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Electrodeless plasma acceleration by AC azimuthal current in an axially asymmetric
configuration
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Topics related to space development are gathering much attention in recent years. Among them is the science and technology
electric propulsion systems, which yield thrust by accelerating plasma by an electric force. While the electric thrusters typically
have high specific impulse (fuel consumption rate) and are thus suited for long term space missions such as those to outer plane
the performance of many of the conventional electric thrusters (such as the ion engines) is limited by electrode wastage. In orde
to overcome this difficulty, we are currently conducting the HEAT (Helicon Electrodeless Advanced Thruster) project, which
aims at development of completely electrodeless thrusters (i.e., no electrodes directly in contact with the plasma).

The electric thrusters we consider consist of the plasma production part and the plasma acceleration part. As for the plasn
production, it is experimentally well established that a high density, low temperature plasma can be stably generated by usin
the so-called helicon waves. On the other hand, as for the plasma acceleration part, various schemes are still being evaluat
and compared. We note that the nonlinearity is an essential element for the producing thrust due to the following reason. In th
electrodeless plasma acceleration, electric current is applied outside the plasma, so that internal plasma current and the inter|
electromagnetic field are generated. These internal perturbations are converted into axial plasma flow, which gives the thrus
Maxwell’s equations tell us that the external current (Input) has to be an AC signal so that the internal perturbations are inducec
while the eventual thrust (Output) has to be DC so that its time average does not vanish. Therefore, it is essential that th
external AC perturbations nonlinearly self-couple to produce the DC output. The plasma acceleration schemes we consider, .
the Rotating Magnetic Field (RMF), the Rotating Electric Field (REF), and the Ponderomotive acceleration, are all nonlinear
processes which converts the AC input to DC output.

In this presentation, we introduce yet another scheme which utilizes the nonlinearity due to the axial asymmetry of the device
In this scheme, the external current drives internal AC azimuthal current. The Lorentz force due to this current and the radia
component of the background magnetic field yields axial force, which accelerates the plasma in the axial direction. Although
this acceleration is AC and its long time average vanishes, if a 'wall’ is placed at only one end of the thruster, the plasma motior
becomes asymmetric and a finite non-zero thrust should be obtained after averaging over time. The 'wall’ does not need to b
a real wall, but it could be any element that introduces asymmetry to the system, e.g., the the asymmetry of the backgroun
magnetic field. We perform a 2-d fluid simulation to show this acceleration concept can be realized. Moreover, a thrust is
evaluated using a realistic set of parameters.
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