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Numerical simulation of dendrite growth with
different preferred growth orientation angles

SHI Yu-feng, XU Qing-yan, LIU Bai-cheng
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Abstract: By coupling solute diffusion equation, and considering the effects of constitutional and curvature undercooling

on interface equilibrium composition, a modified cellular automaton model (MCA) was proposed to simulate dendrite

growth controlled by solute diffusion for cubic metals. The model considers the influence of preferred growth orientation

(100) on the normal velocity of solid and liquid interface for cubic metals. Meanwhile, a skew central difference scheme

was used to discrete the normal velocity of solid and liquid interface. Therefore, the MCA model could simulate the

dendrite morphology with preferred growth orientation misaligned with the x-axis. In order to validate the MCA model,

single equiaxed dendrite, multiple equiaxed dendrites and columnar dendrites of NH,Cl-H,O transparent alloy with

different preferred growth orientation angles ranging from 0° to 90° with respect to the horizontal direction were

simulated, which has good agreement with the experimental data.
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preferred growth orientation and interface cell position vector
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Fig. 2 Schematic diagrams of central difference scheme:
(2) 0°<<ywp<45°; (b) 45°<<wy<<90°
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Fig. 3 Simulated dendrite growth and experimental results of NH,Cl-70%H,0 transparent alloy: (a) fs =0.5%; (b) fs=2.5%;
() /s=9.0%; (d) Experimental result
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with constant preferred growth orientation angles: (a) Simulated result, =200 s, G=1 K/mm, v,=8 pm/s; (b) Experimental result;

(¢) Simulated result, =270 s, G=1 K/mm, v,=8 um/s; (d) Experimental result
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