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Simulation of Heat Transfer and Temperature Distribution in Jet Engine Rotating Disks 
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Abstract 
Rotating disks function at high temperatures, thermal gradients and angular velocities in aerial or land gas turbines such as turbojets, 
turbofans, turboprops and turbojets. These working conditions result in reduced strength of disk material, increased amount of 
thermal stresses and creation of large centrifugal forces that leads to an increased level of radial and angular stresses. Therefore, 
thermal analysis of the disk in order to establish appropriate temperature distribution and adequate heat transfer using an effective 
cooling mechanism is of peculiar importance. In this paper rotating disk problem is modeled in accordance with reality. The problem 
which consists of a rotating disk and cavity in order to cool the disk surface is considered. After that problem is simulated by 
simultaneously solving flow and energy equations numerically. The results of the velocity distribution, heat transfer and temperature 
distribution are comprehensively explained. Furthermore, temperature distribution contours and polynomial approximation to 
describe the temperature of the disk in terms of its radius are derived for various flight cycles. Also, a comprehensive analysis of the 
parameters affecting heat transfer and temperature distribution is proposed. The polynomial approximation of temperature profiles of 
the disk, makes it possible to anticipate disk temperature at any rotational speed. Furthermore, based on the results of this research, 
outer diameter of the disk is identified as the most critical part of the disk, which is under the most severe thermal-mechanical stress. 
Keywords: Rotating disk, Thermal analysis, Numerical simulation, Heat transfer and temperature distribution 
Rotating cavity. 
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 O�I
�� 9�K�� \�	��o�<��	@  �RQ� 
R-�� ��D � �RQ� ���3=�A

S�8 �� H��	� �= b�68 �=  <�.22  �23  .
-� ��8 ���� J��2� �=

�:
2�W �� ��8 	�| nN��� �= �A��< R� ���� �S�W� �K ��J  ��D

.
-� O��W ���� b�68 �= 
R-��  

  

  
C
	22- (�)��* �*G�� C�H1-�+��-. ��/0 a�B	 `�?-� �/�����  
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C
	23-��/0 a�B	 `�?-� S�K���� 5���� 0�F C�H1-�  

  

S�8 ��  <�.24  �25  �	;N ��N�� �� ��� ��
��� H��	� �=

4�U  1MI� �� 4��� � >�, 0yz x mm= ���� 9�0�  .
-� ��8

9�2. � ��.�0� �� ��y� ��8 ��� �= ��.< A�	U�  ���� ��-	[2�

����� 
�	N �= � ��8 �	;N� �
-�� ��< �K� � b�68�4 	�  �= 9�8

A�	U 1MI�� � ?� �� ��	@�4� ��� � ��	� })A< �K � 9��J 

�� ��=�
2�W .� �K� �� ��. ?��4 	� � LM- �=�4� �= 
-����  T	@

��� ��X	. ��8< ��.<  ?� �����4� �=��� �K � 	
2��J ��
 �  .
-�

���S ��>  b�`������	@ �����-� ����>  �� \��	N O�I
�� �� 
-��.

4�U �	;N p	D �� �= >���� � ���Q�� ��� . 	y ?�� f���	 

4�U ���< �� ��.< ?���1 ���< ��4�  S�8 ��25  .
-� jd0�

4�U 
2- ?� 
�	N �= ���< � 
2- �= ��8�	/ ���4� ���<  9�

�K ��J �� ��=� 
RD �= ��X	. .����	@ �����-� E�=< ���4� 

��	@�9� ����� � p	D �� �
 	@ S�8�4� ��. �= ����I� ��  S=�W

�	7 
-� 	Y�qU 
2�W >�� �� .�7 C:� ?� <� �= ^��
� >�	�  
-� 

  �� ���������  O�I
��<��	@ <����	@ ���� 4���  O��A �� � ��86 

���� 9�0� .
-� ��8 

  

 
C
	24- 2P)� �0 ��0 �3���;, 0yz x mm= �-$?��T ��;+  

  

 
C
	25 - 2P)� �0 ��0 �3���;, 0yz x mm=��/0  

 
(1��6-�� M/��� 5�0  �0 ���\�9d�� �*10 ��/0 @�*-? (�)��* 

���I� 	
����� ���I� 	
����� 

4/912  
 <��� >�/����

( )K 4���  
98/184  

 
D	- >�/����

 �A�	U <��.

( )m s  

19/64  

 H�	` >�/����

 ?	� �� ���3=�A

  � 4��� s	
0�

��. 
2( . )W m K  

3/776  

 <��� >�/����

�A�	U <��. 

