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ABSTRACT The developed three-phase model of globular equiaxed grain solidification has been

applied to the cooling channel process of semi-solid slurry of A356 aluminum alloy. The effects of the
processing parameters on the grain density, size and solid fraction have been studied. The results show
that, grain density has its maximum at the pouring position of the cooling channel, the grain size and
solid fraction have their maximum at the end of the cooling channel. Their distributions are almost
uniform in the mold after rheocasting process. Decreasing proper pouring temperature is helpful to
In addition, the flow

pattern of Al-4%Cu (mass fraction) solidification has been numerically investigated, showing that the

increase the grain density and solid fraction, and to decrease the grain size.

thermal convection and feeding flow dominate the flow pattern at the beginning of solidification and the
thermo—solutal convection dominates the middle and the feeding flow controls the end. Additionally,
the effects of grain movement and feeding flow on the formation of free surface and macrosegregation
have been studied. The results show that the obstacle of grain movement directly affects the shape
of free surface, and completely different macrosegregation maps are obtained with considering feeding
flow and without. The developed model has been validated by comparing the grain size between the
measurement and simulation.

KEY WORDS semi-solid, macrosegregation, free surface, three-phase, numerical simulation
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Table 1 Thermophysical and thermodynamic properties of A356 alloy used in the simulation [9.10]

Phase P K D n Cp d

kg/m® W/(mK) m?/s kg/(m's) J/(ke'K) m

Liquid 2430 68 5x1079° 1.2x10~3 1149 -

Solid 2560 166 8x10~13 1.8%x1075 1100 -
Air 1.225 0.0242 - - 1006.43 1.07%

Tr=933.5 K, k=0.114, m=-697.9 K, nmax=2.5%x101 m—3, ATy=20 K, AT, =8 K

Ly = { /e [(1 = fo/fO25I5 — (1= f3)]
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Fig.2 Calculated grain density (a), grain size (b) and solid
fraction (c) in A-A' section in Fig.1 after pouring
A356 alloy for 1.1 s
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Fig.3 Calculated grain densities (a), grain sizes (b) and solid fractions (c) in up, down, left, center and right

sections of ceramic mold after pouring 2.87 s and hold temperature 12.34 s
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Fig.4 Simulated results of cooling channel rheocasting A356 alloy using a three-phase model after pouring 2.2 s
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Fig.7 Melt flow patterns consisting of thermo—solutal convection and grain movement
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