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Table 1. Material physical parameters.
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Fig. 1. Effect of coupling intensities on the morphology of
dendrite tip growth: (a) v, = 20 pm/s; (b) v, = 32 pm/s;
(c) v, = 50 pm/s.

FEIEHRBERBIE TS, 130 5 1 BV A7 76 o
i, ST R AR, I A O B A 1) A
A i, 11T ELASE A 1) 2 19 AR JEE 5 B3 v
RNV, TR 1 v i s ) B e 55
JEERASE T il X — BRGR AT LAk i v 0 1)
AT REVE R
v, Gy, W WOAER BB BE, Vo B i A A
m NBANLRNR, ¢o ME B FIar, ki
Bor LR AL, Dy, BRI #OR R, AT, A

166401-3


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. 68, No. 16 (2019) 166401

XK /pm
300 400 500 600 700 800
T T T T T T T T T
1.6f (b)
I — Xk
151 — R X
1.4f
s |
~ 1.3fF
© -
1.2f
1.1t
1.0+
1 1 1 1
600 650 700 750 800 850
AT X8/ pm
XK /pm
300 400 500 600 700 800
1255———————r———————1——
(9
— Xk
120 —— RIS,
1.15F
S
)
1.10F
1.05F
1.00
1 1 1 1
600 650 700 750 800 850

IR X / pm

Bl 2 v, =32pum/s, n2 =80 KA MIAUATHY (Si&k) 5
A (BLR) AR VR BUAAHIE  (a) W BT3; (b) BT
BE; (o) SRR MY IR

Fig. 2. The solute field along the full line and the hidden
line of the channel when v, = 32 pm/s and n2 = 80: (a)
Solute field; (b) solute concentration; (c) concentration-de-

pendent diffusion coefficient.
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Fig. 3. The characteristics of dendrite tip with different
simulated conditions: (a) Tip radius; (b) tip position; (c) tip
undercooling.
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Fig. 5. (al)—(a3) The evolution of dendrite columns when 12 = 0; (b1)—(b3) the evolution of dendrite columns when 13 = 80.
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Abstract

Solute diffusion is an important process that determines the dendrite growth during solidification. The
theoretical model generally simplifies the solute diffusion coefficient in liquid phase into a constant.
Nevertheless, the composition of the boundary layer changes greatly in the solidification process, the diffusion
coefficient will no longer be a constant and is dependent on concentration. In this paper, the quantitative phase
field model is used to simulate the effect of concentration-dependent diffusion coefficient on dendrite growth in
directional solidification. In the model, the concentration-dependent diffusion process is investigated by coupling
the concentration-dependent diffusion coefficient in the liquid solute diffusion equation. A series of simulation
results confirms that the concentration-dependent diffusion process has a significant effect on the dendrite
growth. The results show that the increase of the coupling intensity of solute concentration will enhance the
diffusion of solute in the mushy zone between primary dendrites to the dendrite tip, resulting in the increase of
solute enrichment at the dendrite tip, thereby increasing the tip undercooling. The variation of diffusion
coefficient in liquid phase has little effect on the tip radius of dendrite, and the simulation results are in good
agreement with those from the theoretical model. Moreover, the amplitude of dendritic side branches decreases
with the increase of solute diffusion coefficient. In the study of dendrite arrays, it is found that the
concentration-dependent diffusion coefficient increases the primary spacing and reduce the tip position. The
results of this study indicate that for a system with a concentration-dependent coefficient significantly, the
effect of concentration-dependent diffusion on tip undercooling and side branches should be considered in the

quantitative and experimental verification of the existing model.
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