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Fig. 1. The schematic of CDPPT structure.
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Fig. 2. Experimental platform: (a) Photo; (b) schematic diagram of the system; (c) thrust balance.

235204-3


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

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021) 235204

seghrh, FIFDEEY (Shamshock 7501) F1ICCD
AL (Andor iStar) REEIiC 5% CDPPT T AR 2
HAOR [ Fsf 220 14 25 8 A R SIS . HE s AR
Hh i ER RSORS00 A5 B BE AR, Betshbt Rt
i AR5 F NS B AR Wl 8, Vs T RE
&3, 38 HRT LATA Ry e H B AR P 45 5 ARl 2 SR
PO A0, BEAh, ARAE SIS 25 R, fR S
T 2R 35 R IRST A 2R £, ARG 1) 1 R A £
A AR TSP G A TR T O
T, SRR FBA N R N PSR RE SR, AT LA
(1) =X, ARHE R T & SIS A e i R A T AR
b TR Do,
Ly _ AaAjigy (Ek - Ej) . (1)

T NiAwgr kTe

MHNZT RS, — R RER E R
FLAR SO BE I P 32k, SR, A A )kt 58
i, HAH AR A BRI 22, O T EERIZI7k,
Xt (1) 20 g ] s BB R ] 75

gAul E, hecFpC;
1 = — In{ ——|. 2
g (Aulgu) kBTex i (4ankBTem ( )

PRz M Ak by, FIH ERedihes B, 4E R
BRARBR, B 2 S5 Lot N B AR, IR ilE
AEFRF Y, WX SRS R T AL, AT
VIR 5 X5 o7 A B 1R . R R Z O B A T T AT
[ 25 1 T 2 55 48, e 4w R . XF
THE 7 25 PV A5 B AR H % A R A
Stark JEUivk. 58 TR L SIEL MR AR R
P . Doppler F& % Fll Stark J& 9 45 R & LR P g,
HA TR AR Y

Adm = /AN + AN + AN, (3)

Fob Ay Ag Aas A 23531 R 3 S 8 % 2 8 9

Stark N J&E T . Doppler &N & Fa UL N G R
Be. X TR R AN AR RS, T
REEETE 5 eV LI, At Doppler & T %50 b %58
/N, AT Sl OO LR R T R SE . X T Stark R E,
HHEAATN (4) R 22

AN, = 2[1 +1.75 x 10~4n/4q

x (1- 0.068ni/6Te_1/2)} % 10" Owng, (4)

i, w A Stark BIHAF; o NEFRERHAT, R
PESEIE SO o MRS 2 )l Voigt PR £

PEATINE AT L, FHRI (3) U (4) XA
AITHRAT BRI

BARAEHET f BT R TR AT 20 uN s
W, HAETBKSEL N Z ARG, H AT IR A%
SRS T AL SRR R 0K . Sese R, SR A WF
Pt g D A AR A TN, Gnl&] 2(c) P, it )
DA B A B )y, CDPPT AR ™ A 4k
IIEAEHEE L, IR R GAEHE A e Y
12375 R Al LU B R G ZRAS vh i i o 2 7m
E A P A TR ) P3RS 6 A% TSR i 4 )
oy oo (G I A DN R FH R
ks e EHEATIRE , Tl & R Gede/ VT R
A3k 0.5 uN-s, AERART 1%, HEZUWHE TR0
PERE R, /2 CDPPT it i i i i oK 2524,

3 HEPpEA

CDPPT T AERT, JCH A58 iR B an &l 3
fin. Horb) R L, 4390 kA i i 2% 2 A Fi BELAN
P LEHURE, Ruy, Re Rl Loy, Lo 2 510 B R0
(1] % 32 4 2 1% 25 8 E R P BELARITFELIRR, R % i 468
FORHIGEE SRR, L, %0 H G A5 2Rk

FHEAR 512
L 1. U-
Ry Lo s
R, | &
¥ B
I i
I BIRE
L, &
BH.
e
Uy
AN A
RCZ LCZ =
BRR 512k

Pl 3 i i H A Ak BB B A AR
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Fig. 4. The discharge characteristics of CDPPT with different cavity diameter: (a) Voltage waveform; (b) current waveform; (c) arc

resistance power; (d) deposited energy.
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Fig. 5. The deposited energy and efficiency of CDPPT with

different cavity diameter.
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Fig. 6. The discharge characteristics of CDPPT with different cavity length: (a) Voltage waveform; (b) current waveform; (c) arc

resistance power; (d) deposited energy.
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Table 4. Equivalent circuit parameters of CDPPT with different cavity length.

