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Table 1. Additional parameters in the simulation

Number Material nig/m-3 T./eV Uv

1 Mo 2x10% 3 15

2 W 5x10% 3 15



3 W 7.5%10% 3 15
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5 W 5x10% 2 15
6 W 5x10% 4 15
7 W 5x10% 3 10
8 W 5x10% 3 20
9 Cu 1x10% 3 15
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11 Mo 5x10% 3 15
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Fig.9. The influence of surface tension coefficient at lus ( ¢ represents the surface
tension coefficient of the copper electrode, =15 , =2 , 0 =10x
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Fig.10. The influence of viscosity coefficient at 1us (u, represents the viscosity

coefficient of the copper electrode, =15V, T,=2eV, n;=1.0x10>m)
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Table 2. Order of anti—ablation capabilities of metal electrode

materials
P k c T 4 Hu
iy R
glem®*  W/(em'K) J/(gK) 10°K N/m mPa-s

W 19.25 1.73 0.134 3.680 2.5 9.677 573.89
Mo 10.28 1.38 0.251 2.896 2.25 6.274 230.14
Fe 7.87 0.8 0.412 1.809 1.872 6.92 84.16
Cu 8.96 4.01 0.385 1.358 1.303 4.34 71.10

Ag 10.49 4.29 0.233 1.235 0.966 4.28 24.124



Ti 4.51 0.22 0.523 1.939 1.65 3.349 19.29

Al 2.7 2.39 0.897 0.934 0.914 1.9 6.404
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Fig. 11. The temperature distribution of the Mo electrode (5us)

(U=15V, T.=3eV, n,=2.0X10"m™")
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Fig. 12. The influence of cathode material (lus)
(U=15V, T.=3eV, n,=1.0X10"m™")

BEAb, SCRR™ I S AT TR HIR A KT ORI I R R AN ] E AR
BHABEMRFE . 45 RRH, AR be il R KB MK RO Cu> Mo > Wo ] 12 f&
N TR 1 us IS ZIA FERRPEAR IR 724 FTELE , FEF— I Z], Cu H
PRI BETIRE BEIZE R Mo AT W, 11 Mo FRIGE P KT Wo  BUEARAE R 5 LI IR
B BB UE] AR SO AN [ RS R 3 A

4 R&

ARG T T 5 H R e i P B i 6 L 1 25 o b i o ) R
0L AT 2 I A S S R AR s 5080 k- PR A 1 PR A - - < -
S TARIIPEARAS . (1) BEf RS, TRATEE ST T S8 Tk H b AH B A
T2 I R R, 8 T B TS TR BT AR TR
S R, DR [ -4 B TR E M [ A . (2) i A
VL FR o R TR, DL T R T H T e e ) R AR AP LA, B T
BRI L SR E N TR R H R FEST. (3) BB REIsH,
B3 T B TR SO0 ROk I IR, S TR R TR R,
22 50 P AR BRI RO IR . (4) RIS, b RS O MR Tk S A
P, B EGHE S, BT KBRS RS B E R R, R TN
BenbH B, BN kR SR

A TTAF () G057 s P B 7 T 3 T 5 8 - MR LA P 1) 2 A7 PR
TR, A AR S PRH L RN NG RESE s BR T B TR E R R AL i
5 AR YR B U X R, B T R ) S TR R A L



VRO NS PRI BN LG s At B ) 1 AR S RS HUS AR 1A S B U
B, AT SR R B TR IR R S A 1 B AR

E L PN
[1]Zhang Y M, Yao W B, Qiu A C, Tang J P, Wang Y, Hu 'Y X 2019 High Volt. Eng. 45

2668 (in Chinese) [K/K IS, WhHRE, DRZZE, @AM, E£75°, FOH 2019 mH
JEHER 45 2668]

[2]Ding W D, Shen S K, Yan J Q, Duan W, Wang P C, Mei K S 2019 High Volt. Eng.
453898 (in Chinese) [ T P4, HFERE, HF)H, BE, TMRE, MHE& 2019 &
HEHAR 45 3898]

[3]Liu X S 2005 High pulsed power technology (Beijing: National Defense Industr
y Press) (in Chinese) [XI%— 2005 =M IIREARCLE: EF; Tk H R
0]

[4]1Bluhm H 2008 Pulsed power systems: principles and applications

(Beijing: Tsinghua University Press) (in Chinese) [Bluhm H 2008 fik# D% &4t 1) )&
BN AR SRR )]

