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Monte Carlo Simulation of Corona Discharge in Air

WAN BO , LIU Shang-he , HU Xiao-feng , LEI Xiao-yong

(National Key Laboratory of High Electromagnetic Field Environment Simulation & Protection Technology,
Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: The non-equilibrium behavior of the electronic avalanches is simulated by Monte Carlo method. The
physical process conclusion is obtained that space charge field of electronic avalanches and the accumulation of
positive and negative ions vary in time sequences. Based on theory, the basic physical process of the corona dis-
charge is simulated by computer. Under the influence of an external electric field and the space charge, the coro-
na discharge in negative point-plane air gaps is studied by Monte Carlo method. Charge density variations and

the velocity profile of an ionizing are calculated to describe the dynamical behavior of corona discharge. The im-

portant role of ionization and photoionization in corona discharge is validated.

Key words: corona discharge; Monte Carlo method; electronic avalanches; collision

1 35

Monte Carlo ¥ AR A FEHLE AL, 5 12 5L ge 1T 4
Tt =30 A AR < 1 S a7 — B R AR B
BEALI AR, (2 B85 T I ) A 5 9K F 3 e ) A Y
B R RY LS AR R T T R S 5 G iR E
Monte Carlo J5 i AMER 48 71 BLIe Ry SE A, LA KB AL 4
FEBEALAS S il AE) B, TRAR 2 05 A 2

=
=]

* Uk HEF:2011 - 01 - 10;f&[E B E3:2011 - 02 - 23

N BRI R R BAE 3 A5 1 : 7 IR Y (14 25
R B0, By G A, oy B 5 MACSSCIY ABE S A A Sk 2
5 R RE R AEROIC G , AR ik G 1 40 R) 5 A2 1] Rt
ZRAFBRA RN, RO T T4k
W B R R, N AT H 8 2R 16 X H T e
fiRy e SRR AR, o v T D) AL R R i 12 1o A
I R L R S R B R AR S PR
{OFENESEZCES S5 VE EE | B R O SR G A i
PR A9 FR RS SR 31— R, Jo) R A R A SR B

ELWE: B ARKXAFEEEEF A B (61001050, 10927506)
Foundation Item: The National Natural Science Foundation of China(No. 61001050, 10927506)

- 111



www . teleonline . cn

RLIREAR

2011 4F

B R R T S J0IC H 38 T, 0 e R AT
ARG RS W), R AR O A Hh B i 2R B i ) AR
ASCR A Monte Carlo 5, FH 1AL EAL 4L B -l
2T R R DL SR R TR, 5 BE AR
BT R R R

2 1RBVEST

2.1 BFEZSHEN

I FH Monte Carlo LD HL T 7E 2 iz 3l i
SO S B BRI AR 2 R 2, FEANER L B R 2
(] H oy I AVE T, A< SCH Monte Carlo 358340 T HL 1
e P IE 8l BN I GE T 7 Al ik 1k
Tl AR A AR G PP A O R B AR R R X
=N € B N SR e Wi s i o e
Bl R — BNV & R TP E B, X BEAL AL
RIWIBAEI 5] 73 A1 0~ 1 ZJAl, 412k P = Ry, M
LR R AT — I PR G R Z J5 , i P
SOEREEAER, R P < R, IBAREA S KA,
KL f-Z [ JCAH BAE L, 4R 245 H iz sl flffa pE 5
P kN

P=[1-exp( _At)]

Ty

O S
"N Qr(e)w(e)
o, v(e) 2 TR, Qr(e) &R Rl 43 1 1 48K
T, N e SRR, Ar S R ST R [ B a], e 2
HLTRERE, T, JE R ]
FEIR A AR Y 5 0 T, Rl 2

A Tl 2 A T 75 S IR R R ARIE N . O T R
FE TR PP SO, e 2 A il 4 B TT Q20 R AR UT A T g
AR ARG T X 7 P ARG T D 5 A 4 P R /AR R
AP EAEN

(1)

Y

Yo (@)
2Py =1
SR, Py R TR OB MR A
TEOF 1 Z BRI & R, PeE T & A il i

FOZETEL A 2R LT A Stk
Pyi+Pro+ Py j <Ry<Pyj+Pyp+-+ Py (3)
SR, Py R R A A 2 T e S
f),7=1,2,3,,no (3)PE T j IKIKAERE,
FEBA FRLFreA &0 T, BT HAE R e S 6k
TR — 2, TER B E O0 T, LR

- 112 -

P

RERE, ) R AYRE R P2 0 B4 PN HL 1o TEREFR AT
Fe A8 — ] 2P K KT 4R B iz 3l D
b REE T,
2.2 HENBEBRBREHANERITE

J3 ] Monte Carlo JEA54 0L FL 2 I AE B AL — °F
TET 25 BT B P R A SR A o A SR A B 1Y =S
SUTEI B, R RS 1 P A R L UL B ok
H R BAE ST A — 8 i 1R

v

d, .V A
X i1

1 az,

X 152

FH %
E3 00 WG e & |
Fig.1 A diagram of the electrode geometry
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Table 1 The field distribution at various points in time

E/(kV/cm)
T/ns
L=0.5mm L=1.5mm L=2.0mm L=2.5mm

0.3 18.0 17.8 1.1 0.8
0.7 14.0 9.0 8.8 6.0
1.0 8.0 8.0 7.0 5.0
1.5 7.0 6.0 9.0 10.0
2.0 6.5 5.4 8.6 9.8
2.5 5.8 4.5 7.6 8.8
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Fig.2 Electron density distributions at various times
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