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Micro gap air discharge based on fractal theory
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Fig. 1. The hardware diagram of discharge system and pho-

tographs acquisition device.
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Fig. 2. The circuit diagram of discharge system and photo-

graphs acquisition device.
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Fig. 3. Image of tungsten tip by SEM.
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Fig. 4. The discharge photographs of micro-gap: (a) The
gap is 100 pm, the shape of the needle board before dis-
charge; (b) the discharge photograph is collected at a gap of
50 pm and a voltage of 1600 V; (c) the discharge photo-
graph is collected at a gap of 100 pm and a voltage of
1600 V; (d) the discharge photograph is collected at a gap
of 150 pm and a voltage of 1600 V.
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Fig. 5. Discharge photographs of micro-gap in reference [23]:
(a) The discharge photograph with needle-plate spacing of
10 mm under atmospheric pressure (pd = 1000 kPa-mm);
(b) the discharge photograph with air pressure of 400 mbar
(1 bar =10° Pa) and needle-plate spacing of 160 mm (pd =
6400 kPa-mm).
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Fig. 6. The process of establishing an air discharge channel

with a needle plate spacing of 100 pm under atmospheric
pressure: (a) The corona discharge photograph when the
power supply voltage is about 900 V; (b) the corona
streamer breakdown discharge photograph when the power
supply voltage is about 1200 V; (c) the spark discharge
photograph when the power supply voltage is about 1600 V.
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Fig. 7. Schematic diagram of discharge mechanism during

micro-gap discharge.
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Fig. 8. Interval graph of fractal dimension under different

gap distance.
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Fig. 9. Interval graph of fractal dimension under different

gap voltages.
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Aem % B R, NP E LR, S, WHL TR
HIRT; p A BB w, AW k0 RS EKG
u NP B R g, Y ol R R Ry N
Y kAR R e, e, M EZE A B R ECRUAE XS
IHEEG ¢ MHFY e IR FEL Y HL fa] o

PRIOIC L 7 2 A 4 B AR TP L g i R Max-
well £k, i F W5 30030 {LL K i Boltzmann J7 2 £5 2|
HL - RE /AT RN, 1 TSR A5 H Rl S 1 1Y) S 1
R IR R LT HCR L O T RE
SESL AR

LT i B PR L B R AR
BB L)

1
n-I,= ivth,cnc - Zl Yili-n,

n-I= ivth,i”p + an, Ep;,

1
n- Fs = §’Uth7sns. (4)
SRS T QNI A T NG B 2% VA R B3 7 G A R ol
SR S S|
n-I.,=0, n-I;=0, n-I; =0, (5)
R AR LN TR N S A 2

Table 1. The main reaction process and reaction

rate constant of air dischargel®!.

) SR S HR L

R, e+ Ny,—e+ Ny G

Ry e+ Ny — 2 + NJ f(e)

R; e+ 0,—e+ 0, G

Ry e+ 0y — 2e + O;r fe)

Rs e+ 0, 0+0 G

Rg e+ 0F =20 2.42x10 ¥ (300/T,)
R; e+ ()21L — 20, 1.4x10'2(300/ T,)"®
Ry e + 20, = 0,4+ 05 2x1074 (300/ T.)

R, e+ NJ + N2 — 2N, 6.07x10 34T 2>

Rip 2 + NJ —e+ N, 5.651x10 27T, 08
Ry N +0,+N,— Of + 0, 5%10 4
Riz NF+ N, + N, = Nf + N, 5x10*

Riz Ny +0,— 0F +2N, 2.5%10716

Ry Nj +0,— 0f +N, 1.04x10 705

Ri5 2N, + 0f — N,OF + N, 8.1x10387—2
14.6 753

Rig N, + N, O;— BEACES 03— exp (-2357/7)

Rz 02+N20§L — N, + OI 1x10 %

Ris 0F +0,+ N, — Of + N, 2.04x103773-2

Rig Of +0,+0,— Of +0, 204x10¥T-32

Rag 0of + 05 — 30, 1x10 %
Ry Of +0, + 05— 30, + O, 2x10°%7
Ry Of+0; + Ny 30,+N, 2x10%7
Ryy  0OF + 05 + 0,— 30, 2%10°97
Roy  0F +05 + Ny 20,+N, 2x10 %7
Rys 0,4+ 0+ Ny — O3 + N, 2.5x10°4
Ry O+ 0+ 0,03+ 0, 2.5%104

