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Fig. 1. Schematic diagram of experimental equipment.
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Fig. 2. Current and photocurrent signals for 5 kV voltage at gas in the coaxial gun bottom of (a) 1.4 mg, (b) 2.1 mg, (¢) 2.3 mg and

(d) 2.6 mg, respectively.
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Fig. 3. The velocity versus with the gas which enters in the

coaxial gun bottom with the discharge voltage 5 kV.
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Fig. 9. Current and photocurrent signals for 2.6 mg gas in the coaxial gun bottom at voltages of (a) 5 kV, (b) 6 kV, (¢) 7 kV and

(d) 8 kV, respectively.
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Fig. 10. The velocity versus discharge voltage with the gas

which enters in the coaxial gun bottom of 2.6 mg.
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Fig. 11. The electron density versus discharge voltage with

the gas which enters in the coaxial gun bottom of 2.6 mg.
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Fig. 12. The coaxial gun discharge pictures taken by the di-
gital camera, the exposure time is 1 s, with the gases which
enter in the coaxial gun bottom of 5.5 mg and the dis-
charge voltage of (a) 5 kV and (b) 8 kV respectively.
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Fig. 13. Current signals and photocurrent signals for a dis-
charge voltage of 5 kV, 1.4 mg gas in the coaxial gun bot-
tom, and capacitances of (a) 180 puF and (b) 120 pF, re-

spectively.
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Fig. 14. Current signal and photocurrent signal for current
amplitude of 52 kA, 1.4 mg gas in the coaxial gun bottom,
and capacitance of (a) 180 uF and (b) 120 pF, respectively.

el A5 A i P o A R AR XA [ AR IV 38 P O i F
TR IE, T DATRV A LD 2 (AT A5 B R A B G2 14

Kl 14(a) FE 14(b) S22k 2F R LS, 83 4
R A S 2(a) LR IR ELAR ], 2 T
DL AR AR ) H R S B G T, TR
SR [R) Rt 08 15 1 22 141 4 B8 IR B TR I 4 1)
SN SCES AT DL AR A IR 1] R
PIZAET, B 7 AR/, 2 A58 8 IR
1T P ) G A T 55 . X U Y e H H 25 Y )
1 2x 5 22 A1 A5 B - A e L0 R R . ELAR
TG 22 2 I (it —25 53 .

4 %

AR SR IE T R RIS A [ kR R
ZUET, TRV 5 30 ik e L 7R R AR X X T4
BT ARRr R sE R, AT T Il R T DA R S B
TR IE R | B A B TR R ST R E S
Ptk BARSCEG A e R,

I b AR 0 b e 7 v L 3 D T A — S U Y I
5%, Uk BH [R5l ik i P B A A5 — > RLC [l

105203-8


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

Y] 32 % 3R Acta Phys. Sin. Vol. 68, No. 10 (2019)

105203

HAETCE A Rl PO — B AR L . A
ISR T S5 B TR S AR, (RS —A
- J S R e (L RS A AN . SR R 25 B T
PR BB RIS T [0l AR/, A i R o
T [T R AR Y ri SELR RSB L B A R

TEAHIR R LR T, BRI 2 Z W55 R
TG I, B A3 R AR i re
A Y S5 A RSN, iz B R, AR
2.6 mg If FUA — P2 B TR AT AR W X
o T RE N, SR 2 AR P A,
A AE 8 TR BE RN H e RS S5 A
A A AR AT T, R 45 B TR ) iz
LA, ARBEA SRR IR AT 5, ik
A A MRFRHE AT, [RIGIAG R A 5 2 1A A
PRSI OB BT [ HITE 3l 20 23155
BT AMAG I i il R N, AT RE
SR 2 Y [R) RS TS PR AR A T B
T, A A — P4 B AOAE FmE . ik
TR, B RS A R R AR B A A T
P, R AR R AR M AR O R, O R R P 22
Z I =250 #r.

