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Numerical Investigation on Melting Heat Transfer of PCM in
a Narrow Square Cavity with Reverse Flow Boundary

HENG Wen-lei, WANG Zi-yun, QIN Hao-feng, WANG Mo-xin
(College of Architecture and Environment, Sichuan University , Chengdu , China,Post Code; 610065 )

Abstract; To analyze the influence of complex flow boundary condition on the melting process of phase
change material (PCM) , the computational fluid dynamics method was used for numerical simulation,
and the melting heat transfer characteristics of lauric acid in a narrow square cavity with reverse flow
boundary were studied. The physical and numerical models were established, and the same but reverse
heat transfer fluids( HTFs) flowed through two sides of the cavity filled with PCM. After the simulation , the
melting morphology variation of PCM and the corresponding transient heat transfer characteristics such as
liquid fractions , temperatures and velocity vector distributions were obtained , from which the phase change
melting and heat transfer mechanisms were summarized. The effects of different boundary conditions on
the heat transfer process were analyzed by selecting Reynolds number in the range of 1 x 10*,3 x 10*,

5 x10*,7 x 10* and Rayleigh number in the range of 3 x 10°,4 x 10°,5 x 10°,6 x 10°. The results show
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that the generation of natural convection in the cavity greatly increases the heat transfer intensity , resulting

in the first complete melting of the PCM at the top; the heat transfer modes in the whole melting stage are

heat conduction, mixed heat conduction and convection, and convection dominated heat transfer in turn;

the heat transfer effects inside and outside the cavity are significantly enhanced under the joint action of

HTFs on two sides; Reynolds number and Rayleigh number both have positive effects on the whole melt-

ing process,but Reynolds number has a great influence in the early stage ,and Rayleigh number gradually

plays a leading role in the later stage.

Key words: phase change material, reverse flow boundary, narrow square cavity, natural convection,

melting heat transfer
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