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Full Particles Simulation on the Effects of Discharge Chamber Structure

on the Plasma Characteristics of Electron-Bombardment Ion Thruster

SUN Anbang, YAN Han, LI Haolin
(School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to clarify how the structure of electron-bombardment ion thruster influences
the thruster properties like thrust, impulse and so on, a two-dimensional axial symmetry full
particles numerical model is established based on the PIC/MCC method to carry out research on
the plasma characteristics in a 10 cm X5 cm cylindrical discharge chamber. The simulation results
show that the discharge chamber with double inlets has better performance than that with a single
inlet on ionization rate, thrust, impulse and discharge loss except ion density distribution at the
exit. As the cathode length increases, the ion reflux can be weakened and the macroscopic
properties are better. However, when the cathode length is much longer, it would reduce the
ionization rate. The cathode length in the range between 4 and 5 c¢m is optimal for the thruster.
According to the simulation, the influences of different propellant inlet positions and cathode
placement on the plasma characteristics and thruster performance are considered, which can
provide a general reference for the actual design of discharge chambers.
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Fig. 1 Discharge chamber structure of electron-

bombardment ion thruster
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Fig. 2 Schematic diagram of the discharge chamber

computational domain
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Table 1 Variation of parameters obeying self-similarity
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Fig. 3 Flow chart of PIC/MCC simulation
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Fig. 4 Schematic of different propellant inlet positions
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Fig. 5 Neutral particle number density in different inlet

positions

AR X, dy 18] 5a 0, BESCE A2 1SR Y JEE A
i R R T ARG DR R AR R R T R AR
HRTE R H M T W B 2 RO L AT R UL B T
1o S R DXL T 3 1) O AR AR Bl

JRCHEL 1Ak B RO A A 7 s . i
FIRT LU B - SUHE A A B 7 B0 B I 5 B X

http: // zkxb. xjtu. edu. cn

¥ oy % 55 %
[ — ————
0 2 4 6 8 10
BT S B/ (10%m™)

(D& 2

(OPIE 3

(D E 4
R N T B e W I VA Al <R e o - s AL

Fig. 6 Ion number density in different inlet positions
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Fig. 7 lon number density distribution at chamber exit in

different inlet positions
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Fig. 8 Average ionization rate and uniformity in different

1 4

inlet positions
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Table 3 Macroperformance of ion thruster in different inlet

positions
M R o L HCHL 45 G
i & I/ A F/N Iy/s e/eV
1 1.63 0.094 2 278. 34 33.68
2 1. 87 0.107 2 593. 44 33.21
3 1. 69 0.097 2 351.06 33.55
4 1. 95 0.112 2 714.52 33.08
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551 0T BETHT A )6 Tl HL B0 BEAE 3.5 <101 ~ 1. 9
K10™ m™? 2 0] 5 Bifi 25 A 4 B8 A 8 o el S 3
FL 1 A R /)N, T 9 R RO R S T R
F 4 AN R BRSBTS B P 8- 2 1 2 R A
WAz . WM B BE 2 B AR 2 T R, (HB
24 ARABLEETEATFHEFEERYHE
Table 4 Average electron density and uniformity for

different cathode lengths

l./cm /10 m BSEE S
3 7.22 2.34
4 4.42 1.84
5 3.49 2.04
6 2.51 2.05
7 1.79 1.91
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