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Fig.1 Dendrite morphologies under different angle of view:

(a) phase-filed diagram, (b) adaptive grid diagram of 

phase-field, (c) solute filed diagram, (d) adaptive grid 

diagram of solute field, and (e) magnifying diagram of 

pane of Fig.1b
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Table 1  Values of simulation parameters

Property Value

Liquid slope, m/K·%

-1

 -939

Solute equilibrium partition coefficient, k

e

0.08

Solute diffusion coefficient in liquid, D

L

/m

2

·s

-1

9

3 10

−

×

Solute diffusion coefficient in solid, D

S

/m

2

·s

-1

12

1 10

−

×

Density, ρ/kg·m

-3

 

3

2.65 10×

Latent heat of fusion, L

f

/J·mol

-1

10470

Melting temperature, T

m

/K 933.6

d

0

/m

9

5 10

−

×

ε

1

0.10

ε

2

0.00
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Fig.2  Tip radius of steady-state dendrite growth at different 

interface widths
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Fig.3  Solute field diagram of dendrite morphology at different widths at 600τ
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Fig.4  Growth velocity curves of dendrite at different interface widths
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Fig.5  Dendrite tip concentration variation with interface width
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Fig.6 Dendrite morphologies under different thermal noise amplitude at 750 τ
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Fig 7  Parameters variation curves of dendrite tip under different thermal noise amplitude: (a) tip velocity, (b) tip radius, and    

(c) steady-state coefficient

ÀÁ;<���@mtuO£�H���^µcdS

A�½H����I1J(ª« ;<� ¬�ÂQ

500τ

0

� 750τ

0

y��O£�����
���H��

�^�ÃÄ"#�G�4� 6c,¸5x��ÀÁ;<

+ F

u

=10

-3

y���¦§O£AB(¨©���@mt

uO£�H���^µÅcdÆÇ(A�½@m]�

H���
�ÈKe'¾¿(ª«�O£�ry��

��¹º'���É
Ê���¤�@°ËÌH��

��"#����¤��0©H���"#�0D�

�O£�(ª« �0� H���^µ�Í��@

m�0!JtuO£¼���¤��ËÌQ!�

q_Y`>1Î�(r���¤�ª��tu=

0 100 200 300 400 500 600

0.0

0.2

0.4

0.6

0.8

V
e
l
o
c
i
t
y
,
 
V

t
i
p

(
d

0

/
D

l

)

Time, t/τ

0

w=15d

0

w=20d

0

w=25d

0

w=30d

0

0 10 20 30 40 50

0.0

0.5

1.0

1.5

2.0

2.5

3.0

C
o
n
c
e
n
t
r
a
t
i
o
n
,
 
ω
/
%

x/w

0

w=15d

0

w=20d

0

w=25d

0

w=30d

0

a

b

c

d

0 100 200 300 400 500 600 700750

0.3

0.4

0.5

0.6

0.7

0.8

V
e
l
o
c
i
t
y
,
 
V

t
i
p

/
(
d

0

/
D

l

)

Time, t/τ

0

F

u

=0

F

u

=10

-5

F

u

=10

-4

F

u

=10

-3

0 100 200 300 400 500 600 700750

0.0

0.1

0.2

0.3

0.4

σ
∗

Time, t/τ

0

F

u

=0

F

u

=10

-5

F

u

=10

-4

F

u

=10

-3

0 100 200 300 400 500 600 700750

2

4

6

8

10

12

14

16

R
a
d
i
u
s
,
 
R

t
i
p

/
d

0

Time, t/τ

0

F

u

=0

F

u

=10

-5

F

u

=10

-4

F

u

=10

-3

a b

c



� 9� � ���Al-Si��	
��
������ �2839�

��������	
��
����������

�������� 7� !"� 7#$%�&'�(

)�*+,-�./�
����012345��

��6789:;<=>)?@A�BCD����

EF678GHIJKLM!NO LM-KPQ

[27]

��

��RST;UVWKT�X� σ*(σ*=2D

L

d

0

/ 

R

2

tip

V

tip

)�Y� 7c#Z�T�X�D[\]^_T;!

Y`#Zabc�
����V�da,�
��e

�������T���!f:ghi Zhuj

[28]

�k

lghm:n!

���� �

1opqrstmuvw��mxky�zqbc

{d|}~����kl
 Al-Si ���t����

��RS!

2o���������F� Al-2%Si�����

x���*+���F�01��������F�

�������������������RSEF

��������m����F��!

3o������
����� Al-2%Si����

����*+
�����01���������

��%�� K����¡¢��������6�

�£F01!

