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Three-dimensional numerical simulation and optimization of
solidification structure of Al-Cu alloy
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Abstract: A 3D cellular automaton-finite element (CA-FE) method was used to predict the solidification structure of
Al-Cu alloy at different casting radii, and optimized the solution diffusion coefficient in solid phase. The results show that
when the casting radius changes from 10 mm to 30 mm, the proportion of columnar grains changes from 65.2% to 21.4%.
With increasing heat transfer coefficient from 500 W/(m*K) to 5 000 W/(m>K), the proportion of columnar grains also
gradually increases. The simulated results are in accord with the experimental ones well, and can accurately reflect the
distribution, proportion, size of equiaxed and columnar grains.
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Fig.1 Shape and dimensions of experimental casting

mold(unit: mm)
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Table 1 Material properties and model parameters used in

simulations
Parmeter Value
Liquidus temperature, 7/K 929
Alloy composition, cy/% 2
Liquidus slope, m/K —0.98
Solute diffusion coefficient in 1% 107
the liquid phase, DL/(m2-sfl)
Sl Ulin i L
Partition coefficient, K 0.17
Gibbs-Thompson coefficient, I” 1X1077
First coefficient of the growth kinetics, K, 6.4X107°
Second coefficient of the growth kinetics, K, ~ 8.85X107°
Maximum nucleation densities, 7,,/m’ 1 X107
Mean undercooling, ATW/K 0.5
Standard deviation, AT,/K 0.1
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Fig.3 Predicted grain structures of 420 mm casting: (a) #=500 W/(m*K); (b) A=1 000 W/(m*K); (c) A=2 000 W/(m>K); (d) h=

5000 W/(m>K)
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Fig.4 Predicted grain structures of @40 mm casting: (a) #=500 W/(m*K); (b) A=1 000 W/(m*K); (c) #=2 000 W/(m*K);

(d) #=5 000 W/(m*K)
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Fig.5 Predicted grain structures of d60 mm casting: (a) A=5 00 W/(m*>K); (b) A=1 000 W/(m*K); (¢) #=2 000 W/(m*K);

(d) #=5 000 W/(m*K)
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Fig.6 Predicted (a) and experimental(b) solidification grain
structures of d60 mm casting
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Fig.7 Predicted (a) and experimental (b) solidification grain

structures of 40 mm casting
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Fig.8 Predicted (a) and experimental (b) solidification grain

structures of d 20 mm casting
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