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MHD Analysis and Heat Transfer Characteristics of Liquid Metal Thin Film
Flows in a Quasi-Coplanar Magnetic Field
for Tokamak Liquid Metal Divertor
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Abstract

Numerical analysis of an open-channel liquid metal thin film flow with a quasi-
coplanar strong applied magnetic field is carried out for a liquid metal divertor of
tokamak device. The wall conductance ratio and the magnetic field inclined angle
appear to be the most important parameters to explain flow characteristics. As the
flow rate increases, the velocity distribution with applied magnetic field is flat in the
core region of flow and has jets at free surface of liquid metal film flow. In case of
conductive walls, that effect is larger than insulated walls since open-channel, induced
current circuits are constructed through walls, which causes a large magnetohydro-
dynamic (MHD) drag in that region. In case with inclined magnetic field, as the flow
rate increases, the film height increases and the flow experiences three regimes
whether wall is conductive or not. Regime 1 is dominant by the viscous force, regime
2 by the film height direction component of magnetic field(y component), and regime 3
by the channel width direction component of magnetic field(z component).
Characteristics and limits of each regime are examined. Using calculated velocity
distributions, heat transfer at the free surface is examined. In case of ordinary
hydrodynamic flow, the heat removal characteristic is superior to the MHD case.
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