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Fig. 1. Experimental setup.
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Fig. 2. Schematic diagram of the magnetic probe coil setup.
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Fig. 3. Magnetic field and photodiode waveforms: (a) Mag-

netic field waveform; (b) photodiode waveform.

195202-3


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

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023)

195202

MRAEIE 3 HOLH AR B, AEr fL e —
ASFEIN, e A BB R O — A B ik ik
BB A, RITEIZ i S50 T AR
SRR, FATHUE IE A R — L R ST 2 5%
BICHR I R 030 T ' AR A T SR 3 A ik
i, S EAR S AU Y R AT T A R TR G
PRI S5 FARAT ; O A A8 B s R0 3] B 46 2 740
3, Xof L AR B R AR, ARk ) AN TR
V7 4 L IACAES T ) L O 0 A A T

AL RESPIY , AT LIS SIS ] i 221 Fi e 3 1
il v B LR A . TE— YR RLR, BEAR SRR R L B
AT B 1 3 R/ N5 B P AR S 28 G Pk £ L
BT YRR/ N IAE FE:

zZ

B(Z)=k | Jdz (1)
Zm

K, B R GRSk £k BB BN AS W wg 3 KON, Z
KT HGE R R IR R, Z = Z, FoR B K A
B ko b R A, s B 0E R v e RS k=
9.33 mT/kA; J Ay L It 3 38 A 1] LA 4 88 1 FL
4 B, HMNUIER R n RGNS R K
/N, B B, 2R Z = 16 mm A7 B RER Sk A 5 7%
Yi. 6 MR NG- AT A R N 53 7 BeIX R, 43
Wk 016, 16— 54, 5492, 92130, 130168,
168206 A1 206—242 mm, HLifEX 7 B IX N
RRB XA I DL [ I R, B
LA I DUSPA 7300308 s 2 g B DX 3 A 1 PR U
KK

Iy =Ir — By Jk,

]n:M7 n=1,2,---,5, (2)
k

Is = Bg/k.

P4 B DX R0 A1 A R IR AR R L UAL , RT3
AN RV ZI A4 29000 o sk 25 g B DX a3 A 7 P 3 L
). WAk, 38 5 A AH SBREIR Sk R R L 4R )
AF ] (R B Ae FTEIRE 7, mT A4S 3 45 25 TR RV 19
BHEE V= 1/AL

URBHEEIRFEHL LR 8 KV, CHLHLIR A 100 kA,
TAERM 2R, AEN 200 Pa i, SEATHUE N
ANV 220 ) FL AL 431 LB An T 4 B, e 7 48
3R 7 BRI HL I A e, O B 2SR
FEL P A AR BT 2] 220 BB AR AR 2 T 6 1> 43 B X
Sof¢ F, Y 1 L 481038 38 e R ERE 220 Fl BT 4 AT R,

t < 4.8 ps W, FLMIE A FERT 3 B X Ikiz 8, B
Sy A AR T, R B4 A 1Y) HL R L ) g s E
70% DA E. Mt > 6.4 ps B, L GEERTTTZ 802
SEATHIE 5 2 B X, H R VR, BEE S5
BRI 8, R ECRE B R, 168—206 mm
X — X ek ) L3 A A L B KA A 3] 28%.

100

—=— 1.6 ps
- 3.2 ps
80 | —a— 4.8 ps
v 6.4 ps
60 | 8.0 ps
9.6 ps
—— 11.2 ps
40

20 ' \

0r ——

AL AL/ %

0 50 100 150 200 250
Al #E S /mm
Pl 4 A LT R 100 KA B A I 431 L 461
Fig. 4. Current distribution ratio when the current is
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Fig. 5. Waveforms under different currents: (a) 38 kA, magnetic field; (b) 38 kA, photodiode; (c) 135 kA, magnetic field;
(d) 135 kA, photodiode; (e) 170 kA, magnetic field; (f) 170 kA, photodiode.

