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Abstract

The phase change heat transfer has been applied to the processes of machines as well as of manufacturing. The cycle
in a heat exchanger includes the phase change phenomena of coolant for air conditioning, the solidification in casting
process makes use of the characteristics of phase change of metal, and the welding also proceeds with melting and
solidification. To predict the phase change processes, the experimental and numerical approaches are available. In the
case of numerical analysis, the Enthalpy method is most widely applied to the phase change problem, comparing to the
other numerical methods, i.e. the Equivalent Specific Heat method and the Temperature Recovery method. It’s because
that the Enthalpy method is accurate and straightforward. The Enthalpy method does not include any correction step
while the correction of final temperature field is inevitable in the Equivalent Specific Heat method and the Temperature
Recovery method. When the temperature field is to be used in the calculation, however, there must be converting
process from enthalpy to temperature in the calculation scheme of Enthalpy method. In this study, an improved method
for the Equivalent Specific Heat method is introduced whose method dose not include the correction steps and takes
temperature as an independent variable so that the converting between enthalpy and temperature does not need any
more. The improved method is applied to the solidification process of pure metal to see the differences of conventional
and improved methods.
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Fig. 1 Schematics for temperature correction in the
convectional Equivalent Specific Heat method
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Table 1 Property values used for phase front tracking

Pure Iron Pure Tin
(liquid/solid)
Conductivity
(J/m sec K) 41.9 51/62
Specific Heat
(J/’kg K) 627.9 249/243
Density
(kg/m’) 7000 7000
Fusion Temperature
1753 505
X)
Latent Heat
272093 59020
(kg)
Contact Heat Transfer
Coefficient (J/m’ sec K) 2093.0 -
Thermal Expansion
Coefficient (K™ - 1.09E-4
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mold of semi-Infinite cast of pure iron
constant temperature (T,=1753K)
(Tc=293K)

Fig. 2 Semi-infinite solidification model for validation
and application
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Fig. 3 Comparison of solutions from each method in a
semi-infinite unidirectional solidification system
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Fig .4 Phase interface tracking under the effect of natural
convection flow in a rectangular mold
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