[5]Uglum J R, Burton D M, Witherspoon F D, Gullickson R L, Periaux S C G, Han K,
Lee SY 2015 IEEE Trans. Plasma Sci. 43 1536

[6]Liao F J 2008 Vacuum electronics (Beijing: National Defence Industry Press) (in
Chinese) [B 55 2008 J 7= AL T HOR(ALST: HEG Tk Hfickt)]

[7]Luo M 2003 M.S. Thesis (Beijing: Graduate School of China Academy of
Engineering Physics) (in Chinese) [&' i 2003 i8¢ (AbEE: E TREY

BB 7 BE AL B T AR FR)]



[8]Cheng X B 2008 M.S. Thesis (Changsha: National University of Defense
Technology) (in Chinese) [F£#1 £t 2008 2201830 (Kvb: EEGRHE K]
[9]Gordon L B, Kristiansen M, Hagler M O, Kirbie H C, Ness R M, Hatfield L L 1982
IEEE Trans. Plasma Sci. 10 286

[10]Donaldson A L, Hagler M O, Kristiansen M, Jackson G, Hatfield L 1984 /IEEE
Trans. Plasma Sci. 12 28

[11]Xie CM, Tan X H, Du T, Xiao M Z 2015 Trans. China Electrotech. Soc. 30 246
(in Chinese) [¥ff & BH, IRZLME, FL¥E, HBAER 2015 HTHEARZHR 30 246)
[12]He M B, He C, Li J 2004 High Volt. Eng. 30 54 (in Chinese) [{7]dts, P, 2
#2004 EHLEER 30 54]

[13]Sun Q, Zhou Q, Yang W, Dong Y, Zhang H, Song M, Wu'Y 2021 Plasma Sources
Sci. Technol. 30 045001

[14]Zeng Q 2006 M.S. Thesis (Mianyang: China Academy of Engineering Physics)
(in Chinese) [{4i& 2006 fid:*#A0i0 (4FH: o E LA B k)]

[15]Bai F, QuuY C, Jiang W 2001 Trans. China Electrotech. Soc. 16 76 (in Chinese)
[HU&, DREEE, 22 2001 B THARFR 16 76]

[16]Li Yan, Huang T, Cong P T, Wang L P, Zhang X J, Sun T P 2010 High Volt. Appar.
46 53 (in Chinese) [Z=77, ¥¥, MIER, 501, KEZE, #hV-F 2010 &M
2% 46 53]

[17]Sun F J, QiuuA C, QiuY C, Zeng J T, Yin J H 2001 High Volt. Appar. 37 37 (in
Chinese) [fMAZS, D822, ORERE, WLV, FHEM 2001 &k ds 37 37]

[18]Zhong W, Li X, Yang L, Xu A, Jin D 2019 /EEE Trans. Plasma Sci. 47 1387



[19]Wang J, Li Q, Li B, Chen C, Liu S, Ji H 2016 IEEE Trans. Dielectr. Electr. Insul.
23 2617

[20]Laghari J, Qureshi A 1981 IEEE Trans. Electr. Insul. 5 388

[21]Sakai K- I, Abella D L, Khan Y, Suehiro J, Hara M 2003 /[EEE Trans. Dielectr.
Electr. Insul. 10 404

[22]Li X, Pei Z, Wu Z, Zhang Y, Liu X, Li Y, Zhang Q 2018 Rev. Sci. Instrum. 89
035113

[23]Donaldson A L 1991 Ph. D. Dissertation (USA: Texas Tech University)
[24]Koutsoubis J] M, MacGregor S J 2000 J Phys D: Appl Phys. 33 1093

[25]Gray E W, Pharney J R 1974 J. Appl. Phys. 45 667

[26]Donald J V, Frederick L T 1962 J. Appl. Phys. 33 2911

[27TWu ] W, Ding W D, Han R Y, Qiu A C 2021 High Volt. Eng. 47 3367 (in Chinese)
[REFE, TR, #hid &, R 2021 &SR 47 3367)

[28]Chen W Q, Zeng Z Z, Zou L L, Ren S Q, Huang J J, Peng J C 2004 High Power
Laser Part. Beams 16 240 (in Chinese) [FR4Ed, W 1EH, 48FHTEH, (LK, HEZE,
WA 2003 HREOLCSRT R 16 240]

[29]Luo W X, Cong P T, Sun T P, Huang T 2016 High Power Laser Part. Beams 28
152 (in Chinese) [Z'4EER, MR, IMVEF, TEFE 2016 5RBOG SR TIR 28 152]
[30]Xie C M, Tan X H, Du T, Tang B H, Shang S H, Li R, Li Z L 2014 High Power
Laser Part. Beams 26 248 (in Chinese) [¥ff & B, WRA4E, 3%, JFIeiE, MR,
B, FIEM 2014 SRBOCER TR 26 248)

