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Abstract

The effects of subcooling and natural convection are studied numerically on the melting process
of an initially subcooled phase-change medium filled inside a horizontal circular cylinder. It is
postulated that melting continues with the tube wall kept at a constant temperature and with the
unmelted solid core fixed. Primary emphasis is placed on the evolution of interface morphology,
the local/overall heat transfer rate at the tube wall and at the interface, and the structure of
natural convection. The numerical results are mainly presented in terms of the Rayleigh and
subcooling numbers. As the degree of subcooling intensifies, the melting rate and the movement
of the interface are impeded but the interfaces are of similar shape with the passage of time. The
heat transfer characteristics are found to be mostly governed by the formation pattern of natural
convection in the liquid phase. Good agreement with available experimental data is found.
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Fig. 1 Schematic representation of the physical
model
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Table 1 Variables in the dimensionless governing

equation
$* rt St
Solid 1 0 0
B k*/C* 0
Liquid 1 0 0
* Pr —ap*/oxt
vt Pr —dp*/dy*—Ra- Pr- 6,
G, 1 0
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Fig. 2 The migration pattern of the melting front for
the case of Ste=0.133 and Rg=1.2x105% The
present work (solid lines); experiments (dot-
ted lines) and simulation (dashed lines) by Ho
and Viskanta(1984). The value of S. is 0.004
inferring from their work. Pure conduction
solution is denoted by open triangles.
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Fig. 3 The molten volume fraction as a function of
dimensionless time for Rz=3.6 x10° and Ste=
0.045; Ra=1.2x10° and Ste=0.133. The value
of S, is presumed to be 0.004 for both the
cases. Note that this value was not explicitly
specified in Ho and Viskanta(1984)
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Fig. 6 The molten volume fraction as a function of
dimensionless time for Ste=0.133, Ra=12x
10° and for several subcooling numbers
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Fig. 8 The history of the melting front for Ste=0.133

and S.=0.13. Rz=3.6x10° (dotted lines) ; Ra
=5.6x10° (dashed lines) and Rg=12x10°
(solid lines)
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