Ror 0 +0 > 0+0, 3.46x10 12705
O H AR ) BN TR R AR m3 /sy AR
FE 1) SR BT B mO /s, TANT 502 K, Hp T,
LR
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Xrp, ng WP VERLFHRE; T, Iy, ToHBRTR
JE B TR PR T BB Ve, Vi, Vs
HHEA BT PR T R BGE B vy, o IR
KRB, BB AL R 0.004, HiAth i B4 o0;
o AHLES R

15 B EF R R AR R 5 um, FrE
A4 R LU = A AL FIA A 3R 1600 V,
FIRAR 0 V, TG FAb SR 2 i ff i 2. oK
fitptm R HIE S AR LMK i 4% PARDISO, HLFHIES
TR IR AR 5 e A, ks J2 AT 7

7”—7“0)2 (2—20)2 LN
2612 2822 min;
(6)

A, Ny = 10 m 3, Ny =10 m3, ry = 25 =
0 um, g, = 20 pm, &, = 5 pm. FILHFAFC LEHHE
BH AT AR i B A, N A s

DX 35 PR 118 DA 1) A3 R A 8 (R g S5 PRl Sy F L
AR SO I A4 1 A Xl 4y SR i BEE RN A B = AT
DA%, X EF FIAR FELAR I B R Sy 4 IR YR,
RPN 1.4, A =M MRS ok oo RS
4 0.3 pm, F/NATERSTN 0.03 pm, i KHRITHY
K& 1.1, fiRE TR 0.2, B2 K FR N 1.
X Al DX 355 1 P A Rl 43 SR e KT RSE R 0.5 pm,
B/NEICRSTH 0.3 pm.
411 wFTHEEAOEFE)H

RS R R T, B A S I N
Jé 2 G H T, DRI L4 B B 2 A3 A S I
B FERZ M B SR LRI RLEE. WL TS Ol
T, 2470 1600 V HLFERE, BARR AL /5 TF B 6
5 AR B — WK L -5 h 28 (R FR S E i i 20
L TAE N BRI AR R T . T R AR
T AT EE: 76 0-0.15 ns i, ML T35 )F 5%
PR, TR 1 x 100 m 3 HE K F] 3.01 x
10" m 3, FLIE(EZ M0 FHARGERS (K] 10); 7 0.15—
0.19 ns B}, L2 IEE M 3.01 x 108 m 3 HH
BR B0 119 x 102 m3, HIEE 7RSSR ;
£ 0.19—0.50 ns B, 2 [B] H %) B 25 32 it 25 ) (1]
ORI T P A M A RN R R AU E S LRSI i N
JE UL, 7E 0.25 ns BFAOKR, 2,17 x 102 m'3, H
T EAE 60 pm b B/ (B 10); 7 0.5—
10000 ns I}, HLFREZE T I TRE, Hig
HZM 6.23 x 10% m3, M HEESE T K€

Ne,i = IVmax X €Xp <_(

£ 0—0.15 ns B}, BEE B[R 34, 723710
YERTR, L3R5 Re i i 15 fe IR BE RS I, 7E 1) FH
Wiz shd frp, & H PRl R B 5 A
P HL 85 BERG N, WA ] BHAGE RS . (H T4
AT HOICH , BT AR BRI A B S AR 0N, i LA
FRM MR D, BT IRER N, wiE 11
Jis, R4S HADE A i R AR Rl L S, PRk
L% B SN, 7E 0.15—0.19 ns B, HL 735
RIEEVEFRME, th TAH M ik &, R
THRIER TR EZNEeR, BA S KA ME
HL B S I = A A L T TR s el R i T
PR AR A i — R B AN ARG HL 25 9,
PREFIAL L 7% B W (TR TH 5. 7€ 0.19—0.5 ns
B, EHOSLARA R T R U1 2 (B fLfr, JE Al L # o
CEVLE, WU S (] i F 28 P 0 R A o D R
FH T B FT BT AR BRI A i A B S B AR R T
BEZMIEET, EREMNT, E8Fm kit
a7 Sk S 1] ) 37 8 A A5 3 B DX ) B & R ik
g S [E1 [ i iy NI Iy A A AN B i ]
Yy, WL Rl S A B 0 170 rl B A B R AT
WK 11 R, FEE—D TR (0.25 ns BFEFR
ok ) (A5 IR Hh B 7 A 1 H T A R DABRR L T
A BHAR (A RE PRt At 2 A v 48 B R W S 14
JE /L. TR X s s B B AR 2T 60 pm B, 38
SR BLAR P B 43 HL A5 R I Y BE R AE ST A
AR, TR A EE SIS TR TR X
PNEAE. B TR X ALk SHE 3l b s 0] P 370
REUHIR], 2 SN AN A S RSO R], At
HL 2 BE7E 60 pm A4ERR/NE(E. 7F 0.5—10000 ns
BF, IEB FER I IMER T B2 sl B I, AR
B FHEZ, 5 b R 4328 3780855, i
FEREAR, AnlE 11 R, rE R AR NS &2 A AR
e, B R, 7E 1000 ns B, B BT 4
SR R FL - R AR B IA B, AR
2% 1] FRL i Ry AR T AR G A R L), GRS H 2
TEAS [ IR B RRE (B, HUEfE R 6.43 x 102 m™,
/ME N 3.58 x 102 m 3,