( )K  

5/1087  
 
R-�� ��D

>�/���� 
4/884  

 <��� >�/����

 ��. s	
0� LM-

( )K 4���  � 

4-5-ed��- �*�10 5F-�� 0/ �f�    (�f)��* -f� �f�-.  1

,3�/2 ��0  

 
2�W >�� �� 	�f�� � \��	N O�I
�� 	= 4��� ������ 
D	-

 ��� 1�?�� �-�	=�� ��8 ��Y�� >�� <�	= .�����  
D	- ��X �=

 SN aR
d� ��������8 � ��� 1�?�� �� 
D	- 	��o� >�� 	f� Z[- �

 ��.�0� 	/�� C:� ����	N <�.	
������� ��8 
D	- J��K � �= .

9����	@ ������ b�68 
2- �= ����� <�. � 	
0�= <�. � ��8 S��2


9����	@ >�� �N��� >�� �� �= � 	y ?� .��
�. ���8 ����= �. >�2.  

�� J.�� 4��� K�	� <��� 
RD  S�8) �=��26.(  ����2� >�� ����

9� �� �� ��8 T�3�� �
8)@ <�.��� �=  ��0U	X 
D	- J��K � �= �.

9����	@ �� �� 4��� �� <	����8 ����� <�. 
-� V=�M� �� ��.� 

]18[.  

 � 	y ?��.��� 	��� ��<  �	� �
8)@�S �.< ���<   �`	  t�	����� �  ��=  

�R2A��X \��7 �<  ���	�2 	I��H � ��?� �8�� ]2[.   ���� �� ��X	.

  S�� �	� ��R� S�8 �= �A�� �= 	`�N     ��� ���� 1��?�� <��.    >��� 9����

S� �	� �= �� ����� <�.    ��R2A��X H��N	= V��W� \��7   ����	� <�4 

   ����R2A��X 4���� 	���@� .�	���� 9�����=  ������	� <�4 ����=  \�����7
4 3 2a    T r br cr dr e= + ++ +    ��� ���8 �
 	@ 	Y� ��

 9� ��T  � 4��� <���r       G��	�� 	����I� ���8�= 4���� b�6�8

�=  O��A \��77 �� 
-� .����  
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C
	26-��*�10 5F-� `�?-� ��/0 G;-� +��0 2/,3� C�H1-�  

  

�= 	���I� �= �A�� �= 
-� 9� 	��o� 
=�f t�
��� <�/�� � ����  �.

�� S� �	� 9���  42� �= �� �0U	X 
D	- 	. <�	= ��� 1�?�� <�.

9��� 9�	= � �=��  �=�� ?� � 	y ?� (�� >�� .���� 
-� �= O��A ���D�

�� \��-�Q� ���K. � C3N  ����W S=�W 
W� ?� � 	y ?� � �.��

.
-� �����U	=   

  

(1��7-������< `/-)� C�H1-� +* ��0 2/,3� +�4 

e d c b a 

 5F-�

 �:T-<

RPM 
16/796  0279/0  0125/0  0001/0-  7e 7-  5000 

41/760  02494/0  0156/0  0002/0-  8e 7-  7500 

72/755  04186/0  0188/0  0002/0-  9e 7-  10000 

  
 <��� >�/���� � 4��� <��� >�/���� 	= �0U	X 
D	- 	�f��

S�8 �� �	;N ?� �A�	U <��.  <�.27  �28 ���� 9�0�  .
-� ��8

 J��K � t��W�6
� � 4��� �0U	X 
D	- J��K � �= ��Y
�� V=�M�

4�U <��. 
D	-  	
0�= ��. <��� �?�-J��K � �� ��=� � �=�> �6�� 

��	@ ��. ��< =�	
0< � ?��4� ���
 � � 	= � 
-� ��	��>  ��-�

���< ��4� =�	
0 � J.��� ��=�.   

  

 
C
	27-��/0 +��0 S�K���� -� �:T-< 5F-� -�ed�  

 
C
	28- ,* ��1-T +*34 +��0 S�K���� -� �:T-< 5F-� -�ed�

�-$?  

  

 
C
	29- -� �:T-< 5F-� -�ed� OP� 5���� 0�F S�K����

c-�:�  

  

 S�8 �� >��e2.29  
R-�� ��D 	= �0U	X 
D	- 	�f��

�� ���� s	
0� LM- >�/����  .��89�2.  S�8 �- 	. �� �� ��y

27  ���29 �� ��.�0�  �= >�/���� 
R-�� ��D � ��� 	��o� <�/�� ��8

�� 	Y� �= ��X	. �
-� �MU t���	I� �0U	X 
D	- 	��o�  �= �-�

 <�	= .�=�� J.�� t���	� GU H�8 �0U	X 
D	- 	
0�= J��K �

 ?� �0U	X 
D	- J��K � �= O���7500  �=10000  ��I�W� 	= ���

S�W 
��N ?� 	
2� 4��� >�/���� <��� �� J.��  �����D �= .�=��

4�U 	f�  	
2� ��. �@������ ��)@	�f�� ��8 <�	= �:=�0� ���� .

