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An Approximate Analytical Solution for the Initial Transient
Process of Close-Contact Melting on an Isothermal Surface

Hoseon Yoo

Thickness (el k45=7)]), Solid Descending Velocity (52 AFg) 7-4-12)
Abstract

An approximate analytical solution for the initial transient process of close-contact melting
occurring between a phase change material kept at its melting temperature and an isothermally
heated flat surface is derived. The model is so developed that it can cover both rectangular and
circular cross- sectional solid blocks. Normalization of simplified model equations in reference to
the steady solution enables the solution to be expressed in a generalized form depending on the
liquid-to-solid density ratio only. A selected result shows an excellent agreement with the
previously reported numerical data, which justifies the present approach. The solution appears to
be capable of describing all the fundamental characteristics of the transient process. In particular,
dependence of the solid descending velocity on the density ratio at the early stage of melting is
successfully resolved. The effects of other parameters except the density ratio on the transient
behaviors are efficiently represented via the steady solution implied in the normalized result. A
simple approximate method for estimating the effect of convection on heat transfer across the

liquid film is also proposed.
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considered in the present study.
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Table 1 Reference conditions used for validation
and discussion
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Fig. 3 Comparison of time evolutions of the solid
descending velocity and liquid film thickness
between the present results and available
numerical data.
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A=S [ present analysis ]
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Fig. A1 Comparison of convection effect on the inter-
facial temperature gradient between the pres-
ent approximate analysis and the previous
study.
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Fig. Bl Difference in the interface position between
the approximate and exact solutions for the
Stefan problem with respect to the Stefan
number at different density ratios.
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