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Tab.2 Chemical reaction in the process of air discharge

SANE R BT AR EVBLE S
1 e+0, >2¢+0; AEIN)
2 e+N, >2e+N] SEIN)
3 e+0,—e+0, AEIN)
4 etNy—et+N, AEIN)
5 e+0,—>0+0" SEIN)
6 e+20,5>0,+0; AEIN)
7 e+0,—e+04(a) SEIN)
8 e+0,—e+04(b) SEIN)
9 e+Ny—e+Ny(1) SEIN)
10 e+Ny—e+Ny(2) AEIN)
11 e+Ny—e+Ny(3) SEIN)
12 0:+0,+0, >0, +0, 2.4x10730
13 0:+0,+N, >0, +N, 2.4x107%
14 N,0;+0, >0} +N, 1x107°
15 N,O +N, - O} +2N, 4.3x10710
16 2N, +0,+— N,0; +N, 9x1073!
17 N! +0, -0} +2N, 2.5x10°10
18 N;+0, 50} +N, 6x10°11
19 N;+0,+N, >0, +N; 5%1072°
20 Ny(1)+0,—20+N; 2.54x10712
21 N,(2)+N; Ny (1)+N, 1.0x10°11
22 N3(3)+Ny—Ny(2)+N; 1.0x10°11
23 0,(a)+0,—>0,+0, 2.2x10718
24 0,(b)+0,—0,(a)+0, 4.1%10°17
25 NJ+N,+N, >N, +N, 5%107%
26 0 +0-0,+¢ 5x10710
27 O™+N,—O+Nyte 2.2x107°
28 0,+0->0,+0" 3.3x10710
29 0 +0; 30, 1x1077
30 0, +0, +0, 30, +0, 2x10725
31 0, +0: +N, 530, +N, 2x1072
32 0;+0;+0, >20,+0, 2x107%
33 0! +0;+N, »20,+N, 2x10725
34 0+0,+0,—0,103 2.5x10746
35 0+0,+N;—N+03 2.5x10746
36 N, +e+N; - 2N, 6.07x10734T, 725
37 2¢+N; >e+N, 5.651x10739T, 708
38 N»+0,—N,+0+0 2.54x10712
39 0O; +e—>20, 1.4x107%(300/T,)°*
40 0; +e—>20 2x1077(300/Te)
41 N +e—2N 1.8x1077(300/T¢)"3°
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Tab.3 Increased chemical reaction in the discharge

process when considering the humidity

N4 SN TT ATAUES
42 e+H,0—e+e+H,0 AEIN)
43 e+tH,O—e+H,0 Sf(E/N)
44 e+H,0> H +OH AEIN)
45 e+H,0—H,+0" SEIN)
46 e+H,0—»O0H +H AEIN)
47 e+H,O—e+H+OH SfE/N)
48 e+H,O—e+H,O0(V3) SfE/N)
49 e+H,0—e+O(1p)+H, SEIN)
50 N2(A)+H,O—-OH+H+N, 4.2x10711
51 H™+0,—¢e+HO, 1.2x10°13
52 H+H,0—OH +OH 3.8x10°15
53 O~+H,0—0OH"+OH 6x1071°
54 H+0,—-0"+OH 1x10-17
55 H +0,—-0; +H 1x10717
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Fig.4 Discharge experimental platform schematic diagram
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Tab.5 Output parameters of pulse generating circuit
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FTR o
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Tab.6 Air pressure and temperature at different altitudes

2 O
iy R UKV 0~8
Jik %5 B TR £3/ps 1~20
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Fig.6 Test applied voltage waveforms
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Tab.7 Breakdown voltage of needle-plate electrode at

different altitudes

7 o LR
i /m
PRV R E AV bl 2 T 1 (%)
7000 6.40 0.31 43
9 000 5.25 0.21 4
11 000 3.85 0.12 3.1
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Fig.7 Breakdown voltage at different altitudes
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Abstract Electric aircraft has become a major development trend in the future aviation industry due to its

advantages of low carbon and environmental protection. The air insulation of electric aircraft needs to withstand

high-frequency voltage in high altitude. Therefore, this paper qualitatively studies the air discharge characteristics

and microscopic mechanisms between needle-plate electrodes under different pulse voltage parameters and

different humidity in the low temperature sub-atmospheric pressure environment of high altitude through

simulation and experimentation.

Firstly, the pulse power supply was built by a 4-stage half-bridge Marx circuit. Then, the two-dimensional

axisymmetric streamer discharge model of low-temperature sub atmospheric air was built, and three sets of

Helmholtz equations were coupled to calculate the photoionization. Finally, the images of air streamer discharge

under different conditions were captured by intensified charge coupled device (ICCD).
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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
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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.

Keywords: Hollow electrode, AC plasma torch, 3D arc modeling, high frequency characteristics of arc
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