FEARIRIE SRS, B A iR 0 25 8 1R %%
FESEIN, Fiz BN, L R KOy 41.7 km /s, IF
i B 2 AR E G D SO TR
HHRIT R, A E 20 PRl B N A S T
PR, A 25 B A ) 2 JRE T AT 444 L R TR o
Pl —ERESE, [R) GG N A S5 TR T og e
I, 45 B TR A0 8 R TP 22 T e 3 1 P O
B, SRS TARZ B AR AR 2 B, T LA iz E
FEHEIN. Bt R R A T, R S A P LA
P 3 A R R AT A AR A A LE A 3
(il F) JE s, [ S PR DR A, ol A [ A S
Uit 4 o P BT R R B I, AT 250 LI 45 8 1
TR DA TG 1

TEARF]HCH L TR FIHE R A5, U SE R
7, KRG FEH AR, 215 BT RO
H AR A IR s . X2t TREE T A
/0N, Tl i L D BT Ik SE AT S, FEAR LT
PRI R R AR [ AR R PR - U B o i, i
DATFIAHAR T HH 22 P 45 7 A ) B G i T el 553

TEARTR] L FL S A SR PE T, B SE L A
7, KBBEH FEH AR, 215 BT ARG
P 1 PR B AE T W53 . X U0 7 i, H 2 1) o 48

S 22 A B R A st O RERE . RS
e ZZ A it — 220

HJe B A AR SRR T AR o R v R AR
JEG IS BT FEL DA A 7 A

PR 2 J A A S i R I T RS T
T LAE A R P | R T R R AR A
TIRBIRFE.

W

2 STk

Marshall J 1960 Phys. Fluids 3 134

Yang L, Zhang J L, Yan H J, Hua Y, Ren C S 2017 Acta

Phys. Sin. 66 055203 (in Chinese) [#5, 3R e, FVEA, W

BR, AE4A: 2017 W34 66 055203]

8] Yang L, Yan H J, Zhang J L, Hua Y, Ren C S 2014 High
Voltage Engineering 40 2113 (in Chinese) [#%5%, EE=A, MK

Je, WK, (EFLE 2014 m SRR 40 2113)
[4] Witherspoon F D, Case A, Messer S J, B R, Phillips M W,
Brockington S, Elton R 2009 Rev. Sci. Instrum. 80 363

[5] Bhuyan H, Mohanty S R, Neog N K, Bujarbarua S, Rout R

K 2003 Meas. Sci. Technol. 14 1769

Mather J W 1965 Phys. Fluids 8 366

Mather J W 1963 Phys. Fluids 7 S28

Cheng DY 1971 AIAA J. 9 1681

Li HW, Han J W, Wu F S, Cai M H, Zhang Z L 2014 Acta

Phys. Sin. 63 119601 (in Chinese) [Z5% 4, #hatff, S iEmt,

B, KRS 2014 YRR 63 119601

[10) Li H W, Han J W, Cai M H, Wu F S 2013 Acta Phys. Sin. 62
229601 (in Chinese) [Z=7f, shalfh, 2XWIHE, Ri&hf 2013 ¥
2 62 229601

[11] Gao Z X, Feng C H, Yang X Z, Huang J G, Han J W 2012
Acta Phys. Sin. 61 145201 (in Chinese) [ 75, DKL, ME
0%, M EEME 2012 YRR 61 145201)

[12] Turchi P J, Roderick N F, Degnan J H, Frese M H, Amdahl
D J 2008 IEEE Trans. Plasmas Sci. 36 92

[13] Schoenberg K F, Gerwin R A, Moses Jr R W, Scheuer J T,
Wagner H P 1998 Phys. Plasmas 5 2090

[14] Woodall D M, Len L K 1985 J. Appl. Phys. 57 961

[15] Poehlmann F R 2010 Ph. D Dissertation (Stamford: Stanford
University)

[16] Liu S, Huang Y Z, Guo H S, Zhang Y P, Yang L J 2018 Acta
Phys. Sin. 67 065201 (in Chinese) [XIII, # 5 2, ZiFLL, 5K
KM, #2234 2018 PR A4k 67 065201]

[17] Rabinski M, Zdunek K 2003 Vacuum 70 303

[18] Liu S, Huang Y Z, Guo H S, Lin T Y, Huang D, Yang L J
2018 Phys. Plasmas 25 053506

