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Fig. 1. Schematic of VASIMR.
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Fig. 2. Reaction rates with different electron temperature:
(a) Ionization; (b) excitation.
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Fig. 3. Geometric model.
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Table 1.  Geometric parameters of the model.
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Fig. 4. The profile of background magnetic field along axis.
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Fig. 5. The plasma parameters during the simulation with different HPS antenna input current: (a) Electron density; (b) electron

temperature; (c) ion temperature.
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Fig. 6. The ion energy density distribution with different input current of HPS: (a) 60 A; (b) 100 A.
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Fig. 7. The 1D distribution of ion energy density with different input current of HPS: (a) Symmetric axis; (b) z = 0.5 m.
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Fig. 8. The plasma parameters during simulation with different pressure: (a) Electron density; (b) electron temperature; (c) ion

temperature.
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Numerical investigation on discharge and ion heating
processes of variable specific impulse
magnetoplasma rocket engine

YANG Zhenyu ZHANG Yuanzhe FAN Wei  YANG Guangjie
HAN Xianwei  TAN Chang'

(Shanzi Key Laboratory of Plasma Physics and Applied Technology, Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

( Received 29 August 2025; revised manuscript received 20 October 2025 )

Abstract

With the technological advantages of high thrust, high specific impulse, long life, variable specific impulse,
and high efficiency, the variable specific impulse magnetoplasma rocket engine has become the essential
advanced propulsion system for the deep space exploration and manned space flight in the future. In the
variable specific impulse magnetoplasma rocket engine, the ion cyclotron resonance heating stage is linked with
the helicon plasma source. The operation status of the helicon plasma source has a direct influence on the ion
heating process in the ion cyclotron resonance heating stage. It is of great significance for the testing and the
optimization of the engine performance to reveal the influence of the ionization process on the ion heating
process. In this paper, a multi-fluid model in which the ion cyclotron resonance heating stage is linked with the
helicon plasma source is developed. The numerical simulations with different input currents of helicon plasma
source and different pressures are performed to analyze the effect of the operation status in the helicon plasma
source on the ion energy density in the ion cyclotron resonance heating stage. The results show that the
discharge mode of the helicon plasma source gradually changes with the increase of the input current and that
the plasma density jump appears while the ion temperature remains basically unchanged. With the plasma
density jump and nearly identical ion temperature the ion energy density jump also appears in the simulation
domain. Similar to the results of the simulation under different input currents of the helicon plasma source, the
plasma density and the ion energy density also jump when the pressure increases. However, the ion temperature
decreases due to the discrepancy between the input frequency and the resonance frequency. With the numerical
model and the input conditions of this study, the ionization process in the helicon plasma source is decoupled
with the ion heating process in the ion cyclotron resonance heating stage. The energy gain of a single ion in the
ion cyclotron resonance heating stage does not change with the operation status of the helicon plasma source,

thereby accounting for the ability of the engine to work in multi mode.

Keywords: variable specific impulse magnetoplasam rocket engine, helicon plasma source, ion cyclotron

resonance heating stage, fluid simulation
PACS: 02.10.Yn, 33.15.Vb, 98.52.Cf, 78.47.dc DOI: 10.7498/aps.74.20251170

CSTR: 32037.14.aps.74.20251170
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