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On numerical instabilities in MHD simulations for hypersonic flows
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Strong shocks caused by supersonic plasma flows, which are one of the most basic processes in space plasmas, are univers
observed. Therefore, shock capturing solvers that suppress unphysical numerical oscillations have been actively developed a
widely applied to space MHD simulations. However, in recent years, it has been found thgteasonicshock waves, multi-
dimensional numerical instabilities appear in high-resolution shock capturing solvers for hydrodynamics (HD). On the other
hand, for MHD, even basics of such numerical instabilities have not been studied at all. Therefore, in this study, numerical test
of the numerical instabilities at the hypersonic MHD shocks are performed using typical high-resolution shock capturing solvers
for MHD. Moreover, a robust MHD solver that can suppress the numerical instabilities is newly proposed.

First, we perform Quirk’s test (Quirk, 1999) for MHD using the Roe solver (Brio and Wu, 1988), the HLL and the HLLD
solvers (Miyoshi and Kusano, 2005). The numerical instabilities are observed in the high-resolutions shock capturing solvers
the Roe and the HLLD solvers, as well as for HD when the initial magnetic field is perpendicular to the wave vector of the
numerical instability. On the other hand, it is found that the numerical instabilities are relatively stabilized when the magnetic
field is parallel to the magnetic field. The numerical instabilities are not observed in the HLL solver that is a typical low-resolution
shock capturing solver.

We can infer from the results of the numerical tests that the numerical instabilities may be suppressed when supplement:
numerical viscosities for tangential components of the momentum are added. Therefore, we propose a new multi-state HLL-typ
approximate Riemann solver, HLLDsolver, in which the tangential velocities are assumed to be constant in the Riemann fan.
It is confirmed that the HLLD solver effectively suppresses the numerical instabilities of Quirk’s tests for HD and MHD. In
addition, a numerical test of hypersonic flows-conducting sphere interaction is performed, and the applicability of the HLLD
solver to magnetospheric MHD simulations will be discussed in this report.
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