BIRKGE, VF2 WA FURF X T8 A s A 5 AR S AR
FMATE, XL SHCHE AR FI,  HAEAF G BRI HL D THI PR R B AL TR ST B8] o

IR HLVER 9], At 4 K oy 5 o R 2 ] AT S PR A B P e R R ) A G T
o fEMEEHRS AR Pl — AR, AT AN EBR TN EE T KA
T N s e Y R BNt oo i W e Ay A € D B ey P N R N A R S N a8 R R
HUZ BRI B 1 x 10° Vim JL UL LR, A Fi% XA A 4 7 A R B G T4 2 B b h . FrsRas i
e DAL ) R RE B RRIT, o TSR TR IOR A, BOR AT UL A R s 1. FEZE R E T
10N PP N R G Y R N P B SR 115" S E I s T S R < £ s R il 2 <5 1y =/ Rl A U
B, Frol B IR FIERGER R, R B R T OB AR IEE T XA IRIIER R T
3 s ] A B G TR RE A AR EETS

AR, RS VBB T, [ A SN FER LR AR P AN (7] (52 H RTS8 2% R4
H 7 G Z N E BRI T AL (AL T sl A i Foxs 5, AL 1 aligh B g AR



i F

BRI HEAT SR 3T, BRAT T IEE R A8 T 2 T B8 AL A v 3 1 7 2 s DL R T T A
o 2R, KR g U A S E RE R R AR i S AN R 2 8 M A LG R, it — 2B IF R R
WA BB S %,

2. RN RIZB R B HFRE
2.1. §t - KRR G

WA 1IEC60897 FrifE[10], RAWIIE 1 Frsi%t - BREN RGUEINBAR N Bt B4 53, AT
AR BRI AR AT R T2 AR 36K, R DL A A B IE O AL B BT o AR IATEE 15 mm, &R
A2 40 um, BRPAR 6 mm, JLARERAAREE, EFEREE RN, ST EREE . R RS SR
H Mk F) 1 x 10° Vim B4%.

22. BENYFRIE

FEFETE ISR, It R AR KR B i1 (€ RS SRR 1 Pk 27 i R AR FE AR
AL, P o ARV A PR TR, el DR A A FUR S 2 RS RS AR, TR
DX, AR B DA R T E TR . 2 8] o 37 3 250 ) R AT AR 2B R T 2 ) R Ay 7 2R R I A A 6T - BRe
AR IR] 5L PRI W A, 3K Ao iy 22 ) P T ) WS P B A AR (A RS AR E RN, (R AR
JRAR S P X o i 1) P37 (R TG SE Ao TR, Al R A U I R T BB B T A A (59
o Bl AN ER HAR N 5 WA R PR A ELAE T R 1]

2.2.1. $RFRIER
AR IS AR A B, T P EUR TR RSDIREARE, 53 EAED B AS M L i
TIHARRZE S AR H A 57 ) LT BETE RO 2005 3 30 i B LB 9 ARALL, U BB T B A o
R IR SRR T R AR R R AE 0 T 5 [12]
e%ﬂﬂw[:ﬁﬁwj

— 1
h e [E| @

G, (E[)=rmor (|E[) =

ZA

15mmI

Figure 1. Needle-sphere electrode system
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Figure 2. FEM solving domain and Meshed Needle Electrode Tip
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