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Fig. 1. Experimental device diagram.
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Fig. 2. Experimental schematic diagram.
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Fig. 3. Image of needle-plate discharge system.
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Fig. 4. Initial breakdown image of 100—500 pm positive polarity streamer.
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Fig. 5. Initial breakdown image of 100—500 pm negative polarity streamer.
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Fig. 6. Schematic diagram of positive polarity streamer with submillimeter gap.
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Fig. 7. Schematic diagram of negative polarity streamer with sub-millimeter gap.
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Fig. 8. Average breakdown voltage of 100—500 pm streamer

with positive and negative polarity obtained by experiment.
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(1) 43 SRR 358/ HLABER T e SR B, 7R 121X 5
SN A3 TR AR 22 R R AR I H RSB K B, fi
W XN BN 28, P E0G% X el bifi 25 18] B 48 K4
AR 2 AR B T IER PR
L AR T, IE B AT AR 37 2 R 5 bR
Z ALY, 15 FF AT A S 20038 18 73 UM
LU AR P G TR IO BE S JE B, 100—300 pm [H] BT
TE AR P i 1 o 2 AR 53 O 4 50K T b Pk
300—500 pm BB 2 18] L far 55 't H B 19 5 i
AAR A, TEA I I T E A S PR A AR
1993 XGHIE P AT S 5 S IR, R sE e 4y
T4 B0 £ B R R e USR5 i I R R,
5 100300 pm 38 2R E 1 3 ARk Al [ A 22/

F 300500 um sMEAER G K BPR . HTAELE

G PR R 2 AR P I B AR L3 T e A
AR, HAE 300—500 pm (B BT A # e b
()2 (] FEL ey 5 Y R B G, X fHTA5 300—500 pm
[E) B 1 A P A 1 o 2 - ) 18 40 SRS il T

T B AR OH W = T AR T R o 5, I LLAE 300—
500 pm [AI BT, TEAR M 0 T R RIS ) 43 T 4
B T,

DL SRt 2 A, 782K [RIBRT &AE B
TR AR TH AT LS A ELe A TR HAE L R
AR i A P AR I H AR AR AR PR RO, (45 IE AR 3
i HLUEAE 100500 pm (8] B R &R /N T i i
T e ZEH . 100300 wm [B] B R i A FEE A g
245 1] B o 5 ' FRL 8 T 7 A 1 B Xl L 3 T
TEAS A5, HAE 100 pm 52 MR /)N, X Af
REZ TR 7 TH 255 520 550, BRI, g
PEAL Y L 2 (R4 PR, S T I B A X
PR e A A B Ok, S PR 7R Y 20 /e
BALRFPFH P, TR E R, Bk
JER . BRI, [ PR A /IN, AR MESE (L 2 45 A R
B, i 2 ek AL R v, P T R
ARR. v AFEZ ) B ] N 52 0 1 S PR I TOR
O3 T AR /N 32 28 R 2 R 1 K . 300—
500 pm [AIBER 3t i HLE i 25 o] FL fop S50 B
A - HL T S PR T T S S 1 i, 45 (] Y
JEHL D AE DGR R B BT, Iz (Rl AE
K, BEAETE AL IR AR TR B B T, K
FEL S S TR 2 S £ T AT I T B Rl PN 2 1
B T TR 3 T8 e O/ ) R R 2 1A
53 SUBCS o SR AT AR B [RIBs El AR RGN
[Fi] i) B30 T A0 P 9 3 e o 2 (BB ) 3T A 4 22
KT PE R R G 2 EUE.

