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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Calculation flow chart of box-counting dimension.

N T MRS B HEAT A BE, 15 T 4E
K, 7B AT TAEACAC . T SR 4R 1
5 B BT DU ] — 5 — IS P K AL B e
X TR JE TE PR 58 R HEAT ARG A I, T DAAT o
PRAEH U RFEA AR A, (HZ, BE&E L,
Kbr RN DB KR K -GBS R
TARERPEGERE. NEKE, B2 MK
A4, B A A KEE, Hob ifE B KRR
ATREAROK. T RAESA S5 S A R, 2 Or B 5ok
2 IR FE G R IR A BRI, X0 A S8 F 4045 31 (¥

L BT &, A RIS B B s FE AN [R] (2780
TR E S R B R T AR S 4 X)), S ECK R
TH I8 FE A, K s o T e BT B, B DARR
EAATIAGAEN. 2 H CANNY SFikidt 47 B G ih %
RICE WM TR REATREG L H %,
[F I R O id et R A A bRl i S B AR
ESlipule ALV 4 i iabuke SUIE S E LIS 3
e B0 %, RABRRIR— U, RIm R — ik (2223
T8k 3 A R (R0 B o 4B N A P EAT Ry, St
AN [ o IS AR b A B AR R A L IR T3
1EN(r), NI 2IEIEA (r, N(r)). ZJGTERRTEL
bR R T 2 AU SRR T R LGS, AR
LB RN EUR R 73 T 45 R G B
T 2 fros.

2.3 SLINLER

Kl 3 8 ICCD A& B4 P Ak g5 i EE,
M) B EE 258 10 mm, 14K 10 mm, A R
420 mm.

K3 4 TR AR

Fig. 3. Picture of electrode structure in experiment.
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Fig. 4. Discharge images captured in experiment.

024703-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 2 (2016) 024703

P 4 AT FAR N 9.2 KV B FLIE, TR HE AR
e, BB A PR EE 2908 10 mm, B ICCD #7531
()73 SRR . A AT DL B R 5 3 L
TE FEAS e — 45U i n) B 2R K R B, T e T o
it AN A& R, I BA #5023 T

o In(N(r)) vs. In(r) (a) |
— A

In(N(r))
=

| In(N(r)) = 8.3591—1.5101In(r)
0r D=1.5101

In(r)

o In(N(r)) vs. In(r) (©) i
EVEEy

In(N(r))

In(N(r)) = 7.9893—1.4340In(r) o,
D =1.4340

TE. X IR A T R B e T A A
FEAR, T 2 BRI 21 AR I 0 B R
M, A i 1F 5 TR B F A AR AN B X
U AR T RV NI S &, T3 BT 70 3
TR JE.

9
8 o In(N(r)) vs. In(r) (b) |
. i
6
s
s 4
3
2 n(N(r) = 8.1481-1.4920In(r) B -
1 D =1.4929
0
0 1 2 3 4 5

In(r)

(d)

o In(N(r)) vs. In(r)

In(N(r))

2| In(N(r)) =8.3867—1.50411n(r) B -
D =1.5041 d

1 2 3 4

K5 sl BRI TS 4R A i 2%

Fig. 5. Distribution curve of box-counting fractal dimension of discharge image.
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Fig. 7. Simulation image of discharge channel under different growth parameter.
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Abstract

The process of gas discharge is very complicated and experimental observations indicate that streamers in short gap
under non-uniform electric fields always exhibit irregularity and self-similarity, so a dielectric breakdown model, which
is the combination of the random fractal method and the traditional streamer theory, can simulate this phenomenon.

In this paper, a stochastic model with the growth probability index at any point proportional to the power of the
electric field is utilized to quantify the channel tortuosity, and the space charge effect is taken into account as well.
The potential distribution is solved by the Poisson’s equation which is calculated iteratively by finite difference method;
and the box counting method is used to characterize the channel tortuosity and estimate the fractal dimensions of the
discharge channels. Based on this, an idea is proposed that the analysis of the experimental results, which in turn provide
the appropriate parameters for the model, can better elucidate this phenomenon.

The growth probability index n can always get from the previous data, but the range of the n will change under
different experimental condition and there will exist differences in simulation results on fractal dimensions for different 7,
so the limitation of the previous studies is its possible lack of generalizability. In order to define the range of the growth
probability index in this model, the bifurcation phenomenon of plasma channels generated by the discharge, affected by
HVDC (high-voltage direct current) of short-air-gap in a needle-plate electrode, is captured by ICCD. Before estimating
the fractal dimensions of discharge channels, experimental images are saved as a binarized (black and white) image, and
the gray-level transformation and boundary identification algorithm will be conducted to remove the apparent thickness
of the discharge channel caused by the magnitude of the flowing currents through different branches. Experimental results
show that the range of fractal dimensions in the box counting method for the discharge channel is 1.40-1.55. Under the
same condition that other factors remain the same but the adjusted growth probability index 7 in this simulation model

should accord with the experimental results, all the facts demonstrate that the value of 77 must lie between 0.04 and 0.05.
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