[31]Lehr F M, Kristiansen M 1989 IEEE Trans. Plasma Sci. 17 811



[32]Belkin G S, Kiselev V'Y 1996 Tech. Phys. 11 280

[33]Donaldson A L, Kristiansn M, Watson A, Zinsmeyer, Kristiansen E, Dethlefsen R
1986 IEEE Trans. Magn. 22 1441

[34]Luo C, Cong P T, Zhang T 'Y, Zhong X L, Luo W X 2021 AIP Adv. 11 055206
[35]Zhang X, Wang L J, Ma J W, Wang Y, Jia S L 2019 J. Phys. D: Appl. Phys. 52
035204

[36]Kaufmann H T C, Cunha M D, Benilov M S, Hartmann W, Wenzel N 2017 J.
Appl. Phys. 122 163303

[37]Messaad M, Belarbi A W, Lefort A, Abbaoui H 2006 Acta Electrotech. Inform.
61

[38]Hantzsche E 1995 Handbook of Vacuum Arc Science &Technology (Park Ridge,
NJ: Noyes)

[39]Hantzsche E 1977 Contrib. Plasma Phys. 17 65

[40]Li X, Pei Z, Zhang Y, Liu X, Li Y, Zhang Q 2017 Phys. Plasmas 24 122108
[41]Morozov I V, Norman G E, Insepov Z, Norem J 2012 Phys. Rev. Accel. Beams 15
053501

[42]Belkin G S 1972 Trans. Electrischestro 2 61

[43]Xie C, Zhong W, Tao D U, Tan X, Jin D 2016 High Volt. Appar. 52 8

[44]Vargo D J, Taylor F L 1962 J. Appl. Phys. 33 2911



Numerical simulation study on Gas Switch Electrode
Ablation under Plasma—Electrode Interaction
SUN Qiang? WANG Mingyi? ZHOU Qianhong?
1)(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei
230009, China)

2) (Institute of Applied Physics and Computational Mathematics, Beijing 100094, China)

Abstract

Gas switches are key components of pulsed-power systems and play an
indispensable role in nuclear fusion, particle accelerators, and vacuum
electronics. However, electrode ablation can reduce breakdown voltage,
increase trigger jitter, degrade stability, and shorten switch service life,
making it a major obstacle to the development of gas-switch technology.
Although electrode ablation has been investigated numerically, simulation
remains difficult because it involves plasma-electrode interactions and
phase transitions among solid, liquid, gaseous, and plasma states. To
address these challenges, this study develops a multiphase-flow model
incorporating plasma-electrode interactions and applies it to cathode
heating, melting, deformation, and molten-metal motion.The
investigation focuses on ablation mechanisms and the effects of plasma
and electrode parameters. The results show that thermo-field electron
emission and ion bombardment are the dominant processes. Thermo-field

electron emission primarily determines the surface current-density



distribution, whereas ion bombardment governs energy deposition and
pressure loading. Their coupled action causes cathode heating and
melting, and plasma pressure then displaces the molten metal, resulting in
crater formation and droplet ejection. Simulations and theoretical
analyses further demonstrate that ablation severity increases with the
electron temperature and ion number density in the near-electrode plasma.
Higher values enhance the energy flux and bombardment pressure,
thereby promoting melting and material removal.The effects of electrode
properties are examined quantitatively. By combining heat-transfer
analysis with molten-metal detachment dynamics, quantitative
relationships are established between ablation behavior and key
thermophysical and fluid-mechanical properties, including density,
specific heat capacity, thermal conductivity, melting point, surface
tension, and viscosity. On this basis, a new ablation-resistance constant is
proposed to characterize the resistance of electrode materials to thermal
damage and plasma-driven material removal. This constant provides a
theoretical basis for comparing materials and can guide electrode
selection and experimental design.The contribution of this work is a
unified multiphase framework that couples plasma-induced energy
conversion with phase-change heat and mass transfer. The model offers a
quantitative method for evaluating electrode ablation and clarifies how

interfacial processes affect gas-switch performance. These findings can



support the optimization of operating conditions, the selection of
ablation-resistant electrode materials, and the development of gas
switches with greater breakdown stability, improved operational
reliability, enhanced insulation performance, and longer service life.Some

of the research results have been published.
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