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The breeding blanket is a crucial component of a fusion power plant. Besides breeding 

tritium, it provides essential neutron shielding and extracts the produced thermal energy, 

while ensuring adequate cooling between critical reactor components [1]. Candidate coolants 

include molten salts, solid breeders, and liquid metals (LM) [1]. While LM offers a 

potentially simpler tritium extraction compared to molten salt blankets and superior heat 

transfer properties compared to solid blankets [2, 3], its high electrical conductivity poses a 

significant challenge in the strong magnetic confinement fields found within fusion devices 

[3]. This interaction induces eddy currents that result in a large magnetohydrodynamic 

(MHD) drag, or pressure drop, which has caused the pumping of the LM to become an 

involved engineering challenge [4]. Electrically insulated duct inserts stand out as a proposed 

solution to this pressure drop problem [5]. However, an efficient and reliable method for 

circulating the LM within these ducts is still required. This work presents a high-fidelity 

computational model of an integrated liquid metal pumping system designed for such an 

insulated duct. The simulations employ an open-source, incompressible, free-surface 

OpenFOAM solver to characterize flow in an 180-degree bend, geometry relevant to ongoing 

blanket design work. This model utilizes a multi-region framework, designed for massively 

parallel high-performance computing (HPC) environments to resolve the fully 3D, transient, 

coupled electromagnetic and fluid fields [6]. The goal is to generate foundational pressure 

drop versus velocity curves to validate system performance and provide insight into LM flow 

behaviour under high magnetic fields. 
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