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Effects of the crucible shape on the temperature of sapphire crystal and
the shape of melt/crystal interface in heat exchanger method
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Abstract Numerical analysis which is based on finite element techniques, implicit Euler method and frontal solving
algorithm was performed to study the effects of the crucible shape on the temperature of sapphire crystal and the shape of
the melt/crystal interface in heat exchanger method. The computer simulation described here and effective to solving the
heat transport phenomena with the transition of the interface shape from hemispherical to planar. In the work, various
crucibles with differently shaped corners at their bottom are considered to improve the deflection of the melt/crystal
interface. The shape of the crucible should be considered as one of the variables for the process optimization.
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���� Table 1� �����. �� ��� ����
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Fig. 1. The schematic diagram of a typical HEM furnace.

Fig. 2. Numerical domain of the mathematical model.

Table 1
Characteristic variables

Characteristic variables Symbol Definition

Time τ

Radial position r

Axial position z

Temperature θ

t*

ρCp

k
---------R2

--------------

r*

R
----

z*

R
----

T T0–
Tm T0–
---------------

Table 2
The thermo-physical properties and the growth parameters

Symbol Meaning Values

ρ Density of sapphire 3.96 g/cm3

Tm Melting point of sapphire 2054oC
Cp Specific heat of sapphire 0.85 J/g·K
k Thermal conductivity of solid or melt 0.30 W/cmK
R Crucible radius 5.50 cm
Rc Cooling zone radius 0.55~2.815 cm
H Crucible height 11.00 cm
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θ(r, 0, t) = 0, 0 � r � Rc (3)

���� ���� 
� ����� ���
� ���

��.

����� ���� ��� �/� ����	 ���


�� �� ��	 ��, � 	���� ��	 ���

� ���� �����.

(4)

��� � �/� ��� 	� �� �� 	���.

����� ��� ���� ���� ��� �� �

�� �� 
 �/� �� �� ��� �� ��� ��

� ���� ���� ��� �����. � 	���

���� ���� Galerkin 
�
��[9, 10], implicit

Euler�[11], ���� 	�� �� frontal ��[12, 13]

� �����. ���� ��� ���� �� � 	�

��� ���� ���� 
�
� 9�� Lagrangian


�
�� ������ �� ������ Gauss �

���� �����. �
��� ��� 9� Gauss �

��� ������ ����� 3� Gauss ����

�����[9, 10].
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 �/� �� �

� ��� ����� ��� 
� �� ��� Fig. 3

� Fig. 4� �����. Fig. 3� �
 ���� ��

�� �� ���	 H2� 0� ��	 �� ����,

Fig. 4� � 	��� ���� �� ��� �� ��

� �� ��� ���	 H2� 0.4� ��� �� ��

��.

Fig. 3� Fig. 4�� � � ��� ��� ��� ��

n ∇θ( )s + n ∇θ( )m = 0⋅ ⋅

n

Fig. 3. Transient temperature field in the crucible and the melt/crystal interface location in case of H2 = 0.0.

Fig. 4. Transient temperature field in the crucible and the melt/crystal interface location in case of H2 = 0.4.
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�/� ��	 ����� ���� �� � �	��

	 �� ��(Interface Deflection), ∆� ��� �� �

	���.

(5)

���	 H2 ��� ∆� ��� 
�� Fig. 5��

�����.

H2 ��� �	 �� ��� ��� 
�� ����

��, ���� �� �� ��� ���� ���� �

�	 �	 �� ��� ∆max� �	��, Fig. 6� ��

���.

Fig. 6�� � � ��� H2� ��	� �� ∆max�

����� �����. ��� �� ��� �� ��

� � ��� ��� �/� �� ��� ��� � �

��.

Fig. 7� ���	 ���� 
� �� ��� �	

∆max ��� �����.

H2� 0.0, 0.4� �� ���� 
�	 ����� �

	 ∆max ��� ��� �� H2� 0.4� ��	 ∆max�

� H2� 0.0� ���� �� ����. � ��� 
�

	 �� ���� ��� �� ��� �/� �� ��

� ��� 
�� �� � �� � � ���, ���

��� �� ��� ��� ����	 ��.

4. � �

HEM ��	 ���	 �� ��� ��� � ���

��� ��� ��� 
�� �� �����. � 	�

��� ��� �� ��� �� H2 �� ��� ��

�� 
�	 ��� �����. ���	 H2� ��	

� �� �/� ��	 ��� ��	� ����� ��

	����.

���	 ���� 
�	 
��� ���� ��

H2� 0.0� ��� H2� 0.4� ��, ���� 
�	

����� �	 ∆max ��� ��� ������ ��

���� H2� 0.4� ��	 �/� ��	 ��� H2�

0.0� ���� �� ����� ��� ��� �� �

�� ��� ���	 ��.
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