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Simulation of Columnar Crystal Growth in Forced Flow of
VAR Based on Phase Field Method

Zhou Yang, Zhu Hongchun, Li Huabing, Jiang Zhouhua, He Zhiyu, Ni Zhuowen
(School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: A fully coupled flow heat mass model was established based on the phase field method to simulate the growth of
columnar crystals in ingots during vacuum arc remelting (VAR) in a forced flow field. The influence mechanism of melt flow
on the growth of columnar crystals was analyzed by comparing the growth characteristics of columnar crystals with and with-
out flow field conditions. The simulation results indicated that when the velocity of flow field in the solidification front is 45
pm/s and the direction is perpendicular to the direction of dendrite growth, the secondary dendrites exhibit ‘counter-flow’
growth, and the dendrite trunks tilt downstream due to erosion. A small eddy current is formed between adjacent dendrites,
and the solutes and the heat in the upstream of the dendrite trunks are carried into the downstream side with the melt. The
boundary layer thickness of the solute and the temperature on the upstream side decreases, from 51 pwm in the absence of a
flow field to 31. 5 pm. The large temperature gradient promotes the development of secondary dendrites. The concentration
of solutes and heat in the downstream boundary layer is high, and the boundary layer thickness increases to 78 um. The de-
crease in gradient significantly inhibits the development of secondary dendrites. The downstream solute concentration is
higher than that in the absence of a flow field, and the slow growth of dendrites increases the risk of micro-segregation.

Key Words: Vacuum Arc Remelting; Phase Field; Columnar Crystal Growth; Forced Flow Field; Solute Field; Tem-
perature Field
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Fig. 1 Schematic diagram of staggered grid
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Table 1 Material properties parameters of 8Cr4Mo4V
bearing steel

e/ D/ ) r/ ml

(at.%) Wipm (umi's']) : i Kpm  (Kat.%™") T./K

104 09375 3000 049 0.02 0.24 8.4 1721
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Fig. 2 Distribution of concentration field and temperature field of equiaxed crystals in flow field: (a) contour maps of solute and su-
percooling with convective, (b) the outlines of dendrite, variation of phase field, dimensionless concentration ratio and supercooling

along the axial, (¢) (d) the corresponding result in the literature [18]
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Fig. 3  Simulation results of columnar crystal growth under no flow field conditions: (a) phase field, (b) dimensionless concentra-

tion ratio, (c) supercooling
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Fig. 4 Simulation results of columnar crystal growth under horizontal flow field conditions :

centration ratio, (¢) supercooling

(a) phase field, (b) dimensionless con-
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Fig. 5 Phase field, dimensionless concentration ratio, and supercooling curve at the height of the dendrite tip :

(b) horizontal flow
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Fig. 6 Dimensionless concentration ratio and supercooling

curves of the dendritic tip : (a)upstream side, (b)downstream

side
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