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Fig.15 The velocity distribution along the axis of

the phase-A arc chamber under different working currents
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Fig.16 Temperature distribution along the axis of the

phase-A arc chamber with different inlet distribution ratios
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Fig.17 Potential distribution along the axis of the phase-A
arc chamber at different intake air distribution ratios
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when the power supply frequency is 1 kHz
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Tab.2 Comparison between experimental results and

simulation results of the arc voltage

i/ B/ X L A BV R
A (gh) A H B cH (»)

T

SEE 2 300 30 5 744.66 762.51 753.31
fiE2 300 30 5 723.12 731.89  726.03

SEE 3 400 30 5 636.08 640.35  637.54
i’ 3 400 30 5 619.81 620.35  623.29

SEEe 4 200 45 5 115512 1151.92 1162.45
5.57

fiE 4 200 45 5 1096.35 111098 1097.81

SEE S 200 60 5 130139 1322.07 1319.36

fiE 5 200 60 5 126233 1282.85 1273.02

SE 6 200 30 3.25 672.33 668.95  689.61
6.58
i 6 200 30 3.25  640.09 645.27  647.03

SEH 7 200 30 7.85 1211.9 1202.08 1220.56
2.45

fig 7 200 30 7.85 1189.66 1187.64 1191.3

R R W IR A AR /Y e
A (g/9) A H B i cH ()

T

SEEE 1 200 30 5  896.32  893.38  897.04
4.67

fiE 1 200 30 5 861.18 865.33  855.15
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Fig.20 Experimental waveforms of three-phase arc voltage
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Fig.21 Plasma flame photographed during the experiment
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Tab.3 Comparison of the experimental and simulation

results of the outlet temperature

TH SEIG/K 11i H/K &7 (%)
1 5945.84 5514.87 7.24
2 6 238.75 5926.13 5.01
3 6 302.07 6 082.31 3.49
4 5622.26 5322.08 5.34
5 5351.15 5128.30 4.16
6 5124.55 4766.36 6.99
7 6271.89 6 020.13 4.01
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Fig.22 The simulation results of the arc root position and

the electrode ablation after the experiment
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Tab.4 Comparison of arc root position between

simulation and experiment

T RS FL 9IUA ) A7 B /mm iR 2 (%)
ST 1 3.25 31.4

5.73
THHE 1 3.25 29.5
I 6 5 94.8

3.69
i H 6 5 91.3
SEEG 7 7.85 137.9

3.79
ThHE 7 7.85 132.0
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Abstract The arc plasma torch can be used for pre experiments on ground erosion performance testing of

spacecraft flight materials, which can save costs. The three-phase AC arc plasma torch has the advantages of

simple power supply and reliable operation. The hollow electrode structure with dual inlet channels can not only

improve the electrode life, but also achieve a wider range of power control. However, the design of plasma torches

with this type of electrode structure is more complex and there is limited research and application in China. A

three-phase AC plasma torch with magnetic motion, tangential inlet, and supersonic jet was developed and

numerically modeled and experimentally studied.

Firstly, a three-dimensional turbulent MHD multiphysics coupling simulation model of a hollow electrode

three-phase AC arc plasma torch with a dual end inlet structure was established, and the flow state and electric

(T# % 4179 71



5 40 55 13 ] A HESE RN R ROK U K R 8 3 A T TR R R Y B T 4179

The following conclusions are drawn through simulation and experiment under the condition of low
temperature and sub-atmospheric pressure: (1) The simulation outcomes reveal that when the reduced electric field
strength remains the same, as the altitude increases, the breakdown voltage drops, the electron density gradually
reduces, the electric field strength of the streamer head decreases, and the development speed of the streamer slows
down. As the rising edge of the pulse grows, the electron density decreases simultancously. When the discharge
can be accomplished within one pulse, an increase in the pulse width has minimal effect on the discharge. Under
the circumstances of low temperature and sub-atmospheric pressure, with the rise in humidity, the electron density
increases concurrently, the peak value of the electric field intensity also rises, and the development speed of the
streamer becomes faster. (2) The experimental results indicate that when the reduced electric field strength is
consistent, with the increase of altitude, the penetration time of the streamer becomes longer, the channel brightness
decreases, and the channel radius increases. When the pulse width of the pulse voltage is greater than the discharge
time, the increase in the pulse width has no influence on the discharge process; when the frequency of the pulse
voltage rises, the brightness of the streamer channel gradually intensifies; under the condition of low temperature
and sub-atmospheric pressure, with the increase in humidity, the penetration time of the streamer becomes shorter
and the brightness of the streamer channel increases. (3) Under the same conditions, the simulation and
experimental results have a consistent conclusion regarding the development speed of the streamer. The influence
of the pulse width on the discharge depends on whether the discharge can be completed within one pulse. The
brightness of the streamer channel is positively correlated with the electric field intensity of the streamer head.

Keywords: High voltage pulsed electric field, low temperature and sub atmospheric pressure, streamer

discharge, needle plate electrode, humidity

(HmiE F &)

(L% 4137 1)

thermal characteristics of the arc plasma inside the torch were obtained. Secondly, the influence laws of air intake,
working current, air intake distribution ratio, and working frequency on the electric field, magnetic field,
temperature field, flow field distribution, and arc characteristics inside the plasma torch were studied and revealed.
Finally, the correctness of the numerical model was verified by comparing the arc voltage, nozzle outlet
temperature, and arc root position under various operating conditions in simulation and experiment.

The conclusion drawn from the study is as follows: (1) In a three-phase AC plasma torch, aerodynamic and
electromagnetic forces dominate the flow characteristics of the arc root. During the process of increasing the intake
volume from 30 g/s to 60 g/s, the cooling effect of the gas flowing along the wall is greater than the heat generated
by the arc column, resulting in a downward trend in temperature; And the larger the intake volume, the more
obvious the compression effect of the cold air layer on the arc, and the higher the arc pressure; The higher the
working current, the higher the plasma temperature and jet velocity. (2) In a hollow electrode AC plasma torch
with dual inlet ducts, changing the air intake distribution ratio can alter the position of the arc root along the
electrode axis and the magnitude of the output power. Increasing the air intake distribution ratio can make the arc
more significantly stretched in the axial direction, the arc longer, and the arc root closer to the arc back cover. (3)
When the operating frequency is 1 kHz, the arc has a more stable motion trend, and the rotation speed of the arc
root is five times that of the power frequency. The contact area with the electrode is reduced, which reduces the
degree of electrode erosion and can improve the electrode life.
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