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Fig. 1. Schematic diagram of dynamic grid scheme.
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Physical parameter Value
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Gibbs-Tomson coefficient, I'/(10 7 m-K) 2.4
Specific heat capacity, C,/(J-kg " K) 1179
Latent heat, L/(10% J-kg ') 397
Density, p/(kg:m®) 2606
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Fig. 3. Evolution of solute concentration and fluid velocity during precipitation of single dendrite under natural convection: (a) ¢t =

0.005 s; (b) t = 0.015s; (c) t = 0.025 s.

238101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021)

238101

I

L v
0 . . . . . . .

—200—-150-100 —=50 O 50 100 150 200
7/(0.5X10~6 m)

Weight concentration/%
N

B4 t=0.015s B, Bk O miAb R By 1) b A998 BTk
BEAE A

Fig. 4. When ¢ = 0.015 s, the solute concentration change
in the vertical direction at point O in the simulation do-
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Fig. 5. The change of dendrite tip growth rate with time.
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Fig. 6. The instantaneous vorticity profiles of two spherical
particles in the process of settling at four times: (a) 1.0 s;
(b) 1.5s; (¢) 2.5s; (d) 4.0 s.
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Fig. 7. Coordinates of the particles centroid: (a) Transverse
coordinates; (b) longitudinal coordinates.
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Simulation of dendrite collision behavior based on cellular
automata-lattice Boltzmann model”
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Abstract

In the alloy solidification process, the movement behavior of free dendrites in the melt is one of the key
issues in studying the formation process of the alloy solidification structure. The cellular automata-lattice
Boltzmann coupling model has become a main numerical model for numerical simulation of solidification
microstructure in recent years. In this paper, cellular automata and lattice Boltzmann model for simulating
dendrite growth are improved to simulate the movement of equiaxed grains in undercooled melt. In the
improved model, the Galilean invariant momentum exchange method is used to calculate the fluid force, the
motion equation of the center of mass is solved to calculate the motion displacement of the dendrite, the motion
of the dendrite is realized through the dynamic mesh technology, and the rigid sphere model is used to deal
with the collision of the dendrite. The settlement of a single dendrite in the undercooled melt of Al-4.7% Cu
alloy, the settlement of two round particles in the Newtonian fluid, and the elastic collision of two dendrites are
all simulated by this model. The simulation results show that this model can maintain the morphology of
dendrites well in the process of calculating dendrite growth motion, and this model can calculate the collision
process of irregular dendrites. The movement of dendrite disturbs the melt around it, resulting in a significant
change in the concentration of melt around it, which affects the growth of dendrite and aggravates the

asymmetry of dendrite growth.

Keywords: cellular automata, lattice Boltzmann, dendrite collision, dynamic grid
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