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Conclusions

* Symmetry preserving (SyPr) method extended to include
magnetohydrodynamic (MHD) flows

e Accuracy on Cartesian grids
* Unconditional stability

 New benchmark case designed using a Taylor-Green vortex (TGV)



MHD introduction

Liquid metals in magnetic field
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MHD challenge
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(a) staggered grid system (b) fully staggered grid system (¢) collocated grid system



History of symmetry-preserving method

Conservative symmetric discretization - Verstappen & Veldman (2003)
Collocated unstructured grids - Trias et al. (2014)
Implementation into OpenFoam - Komen et al. (2021)

Extension to MHD



Symmetry-preserving method

Retaining symmetries in continuous operators
e Conserve energy + unconditionally stable

 Midpoint interpolation for convection
* Uncorrected gradient distances
e S>Cinterpolation: Ty, = Q7 TLQ,




Discretisation method

Method of Ni et al. 2007
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Predict velocity

Interpolate
Pressure Poisson

Correct flux

Update velocity

Predict current density

Interpolate
Electric potential Poisson

Update current density
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Interpolation methods
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3. Volumetric
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Discretisation method

Method of Ni et al. 2007
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Symmetry preserving method
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Taylor-Green vortex — Energy budgets
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Grid (65x65): Cartesian = distorted
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Error of energy budgets
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Evolution
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Hunt’s Case

Umean = 1'0
Ha =30
Grid (65x65): Cartesian = distorted




Hunt’s Case

— Results
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Conclusions

 Symmetry preserving method extended to include MHD flows
* Accuracy on Cartesian grids
* Unconditional stability

* New benchmark case designed using a Taylor-Green vortex



Thank you for your attention

Any questions?



