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ABSTRACT The dendritic growth with the different solid/liquid (S/L) interface energy
anisotropies in the unidirectional solidification has been investigated using the self–consistent front
tracking model. It is found that, for a given solidification condition, there were two kind of interface
shape solutions with the different spacing Péclect number ranges. The interface shape with the
small spacing Péclect number range was similar with cellular tip, and that with the large spacing
Péclect number range referred to dendritic tip. The higher S/L interface energy anisotropy was in
favor of the widening of the dendritic growth solution range. There was a certain power exponential
relationship between the dendritic tip marginal stability parameter σ∗ and the S/L interface energy
anisotropic parameter E4. A modified Fisher dendritic tip solution, which considered the effect
of S/L interface energy anisotropy, was obtained as follows: RIMS = 2.5646[ ΓDL

V k0ΔT0
]0.5E−0.1905

4 ,
ΔT0 = mC0(k0 − 1)/k0. The undercooling in front of the S/L interface decreased with increasing
the anisotropic parameter. The primary dendritic spacing mainly depended on the interaction of
solute diffusion field between the adjacent dendrite, and the S/L interface energy had little influence on
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the primary dendritic spacing due to its localized effect on the solute diffusion field near the dendritic
tip.
KEY WORDS interface energy anisotropy, unidirectional solidification, dendritic tip radius,

primary spacing
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Fig.2 Variations of the undercooling (ΔT ) in front of the
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(P ) for different values of surface anisotropic param-
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6 3 E4 i 0.015 �
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Fig.3 Variations of self–consistent interface shape in different space Péclect numbers for E4=0.015

(a) cellular interface (b) dendritic interface

5'TM!3g[AÆ_C5'Di, V(!��!AA
-+Æ_Di. C%�8, E4 !Di, 2[!(!(!
$A.

cÆ, /!"#$&%&'$&%0%(!-'9 
-+()!912*, C,-7HG"#$&%&'!&
%0%(!��(g(, H), IF0F.Egh4"#
$&%&'$&%0%(!1 ��!-'9 -+!
(). ="BCF, '34;.*:kj�> _+$�
>6(!��!-'=>E/!8;p#! σ, V-'1

&'#!, &3.(!��!-'9 -+. Langer 3

(Langer and Müller–Krumbhaar, LM–K)[26−28] =>

$(!-'F"kX!M'7g, i$4."1&'.)
(marginal stability, MS), B&#, (!-'!���7
,&!-'1&'#! σ∗, V."-'1&'#!!X
2FF", '3=>FKD: [27]:

σ∗
MS = 2ΓDL/[R

2(V mCTip(k0 − 1))] (9)

K<, σ∗
MS #`! MS.)&f! σ∗, R#(!��!-

'=>, CTip #"#Æa$E@GM>. ms Ivantsov–

."1&'.) (Ivantsov–marginal stability, IMS), -

'1&'#!:"#$&%&'8/, (!-'=>:3
!3"#j1!tnkK*�, oD, &%0%(!��
! σ∗ C'3=>FK\ZD: [29,30]:

σ∗
IMS = Γ/[R2(mGC −GT )] (10)

K<, σ∗
IMS #`! IMS .)&f! σ∗, GC ( GT

7/#"#Æa!$E@GM>M>(Æ>M>. LM–

K ."1&'.)&# σ∗ 3# 1/(4π2). 3.-0
(!��! MSC ( GIW )-.&# σ∗ l"#$
&%&'!()P: E4 -7//!/6 [2,6], 7/

# σ∗
MSC=0.81(15E4)

7/4, σ∗
GIW=1.09(15E4)

7/4, ><,

σ∗
MSC #`! MSC )-&f! σ∗, σ∗

GIW #`! GIW

)-&f! σ∗. Y 4a �;I<B<l!9EmK (9) (

(10) \Z:0!,5 E4 F! σ∗, B7/lL:0

σ∗
MS = 0.0542(15E4)

0.3809 (11)

σ∗
IMS = 0.0281(15E4)

0.3823 (12)

Y 4b 0[$4 MSC ( GIW )-!9E. '3_

0, σ∗
MS ( σ∗

IMS !lL9E( LM–K ."1&')-

E@675.!;i, P8?9EE5; 1 MSC ( GIW

)-!E@6CDi, P$!"#$&%&'Ym/6(

! σ∗
MS ( σ∗

IMS 1E@!9E. o;/�0!, 7&%
0%".F, (!3b9!!*K��, -'AZD5, E

n(!A!@G+$;4:$A,o, F17En(!A
p�EB0;, $(!-'9 p�,/(), q1lm

4"#$!0;, rg&%0%(!��! σ∗ $"#$
&%&'!Ym/6EC MSC ( GIW )-E@!/
5. Kurz ( Fisher[7] s LM–K ."1&'".:;!

