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Table 1  Conservation equations, source and exchange terms and auxiliary equations in the three-phase model

[22]
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Fig.1  3D geometric meshes and boundaries of billet in DC 
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Table 2  Thermophysical properties and alloy parameters
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Fig.2  Volume fraction of columnar phase and the velocity of liquid phase at different time: (a) 400 s, (b) 900 s, (c) 1500 s (steady state), 

and (d) 2500 s (solidification end) 

l,max

0.010 m/su =

�

l,max

0.015 m/su =

�

l,max

0.017 m/su =

�

l,max

0.003 m/su =

�

 

 

 

 

f

c

 

a 

b 

c 

d 



�3034�                                          ./�012345                                           � 476 

� 3 �������	
��
����
��

������
���������� !"#$%

 "&
��'
��()*+,-./0�12'

3()*+,�
45�6�
(7���89'


��� :�;<=>?@A�
BC	DE'FG

�HIJKLM�
��NOP�
GE1��	'

QR ��NSTN�� U 60%'V�"&W�X

YDZ[� 3b� 3c��\���'6]^_	`a�

b"&L��'^_�c
��de !"#$fg

hijk�	l%'[� 3d �^_�c"&
��

m�9n'oP
��p�S�
 , q"#$% 

	
��NOPTNr12$stP^_u:�v�

3bdewxyz{|@'
��stP^_u:'}


��N	
���~L 0.49

[10]

�'jk��fgl

%'��l CET��'"&�"���� 

� 4�������	�������v� 4a~4c

wx|@�k�TN���t'�^_u:"&�"

	����'^_	 1/2 �����c�"&�	� 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� 3�� !"#��7&'()�*�7&89,-�

Fig.3  Volume fraction and the velocity of equiaxed phase at different time: (a) 400 s, (b) 900 s, (c) 1500 s (steady state), and (d) 2500 s 

(solidification end) 
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Fig.4  Macrosegregation distribution at different time: (a) 400 s, (b) 900 s, (c) 1500 s (steady state), and (d) 2500 s (solidification end) 
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Fig.5  Influence of casting temperature on the distribution of macrosegregation: (a) 951 K , (b) 971 K, (c) 991 K, and (d) 1031 K 
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Fig.6  Influence of casting speed on the distribution of macrosegregation: (a) 30 mm/min, (b) 60 mm/ min, (c) 90 mm/ min, and  

(d) 120 mm/ min 
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Fig.7  Comparison of simulation and experiment result 
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Numerical Simulation for Macrosegregation of Al-4Cu Alloy Ingot 

During Direct Chill Casting Based on Three-Phase Model 
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Abstract: A mixed three-phase solidification model based on the Eulerian-Eulerian approach and the volume average method for 

macrosegregation were applied to predict the segregation in Al-4Cu alloy ingot during direct chill casting (DC). In addition to the 

thermosolutal buoyancy flow, we considered the movement of equiaxed crystals, the capture of equiaxed crystals by growing columnar 

crystals and the interaction and impingement between columnar and equiaxed crystals in the model. The results show that a conical zone of 

negative segregation is obviously observed at the bottom of the ingot. Negative segregation is also observed adjacent to the center, whereas 

positive segregation is obtained in the center and middle of the radius. This W-type segregation profile is in agreement with the measured 

experimental data obtained from literatures. At the same time, the influence of pouring temperature and casting speed on macrosegregation 

were also studied. It indicates that casting speed has a greater effect on segregation than the pouring temperature. 

Key words: three phase model; macrosegregation; numerical simulation; ingot; direct chill casting 
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