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Abstract

This work reports a set of approximate analytical solutions describing the initial transient process of
close-contact melting between a rectangular parallelepiped solid and a flat plate on which either
constant temperature or constant heat flux is imposed. Not only relative motion of the solid block
tangential to the heating plate, but also the density difference between the solid and liquid phase is
incorporated in the model. The thin film approximation reduces the force balance between the solid
weight and liquid pressure, and the energy balance at the melting front into a simultaneous ordinary
differential equation system. The normalized model equations admit compactly expressed analytical
solutions which include the already approved two-dimensional solutions as a subset. In particular, the
normalized liquid film thickness is independent of all pertinent parameters, thereby facilitating to define
the transition period of close-contact melting. A unique behavior of the solid descending velocity due
to the density difference is also resolved by the present solution. A new geometric function which
alone represents the three-dimensional effect is introduced, and its properties are clarified. One of the
representative results is that heat tramsfer is at least enhanced at the expense of the increase in friction
as the cross-sectional shape deviates from the square under the same contact area.
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Table 1 The effect of geometric configuration on close-contact melting of a rectangular parallelepiped in

reference to the cube with equal volume.

Boundary condition

Constant temperature

Constant heat flux

Steady melting rate

[GA)/ G B B!

Friction coefficient

[G(A)/ G B

[G(A)/G(1)) ™8 B~

Transient period

[GA)/ GV B

[G(A)/G(1)1 B
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