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Numerical Simulation of the Discharge Channel of a 50 kW High-Power
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Abstract: High specific impulse, large thrust, and long life are favorable features of high-power Hall thrusters. In
order to improve the design efficiency and investigate thermal load problems, a 50 kW Hall thruster is taken as the
research object. The particle-in-cell (PIC), Monte Carlo collision (MCC) , direct simulation Monte Carlo (DSMC)
hybrid algorithm is used to establish a two-dimensional symmetrical calculation model. Based on the assumption of
quasi-electrical neutrality and the consideration of neutral atoms as the background gas, the calculated thrust of the
thruster under the standard condition (the power is 50 kW, and the flow rate is 86.4 mg/s) is 2.2 N, and the specific
impulse is 2 598 s. Compared with the experimental results of similar thrusters in literature, the errors are 5.18% and
3.35%, respectively. The parameters such as the ion number density, the ion axis velocity, and the electronic
temperature distribution under various conditions (the working voltage ranges from 400 V to 600 V, and the mass flow
rate of the working medium ranges from 69.12 mg/s to 103.68 mg/s) are investigated. The results show that the
particle interaction and ion axis velocity increase when the voltage increases, and the flow rate variety affects the
electron temperature and ion number density distribution. When the discharge voltage increases, the thrust and specific
impulse increases, the flow rate increases, the thrust increases, and the heat loss power ratio of the thruster reaches
15.94%. The research results provide a certain reference for the design and experiment of high-power Hall thrusters.
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Fig.1 Construction and simulation zone of the thruster
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