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Effects of Superheat and Coating Layer on Interfacial
Heat Transfer Coefficient between Copper Mold and
Aluminum Melt during Solidification

Hee-Soo Kim', Je-Sik Shin, Sang-Mok Lee, and Byung-Moon Moon

ABSTRACT

The present study focused on the estimation of the interfacial heat transfer coefficient as a function of the surface temperature
of the aluminum casting at the mold/casting interface to investigate the effects of superheat and coating layer. The casting
experiments of aluminum into a cylindrical copper mold were systematically conducted to obtain the thermal history during
solidification. The thermal history recorded by four thermocouples embedded both in the mold and the casting was used to solve
the inverse heat conduction problem using Beck's method. The effects of superheat and coating on the interfacial heat transfer
coefficient in the liquid state, during the solidification, and in the solid state were comparatively discussed. In the liquid state, the
interfacial heat transfer coefficient is thought to be affected by the roughness of the mold, the wettability of the casting on the
mold surface, and the thermophysical properties of the coating layer. When the solidification begins, the air gap forms between
the casting and the mold, and the interfacial heat transfer coefficient becomes a function of the air gap as well as surface roughness
and the superheat. In the solid phase, it depends only upon the thermal conductivity and the thickness of the air gap. The coating
layer reduces seriously the interfacial heat transfer coefficient in the liquid state and during the solidification.
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experiments.
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Table 1. Exact positions of thermocouples used in the present
study.

Distance from the Distance from the mold/
Thermocouple

center(mm) casting interface(mm)
TCI 59.5 21.5
TC2 40.5 2.5
TC3 35.0 3.0
TC4 0.0 38.0
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Table 2. Thermophysical properties of the casting and the mold
used in the present calculation [6,16].

Material Aluminum  Copper
Density (kg - m™) 2702 8933
Specific heat (J-kg!' - K™) 902 385
Thermal conductivity (W -m™' - K™) 236 401
Melting temperature (°C) 660
Latent heat of fusion (J - kg™!) 385000
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Fig. 3. Comparison of measured and calculated temperatures

for casting of pure aluminum into a cylindrical copper
mold with the superheat of 100 K (without coating).
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Fig. 4. Plots of calculated interfacial heat transfer coefficients
(a) against time, and (b) against the temperature of the
casting at the casting/mold interface, with various
pouring temperatures, when no coating was applied on
the copper mold surface.
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