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Numerical Analysis of the Effect of Alternating Magnetic Field on the
Hydrodynamic Behavior and Entropy Generation of Galinstan Liquid Metal Flow
Under High Heat Flux
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1 PhD. Student, Mech. Eng, Kashan University, Kashan, Iran.
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Abstract
Enhancing heat transfer in electronic systems is critical for improving performance. This study investigates
a heat sink with a vertically active microchannel using Galinstan liquid metal. The Navier—Stokes equations
are solved using the second-order upwind finite volume method. Galinstan is chosen for its high thermal and
electrical conductivity, low viscosity, high density, non-toxicity, and low melting point. The application of
an alternating magnetic field modifies the flow behavior, increasing the velocity gradient near the walls. This
improves heat transfer, represented by a higher Nusselt number, but also increases pressure drop. Results
show that increasing the phase difference between the magnetic and electric fields significantly reduces
pressure drop, while causing only a slight reduction in the Nusselt number. Moreover, higher phase
differences increase thermal and magnetic entropy generation and decrease frictional entropy generation.
At a Hartmann number of 129, increasing the phase difference from 10° to 50° reduces pressure drop by
4.28-92.3%, whereas the Nusselt number decreases by only 0.11-3.19% compared with the zero-phase-
difference case, indicating improved flow conditions with minimal impact on heat transfer.

Keywords: Mixed convection heat transfer; liquid metal Galinstan; heat sink; alternating magnetic field;

entropy generation
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