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Solidification Process of an Al-Cu Alloy in a Vertical Annular Mold
and Effects of Cooling Rate on Macrosegregation

Hoseon Yoo
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Abstract

Transport process during solidification of an Al-Cu alloy in a vertical annular mold of which
inner wall is cooled is numerically simulated. A model which can take account of local density
dependence on the solute concentration is established and incorperated in the analysis. Results
show that thermally and solutally induced convections are developed in sequence, so that there is
little interaction between them. Thermal convection effectively removes the initial superheat
from the melt and vanishes as solidification proceeds from the cooling wall. On the other hand,
solutal convection which is developed later over the mushy and the pure liquid regions leads to
large-scale redistribution of the consituents. The degree of the initial superheating hardly affects
overall solidification behavior except the early stage of the process, when the cooling rate is kept
constant. Macrosegregation is reduced remarkably with increasing cooling rate, because not only
the liquidus interface advances so quickly that time available for the solute transport is not
enough, but also the interdendritic flow is strongly damped by rapid crystal growth within the
mushy region.
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Table 1 Thermophysical property data used in
the present study

Properties Solid |Liquid

Specfic heat[J/kgK] 882 | 924

(g}

Thermal counductivity[W/mK] | 180.6 | 100.8

k
D Mass diffusion coefficient[m?/s]
L

2.6x107°
Latent heat of fusion[J/kg] 3.87x10°
A | Density of aluminum{kg/m?] 2380
0% | Density of copper[kg/m?] 7940
K, Permeability coefficient[m?] 5.556 x 10~
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(@) t=60s, Trn=638C and Tn.x=658C

(b) t=120s, Trun=630"C and Tnex=646C
(c) t=180s, Tmn=626C and Tmax=644C
(d) t=240's, Trn=622C and Tpex=644C

Fig. 7 Time evolution of the tempearature distribu-

tion for U=300 W/m?K :
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Fig. 9 Comparison of macrosegregation pattern for
different cooling rates:
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