���� References

[1] Ramirez J C, Beckermann C. Acta Materialia[J], 2005, 53(6):

1721

[2] Kurz W, Fisher D J. Fundamentals of Solidification[M]. 

Beijing: Higher Education Press, 2010: 1

[3] Pan S, Zhu M, Rettenmayr M. Acta Materialia[J], 2017, 

132(15): 565

[4] Asta M, Beckermann C, Karma A et al. Acta Materialia[J], 

2009, 57(4): 941

[5] Moelans N, Blanpain B, Wollants P. Calphad-Computer

Coupling of Phase Diagrams & Thermochemistry[J], 2008, 

32(2): 268

[6] Karma A, Rappel W J. Physical Review Letters[J], 1996, 

77(19): 4050

[7] Echebarria B, Karma A, Folch R et al. Physical Review 

Letters[J], 2004, 70(6): 061 604

[8] Provatas N, Greenwood M, Athreya B et al. International 

Journal of Modern Physics B[J], 2005, 19(31): 4525

[9] Haxhimali T, Karma A, Gonzales F et al. Nature Materials [J], 

2006, 5(8): 660

[10] Dantzig J A, Napoli P D, Friedli J et al. Metallurgical & 

Materials Transactions A[J], 2013, 44(12): 5532

[11]Zhao Yuhong(���), Liu Weijin(���), Hou Hua(� �). 

Rare Metal Materials and Engineering(���� !"#

$)[J], 2014, 43(4): 841

[12] Hou Chaojie(�%&), Jin Yuchun('()), Zhao Yuhong(�

��) et al. The Chinese Journal of Nonferrous Metals (*+

�,��-.)[J], 2016, 26(1): 60

[13] Lan C W, Chang Y C, Shih C J. Acta Materialia[J], 2003, 

51(7): 1857

[14] Xing H, Zhang L M, Song K et al. International Journal of 

Heat and Mass Transfer[J], 2017, 104: 607

[15] Xing H, Ankit K, Dong X L et al. International Journal of 

Heat and Mass Transfer[J], 2018, 117: 1107

[16] Kang Y S, Jin Y C, Zhao Y H et al. Journal of Iron and Steel 

Research[J], 2017, 24(2): 171

[17] Dantzig J A, Rappaz M. Solidification[M]. Beijing: Science 

Press, 2009: 1

[18] Ohno M, Matsuura K. Acta Materialia[J], 2010, 58(17): 5749

[19] Ohno M, Matsuura K. Physical Review E[J], 2009, 79(1): 031

603

[20] Karma A, Rappel W J. Physical Review E[J], 1999, 60(4): 

3614

[21] Ramirez J C, Beckermann C, Karma A et al. Physical Review 

E[J], 2004, 69(1): 051 607

[22] Jeong J H, Goldenfeld N, Dantzig J A. Physical Review E[J], 

2001, 64(4): 041 602

[23] Tourret D, Clarke A J, Imhoff S D et al. JOM[J], 2015, 67(8):

1776

[24] Xie Y, Dong H B, Dantzig J A. Computational Materials 

Science[J], 2013, 70: 71

[25] Greenwood M, Hoyt J J, Provatas N. Acta Materialia[J],2009, 

57(9): 2613

[26] Shang S, Guo Z, Han Z. Journal of Applied Physics[J], 2016, 

119(16): 1948

[27]  Langer J S, Müller-Krumbhaar H. Acta Metallurgica[J], 

1978, 26(11): 1689

[28] Zhu C S, Wang Z P, Jing T et al. Transactions of Nonferrous 

Metals Society of China[J], 2004, 14(6): 1106



�2840� ���� !"#$ � 48/

Three-Dimensional Phase Field Simulation of Dendritic Morphology of Al-Si Alloy

Zhang Bing, Zhao Yuhong, Wang Hong, Chen Weipeng, Hou Hua

(North University in China, Taiyuan 030051, China)

Abstract: Based on the Karma thin interface phase-field model with the solid diffusivity, the effects of interface width and thermal noise 

on the dendrite growth behavior in undercooled melt of Al-Si alloy were studied by a three-dimensional adaptive meshing method. The 

simulation results show that with the increase of interface width, the complexity of dendrite morphology, the dendritic tip velocity and the 

solute concentration at the tip liquid phase decrease. With the increase of thermal noise amplitude, the dendritic tip changes slightly, and 

the number and asymmetry of secondary dendrites located on both sides of the dendrite increase.

Key words: phase-field method; dendritic growth; three-dimensional adaptive grid; interface width; thermal noise
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