[19] Loebner K T K, Wang B C, Poehlmann F R, Watanabe Y,
Cappelli M A 2014 IEEE Trans. Plasmas Sci. 42 2500

[20] Poehlmann F R, Cappelli M A, Rieker G B 2010 Phys.
Plasmas 17 333

[21] Rieker G B, Poehlmann F R, Cappelli M A 2013 Phys.
Plasmas 20 07311

[22] Subramaniam V, Underwood T C, Raja L L, Cappelli M A
2018 Plasma. Sources Sci. T. 27 025016

[23] Ashkenazy J, Kipper R, Caner M 1991 Physical Rev. A 43
568

[24] Wiechula J, Hock C, Iberler M, Manegold T, Schonlein A,

Jacoby J 2015 Phys. Plasmas 22 043516

N

RO NN

105203-9


http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.7498/aps.66.055203
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1088/0957-0233/14/10/305
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.1063/1.1761231
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.2514/3.6418
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.63.119601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.62.229601
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.7498/aps.61.145201
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1109/TPS.2007.914169
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.872880
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.1063/1.334697
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.7498/aps.67.20172403
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1016/S0042-207X(02)00659-0
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1063/1.5004115
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1109/TPS.2014.2332467
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1088/1361-6595/aaabec
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1103/PhysRevA.43.568
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
http://dx.doi.org/10.1063/1.4919625
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

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 10 (2019) 105203

Influence of discharge parameters on pulsed discharge of
coaxial gun in deflagration mode”

Zhao Chong-Xiao Qi Liang-Wen  Yan Hui-Jie
Wang Ting-Ting  Ren Chun-Sheng |

(Key Laboratory of Materials Modification by Laser, Ion, and Electron Beams of the Ministry of Education,

School of Physics, Dalian University of Technology, Dalian 116024, China)
( Received 19 February 2019; revised manuscript received 28 March 2019 )

Abstract

Coaxial gun can produce high-speed and high-density plasma jet and has some potential applications in
many research areas such as space thruster, space debris impact simulation, nuclear fusion, and material
processing. The coaxial gun is usually composed of a pair of coaxial cylindrical and hollow electrodes. The
pulsed discharge of coaxial gun has two discharge modes, i.e., deflagration mode and pre-fill mode. Compared
with the pre-fill mode, deflagration discharge mode can induce a plasma jet with few impurities, high
collimation, and fast speed. In this paper, the effect of gas injection mass and discharge voltage on the discharge
characteristic of deflagration mode are studied with electrical and optical diagnosis including the emission
spectrum, plasma velocity and discharge current measurements. The experimental results show that when the
gas injection mass is relatively low, such as 1.4 mg, many plasma clusters eject from the muzzle. As the gas
flowing into the coaxial gun bottom increases, the plasma density increases and the jet velocity decreases.
Eventually, when the gas injection mass increases to 2.6 mg, one cluster of plasma is found and ejects from the
muzzle of the gun. In the discharge process, as a small quantity of gas flows into the bottom of the coaxial gun
through the electromagnetic valve continuously, new current paths will be generated at the bottom of the
coaxial gun and move forward. This results in the observation of multiple plasma jet at the exit of the coaxial
gun. It is noted that the plasma densities are different for different gas mass flowing into coaxial gun bottom,
but the currents have little effect in the first discharge half cycle due to the small plasma inductance in
discharge circuit. Meanwhile, the plasma characteristics under different voltages with the fixed gas mass of
2.6 mg flowing into the coaxial gun bottom are experimentally measured. The results show that the plasma
density and speed increase with voltage increasing, which is attributed to the stronger discharge current and
larger self-induced Lorentz force. More neutral particles can be ionized into plasma with discharge voltage
increasing, and the transport speed becomes faster under the enhanced force. In addition, the multiple
ionization phenomena are observed again when the discharge voltage increases from 5 kV to 8 kV. This study
provides an insight into how to better apply the coaxial gun discharge plasma to practical engineering field. The
article further verifies the phenomenon of multiple discharges at the bottom of the coaxial gun by changing the

charging capacitance and analyzing the magnetic probe signals.

Keywords: coaxial gun, deflagration mode, plasma, discharge parameters
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