412 BT HH

FL 375 93 413 1 () Bt 8 P SRR AT 5 v ol o
MRLE, RN 2 AT —E R L HE R
B P 12 D il 2 07 A 35 00 A1 I s 28 Ak
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t=0.1 ns t=0.15 ns t=0.19 ns
1.83x 107 3.01x10!8 1.19x 102!
1.8 3.0
1.6 ~ = 1.0 &
1y " :
1.2 .« 2.0 o 08
=) =) [=)
Lo = 15 ° 06 =
L 0.6 S}E - 1.0 S}E 0.4 &
0.4
0.2 m 0.5 m 02 p
5.02x10-16 5.24x10-16 5.2x 1016
t=0.25 ns t=0.5 ns t=3 ns
2.17x10%! 1.86 x 1021 1.74x 1021
1.8
1.6
- L6~ 14
] 114 =
g =] g
- 1.2 - 1.2 -
\% 1.0 \S/ 1.0 \S/
g 08 I - 0.8 I
'BE‘P( 1 0.6 B‘I( - 0.6 EP(
e 0K e
M 0.4 0.4 1%
g 0.2 & 0.2 =
4.41x10-16 1.81 3.01x101
t =100 ns t =1000 ns t = 10000 ns
7.28 X 1020 6.43 x 1020 6.23 X 1020
6 T 5 7 57
° g 48 45
12 2 s 8
-3 3 ~
) = =
9 2 B
T W W
1 2 1@ 1=
3.55 X101 3.58 1015 3.58 1015

10 AR 20T H 38 BE 2 A

Fig. 10. Distribution of electron density at different times.

R R, B E R R TR OE, R
AHLIZERE N 1 x 108 V/m, AR N 1.2 x
107 V/m. SiHE) 3455 0.19 ns B, B350 H B
Wi AR AR AT A L 370 B W Il AT, G B Ao
A Fy FE 37 R T S T s B IR G R 3R
JEE P U {320 W T AN AR A Al %, I {1 s [ %) 185 A
M. 76 3 ns B, B398 B AR 2S M) fp ke g,
FH T BB AR AR AT B IE 2 -4 )25, R EE R FIR,
SRR, TR AL HL TR BE 29 8.8 x 107 V/my;
AR EFIQALIE B B B 2, R B, Rz
JEROR.

IR, H TR 080 pm Abigimis
AN, BRI RE R/, R L ES RO LR/,
AEIE B A R DA S 37, DRI X H 37 52 e ]
DLW . 7E 0.15 ns B, L35 3 & e B BRIk

M FEFRBHE A58 A 1 x 108 V/m, B iR
i, FLE RO AR, A RS, I A
BRI, EHOAL = A K IE B T, IE B PRSI
I Ak LI RRAIG, DT NG T Z55 2 (8] i FL 3.
EEFHEEGIERT, B2 mAWE s, Hits
ot FEAS I WA 28 A5 ] FEAR RS o, (A% IX 5 A
Z A1 23 [ A FL G R, IS B) R AR AR L T B
/NPT B A TS LA GE RS OB R
T 32, A B F R TS AR IR B DA
T DX A1 H 3 55 1 0 {5 T 8 0. e, 7% 3 ns
B, BARCRN BHARIE BIE | £ 88 F R 2, g fER
PR IRIAE R ERE  T ke, TRl ZEXTRRAH 0—20 pm
Ab BV SRR AR AR B30, F 37 AR fe ol P EE, 5 0.15 ns
i 0—20 pm ZbHLIZH L, BEAR T 3—8 f%, BIXHHR
il 0—20 pm Ak, 78RR BARRARAR BFHE W) 46 HL 37 20
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t=0 ns t=0.15 ns t=0.19 ns
11
11 11 i 11
10 10 10
9 9 9
-8 -8 -8
7 2 7 2 7 2
6 ¢ = 6 =
. o= = =
i n a
4 m 4 g 4 @
3 3 3
2 2 2
1 1 1
17 17 0.17
t =0.25 ns t=0.5 ns t=3ns
11 11
11 11 11
1 10 10 10
9 9 9
-8 -8 -8
7 Z 7 2 T2
e 6 = 6 = 6 o
- . = . =
- 1 5 15
3 3 3
2 2 2
1 1 1
| .13 0.06
t =100 ns t =1000 ns t = 10000 ns
11 11
11 11 11
10 10 10
9 9 9
-8 -8 -8
7 2 7 2 7 2
6 = 6 = 6 H
5 =& 5 = 5 =&
g P e P
3 3 3
2 2 2
1 1 1
.09