3 TEKRERH;MGEEERHHN
3.1 TEEESSY

FATT I, WZ R 8 T UARAER A 2]
N, O A AR A R AR O B TS DAY T
T L S B R 7 ) R R E R S T
FEL 9 170 2517 17 A JRE AN 5 DR SR A2, RS
58 T M ASE DL T P 20 SO B, T AR SCfE
WZ A5 RN LE B 30 A Fb 30 T ) e e AR 3
SRR I AE R, FOR R 5 SR s L S )
PREICE R

M
M, |E’£,j‘>EC7
P= Z (3)

0, |Ei j] < Ee,

194702-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023)

194702

X, B RFERES (4, §) /e IE; E, N
E 758, PR R R & R s P L R R T B
FUIE SR AT BETBCH K e 55 m AT K SRR AR A,
FEAE I & ) FiL 17 B A A R B, AR D i
WL T BB S RO LIRS Z = D |E,
& T 1 R a5 A i (A M S48 B AT f e —
ANFEHLEREL, AEAER (0, 1) Z W] A3 595345 B BEHL
B, FRAEE TR P BEHLE 2 5.

A3z ] Matlab 345 S8, = fMIE
A% Rl A3 s e IX 3, B0 TR 3 R, SEES AR AR HLAA
SRR X B 666 pm x 480 wm, T LA E ik
B, X3 T AR I B 666 um x 480 pm; AN UL
ER S Tt 500 wm BF-HR ] BN A9 3 R O
1500, 38 2T A 1) B HY 2451, KUK 500 pm (7]
PR Rl o 2 R 208 3100 V, R A BIE R 3
H6.2x105 V/m; FFARMIREE K 2 um, il P
L AR, R B AR L EAR S 80 um;
Do s ol P 1 05 0L IS A/ N R 18 A A PR A
WK 6 pm, AR AR T S ECR 10151

10 45 B ET-HROC R AR Y R I S
dr oI R 22 5, IEA PR 2 EURCR B E
EHRIFUG, il XI5 B 0—500 wm, i HL e
MIE 8 H K IEME 500 pm o 27 LRSI ME V, =
3244 V. BRI T E Y T AR 2 R
P, (FJ2& 500 o BRR PH J E J55CREL A4 I PR 3 3 43 S
U S A A, B LA SR PR e o 2 A
LR B AT ARG, S, 145 500 pm
G PR TR IO ) ) T A0 1 DX IR 4 7 56 T 4R o
100 pm, PRIHCHRHS DX S 0—600 pm, i

JE R 9 H iy ik M 500 pm oy 5 A RSP 208
Ve = 3588 V. i1 5t 1 &M il 5, i 34l
B R0V, 4,5, 8, 9 5 MR, H
Pl R E IE WAL AT B o e B
HaRIN V, 5 Vi, 15 2,3, 6, T EZFH MR
Z5f, Foh e B R LUF A

n- (V) =0. (4)

E6 ET7
600 - Es\| /E9
500 - E4 V E5

400

300 FE2 E3

MBS /m

200 [

E1l
ol \ )
—200—-100 O

100 200
K10 AR
Fig. 10. Simulated discharge model.

3.2 FEZERELH

B 05 B P a1 FEALRECE A, T LR
HERZEIT 10, 4558 0% 1%k 2. E 9 8w,
SERGHIERPE 500 pum AR 4R T FEER T 4EEL
YA B 95% B AF X E S 1.5319—1.6931. % 1
FEWLE TE AR M 378 T FL A L SR v 2 R SR A R
85 n = 0.18—0.20 B, {7 FLITH I 53 T8 4EBTE 55
BGAR B 7 T AR AR X (R .

R IEMMER AR O BB

Table 1. Fractal dimension of positive streamer discharge simulation.

P UL n = 0.30 n=0.21 n=0.20 n=0.19 n=0.18 n=0.17 n=01
1 1.5849 1.5613 1.5994 1.6176 1.5873 1.6211 1.6914
2 1.5884 1.6155 1.646 1.63 1.6268 1.6728 1.6663
3 1.5621 1.5735 1.6011 1.6053 1.6206 1.6123 1.6741
4 1.5682 1.6116 1.6181 1.6075 1.6163 1.5858 1.6555
5 1.5789 1.5929 1.5841 1.5903 1.5925 1.6484 1.6622
6 1.5263 1.6176 1.5756 1.6116 1.6288 1.6591 1.6314
7 1.6026 1.6219 1.6245 1.6009 1.6594 1.6038 1.6611
8 1.5504 1.6228 1.6321 1.6632 1.6523 1.6382 1.6605
9 1.5839 1.6297 1.604 1.5704 1.6654 1.6235 1.6744
10 1.5549 1.596 1.5976 1.6264 1.5959 1.6446 1.6181

