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Understanding magnetohydrodynamics (MHD) in compressible flows involving turbulence, shock waves, and their interac-
tions is of significant interest in a wide range of both scientific and engineering applications, such as the magnetosphere, he
liosphere, and astrophysics. A significant challenge in the field of simulating the compressible MHD flows is to establish a
numerical scheme that is able to accurately simulate flows involving turbulence, shock waves and their interactions while satis
fying divergence-free magnetic fields. The numerical algorithm needs to satisfy three requirements simultaneously: the schen
needs to be high-order accurate to accurately resolve the broadband scales of turbulence, robustly capture shock waves, ¢
also automatically preserve the divergence-free property. To our knowledge, however, there is no single numerical method th:
satisfies the three three requirements.

In this study, we propose a new and very simple conservative numerical scheme for solving compressible MHD equations
The proposed method simultaneously satisfies the three requirements: high-order accurate, shock-capturing, and automa
divergence-free preservation, while incorporating the strong conservative form of governing equations and co-located solve
The analysis of the numerical method in compressible MHD flows directly leads to the proposed simple yet effective physically-
consistent numerical diffusion terms that maintain the three requirements. The proposed method dynamically adds non-linee
physically-consistent artificial diffusivity locally in space to capture shock waves while satisfying the divergence-free magnetic
fields, and a high-order central differencing scheme (sixth-order compact differencing scheme in this study) resolves a broa
range of scales in flows. The method is simple, low computational cost, and ease of implementation. The capability of the
proposed method is verified through several one- and two-dimensional compressible MHD flow problems with shock waves.
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