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Study of the magnetic field penetration in the RMF acceleration scheme by the fluid and
particle simulation models
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As announced at several times of SGEPSS conference, we have been engaging in the research and development of the r
generation thrusters in which electrodes do not contact with the plasma directly (the Helicon Electrodeless Advanced Thruste
project)[1]. As for the plasma acceleration, among several different types of schemes we consider, we examine the conce
utilizing the Rotating Magnetic Field (RMF) acceleration.

In this scheme, the transverse magnetic field drives the azimuthal electron current, which in turn pushes the plasma via th
Lorentz force (i.e., the electron current times the background magnetic field). This concept has been developed primarily for a
application to the plasma confinement in the field-reversed configuration [2]. If the background magnetic field has a finite radial
component, axial component of the Lorentz force is generated, which can be used as a thruster power [3].

About the acceleration mechanism of the RMF concept, we discussed the dependence on parameters (RMF strength, angu
frequency, plasma radius, plasma resistivity, plasma density and so on) of the penetration rate in the plasma due to RMF in tf
fluid and particle model.

In the fluid calculation model, we can evaluate the magnetic field penetration into the plasma by solving the evolution equatior
system which treats cylindrical plasma as fluid, and gives the external rotating magnetic field as boundary condition [4][5][6][7].
We calculate the fluid model with high mode.

PIC simulation of the FRC is being developed recently [8]. The PIC simulation of the RMF with application in the electric
thrusters did not study before. Therefore, we also calculated the Particle-In-Cell simulation using the VORPAL code. It is not
realistic to calculate plasma density with a real value because very long time is necessary. But we can set high collision frequenc
and calculate with real parameters by setting dense neutral gas. Furthermore, in the particle model, a particle escapes along
line of magnetic force direction and particles gather in the center by ponderomotive power. We have not yet known how these
particles behavior influence on the penetration rate and penetration time due to RMF.

These fluid and particle models are organized by using two dimensionless parameters, and the plasma parameters used m
realistic values (external RMF strength, angular frequency, the plasma density and so on). We discussed that how the magne
field penetration depends on two dimensionless parameters in both results of fluid model and particle model, comparison c
two models and particle behavior in the particle model. We will show results of numerical modeling of the RMF in cylindrical
plasma, computed by the fluid simulation and also by the Particle-in-cell simulation.
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