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Abstract
Magnetoplasmadynamic thrusters (MPDTs) are promising devices in the electric space propulsion family

where acceleration is done by the Lorentz force. It has been shown analytically that the thrust produced by MPDT is
dependent on the square of the driving current [1, 2]. Such behavior has been confirmed by experiments for relatively
low current levels, but it was seen to fail at higher currents, where the so-called "onset" occurs [3]. Despite many
theoretical and experimental studies, summarized in [4], the cause of this breakdown remains unclear. Numerical
simulations of self-field MPDTs have investigated subcritical or near-critical current regimes [5], the role of thermal
phenomena [6] and of an applied magnetic field [7].

The aim of the present numerical work is to investigate the physics of self-field MPDTs over a range of
currents including the high current regime where the onset is thought to occur for the simulated setup. We run
single-fluid, two temperature, resistive magneto-hydrodynamic (MHD) simulations in 2D cylindrical axisymmetric
geometry using the parallel, finite-volume code FLASH. The simulations also include thermal conduction and
Braginskii transport coefficients are used.

Here we present results for currents spanning the range 5 kA to 40 kA. The simulations recover the two
expected operational regimes, which are characterized by the dominant mechanism that is responsible for the
acceleration of the plasma: the pressure gradients at low currents and the Lorentz force at intermediate currents.
Comparison of the simulations results with existing theoretical and semi-empirical models [8] shows good agreement.
We find that the simulated plasma remains stable at high current levels (>20 kA) and does not exhibit the unstable
behavior of self-field MPDTs observed in experiments for such strong currents.

In conclusion, while the simulations can reproduce the correct dependence of the thrust on current, the
geometry and physics considered in the model are unable to capture the onset. Future work will explore the importance
of 3D effects as well as extended MHD physics on the ability of the model to capture the onset. Extension to 3D is of
great importance in particular to capture non-axisymmetric MHD instabilities.
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