BN KE /mm WItRtERE /T T IEE /A HIIE FLBH /m O H AL /nH

14 5.16 4+ 0.01 7944 + 35.78 53.00 + 0.07 14.14 4+ 0.46

16 5.11 4+ 0.03 56.47 + 0.36 19.36 + 1.69

18 5.07 + 0.01 7544 + 35.78 66.20 + 0.45 22.25 + 2.12

20 5.16 4+ 0.06 7256 + 35.78 77.56 + 0.40 22.32 £ 0.22

25 5.05 6872 + 43.82 90.66 + 0.81 22.74 + 3.12

30 5.09 6436 + 21.91 107.34 + 0.19 25.67 £ 2.12

35 5.17 + 0.01 6004 + 21.91 129.86 + 0.34 34.27 + 2.84

40 5.10 4+ 0.08 5684 + 21.91 148.86 + 0.73 36.24 + 1.89
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Fig. 7. The deposited energy and efficiency of CDPPT with
different cavity length.
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Fig. 8. The ablation mass per shot and ablation mass per
unit surface of CDPPT: (a) With different cavity diameter;
(b) with different cavity length.
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Fig. 9. The impulse bit (a), specific impulse and efficiency (b) of CDPPT with different cavity length; impulse bit (c), specific im-

pulse and efficiency (d) of CDPPT with different cavity diameter.
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Fig. 10. Theplasma temperature (a) and plasma density (b) of CDPPT plasma plume with different cavity diameter.
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Fig. 11. The plasma temperature (a) and plasma density (b) of CDPPT plasma plume with different cavity length.
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Fig. 12. The CDPPT thrust efficiency and transfer efficiency with different (a) cavity length and (b) different cavity diameter.
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Abstract

Capillary discharge based pulsed plasma thrusters have great prospects of applications in in-orbit
maneuvering of micro-nano satellites. In this paper, the influence of different capillary cavity structure
parameters on the thruster's energy deposition process, ablation characteristics, output thrust parameters and
plasma plume parameters under an energy level of 5 J were studied. The experimental results indicate that the
increase of the inner diameter of the capillary cavity will significantly reduce the discharge current density,
which leads the deposition energy and equivalent power to decrease; the increase of the cavity length helps to
improve the energy transfer efficiency. The influence of cavity structure on the ablation characteristics is
reflected in the influence of deposition energy per unit area on the tube wall temperature. When the inner
diameter of the capillary increases from 1 mm to 3 mm, the ablation mass decreases significantly, and then the
equivalent ablation mass remains approximately unchanged as the inner diameter of the cavity increases
further; the ablation mass continues to increase as the capillary length increases, while the ablation mass per
unit area continues to decrease. The impulse bit depends on the ablation mass and plasma plume velocity, and
the difference in ablation characteristic further affects the plasma in the cavity. The density and equivalent
pressure determine the plasma electrothermal acceleration process. The continuous increase in the diameter and
length of the capillary cavity will induce the acceleration process to lag behind the discharge and ablation
process. And the decrease of the deposited energy impedes the electrothermal acceleration process, which results
in the decrease of the impulse bit, specific impulse, and the overall efficiency. Furthermore, the overall efficiency
transfer model analysis indicates the influence of the capillary inner diameter on thruster efficiency is mainly
reflected in the energy transfer efficiency, and the capillary length change mainly affects the electrothermal
acceleration efficiency. The overall efficiency optimization of the thruster needs to start from increasing both

energy deposition efficiency and acceleration efficiency.

Keywords: pulsed plasma thruster, capillary discharge, cavity structure, plasma acceleration
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