¥ifE 1.5701 1.6043 1.6083 1.6123 1.6245 1.631 1.6595

95% EE XA [1.4916, 1.6486] [1.5241, 1.6845] [1.5278, 1.6887] [1.5317, 1.6929] [1.5433, 1.7058] [1.5494, 1.7125] [1.5765, 1.7425]
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Table 2. Fractal dimension of negative streamer discharge simulation.

5 LA n=05 n =045 n=0.44 n=0.43 n=0.42 n =041 n=04
1 1.5312 1.4781 1.5484 1.5183 1.5366 1.5127 1.5607
2 1.4896 1.5559 1.5114 1.4996 1.5098 1.5177 1.5479
3 1.4376 1.5340 1.5087 1.5635 1.4537 1.5584 1.5257
4 1.4896 1.5277 1.5196 1.5344 1.5282 1.4970 1.4987
5 1.4839 1.5680 1.4784 1.461 1.5824 1.5003 1.5432
6 1.4708 1.511 1.5049 1.506 1.5222 1.5226 1.4779
7 1.5265 1.4753 1.5449 1.4963 1.4911 1.5190 1.5441
8 1.5140 1.4610 1.5194 1.5434 1.5344 1.5356 1.5306
9 1.5179 1.5242 1.5127 1.5615 1.5222 1.5711 1.5238
10 1.4975 1.5224 1.5222 1.5112 1.5434 1.5168 1.5284
¥H 1.4959 1.5158 1.5171 1.5195 1.5224 1.5251 1.5281
S R L+ S L - A Ty A
600 600 600 (C) \ 600 (d) \
500 500 500 ; 500 )
g 400 400 400 + 400
2
2@( 300 - 300 300 | 300 |
=
200 - 200 200 200
100 F 100 100 H 100

ol : \ \ \ 0Ll \ \ ! \
—200—-100 0 100 200 —200—-100 0 100 200

ol \ ; \ \ ol \ \ \ \
—200—-100 O 100 200 —200—-100 O 100 200

B 11 EMmERESEGER  (a) n=0.30, D= 1.5789; (b) n = 0.20, D = 1.6011; (c) n = 0.19, D = 1.6167; (d) n = 0.10, D = 1.6663
Fig. 11. Fractal simulation diagram of positive polarity streamer: (a) n = 0.30, D = 1.5789; (b) n = 0.20, D = 1.6011; (c¢) n = 0.19,

D = 1.6167; (d) n = 0.10, D = 1.6663.

(b)
600 600 -
500 500
g
= 400 400
=
_@( 300 300 +
=
200 200
100 100 |

600 600 -(d) \
500 500
400 400
300 300 -
200 200 F
100 100

O L L L L O L L L L L
—200—-100 0 100 200 —200—-100 0 100 200

0 L L L L L 0 L L L L
—200—-100 0 100 200 —200—-100 0 100 200

B 12 AmIERESEGEE  (a) n = 0.50, D = 1.4975; (b) 7 = 0.45, D = 1.5110; (c) = 0.43, D = 1.5183; (d) n = 0.40, D = 1.5284
Fig. 12. Fractal simulation diagram of negative polarity streamer: (a) n = 0.50, D = 1.4975; (b) n = 0.45, D = 1.5110; (c¢) n = 0.43,

D =1.5183; (d) n = 0.40, D = 1.5284.

