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Fig. 1. Schematic diagram of helical streamer discharge device.
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Fig. 2. Cylindrical geometric coordinate and configuration

of electromagnetic field.
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Fig. 3. The helical streamers with different chiral directions:
(a) The left hand-side direction; (b) the right hand-side di-

rection.
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Fig. 4. The pitches of helical streamers generated by differ-
ent electrode structures (needle electrode and ring elec-

trode) with the axial distance of discharge.
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Abstract

Under the condition of specific pulsed discharge parameters, the discharge mode conversion of the low-
temperature plasma jet discharge channel that originally propagates along a straight line will occur, forming a
three-dimensional helical plasma channel. Unlike the traditional helical wave discharge, there are no factors
such as an external constant magnetic field that destroys the poloidal symmetry of the dielectric tube, and the
chiral direction of the helical streamer will change with the discharge parameters. In order to understand in
depth the electromagnetic mechanism of the helical structure in the plasma jet, and the source and influencing
factors of the poloidal electric field that leads to the helical shape and determines the chirality in this new type
of discharge, we analyze the complex characteristics and electromagnetic mechanism of the helical streamer,
such as the chiral direction, pitch, branching, by establishing a self-consistent plasma theoretical model. It is
found that the phase of the poloidal wave mode has an effect on the chiral selection of the helical streamer, that
the electron density has an influence on the pitch of the streamer, and that the repetition frequency has an
effect on the bifurcation point. The above discharge characteristics and their influencing factors are of scientific
significance in exploring the interaction mechanism of electromagnetic wave and plasma, and also in providing

experimental and theoretical support for the chiral application of low-temperature plasma.
Keywords: plasma, helical streamer, chirality, pulsed discharge

PACS: 52.80.Tn;52.25.Jm DOI: 10.7498/aps.72.20230034

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12005061, 12065019) and the China
Postdoctoral Science Foundation (Grant No. 2019M662271).
1 Corresponding author. E-mail: 1ch2014@hfut.edu.cn

115204-8


mailto:lch2014@hfut.edu.cn
mailto:lch2014@hfut.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ik R B K 51 G T MR e A v T L 2

SRR RV AFT FALE RAH

Mechanism of low—temperature helical streamer discharge driven by pulsed electromagnetic field
Zou Dan-Dan  Tu Chen-Sheng  Hu Ping-Zi  Li Chun-Hua  Qian Mu-Yang

515 &, Citation: Acta Physica Sinica, 72, 115204 (2023) DOI: 10.7498/aps.72.20230034
TEZE[R]1E View online: https:/doi.org/10.7498/aps.72.20230034
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

T Sk ke L 4 S ARSI e S L BRI 5

Discharge characteristics and mechanism of plasma plume generated by atmospheric pulsed discharge

WIFEAEA. 2021, 70(9): 095202 https://doi.org/10.7498/aps.70.20202246

TECHL SRR T ) At 58 U Jk s o, 452 10 AR P S )
Influence of discharge parameters on pulsed discharge of coaxial gun in deflagration mode

YIFI44. 2019, 68(10): 105203  https://doi.org/10.7498/aps.68.20190218

PRI PR IR O R A5 T S Bl g 2 it

Reaction dynamic process of low pressure discharge plasma in microwave resonant cavity

PIFREEAR. 2022, 71(24): 240702 https:/doi.org/10.7498/aps.71.20221385

(VAR I L A5 B TR LR s Bh R PRI 5T

Motion characteristics of coaxial gun discharge plasma current sheet

P4 2019, 68(3): 035203 https://doi.org/10.7498/aps.68.20181832

[RIAHIAEIE | Gk ol i A58 B AR A0 L

Comparative study of positive and negative pulsed discharge plasma characteristics of coaxial gun

PIFRZEAR. 2020, 69(3): 035202  hitps://doi.org/10.7498/aps.69.20191321

FEPEE B TR AL B L D REAL DT

Recent progress of non—thermal plasma material surface treatment and functionalization

WIEEAEAR. 2021, 70(9): 095203 hitps://doi.org/10.7498/aps.70.20202233


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230034
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20202246
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.71.20221385
https://doi.org/10.7498/aps.68.20181832
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.70.20202233

	1 引　言
	2 螺旋流注放电实验装置
	3 螺旋流注放电的表面电磁等离子体理论模型
	4 螺旋流注放电的手性选择
	5 螺旋流注的螺距参数
	6 螺旋流注的分叉特性
	7 结　论
	参考文献

