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Abstract In this paper, we design a globally solenoidality-preserving (GSP) approach based on
variational reconstruction ( VR) method and employ it to reconstruct the magnetic field in the
simulation of 3D solar coronal plasma magnetohydrodynamics (MHD) problem. We abbreviate
this method as VR-GSP method and implement the VR-GSP method in simulation of the steady-
state solar wind in Carrington rotation (CR) 2234 to validate its capability of preserving solenoidality of
magnetic field. Furthermore, we make a comparation between the GSP methods in VR sense

(VR-GSP) and in the least-squares (1.SQ) sense (Named as .SQ-GSP in this paper) (Feng et al. ,
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2019). Both methods reach almost the same simulation results for CR 2234, and the simulation

results are basically consistent with the coronal observations by SDO and SOHO, and the mapped

in situ observation by Wind. Furthermore, the MHD simulation based on VR-GSP perform better in

term of calculation efficiency. Consequently, this VR-GSP method is promising for development

of high-efficiency and compact numerical method, which is applicable to the simulation of complex

MHD problems with strong magnetic field.
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