FEHLE R 3.2 kV, HH L LIEE Y 38 kA B, F
TTPB NI BCA LT, BRI — 1B —
S JELJRE 11%) P I 300 R DA — 2 P AR VB Bl ik
BUIE S AN R X3k, HLRE B A LI AT L SRR
RERE] 80% VA L. MUKBNIEFLHL L A 13 kV, ik
L HEL IR B 170 KA B, B A MU SRR R T
B RIA]. ¢ < 3 ps B, BUEHCH B e TR B
HURERN, BT B —E s, H5
TR LR A7 — 2 B LTI 29 ¢ > 3 ps Y, He
VLA T F Y 4R [ B s sl (E A AR
T YRR, AE I B A A A L ]

K, HIEAE ARS8 3 0 R s 9 X 5, B
TR 3 9 I KL AL 40 A EL )N 168—206 mm X
— DX Py LT A L B AN B IR 3 13%. DA 5K
YR85 R O Sh 5 7T A H R R, R R RO
FL AL PR A 280 i 3

i HE T AT HLGE ORI ARG (R SR LG
SRR 2Z At TE 5(a), (c), (e) Bz, AT LIgRTS
ERE T IRETITZ 2h EHE A G B . AN
TMRE T S5 8 PRV R Qi 7 iR . B
FEL I (BG5BT (AR iy T o R e b P o
38 kA A K F] 170 kA, LR K 3.47 F%, H&E T

195202-5


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

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 19 (2023)

(a) = 25 pus —4—73ps —¢ 109 ps
100 - —e—5.0ps —v 9.2 s 12.6 ps
—— 14.3 ps
80 F
X
=
% 60 -
—_
£
K 40t
S
S
20 |
0Fr
0 50 100 150 200 250
Al #EES /mm

6 AT FL 3T % R A 20 A L A

195202
70 F(b) —a— 1.0 ps
60 F
» 50 |
=
E a0t
=
30 F
§E
B 9}
=
10 +
O L
—10

0 50 100 150 200 250
RS /mm

(a) 38 kA; (b) 170 kA

Fig. 6. Current distribution ratio under different currents: (a) 38 kA; (b) 170 kA.
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Current distribution and plasma velocity characteristics of
parallel-plate accelerator under static pressure”
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Abstract

Electromagnetic plasma accelerators which can generate high-density and hypervelocity plasma jets have
been widely used in plasma physics research and application fields. An experimental platform of parallel-plate
accelerator electromagnetically driven plasma is established in this paper, mainly including a parallel-plate
accelerator, a power supply, magnetic probes, photodiodes, a current probe, and an oscilloscope. The current
distribution and plasma velocity characteristics of a parallel-plate accelerator under static pressure are studied
by using magnetic probe array and photodiode array. The working gas is synthetic air. A mechanical pump is
used to pump the vacuum chamber to about 1 Pa, and then synthetic air is injected into the vacuum chamber
to a target pressure. The power supply of the parallel-plate accelerator has a sinusoidal oscillation attenuation
waveform with a total capacitance of 120 pF and a total inductance of about 400 nH. When the charging
voltage is 13 kV, the discharge current is 170 kA and the pulse width is 23.5 ps. The discharge currents are 38,
100, 135 kA, and 170 kA when the pressures are 100, 200, 400 and 1000 Pa, respectively. The current
distribution of the parallel-plate accelerator is concentrated, and the discharge mode is consistent with the
snowplow mode, when the discharge current is small and the working pressure is high. As the discharge current
increases or the working pressure decreases, a diffuse current distribution gradually appears in the parallel-plate
accelerator. Two regions are formed, i.e. the plasma front region and the plasma tail region. The diffuse current
distribution phenomenon is more remarkable when the discharge current is higher or the working pressure is
lower. The plasma front current distribution proportion decreases and the plasma front velocity increases with
the increase of discharge current and the decrease of working pressure. However, the plasma velocity proportion
increased is much lower than the discharge current proportion increased or working pressure proportion
decreased. When the discharge current increases from 38—170 kA, the plasma velocity increases from 25.0 km/s
to 33.6 km/s, with the velocity increment being only 34.4%. The plasma front region is subjected to both the

Lorentz force and the thermal pressure of the plasma tail region.
Keywords: parallel-plate, current distribution, plasma velocity, static pressure
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