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(b-2) V. = 300 um-s™!, 64 = —3°, 6 = 20° (c-1) V = 150 pum=s~1, 5 = —6°, 6 = 20°

(c-2) V =300 um-s~1, 5 = —6°, O = 20°
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PR AR IO, T e TR PR G K B B ) — R
i H n(EA8 AR EFHES, Ho, 8K, n EHE

PRI 5. IX I R Y Vv X IR LR, il
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(E110), T n BRI AZEHE 50k (B 11). T, £
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FIARAE AR 5 N PR, 1T n AR BE 6 s 3 Fro 3 K
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B bz (B 38 G FE R sz m, B 1145 T R E E
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HHIE T S (Aa = 0°, 9° < O < 20°) HIESE T
FEZE (O — Oa) PRI R AT LI I8 26 00 B 1) A it v UK
JESFAREAI B AR, M2 04 < —8° I, HTdkr A AR
B A=K7 ) s B 7 I B s LR AL S & ALt
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Bl 13 (a-2) B SR ECH ), A0 45 R ) PR IR/,
T 5 AC HAE BRI, Al OO 1 AR K T
Fr, a0 B 13 (b-2) I wy VIR AT s, N 73—
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Simulation of dendritic competitive growth during
directional solidification using modified cellular
automaton method”

Chen Rui  Xu Qing-Yan' Liu Bai-Cheng

(School of Materials Science and Engineering, Key Laboratory for Advanced Materials Processing Technology, Ministry of
Education, Tsinghua University, Beijing 100084, China)

( Received 16 February 2014; revised manuscript received 16 May 2014 )

Abstract

Investigating the dendritic competitive growth mechanism is of great importance for directional solidification, and
the numerical simulation technique is regarded as an effective approach to a description of microstructural evolution.
Therefore, a modified cellular automaton model with decentered square algorithm is developed for quantitatively simulat-
ing the dendritic competitive growth process. The model takes into account the simplified thermal field, solute diffusion,
growth kinetics, etc., and the solid fraction increment calculation is achieved through local level rule method. The model
is successfully used to describe the dendrites with various growth orientations and its availability in simulating dendritic
competitive growth is verified by comparing with the experimental results of transparent alloy. For the nickel-based
superalloy, the simulated results reveal that in the case of converging dendrites, the unfavorably oriented dendrite is able
to overgrow the favorably oriented dendrite, which is dependent on the preferential growth angle. For the divergence
case, the favorably oriented dendrite can overgrow the unfavorably oriented dendrite through side branching at the grain
boundary. The competitive growth process is mainly controlled by the pulling rate and the preferential growth angle.

Furthermore, the model is successfully extended to the simulation of three-dimensional dendritic competitive growth.

Keywords: cellular automaton, directional solidification, competitive growth, nickel-based superalloy

PACS: 81.10.-h, 64.70.-D, 61.50.Ah DOI: 10.7498/aps.63.188102
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