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Experimental study of MHD effect of phase change heat transfer
in metals under the influence of a strong magnetic field

CAI Zhiyang, MENG Xu, ZHANG Dengke, WU Xi, WANG Zenghui
(College of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract  As a highly efficient heat transport medium, the study of the melting and heat transfer
characteristics of metallic fluids in phase change processes under magnetic fields is of great
importance for industrial processes such as fusion reactors, electromagnetic metallurgy, and additive
manufacturing. In this paper, the melting process of metallic gallium under a strong magnetic field
was studied by building a comprehensive experimental system for heat transfer through phase change
of metal, and the heat transfer characteristics of metallic gallium melting under the action of a
magnetic field were obtained. The dynamic average distance of the heated wall from the phase
interface during melting instead of the fixed characteristic length was used to study the variation of

the relative strength of convective heat transfer and thermal conductivity with Fourier number ( Fo)
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during melting. The results show that; under a small Hartmann number (Ha),

the melting has a

melting-promoting effect at the early stage and is inhibited at the later stage; under a large Hartmann

number the magnetic field has an inhibiting effect on the convection during the melting of gallium

metal, and the melting process shows a laminar and uniform advance. The magnetic field reduces

the height of the dominant zone of thermal conductivity at the bottom of the cavity during the melting

process and suppresses temperature fluctuations during the melting process, resulting in a uniform

temperature distribution during the melting process.
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Fig. 1 Schematic diagram of the liquid metal melting and heat exchange experimental setup
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YEF, T ERE T 5 10 0] 25 e 0 Ak 1 5L AT 100 4 1
HR Ha T, 86350060 65 Ak B A 340 i A
FH, 4 Ha 353 2 914. 8 B, B 5¢ 05 AL RO I [E] A
TowED TRy 2. 225 £,

3) FEREAIE A RE T, Nu® F7AE— A e o
JE S R B N R 3 I 23 0N Nu™ S5 K AB I
FER R RAERR AR, YRR E kS 1.6 T
B A R f N ARSR KT 1, U B X 4500 4K
SR WA, A SGRE T 2 et I T 15
TR F X RAE T Ne ™ 1 TE R
2L (17) .
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