 >�/���� 
R-�� ��D � �	;N ?� �A�	U <��. <��� >�/���� J��K �

.���� ��A� K��  

  

4-6-ed��-  g�f� 0/ �f�    (�f)��* -f� �f�-. ,3� 1 f/2 

��0  

I
�� 	= ���K�= 	�f�� 4��� ���K�  ���U �3�
��� � Z�A O�

��	@  <�	= O���
� ���� b�� �- ��Y�� >�� �= .���� 9� <��� 1�?�� �

r[mm]

T
[K

]
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4��� 
U�-  �
 	@ 	Y� �� �2����. ���� <�KA� �R� ��y �= � �.

 ��8 ����I� C.�= �� ���� �- 	. ?� S7�N ^��
� ��� ���8 �- >�� .

\���D Z�A  ?� ���IN-718 >�� ���K� ��	� ���U .�E�  � T����
�� �

 O��A �� ���� �-8 .
-� ��8 �����  

  
(1��8-�0�� �� �
/G�H3�-� h*3T 

���� <��	@ 

( . )J kg K  

���/X 
3( )kg m  

����	@ �����-�

( . )W m K  
���� 

435 8190 4/11  IN-718 

25/544  4850 44/7  T����
�� 

48/502  8030 7/16  �E�  

  
9�2.  S�8 �� �� ��y30 �� ��.�0�  �X	. ���8 �����-�

����	@ �� J��K � ����  b�68 <�
-�� �� ��� 9����	@ H�8 ��=��

�� J.�� �= .�=�� \���D 	�? �M=�� �= �A�� �= 	/��  

)9(  
T

q k
r

∂=
∂

  

 O�I
�� 9�K�� 	@���	@  J��K � �= �C��� p	  
=�f ��k  9�K��

T

r

∂
∂

 �� J.�� 9����	@ � �=�� �� S7�N <	
2� ����� <�.  �� ��8

}�RM� 4��� �N�	y �� >��  .
-� 	� 9��= 	�E�= ��X	. �����-�

����	@ E�= nD�= �� K�� 4��� �R� <��� >
 � 	� .��8  

  

 
C
	30- -� ��/0 g�� -�ed���/0 +��0 2/,3� C�H1-�  

  

4-7-ed��- 0*3� +*-� -�R�� h*3T  

�� ��� 
A ����� C
��- �� �M��	8 ��  ��0  � ��� ����

�= ���� ���U �U	= >��e2. .����� �6�-� ����= ����Q�  �= \�8

 �
2�W >�� �� ��Y�� >�� �= .
-� �
�=�� ��������  >
 	@ 	Y� �� �=

�= ���� <�	= ��� �= 	�o
� ���U �� �-�	= �
 ����  � 	y ?� .��8

 �� ��� �= ���U 	��o� ?� 	�f�� >�	
0�=����	@ �����-�  >�� �= .
-�

 ��Y�������  ���I� �=����	@ �����-�  SN ��� �= 	�o
��� ��8. 

 <�	= ��8 �
 	@ 	Y� �� �MU 1=�������	@ �����-�  <�	=

 S������718 �= H��	� �= ��. � ��= �.��U 	�? \��7] 20�19 [.  

)10(  k [W/m.K]  0.0161 [ ]  6.4207T K= +  

)11(  k [W/m.K]  5 05 [ ]   0.0129E T K= − +  

�����  	���I� >
 	@ 	Y� �� �=����	@ �����-�  <�	= ��� �= 	�o
�

 SN ���. � S������ ���� �� 	.��8 4��� K�	� �� ��� 1�?�� ^��
� �

�=  S�8 \��731 .
-�  

 \��;�t�
���  
�2.� 	/��0� ����2� �� �� ���?��  ���6��  �� ���?

 .
-� 4��� ����	N S�RQ� �� ��� �= 	�o
� ���U >
 	@ 	Y�

o
� ���U >
 	@ 	Y� �� ��X	.�	 � ��� �=�/���> ���< =�	
0<  ��

�	=< ��4� ��J =��� �� ���� ��	@�9� �.< ����� O��6
�  � 	�

 �	��S ���< }�RM� 	�< � ���K � ���4� � �h���� �.�  q2D ��4 

	`�H 2y��9�� �	= �
;:�< N�	y� ��4� � O�2D�� ��8.  

