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Fig.1  Schematic illustration of interface heat transfer  

experimental equipment 
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Fig.2  Measured temperature changes of the zirconium alloy and 

the die steel with contact time: (a) with lubricant and (b) 

without lubricant 

 * 3a �����Zr-4 %½+��� 700 �]

^�H13%��� 450 �]^���#��¢ïF�

�p��OP%!"�î+ð�|ñ ¡zn�̈ 226 

W/(m

2

·�)]^zUªS 2166 W/(m

2

·�)�a* 3b��

¢#��¢��ð�|ñ¨ 250 W/(m

2

·�)]^zUª

nS 2700 W/(m

2

·�)� 

¨��8Ç�¸3¹s��ð�|ñ h

c

%n<Ì

�&% λb∆T

c

2 k#û�9 λ�£��¤¥À�Ü$

<�	�Ê��∆T

c

2 k ���� * 3 �¦�#�

���∆T

c

¨|¶ 220 �ª��©ªÉÊ���»<

ª 95 ��rs k 2.50 �/mm�Üª 9.01 �/mm�

j k/∆T

c

 ¡zn�pqð�|ñ� h

c

=(λk)/∆T

c

��

���%¬­9zn��¢#��%§¨��∆T

c

¨

|¶ 214 �ª��©ªÉÊ���»<ª 100 �, r

s k 2.43 �/mm�Üª 10.66 �/mm�k��Ü©

�n�∆T

c

»¼©�$<�pq�ð�|ñ$#��

�ªn� 

h

c

%n<Ì ∆T

c

#û�Zr-4 �����µ¶��

T

�

¸600~750 �¹�%��|ñ�eî+��·� ∆T

c

%�Ü��¸h

c

-∆T

c

��¹a* 4 +,� * 4 ��

�ª�î+��|ñ h

c

� ∆T

c

%«�9zn�« h

c

-∆T

c

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  �����	
�� 
�������!"# 

Fig.3  Temperature and h

c

 changes of contact surface between 

the Zr-4 alloy and the H13 steel with contact time:      

(a) with lubricant and (b) without lubricant 
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Fig.5  Simulation model of interface heat transfer between Zr-4 

alloy and H13 steel 
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Fig.6  Simulated temperature distribution between the H13 die 

steel and the Zr-4 alloy: (a) 5 s, (b) 10 s, and (c) 15 s 
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Fig.7  Comparison of simulated and experimental values of 

temperature change between collecting points of Zr-4 

alloy and die steel 2,3 
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Interfacial Heat Transfer Behavior Between Zr-4 Alloy and H13 Die Steel 
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Abstract: The contact temperature-time curves between Zr-4 alloy and H13 die steel with glass lubrication and without glass lubrication 

were measured and the characteristics of the interface heat transfer were analyzed. The corresponding empirical formula between the 

interfacial heat transfer coefficient and the temperatures of both the Zr-4 alloy and die steel were established. The results show that glass 

lubricant can reduce the interfacial heat transfer between the Zr-4 alloy and the die steel effectively. When the initial temperatures of the 

Zr-4 alloy and the die steel are 700 and 470 °C, respectively, the temperature of the zirconium alloy surface tends to be stable at time of 

about 16.3 s and the IHTC (interfacial heat transfer coefficient) is increased from 226 W/(m

2

·°C) to 2166 W/(m

2

·°C) during this time under 

the condition of glass lubrication, while the temperature of the zirconium alloy surface tends to be stable at time of about 7.7 s and the 

IHTC is increased from 250 W/(m

2

·°C) to 2700 W/(m

2

·°C) during this time without glass lubrication. The empirical formula of IHTC 

obtained in this paper has such high accuracy that the maximum error between the simulated and experimental results is about 4.7%. 

Key words: Zr-4 alloy; die steel; interfacial heat transfer coefficient; glass lubrication 
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