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Numerical Analysis for Stefan Problem in
Mold-Casting with Air-Gap Resistance

Moon-Soo Yeo, Byung-Jin Son and Kwan-Soo Lee

Key Words : Stefan Problem (A3} FA]), Solidification Speed(S-32<-%), Air-Gap Forma-
tion(Z7)% ¥A4), Mold-Casting Interface(F3/F5 AH=Zwl), Interface Heat
Transfer Coefficient (A& A dA4)

Abstract

Casting structures and properties are determined by the solidification speed in the metal mold.
The heat transfer characteristics of the interface between the mold and the casting is one of the
major factors that control the solidification speed. According to Sully’s research, the thermal
resistance exists due to the air-gap formation at the mold-casting interface during the freezing
process and the interface heat transfer coefficient is used to describe the degree of it. In this study,
one-dimensional Stefan problem with air-gap resistance in the cylindrical geometry is considered
and heat transfer characteristics is numerically examined. The temperature distribution and
soldification speed are obtained by using the modified variable time step method. And the effects
of the major parameters such as mold geometry, thermal conductivity, heat transfer coefficient
and initial temperature of casting on the thermal characteristics are investigated.
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Table 1 Comparison of time required for the com-
plete freezing with the variation of major

parameters
B y Baxter®™| Tao"® | Gupta™ | Calculat-
ed Result
1.0 1.00 | 1.045 | 1.044 | 0.986
MO 1as 1243 | 1200 | 1154
1.0 0.70 | 0.736 | 0.737 | 0.702
05 2.0 0.82 | 0.897 | 0.897 | 0.854
1.0 0.42 | 0.463 | 0.467 | 0.450
o1 2.0 0.52 | 0.580 | 0.583 | 0.566

Table 2 Physical quantities and parameters char-
acterizing A4.(#)

ko 388W/m-C L | 4.02x10°J/kg
Ry, ks 213W/m-C Ya 0.2m

Cp 403]/kg-C 7b 0.206m
C1,Cs 1210)/kg-C Tw 660°C

Op 8940kg/m? ho 50W/m?-C
P10s 2700kg/m? hs 200W/m?.°C

hreo 200W/m*-C | 4 20sec

Te 20C ta 55sec
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