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Fig. 6. Cross Section view of inception clouds’ electri-
cal field strength: (a) 3.0 kV, 1.0 ns; (b) 3.5 kV, 0.8 ns;
(c) 4.0 kV, 0.6 ns; (d) 4.5 kV, 0.4 ns.
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(c) 4.0 kV; (d) 4.5 kV.
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Fig. 10. Sectional views of electrical field strength of streamer discharge with different gas components: (a) 0.1%

O2; (b) 20% Og; (c) 100% Oa.

ATLAE H, 7£0.1% O W LA, kR H
TR W KT R O IR T O NI 74k
W AE3.2 ns N, TR 70 SCRUD, BT ALY
BRI R BR F RO R, 7E 2.2 ns I AT 0 SRR E 7
SCER; PR R IR BOM R, RN ARV 2 4
N, BE O IREERIHE &, 20% O TULF, ¥itik
oy SCECH , JEHAR AN 2 S H Z #2225 100%
Og THLT, BB i iR E & A, ik i Y 4
TR T 4/ AL LB

B10 45 7 =Fh 00T A e i )3 5 A8
PCIEL. JRLTE TSR AT I, i R bR R T A A e 37 56 X
W, BETERRE, BIRER; WE, Wik
HL 3 9 R e AT T B T A TR %A TR
J&, Je 9T Eh i 8 TE 2 18] R AR LA, A
1T A o FE R AR sl | i U NTIARK,
LA AU &5 10 73 XA H.

FE0.1% Og UL, it Sk AR 28 A5 K 7
S5 XA, W BT 10 (a) B, Tl i B T AR R
2 L0 MR R SRS, I B S T
W PEE RS AT R R, AR IE N AR E
A, FELI7) 0 R A N BRI

3.4 ERMRRST X RERE RIS

A1t FL 37 55 R R TR e A — 5 BRI RE .
AR, TAE 4.0 KV ST, AR KRR 42
A R TS KR

ESCHI B E R, AR I ER A 4209 50 pm,

AT HAMF ORI ERR 42 5 pm Al
250 pm, W 11 fros.

A B

(a) (b)

Bl11 ARERS#ERRmAEE (a) 5 pm; (b) 250 pm
Fig. 11.
(a) 5 pm; (b) 250 pm.

Photos of different electrode tip sizes:

3.4.1 #iswE =
SRR, W6 s B R L g 0
T B4 S B 12 FE 13 B,

Units: m—3
I- 1.0x10%2
-1.8x102t
- Y
(a) (b) (c)
~5.6x109

l 1.0x 101

12 ARAEHFEIE T T IR E B (a) 5 um,
0.4 ns; (b) 50 pm, 0.6 ns; (c¢) 250 pm, 1.2 ns

Fig. 12. Photos of inception clouds with different electrode
tip sizes: (a) 5 pm, 0.4 ns; (b) 50 pm, 0.6 ns; (c) 250 pm,
1.2 ns.
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Fig. 13. Sectional views of electrical field strength of inception clouds with different electrode tip sizes: (a) 5 pm,

0.4 ns; (b) 50 ym, 0.6 ns; (c) 250 pm, 1.2 ns.
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Fig. 14. Photos of streamer discharge with different electrode tip sizes: (a) 5 pm; (b) 50 pm; (c) 250 pm.
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Abstract

Streamer, which usually appears at the initial stage of atmospheric pressure air discharge, acts as a precursor of
lightning. It also occurs as large discharges (called sprites) in upper atmosphere, far above the thundercloud. The
streamer discharge has many potential applications in industry, such as gas or water cleaning, ozone generation, assisted
combustion, etc. The streamer discharge is difficult to investigate both experimentally and computationally, because of
its non-linear and multi-scale characteristics. Various studies on streamer discharge have been carried out, and some
progress has been made. However, some things remain to be further understood, i.e., the law of particles motion and
the factors influencing streamer discharge. In this paper, we use a pre-established three-dimensional (3D) particle model
(PIC/MCC) to study streamer discharge with a needle-plate electrode in air. To simplify the condition, we only use
nitrogen-oxygen mixture to represent dry air, regardless of other components such as CO2, H2O gases, etc. In this
model, we take photoionization, attachment and detachment processes into account. The adaptive mesh refinement
and adaptive particle weight techniques are used in the code. In order to facilitate the simulation, we artificially put a
Gaussian seed right on the top of the needle electrode. We adjust some computational parameters to analyze how the
streamer discharge starts and evolves from the needle electrode. Many factors can influence streamer discharge during
its evolution, from among which we choose three important parameters: voltage amplitude, gas component, and the
radius of curvature of the needle electrode tip, to study the generation and evolution of streamer discharge, and focus
on inception cloud, streamer branches, and electric fields. The simulation results show that the radius of inception cloud
increases with the increase of voltage amplitude, and the diameter of steamer channel and the number of branches also
increase with voltage increasing. We choose 4 kV as a proper simulation voltage for next two parts of simulations. By
comparing the results obtained in the cases of different gas components (pure oxygen and different ratios of nitrogen-
oxygen mixtures), we discover that the nitrogen-oxygen mixture ratio significantly affects the total number of streamer
branches. With 0.1% oxygen, discharge grows irregularly with small protrusions on streamers. In the pure oxygen case,
streamer seems to have much more thin branches than in other cases. Needle geometry directly changes the inception
cloud of the streamer and its morphology, especially when the tip becomes blunter. In this circumstance, electric field
strength around the electrode decreases, and inception cloud can be barely seen. Instead, a single-channel streamer

discharge develops right toward the plate electrode, later this single-channel streamer splits into branches.

Keywords: streamer discharge, 3D particle simulation model, needle-plate electrode
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