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Many material microstructures are formed through a collective competitive growth of 
multiple dendrites in casting [1].  In order to numerically evaluate such competitive growth 
process of multiple dendrites, we need large computational cost resulting from wide 
computational domain. Therefore, in our previous studies [2], we enabled very-large-scale 
phase-field computation with about 4,000×4,000×4,000 meshes and four million time steps 
using a graphics processing unit (GPU) the TSUBAME2.0 super computer at Tokyo Institute 
of Technology.  
 
In this study, 2D and 3D phase-field simulations of competitive dendrite growth during 
directional solidification of Al-Cu binary alloy are performed by parallel computing with the 
GPU and the CUDA programming environment. Here, we investigate an unexpected 
phenomenon [3-6], in which an unfavourably oriented dendrite can stop the growth of a 
favourably oriented dendrite, by 2D simulations in detail and the deference of the 
phenomenon in 2D and 3D problem. A quantitative phase-field model for dilute ally 
solidification [7] is used here. 
 
Figure 1 shows computational examples of dendritic growth during directional solidification 
of Al-3wt%Cu alloy. The computational domain is 1,024 m×64 m×768 m (2,048×128
×1536 meshes). A constant temperature gradient is set to z-direction. Initially, a small 
nucleus is placed on the lattice point of (0, 128, 0) and it grows to x-direction with wetting the 
bottom surface. Then, some dendrites grow to z-direction with competition. Growth processes 
at 550000 steps are shown in Fig. 1, where the preferred growth directions are set to (a)  = 
0° and (b)  = 30°, respectively. Although these computations are performed for single 
crystal, the presentation will be done for bicrystal and polycrystal with different preferred 
growth directions.  
 
 
  



 

Fig. 1 D

 

REFER

[1] T. 
Vo

[2] T. T
of g
382

[3] N. 
asp
sup

[4] A. 
soli

[5] Y.Z
dire
200

[6] J. L
con

[7] M. 
soli

 

Dendritic gr

RENCES 

Takaki, Pha
l. 54, 2014.
Takaki, T. 
growing de
2, pp. 21–25
D'Souza, M

pects of com
peralloy, CM

Wagner, B
idification o
Z. Zhou, A
ectional sol
08. 
Li, Z. Wang
nverging gra

Ohno an
idification i

rowth durin

ase-field m
 (in press) 
Shimokawa

endrites by v
5, 2013. 
M.G. Ardak
mpetitive g

MSX4, J. M
B.A. Shollo
of nickel-ba

A. Volek a
lidification 

g, Y. Wang
ains during 

nd K. Mat
involving di

T

(

g directiona

odeling and

abe, M. Ohn
very-large-s

kani, A. W
grain growt

Mater. Sci., 3
ock, M. M
ase superallo
and N.R. G

of a nicke

, J. Wang, 
directional 
tsuura, Qu
iffusion in t

omohiro Taka

2

(a)  = 0°
 

(b)  = 30°
 

al solidifica
 

d simulation

no, A. Yam
scale phase

Wagner, B.A
th during d
37, pp. 481-

McLean, Gra
oys, Mater. 

Green, Mec
el-base supe

Phase-field
solidificati

uantitative 
the solid, Ph

aki 

 

 

ation of Al-3

ns of dendr

manaka and
-field simul

A. Shollock
directional s
487, 2002.
ain structur
Sci. Eng. A

chanism of 
eralloy, Ac

d study of co
on, Acta M
phase-field

hys. Rev. E,

3wt%Cu all

rite growth,

T. Aoki, Un
lation, J. Cr

k, M. McLe
solidificatio

re developm
A, 374, pp.2

competitiv
cta Mater., 

ompetitive 
ater., 60, pp

d modeling
, Vol. 79, pp

 

 

loy (550,000

, ISIJ Intern

nexpected s
rystal Grow

ean, Morph
on of a nic

ment in dir
270–279, 20
ve grain gr

56, pp.263

dendritic gr
p.1478–149
g for dilut
p. 031603, 2

0 steps). 

national, 

selection 
wth, Vol. 

hological 
ckel-base 

rectional 
004. 
rowth in 
31–2637, 

rowth of 
93, 2012. 
te alloy 
2009. 


