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High-fidelity modelling of large, complex fusion systems necessitates highly scalable sim-

ulation codes integrated to capture emergent physical phenomena. A key aspect of this multi-

physics challenge applies to the tokamak and involves coolant and breeder flows, particularly in

liquid metal systems. Here, magnetohydrodynamic (MHD) effects dominate due to interactions

between the conductive fluid and the intense magnetic fields required for plasma confinement.

Simulation of turbulent magnetohydrodynamic (MHD) flow of a surrogate liquid metal (eutectic

alloy Ga68wt%In20wt%Sn12wt%) in a rectangular duct with a high aspect ratio under a nonuniform

magnetic field is performed using OpenFOAM. A turbulent hydrodynamic solution is set as the

initial condition and is subsequently directed toward a Gaussian magnetic obstacle located at

the centre of the duct. An inlet recycling method is adopted to sustain turbulent fluctuations

upstream of the magnetic field by adding a periodic duct section to the inlet region. The objec-

tive of the study is to compare the 3D MHD turbulence characteristics against the experimental

findings of Andreev et al [1]. Specifically, velocity and current density data show three distinct

flow regions akin to the experiments, namely: (i) a turbulence suppression region, (ii) a vortical

region, and (iii) a wall jet region. In region (i), the applied inhomogeneous magnetic field decel-

erates the central part of the incoming flow, transforming the initially flat velocity profile into

an M-shaped configuration. The intensity of velocity fluctuations is significantly reduced in the

fluid core. In region (ii), where the magnetic field is most intense, the flow exhibits large-scale,

time-dependent vortical structures. In region (iii), downstream of the magnetic obstacle, two

sidewall boundary jets are observed with amplitude at least twice as strong as the mean flow.
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