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A proper projection method for multi-dimensional MHD solvers
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A proper treatment of the projection method, which is one of the most effective divergence cleaning method for multi-
dimensional MHD solvers, is discussed.

In space plasmas, shocks and discontinuities are often generated. Although shock capturing schemes are required in ordet
capture shocks and discontinuities exactly, straightforward multi-dimensional extension of MHD solvers sometimes leads an in
appropriate numerical solution that breaks the solenoidal condition of the magnetic field. Therefore, various divergence cleanin
methods for multi-dimensional MHD solvers have been proposed so far.

Since the projection method can satisfy the solenoidal condition with arbitrary precision by solving a poisson equation with
arbitrary precision numerically, the solution of the projection method has been used as a reference solution for other divergenc
cleaning methods. In low beta plasmas, however, the positivity of the pressure may not be preserved because the corrected m:
netic energy density can become larger than the total energy density. Also, it is susceptible to odd-even decoupling in order t
clean the magnetic divergence completely in the discrete level.

In this study, only the perpendicular component of the magnetic field on the cell boundary, rather than the magnetic field vecto
in the cell, is corrected by the projection method. Therefore, the magnetic energy in the cell is simply computed from the original
MHD solvers with no modification, and a property of the original solvers may be succeeded to. Furthermore, in this method,
odd-even decoupling can be avoided while satisfying the solenoidal condition in the discrete level. Numerical tests show that thi
present method gives a solution quite similar to the original projection method though the magnetic field in itself is not corrected.
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