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Fig. 1. Plasma jet generated by atmospheric pressure air
spark discharge: (a) Structure diagram of atmospheric pres-
sure air spark discharge device; (b) installation photo of
spark discharge device; (c) photo of air spark shock-wave

plasma jet.
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Fig. 2. Spark discharge voltage waveform.
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Fig. 3. Microwave Rayleigh scattering device: (a) Experimental schematic diagram; (b) photo of experimental device.
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Fig. 4. Calibration on a constant of microwave Rayleigh
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Fig. 7. The radius r(¢) and length I(t) of air plasma shock-

wave jet.

3.3 ZTREBANEEFEEFEIESTRAORE
BFEE

] 8 JIT 71~ Y 2 55 1 AR SR P o) A8 %
3. B AT UL, BEE R A HEDE, SR R SR
B LT AR AR S B ERE RR  NEa g 5
AN TR S5 R A2 RN A5 3R B X L %8 B ) s e A X
. ASCR R AR kAT 40T, 56 1 RS %
JE ) 2 B B A It ) A AR B RN AR AR AR I
FEAE, FoH 9% BE A B ) AL R, Nl 8(a) T
N BT LUE 78 55 8 AR5 8 2 i,
HL 25 B A O B IRRIE UG, H
L 1% 8 ST R 3 2 4.64 x 1020 m 3 AR, SR
JETERZ 14 ps Ja 0. 25 S H KA R 45 35 IR
YOI S IR ) o A R 98 R TR T ARG B ) S 2
BEINASE R U (6) BB ARRL, SR T 2455 B 4
SR SRR B AR AR AN, LA 28 L
HCR L R ARG, 56 2 A % FE A S S T
S ERCEAR rIR A, SFRCK R LRI AR Y,
Ho & B Rk 72 Wi 8(b) Fiw, TEi L
TR, WL A b AR AE B T in B (R
5.43 x 102 m3, SR W AREAE 14 ps J5 20k, At
HEEWGE I T, MG T, 5 3 P
X R B RS SRR AR r R, A
B Dl A3 b R, Q& 8(c)
Fiios. IWEIFR AT DU Y, 8 S R S5O A8 | B iy

075202-6


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

) 3B 3R Acta Phys. Sin. Vol. 69, No. 7 (2020) 075202
6 _(a) r=1.2 mm 6 _(b) r=1.2 mm
=10 mm
5t 5
Al 2l
=
=3
3r 8 3r
Al
2 >~ 2F
<
1t 1r
0F 0OF
1 . _1 .
0 20 40 60 80 0 20 40 60 80
t/us t/ps
6l (c) r=r(t)
=10 mm
5 -
74l ?
= =
f=3 =3
3 37 S
i —
3 o2r 3
S IS
1 -
0 S
_1 1 1 1 1 1 1 1 _1 1 1 1 1 1 1 1 1
0 20 40 60 80 0 20 40 60 80
t/ns t/ns

B8 TR A RORUEE T B A6 2 7 AR S A A e T
10 mm; (d) r = (¢), I = [(¢)

(a) r=1.2mm, =10 mm; (b) r= 1.2 mm, [ = (t); (c) r = r(t), I =

Fig. 8. Time-varying electron density of plasma jet with the different equivalent scales: (a) r = 1.2 mm, [ = 10 mm; (b) r =

1.2 mm, [ = [(t); (c) r= r(t), | =10 mm; (d) r = »(t), | = ().
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Abstract

It is difficult in measuring the electron density of an atmospheric air spark shock wave plasma jet, due to
its variation on the time scale of sub-microseconds. In this paper, the time-varying electron density of air spark
shock wave plasma jet is measured, based on the principle of microwave Rayleigh scattering. The system
constant A is determined by using calibration of materials with known properties; the results show that the
system constant is obtained as A = 1.04 x 10° V-Q-m 2. According to the principle of microwave Rayleigh
scattering, the electron density of the plasma jet is related to its radius and length of the plasma jet plume.
Combined with the discharge image captured by ICCD camera, it is observed that the plasma jet plumes are
with irregular patterns. In order to facilitate the calculation, the plasma jet plumes are replaced by cylinders
with the same volume as the original shapes. Thus, the equivalent radius and length of the plasma jet plume are
obtained. According to the known data, the electron density is determined to be in the order of 10%° m3; its
value increases rapidly to the peak value, and after then exponential attenuates along with time. In addition,
the effect of different equivalent dimensions of the plasma jet plume on the measurement results is also
discussed. It is shown that the calculation result with the time-varying equivalent radius and the time-varying
equivalent length is the most effective one. In addition, the first fast peak is caused by the ionization wave of
the photo ionization. The actual ionization process is that the air discharge in the cathode cavity releases a
large number of high energy photons, which pass through the cathode nozzle and project into the region outside
the nozzle; and then the O, molecule in the ambient air are ionized by those high energy photons to form the

plasma jet plume at the time of 1 ps.

Keywords: microwave Rayleigh scattering, electron density measurement, streamer discharge, air plasma jet,

ionization wave
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