11 AR Z0F o1l B A A

Fig. 11. Distribution of electron temperature at different times.

1.1 x 107 V/m. 7£ 10000 ns i, IR 3 x 10—
8.8 x 107 V/m, HIHLAE X325 W] e Fy B 7 —IK
L5 I LT 0 52

i 33 | COMSOL 5 B3R A4 40534 1] Bﬁ@ﬁﬁz
H, AR R R AR AR 2.17 x 102 m
AT TR EIREWREAE] 6.23 x 10 m
FEXTFRAH 0—20 wm &b H 370 A5 Bk P2, W AR K
R 3—8 A%, TE BRI B 7E B AR RN FHAK B 3 E
U 2, S TR HLfar B 43 A an 18] 13 Fios, 7E 3 ns )
23 [A] W Af 43 AR B, TEBAA 20 pm A0 1E B %
e 1o 1 D PR T AR Uk e DB 1 & 28] 5
Bt 20 wm Ab3RAS T R8BI K A HL B RO
AT RELNG A0 85, BRI 4325 8] 1E 45 (8]
H 7 1) 285 B A e TR, PR 0—20 pum Z5 [A] 4
H s (R LA YIRS, e o 1S — LT AIE K

TR 5 A Tl R 3 S R/ S 3 2 <L A ]
AR AT A AR

1.0}
0.9
0.8
0.7
0.6
0.5
0.4
0.3}
0.2 ——+
0.1} *

HLFAR /(108 Vem 1)

AN /pum

B 12 gk b AN IR i i L 35 0 A 18
Fig. 12. Distribution of electric field at different times on

the central axis.
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= 0.15 ns
120 o 1 ns
100 —— 2 ns
= 3 ns
80 ~+ 10000 ns

25 a2 / (C-m —3)

0 26 ZLO 6‘0 éO l(l)O
K E /pm
[ 13 g L ASTR] B a] A s 6] B Aar 43 A7 R

Fig. 13. Distribution of space charge at different times on

the central axis.

4.2 HERERMEK S AR
ARSCAS ] WZ R RARALL L 38 T T B e
PR & AR p SR E R R N

|E;|" - rand s
b Smp PR
0, |Ei| < |Ec|,
Xb, BN, JA S5 S A K T4
F E, B, Z S A AT Re U & R A n R
RIEMEARISR | E| N R RS (b, Y B
R I 1 T R AR 1 i R AR S5 5T T
R (N GERIBI=N B BN ER 7B 7 g o xeich W 1 2k
BRI T RIES T, B AR NG RO 5 1E
BT, EARRR AR TR 10° 245, SEE
X TFE BB 2, T LA T i E 25 ] f
fop W AR 25 [A] L 3, 15 5 116 ) B a2 A A ad A o
T TE P 118 FEL S ik 553, A5 PN 1 R AR
/U 3E A A RN Bl ) AR L E TE PN L A
JE EAEZIN 1 x 100V /m. PR AR it i)
iy
¢; = ¢o — L; Ej, (8)
K, o ST R RIS AL, ¢ & 50 K R %
PR RSB, L, WS 2 ) p e s
4.2.1 YGEAEHK
AR iE | MATLAB 5 B3, 4 H = ™
& 4] 43 iR DX, FR T S5 BT BE R 4R 1 [R] B 1 AR
144 pm x 192 pm, PRI 0G B X AL
4 144 pm x 192 pm. ASCEAUEARIAIES 100 pm,

