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Fig. 1. Schematic of the magnetized coaxial gun device.
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Fig. 2. Typical electrical signals of discharge in the magne-

tized coaxial gun.
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Fig. 3. Typical high-speed camera image sequences: Spheromak mode, diffusion mode, and jet mode.
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Fig. 5. Magnetic signal waveforms for different modes: (a), (b) The spheromak mode, (c), (d) the diffusion mode; (e), (f) the jet

mode.
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Fig. 6. Fitting results of axial and azimuthal magnetic fields.
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Table 1. Magnetic field characteristics of plasma in different modes.
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Fig. 7. High-speed camera photographs under different regions: (a) Spheromak region; (b) diffusion region; (c¢) jet region 1 (¥ =

1.42 mWh); (d) jet region 2 (¥ = 0 mWb).
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Fig. 8. Plasma rotation velocities in different modes.
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Fig. 9. Pseudo-color images: (a) Spheromak region; (b) diffusion region; (c) jet region 1 (¥ = 1.42 mWb); (d) jet region 2 (¥ =
0 mWh).
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Abstract

The magnetized coaxial gun is an efficient plasma injection device with significant applications in fusion
fueling, astrophysical jet simulation, and magnetic reconnection studies. In this work, three typical discharge
regions, i.e. spheromak region, diffusive region, and jet region, are observed through high-speed imaging and
magnetic field measurements. The dynamic characteristics of the plasma in each region are systematically
investigated. Based on ideal magnetohydrodynamic (MHD) theory, the magnetic field configurations, rotational
behavior, and axial motion mechanisms of the plasma in different regions analyzed in detail. The results show
that in the spheromak region, the plasma reaches a Taylor-relaxed state, exhibiting uniform rotation and
forming a stable compact torus (CT) structure. In the diffusive region, a relatively strong bias magnetic field
leads to faster rotation, enhancing centrifugal force, and consequently, enhancing radial diffusion. In the jet
region, due to the weaker bias field, the plasma accumulates at the end of the inner electrode, exhibiting a clear
pinch effect and forming a jet with axial instability. These findings not only deepen the understanding of the
discharge physics of magnetized coaxial guns but also provide valuable experimental and theoretical support for

numerically simulating and developing efficient plasma sources.
Keywords: magnetized coaxial plasma gun, spheromak, plasma dynamics, ideal magnetohydrodynamics
PACS: 52.59.Dk, 52.55.1p, 52.30.—q, 52.55.Tn DOI: 10.7498 /aps.74.20250733

CSTR: 32037.14.aps.74.20250733

* Project supported by the National MCF Energy R&D Program, China (Grant No. 2024YFE03130000) and the Fundamental
Research Funds for the Central Universities, China (Grant Nos. DUT24GF110, DUTZD25112).

1 Corresponding author. E-mail: songjian@dlut.edu.cn

175201-11


https://doi.org/10.1063/1.872632
https://doi.org/10.1063/1.872632
https://doi.org/10.1063/1.872632
https://doi.org/10.1063/1.872632
https://doi.org/10.1063/1.872632
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1287137
https://doi.org/10.1063/1.1850921
https://doi.org/10.1063/1.1850921
https://doi.org/10.1063/1.1850921
https://doi.org/10.1063/1.1850921
https://doi.org/10.1063/1.1850921
https://doi.org/10.1063/1.1850921
https://doi.org/10.1063/1.1850921
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377820001488
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1017/S0022377818000156
https://doi.org/10.1063/5.0017625
https://doi.org/10.1063/5.0017625
https://doi.org/10.1063/5.0017625
https://doi.org/10.1063/5.0017625
https://doi.org/10.1063/5.0017625
https://doi.org/10.1063/5.0017625
https://doi.org/10.1063/5.0017625
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.64.075201
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.69.20191321
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.7498/aps.68.20190218
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1063/1.1771483
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1103/RevModPhys.58.741
https://doi.org/10.1063/1.866515
https://doi.org/10.1063/1.866515
https://doi.org/10.1063/1.866515
https://doi.org/10.1063/1.866515
https://doi.org/10.1063/1.866515
https://doi.org/10.1063/1.866515
https://doi.org/10.1063/1.866515
https://doi.org/10.13182/FST89-1
https://doi.org/10.13182/FST89-1
https://doi.org/10.13182/FST89-1
https://doi.org/10.13182/FST89-1
https://doi.org/10.13182/FST89-1
https://doi.org/10.13182/FST89-1
https://doi.org/10.13182/FST89-1
http://doi.org/10.7498/aps.74.20250733
https://cstr.cn/32037.14.aps.74.20250733
mailto:songjian@dlut.edu.cn
mailto:songjian@dlut.edu.cn
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

REAL RIS 2 B TR SN /7 2R
IE xes KEM E4h AEA RME

Plasma dynamics characteristics of magnetized coaxial gun

WANG Zhen  LIU Jinyao  ZHANG Jinshuo  JIANG Nan  YAN Huijie =~ SONG Jian
5| {5 B\ Citation: Acta Physica Sinica, 74, 175201 (2025) DOI: 10.7498/aps.74.20250733
CSTR: 32037.14.aps.74.20250733

TELR T2 View online: https://doi.org/10.7498/aps.74.20250733

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

AR AR A E SO0 Bk T 5 2 2 25 T AR A 2

Effects of magnetized coaxial plasma gun operation on spheromak formation and plasma characteristics

PyFEEEAR. 2021, 70(20): 205202 hitps:/doi.ore/10.7498/aps.70.20210709

(VAR L 55 B TR Bl ) o S 2R B A

Dynamics and impurity spectral characteristics of coaxial gun discharge plasma

YIBR2A4R. 2024, 73(18): 185203  hitps:/doi.org/10.7498/aps.73.20240760

BB JEE X TR T L A58 B 1 AR P A R i

Effect of length of outer electrode on plasma characteristics in coaxial gun

YrE2E 4. 2021, 70(10): 105201  https://doi.org/10.7498/aps.70.20201724

PURFEREATT [ e i i 45 2 A L AT S T

Analysis and optimization of acceleration model in coaxial plasma gun in pre—fill mode

YrHE2AAR. 2023, 72(15): 155202  hitps://doi.org/10.7498/aps.72.20230463

FER iy B A5 B IR B A Tz 1) 22 A S s 1 22U

Multi—fluid and dynamic simulation of tungsten impurity in tokamak houndary plasma

WIBEAEAR. 2023, 72(21): 215213 hitps://doi.org/10.7498/aps.72.20230991

THzZAEA R BE R AR AR 35 ST R AL A B8 IR b i A e b

Analysis of transmission characteristics of THz waves magnetized at different angles in non—uniform magnetized plasma

Y2, 2021, 70(7): 075202 https://doi.org/10.7498/aps.70.20201450


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250733
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20210709
https://doi.org/10.7498/aps.70.20210709
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240760
https://doi.org/10.7498/aps.73.20240760
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201724
https://doi.org/10.7498/aps.70.20201724
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230463
https://doi.org/10.7498/aps.72.20230463
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230991
https://doi.org/10.7498/aps.72.20230991
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201450
https://doi.org/10.7498/aps.70.20201450

	1 引　言
	2 实验装置与诊断
	2.1 实验装置
	2.2 诊断仪器

	3 实验结果与讨论
	3.1 磁化同轴枪典型电学特征
	3.2 磁化同轴枪不同模式的划分
	3.3 不同模式下等离子体磁场特征
	3.4 不同模式下等离子体动力学特征
	3.4.1 等离子体环向和轴向运动特征
	3.4.2 等离子体动力学分析


	4 结　论
	参考文献

