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An essential part of advancing from experimental fusion energy devices to commercially vi-
able reactors is performing accurate simulations of fusion reactor components, such as breeding
blankets. The flow of liquid metals, which are present in some blanket designs, are dominated
by magnetohydrodynamic (MHD) effects due to the interaction between the conducting fluid
and strong magnetic fields required for plasma confinement. Developing and validating robust
numerical solvers for liquid-metal MHD systems is therefore a significant research priority.

We are developing an incompressible, inductionless liquid-metal MHD solver using the MFEM
finite element library, based on the formulation described by [1]. MFEM provides a scalable,
GPU-accelerated framework that supports a wide variety of finite element spaces; adaptive mesh
refinement, to help capture the narrow boundary layers present in MHD flows; and the ability to
couple to the MOOSE framework to capture additional physics, such as neutronics, and thermal
and structural effects. Initial results qualitatively demonstrate the expected MHD flow behaviour
for a Hartmann number of Ha = 20. Current work is underway to validate the physics and im-
plement parallel runs to make larger Ha simulations more tractable.

Liquid-metal MHD simulation coupled to the complex physics involved in breeding blankets,
including thermal, structural, and electromagnetic coupling to the surrounding domains as well
as neutronics and tritium breeding, enabled by the multiphysics coupling framework in MOOSE,
will be an invaluable tool in the development of fusion technology.
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Figure 1: 3D simulation of liquid-metal MHD flow in a rectangular duct with insulating walls and

electric potential
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Hartmann number Ha = 20.
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