TESEL A 1600 VB AR ELME, 18] 14 R0
FL DX 345 70 A 5 AR AR B il R AR
5 wm, PR E R A%, e K AR K R
2 pm, Fe/NAS K 1 pm, Hof A% T SOk
11687, #1453~ 22943 4~ =ML #oC; 5 1 fih
A 4,5, 8, 942 Dirichlet {1 555, Hih B i # )
k¢ =0VAH ¢=1600V. LA 2 3,6, 7=
Neumann A 554, il Fo o

n-(Vg) =0. (9)
180 + Ee Ex
160 -
Ey Es
140 -
g 120
=9
% 100 Es\/ Ey
= [E ‘ E:
S sor
60 F
40 b
20 b
E

ol— \ \ | \ \ \
—60—-40—-20 0 20 40 60

Bl 14 O XY 3 AR S
Fig. 14. Boundary label of discharge area.

422 AR

it 5 BB B HE AT S ML BT, A0y L 45
R 15 P, HIFEEES, Xy > 130,
JAC P T )5 R R AR T i A, AR ) SR
b AR AT W AEEGER N D 25 55 50 e 75 LR 9 53T

T 05 B A I REAIL PR EC A R, 7 X LR
JP 2 WIBAT, AR SO HIZ AT 10 WK, % 45 R 45
J 597N o FI 2| DO A N i s e - N =
SR BE R 95% Y B AT X)L 15245 R 5k 2
Fi7R.

MR HE A 1600 V, [A]BA 100 pm B i
FL S8R B R 40 TE e 85000 £ DX [R) Ry 1.3747—
1.4399. FH FHIE 5 05 EUBAU AT A1, BALLT L Y 43
T2 4 55 6 25 WE 2R & 8 B S Kk b, 2 =
1.18—1.3 i, HAFHLL ik f 43 T8 2 500 B A5 X [ 7E
SHRAE AR BAF X M 2 N, HALT X[ F
NG YR A AR E n = 1.18—1.3 i, 1
L5 S0 A i R A TR AR B 6
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180 H(®) 180 H(b)
160 | 160 |
140 b 140 b
g 120} g 120}
= =
100 - & 100 |
pink] pink]
£ g0t £ g0t
o e
60 - 60 -
40} 40}
20 b 20 b
ol v ol v
—60—-40—20 0 20 40 60 —60—-40—20 0 20 40 60
180 L () 180 L(d)
160 b 160 F
140 b 140 b
120 b 120 b
g g
£ £
& 100 - & 100 -
& &
& got & got
= =
60 - 60 -
40+ 40+
20 | 20 |
R R ol v A
—60-40—20 0 20 40 60 —60—-40—20 0 20 40 60

B 15 MEREEHER = 115130 EMNMEER  (a) n=1.15 D =1.422; (b) n=1.18, D = 1.4183; (c) n = 1.2, D =
1.4031; (d) n = 1.3, D = 1.384
Fig. 15. Fractal dimension of simulation of probability development index n = 1.15-1.3: (a) n = 1.15, D = 1.422; (b) n = 1.18, D =
1.4183; (c) 7 = 1.2, D = 1.4031; (d) n = 1.3, D = 1.384.

2 HEEEAT 10 AR TR 4L

Table 2. Fractal dimension obtained by running the simulation ten times.

15 BLIREL n=11 n =115 n=1.18 n=12 n=13 n=14
1 1.4099 1.4246 1.4013 1.3808 1.3797 1.2969
2 1.4478 1.3906 1.4183 1.3877 1.3808 1.3713
3 1.4683 1.395 1.4428 1.4079 1.384 1.3106
4 1.43 1.47 1.3732 1.4399 1.3656 1.3579
5 1.4592 1.4475 1.4252 1.4031 1.4183 1.3229
6 1.4855 1.3957 1.4609 1.4006 1.3591 1.3846
7 1.4979 1.4283 1.4233 1.4344 1.4001 1.3524
8 1.4985 1.3978 1.4006 1.3764 1.4079 1.3378
9 1.4274 1.4428 1.4381 1.3696 1.4016 1.3179
10 1.4169 1.422 1.3441 1.4155 1.4006 1.3656

YA 1.4541 1.4214 1.4128 1.4016 1.3898 1.3418

95%EAEIXM  [1.4306 1.4777]  [1.4023 1.4405]  [1.3881 1.4375]  [1.3846 1.4186]  [1.3762 1.4034]  [1.3210 1.3625]

5 4 i 1300—1900 V 78 B8, Il i T & e 8t
S TR, 8 R R AR AT R e A P Y R

AR SO AT AR B R 2R G LA R SR %, f#i FHl COMSOL i B A0, T 2 (B FL AT L F
e SRAE T EIBRAE 50—150 pm, 13 HLE7E TR I R R R R R RN 43 T

205207-11


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

W) I8 =

R Acta Phys. Sin.