Fisher (!1 +$( [12] <, [':0(!1 ��!
KF -'=>)-<B, m5D!IKs MSC ( GIW

)-7/:;! Fisher (!+$( [12], 5D'3:0H

G"#$&%&'!(!-'=>LkK

RMSC = 1.1111
( ΓDL

V k0ΔT0

)0.5

E−0.875
4 (13)

RGIW = 0.9578
( ΓDL

V k0ΔT0

)0.5

E−0.875
4 (14)

K<, ΔT0 = mC0(1 − k0)/k0 #@GM># C0 'E

Y$EM(%EMÆ>a, RMSC ( RGIW 7/#`!

MSC ( GIW )-&f!(!��-'=>.

]`<B\Z!9E, BsK (11) ( (12) :;!

Fisher (!+$( [12], 5D, ':0`!IF0<B!
-'=>LkK

RMS = 3.5550
( ΓDL

V k0ΔT0

)0.5

E−0.1912
4 (15)



� 3 � RPPQ : OPXYQOQOPRRPQRSRP��ZSSSTST 369�

RIMS = 2.5646
( ΓDL

V k0ΔT0

)0.5

E−0.1905
4 (16)

K<, RMS ( RIMS 7/#`! MS ( IMS .)&f!
(!��-'=>.

'q, cl E4 Di, -'=>7Ar/!?5. F.

E91"#$&%&'$&%0%(!-'=>!(),

Y 5a [$4 KF <B6o,)'(')- 4�"#*
)-mv! KF <B (K (13) ( (14))1E@!(!-'
=>c E4 !5'TM, B:IF0<B<l:0!-'
=>F"4CD. Y 5b 5F.ECD4IF01mv!
KF <B (K (15) ( (16)). jf KF -'=>)-<B,

K (13)—(16) .�s,5!-'1&'".0#(!�
�!,.*23".:;! Fisher (!1 +$( [12]

f:0!, σ∗ @2()l-'=>!i5. psWL4.
"1&'".! KF )-<Bq2=<"#$&%&'

HA,1�, KF<B!E@9E:IZ<B!<l9E0
�E+25; 1o MSC ( GIW )-mv! KF <Bp

s:IZ<B<l:0!(!-'=>!5'4nE5,

1oaDi; 1`!IZ<Bmvf! KF <B5:IZ
!6-?<B!\Z9EnL'I^il, ,/�K (16)

(I<B<l!9E75'4n(i5OE+25. q

ÆZ7g'm, &%0%(!��!-'9 �0"#$
((!bAEn(!@G+$;!EB0;t5B&, -

'=>0#,/!,[d>, (Dl8?!t5(), 1

MSC ( GIW )-Bq2HGb9(!AEn(!Yb
+$;EB0;!HA, o%'$�>E@9E:I!6
<B<l9EoaDi!.H17.

"#Æa>?>�(!��!pKT. 0ÆZ'm,

E4 !Di, :;(!-'"#$X: Γ ζ(K (8)) ?5.

"#$�1&-'=>!;/HA1., H), "#$1

&'X:!?54rg(!-'=>!?5, B;-'u

5M>;!7t9�c5, F1()"#Æa!>?>.

Y 6 [$4,5"#$&%&'F, 1 (!��'"#
Æa$E@GM>(-'>?>!5'. \Z9A, 0!

"#qT?2"#oT1g!TJ>?7I!>?><
1u:C,+"5, KTV>?>C25, -'>?>!

5';/�0%7>?!5'?2!. E4 !Di, rg(
!��'-'=>?5, 5!-'=>C2[!"#Æa

@G!v%+$, ;"#Æa@GM>dj, q1;"#

Æa!@G>?>?5, tw?2-'>?>!?5. Y

6 4 
	 E4 b SCN–1.0%ACE �������������� (σ∗) g�
Fig.4 Variations of dendritic tip marginal stability parameter (σ∗) against E4 for the dendritic growth of SCN–1.0%ACE
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IMS, 1/(4π

2), σ∗
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GIW

6 5 
	 E4 b SCN–1.0%ACE ���������g�
Fig.5 Variations of dendritic tip radius (R) against E4 for the dendritic growth of SCN–1.0%ACE

(a) RMSC, RGIW, KF model and the numerical result (b) RMS, RIMS, KF model and the numerical result
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Fig.6 Variations of solute concentration (CTip) and ΔT in

front of the interface against E4 for the dendritic

growth of SCN–1.0%ACE
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Fig.7 Variations of temperature in front of the interface

(TTip) against E4 for the dendritic growth of SCN–
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	����b{�v
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Fig.8 Variations of the liquid composition (CL) against po-

sition with different primary spaces at the edge of the

dendrite of the SCN–1.0%ACE in the unidirectional

solidification

(a) for a large range

(b) enlarged plot of Fig.8a around the tip
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