WE 9 fR, Gt 500 pm #2043 I 5 K
1553 T 4E 80T Y E 1Y 95% B A5 X 7] 1.4423—
1.5942, 3 2 FRIATE AN I I BOR B0 B 45 1 b
MR REHERIEE n = 0.42—0.44 I, {5 ELFRTRAYS>
TV HEEAE SIS 3] (4 70 T LB B X TR

K11, & 12 SHIE otk g EL A,
AIHNE | SR I TR T RO NS5 i &
BERIEBCR TUAIC, n BOR, 17 B 4EB0008U )N
Ivi] i) BT 2 2 T AW P A T L P O SR A SR B N
R RUAL Y iacty e o AL 1B €1 R ) R B 2 b
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LB A T LT AR RO A HE TR P B
NER S EEYRe oY <ioF VA= /e R M e D R AR VG - ) |
J7, S EUEAE SR 23 XA o BRI B
R, SMEHERCER. X 5 HRR | i 4h
R

4 %

ARSCHEE T 100500 pm YV 222 K 7] B i
R, RAEIE R I E o 2F F R S R AR o ZE R Y
R MR, FEa T T e AR EOA T T R BRI 4y
T AR, DA BRIV R P 200, 1 A 3% I il 1
TR R T 0. A Matlab 44384
TEHIS I WZ RIS T 500 pm 1F 5% 2k i i
T ERIEAT L, 5307 T R R AR 7B
AR R, DASOE S S R TR 3 T A5
FEJICHR 2 AR RAE B AN, LT A SR Y
L.

1) 100 pm [AIBRT IEAR 5 6B P 3 e R 4y o
LR | BRI T 48O 221N, BB E i A] BR
I U A S v A3 [ FE g 5 O F KT IR 3 S T
A Rgm, HRILE B , X 50wk [17] BTS2
WAHAT.

2) ML K F, 100500 wm [a] B T i
P AR TH AT L B i R, HOZIRIBR T 1B
PR bR T 2 R IR 2O N T O R R T 2
&, T 22 Bl A (] B K i8S K, 7€ 300 pm
Qb % ARG FEBIAE 100—500 pm [8] B 7 FEl P9 A%
PERON AR IHAFETE, LB (] B R4 K

3) 100—500 pm [A] B TEAR PR A B U T O
BRI 3 TR A B b 2 s T Otk HLPE i 22 (6 b
F A pR 3 Kk, IR7E 300 pm Ab & AEERT, Ut
AP B v s ) FEL A 5 28 ) DY F 20T 0 3
F14) 52 M it 7 () B 34 RT3 K, JFAE 300 pm A HSY
i) g % HEER T

4) 500 pm 1E | F S 2E A 0 R BT
I R Ry GV v S GOR A N S i EN
H3 AR B T 5 S50 T AR I B I R O SR S
T AERHTT & 0 & TR RIS EL 0, & PLIEM
T BT A SO0 A R & SR AR AR A n BN T

TR, T R L SRR P 3T T A R SE AN AR S
HL e A L 7588
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Abstract

In order to study the characteristics of streamer discharge in sub-millimeter gap, an experimental system
and an image acquisition system of positive and negative polarity streamer discharge in the gap of 100—500 um
at atmospheric pressure are built, and the initial breakdown voltages and breakdown images of positive and
negative polarity streamer discharge in a gap range of 100—500 um are collected, and the fractal dimension of
the experimental discharge images is calculated by Matlab. The experimental analysis shows that the air
breakdown discharge in the gap range of 100—500 pm still conforms to the stream theory, and the polarity
effect between the breakdown voltage of positive and negative streamers and the fractal dimension of the
discharge image is obvious. The influence of space charge and photoionization on the meandering degree and
coverage of the discharge channel in stream theory increase with the increase of the gap, and jump at 300 pm.
The fractal simulation of positive and negative streamer discharge with a gap of 500 um is established by using
WZ (Wiesmann-Zeller) model based on fractal theory in Matlab. It is found that the development probability
index 7 is inversely proportional to the fractal dimension, and that the 7 is smaller in positive streamer than in

negative streamer under the same discharge condition.
Keywords: submillimeter gap, stream theory, polarity effect, fractal dimension
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