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Numerical investigation of natural convection effects on the melting and
solidification of PCM within a rectangular finned container using LBM
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The use of phase change material to enhance the capacity of energy storage/ release is the subject of
Received 15 May 2016 many new researches on the management of energy supply. Study of these systems is directly related to
Accepted 16 July 2016 the solid-liquid phase-change problem, in which the evaluation of temperature distribution, position of

Available Online 14 August 2016 phase-change front and liquid or solid fraction becomes a basic problem. Study of freezing and melting

process with regard to natural convection in the liquid phase is the main purpose of the present paper.

K ds: . . . e .

ngﬂirqjid phase-change For this purpose, a rectangular flnped contalner_of phase change materlal is intended. Fins are used to
Natural convection enhance the heat transfer rate. This fact necessitates the use of immersed boundary condition on the
Phase change material solid phase. Hence, the melting process considering both the effects of natural convection and
Lattice Boltzmann method movement of solid phase is studied. The freezing process is also studied taking into account the natural

convection with no need to impose the immersed boundary condition. Lattice Boltzmann method is
used as a numerical method and results are reported based on the dimensionless parameters. Based on
the results, the effects of natural convection are negligible during freezing process, while imposing the
effects of natural convection provides a significant change in the required time for complete melting of
the phase change material.
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Fig. 5 Flowchart for solution of melting/ freezing problem with
corresponding equations
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Fig. 12 Dimensionless temperature distribution, streamlines and
phase-change position for the case of, Ra = 10°
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Fig. 13 Dimensionless temperature distribution, streamlines and
phase-change position for the case of, Ra = 6 x 10°
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Fig. 17 Streamlines around the free solid phase during melting, y = 1
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Fig. 14 Solid-fraction history of PCM respect to dimensionless time
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