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Simulation of dendrite growth under influence of forced convection with
three-dimensional phase-field method
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Abstract: A three-dimensional PF-LBM model was established by coupling three-dimensional model for
computational fluid and three-dimensional phase field model of dendritic crystal growth to simulate the iso-
thermal growth of dendritic crystal in the condition of forced convection. Taking Al-Cu alloy as an exam-
ple. the dendritic crystal growth behavior in liquid metal flow with different velocity was investigated. Un-
der the condition of identical simulation parameters, the two-dimensional simulation was compared with
the three-dimensional one. The results indicated that the original symmetric growth morphology of three-
dimensional dendritic crystal would be changed noticeably by the current of liquid metal. Dendritic crystal
morphologies and solute field distributions were different under different flow velocities. When the flow
velocity increased, the principal dendritic crystal would become thicker downstream and thinner upstream.
The flow velocity of liquid metal had more effect on radius of curvature of tip than growing velocity of it
and high flow velocity would have more effect on dendritic crystal upstream than downstream. The current
of liquid metal in three-dimensional simulation was more complicated than that of two-dimensional simula-
tion; the current of liquid metal would have more effect on dendritic crystal growth in three-dimensional

simulation than that in two-dimensional simulation.
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Tab.1 Physical property parameters of Al-Cu alloy

Al-Cu
Di./(m? « s D) 3.0X107°
D./(m?> « s~ 1) 3.0X101
ke 0.14
L/(k] kg1 389
Tw/K 933.3
me 620
k/(W s (mK)™1) 192. 6
6/(J +m™1) 0.093
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Fig. 5 Dependence of dendrite tip growth speed and
curvature radius on flow velocity
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