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Numerical simulation of characteristics of ion thruster plume
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Abstract: The back flow of charge-exchange (CEX) ions in the ion thruster plume af-
fects normal operation of the satellite. The ion thruster plume model was established and a
numerical simulation using particle-in—cell (PIC) method was adopted to obtain CEX ions
distribution in the plume. The simulation results agree well with the flight measurement
results of deep space one spacecraft. Influential factors to the distribution characteristic of
CEX ions surrounding the spacecraft were analyzed, including: spacecraft potential, elec-
tron temperature, thruster operation parameter and size of spacecraft. It shows that CEX
ion density surrounding the spacecraft varies from 10* m™* to 10> m~*. The CEX ion density
in the measurement point varies from 0. 65X 10" m™® to L 5X 10" m™*® when the spacecraft
potential varies from —15V to 27 V. The distribution of CEX ion density and electrical po-
tential structure varies slightly with the electronic temperature. However, the magnitude
of the electrical potential is proportional to the electronic temperature. The CEX ion densi-
ty at different thruster operation points can be induced accurately according to the relation-

ship between the CEX ion generation rate and the thruster’s operation parameter. The sur-
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face of the spacecraft onto which the thruster is installed in fact shields the backflow of

CEX ions.

Key words: ion thruster; plume; particle in cell; charge-exchange (CEX) ion;
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Table 2 Parameters for simulation
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Table 1 Spacecraft and ion thruster parameters
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3 [4]
Table 3 Comparison between computation results and measurement results in Ref. [4]
ML6 ML36 MLS83
1.17 1. 33 2.09 s
(¢, — b /V 15 14 19 ,
($y — ) /V 9 9 15
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10" m™* 2.5~4.4 2.2~4.0 1.1~2.0 ( +2cm)
CEX / 1.1 1.2 0.9
107° (A/m*) 1.3~2.4 1.2~2.1 0.9~1.5 ( +2cm)
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Table 4 Computation results at the measurement position

when the spacecraft potentials are different
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Table S Ion thruster parameters at different operation conditions
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