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A symmetry-preserving fully conservative solver for magnetohydrodynamic (MHD) flows
is presented in this work. MHD flows at high Hartmann numbers (Ha) and low magnetic
Reynolds numbers are of great interest in the development of a fusion reactor blanket.
At high Ha, the large flow opposing Lorentz force is balanced by an equally large pres-
sure drop. A non-conservative discretisation inevitably leads to numerical errors caus-
ing inaccurate predictions of the flow due to an imbalance between the opposing forces.
Furthermore, conservation of physical properties is of high importance in accurately pre-
dicting turbulent and transitional regimes. A symmetry-preserving discretisation of the
continuous operators in the Navier-Stokes equations will lead to conservation of mass,
momentum and kinetic energy and is unconditionally stable [1]. It is therefore a suitable
approach to predict these complex phenomena.

In this work, the symmetry-preserving method is extended to include the Lorentz force
term, using the collocated grid arrangement of Ni et al. [2]. A second Poisson equation
is solved to calculate the electric potential field and correct the current density to make
it divergence free. The proposed solver is implemented in OpenFOAM and tested using
several 2D and 3D benchmark cases at lowHa for which the analytical solutions are readily
available. Global and local conservation of the aforementioned properties is monitored
and compared to analytical results. Influence of the spatial discretisation on accuracy and
stability is also examined. Finally, test cases with more complex geometries at higher Ha
will be solved to compare our method to the ones available in OpenFOAM, showing its
conservative properties and unconditional stability.
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