Vol. 70, No. 20 (2021)

205207

3T A B Bt B R e R ) R IF TR
XoF IO PR FEL 2 PR MBS AR 4. A SC AR LR 518

1) 7E H I HLE R 1600 V R, BEE 8 BREE 25 1Y
WK, B AR EI(E N 1.2278 B K 3] 1.4922; $4
I BRI RS A 100 pm, BEE R 1300 V 2]
1900 V, sHIELERM AN 1.2182 B4 K 3 1.5542.

2) o) B A T LR O K D B L R TR
o RS OR B 26 UL e B, S HRL 3 T A A R T
Bt Hoor R >, AE TR R 100 wm, HL R A

1300 V i, 2T 4E%0 HoA 1.2182. JRIFE T AfE
Eﬁ%@}ii’ﬁ%ﬁ’%*‘ﬁﬁﬂfﬂ% T AL . DL 37 2% B

WO E, WIS, BRI IRk
Eﬁn/\lﬁﬂﬁﬁﬁ% S HL 3 BT 7 AR ) R LS DA
T/ i 1) 223 (] 5 L BT B 0K L T35 g A ) 4
Feic, A B R R S A R ) R
3) o FH O AR A 27 By T A A US4 ] it A
100 pm, HLELE 1600 V A A2 H () B 7%
FEFE A . i AR P H R B R ks 3] 2.17 x
102" m 3, ZEXTARGH 0—20 wm &b H 37 B 28 5 kg ™
i, WARRy 3—8 A%, PRI &85 2% A f &)
SR AR R T 5 3. SR A SR T
53 S ZAFAE T IR AR AR B
4) i it MATLAB §j 55, 247008 & et
Fon = 1.18—1.3 I, Jf BB ML 48 5 50 5 &
BAI 5.
T A B 2 A B I O B R
4 CCD REZA T Eg, iyl
FRA U E T ) = AR, PR R R IR
AR LA S H A B LR R AL
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Micro gap air discharge based on fractal theory”
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Abstract

Micro-gap discharge is a form of gas discharge in which the discharge gap is on the order of sub-millimeters
orless. To study the initial path of micro-gap discharge and the mechanism and law of particle density change
during discharge, in this paper a micro-gap discharge experiment and discharge image acquisition device under
atmospheric pressure is built and the COMSOL simulation software is used to simulate the electron density and
space charge in the process of micro-gap air discharge. Furthermore, the MATLAB software is used to calculate
the fractal dimension and probability development index of micro-gap discharge. The air discharge phenomena
produced by applying positive DC voltage to needle tip at atmospheric pressure and room temperature with gap
distance ranging from 50 pm to 150 um are studied. It is found experimentally that there are twists and turns
in the discharge channel, and the number of bifurcations in the discharge process with a short gap is less than
that with a long gap. Observation of the micro-gap air discharge process with a gap of 100 pm under
atmospheric pressure shows that the discharge process is divided into the following three processes: needle tip
corona, corona breakdown streamer, and spark discharge channel. Based on the analyses of these experimental
results, it can be concluded that the discharge mechanism follows Thomson's theory, supplemented by the
streamer theory. The cathode secondary electron emission (including positive ions colliding with the cathode
and photoelectron emission) and the space charge distortion electric field form a secondary electron avalanche
to maintain the discharge together. The seed electrons formed by a small amount of space photoionization also
form an electron avalanche under the action of the space charge distortion electric field. There are tortuous
sections in the discharge channel, but the number of branches is small and the degree of tortuosity is low.
Therefore, there are weak streamer forms. The discharge channel is tortuous and branched, but the number of
bifurcations is relatively small, and the tortuousness is low. In addition, it is also found that a sheath is formed
at the cathode, the distortion of electric field is 3-8 times that of original electric field, and the electron density
reaches 2 x 10 m® during discharge, obtained from the COMSOL simulation. Meanwhile, the fractal theory
simulation is used to simulate the micro-gap discharge. In the process of research, the fractal dimension is found
to be proportional to the voltage and the gap distance. When the probability development index n = 1.18-1.3,
the fractal dimension of the simulated discharge process is closer to the experimental result. The findings in this

paper lay the foundation for further exploring the discharge theory of sub-micro- and nano-scaled gaps.

Keywords: micron gap discharge, fractal, space charge, probability development index
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