  

 
C
	31- -/0�)� S�H-. -i� �0 -�ed�������/ ��-.�/  ��0 �� -�R��

��/0 +��0 2/,3� C�H1-� -�  0*3� +*-�  
  

4-8-edff��-  �ff�0�ff�T +*3ff4  +�ff�0 2ff/,3� �0 Sff;

��/0  

�� S��8 
2�W >�� �jd0� �=� 9�K�� >
 	@ 	Y� �� �=  
��N

�� 4�U <��. �=� �� 	��o� .��8  
D	- 	��o� ?� ���;
-� �= >�

4�U �	;N (C3N) p	D J��K � ?� ���;
-� �= �� � <���� .>�  

 O��A ��9  �	;N p	D � 
D	- G��	8 � 	Y����� �=� 	���I�

4�U �.
-� ��8 ����� >  

  
(1��9-��T �-$? j-F 1 5F-� E/*-	 1 -i�0�3� ��0 S; 

 �	;N p	D 

 ��. 
D	-50  	= 	
�

����f ( )mm  

 <��. 
D	-

<���� 

 �	;N p	D10 

�R�� 	
�  

( )m s  

	Y����� �23N �=� 
3( )m s  

10 25 0628/0  

20 50 1256/0  

30 75 1884/0  

r[mm]

T
[K

]
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1300

IN-718
Titanium
Steel

r[mm]

T
[K

]
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1300 Constant thermal conductivity
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4-9-   +�ff�0 2ff/,3� -ff� *3ff4 +01�1 5F-ff� -�edff�

��/0  

 <��� 1�?�� �� ��. <���� 
D	- 	�f�� 9�	� ��Y�� <�	=

 � �
 	@ 	Y� �� ��. <���� <�	= aR
d� 
D	- �- �4��������  ��

 SN 
��N �- >�� �� ����I� ^��
� ���8 S� �	� .���8  1�?�� <�.

 <��� >�/���� >��e2. � 4��� <��� >�/���� 
R-�� ��D � 4���

S�8 �� H��	� �= <���� <��. 
D	- H�N	= <�.32  �33  �34 

���� 9�0� ��8 4�U ���. 
D	- J��K � �= .���  	
0�= 4��� <���

�� T�3�� �= ��X	. .��8 J�= J��K �  nD�= �X	@� ���. 
D	- �?����?�

.H�	` J��K �  

  

C
	32- ��/0 +��0 2/,3� C�H1-� -� *34 +01�1 5F-� -�ed�   

  

  
C
	33-��/0 S�K���� +��0 -� *34 +01�1 5F-� -�ed�  

  

  
C
	34-S�K���� 5���� -� *34 +01�1 5F-� -�ed�  

  

 O�I
��<��	@ �� 9� ���3=�A  �C��8 <�	= <	
2� 
7	  ��. ���

4�U 	f� tq2D � �	� �.��U ���� 4��� �= \��	N O����  9� �@����

�� J.�� �=��.  

4-10-ed��- *GH*/k    �f�T �-f$? 7f�?     -f� *3f4 Sf;

,3�/2 ��0+ 0/��  

� ���> �= 
2�W �A< �K ��J ���� 
D	-< -��O� N�� p	D�� 

4�U 
��� � >���3 4�U �	;N C3N ���< �K ��J �� �=�� �� .

S�8 �.< 35 �36  �37 �	� �=�H  �	��S �.< ?���1 ���< ���4� 

��/���> ���< ��4� � 
R-�� ��D ��/���>  �	;N p	D H�N 	=

4�U �2� >��J ���� = .
-� ��8� �K ��J ��. C3N � �	;N p	D< 

���D< �� ?�< ���4� = \��	N O�I
���	
0 � ���< ��/���> <	
2� 

� ���4� � ��.�0�� �8�.  

 �I� �=���  S�8 ��32 � 35  >��
���3 �� S7�N ��8  �= ��

�K ��J =� 4�U 	f� ��. 
D	- �N ?� @�����  C� 9���8  �  

  

  
C
	35-��/0 +��0 2/,3� C�H1-� -� �-$? j-F -�ed�  

  

r[mm]

T
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]
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Inlet air velocity 25 m/s
Inlet air velocity 50 m/s
Inlet air velocity 75 m/s
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]
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Average disk temperature
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Cavity width 30 mmm
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 C
	36- ��/0 S�K���� +��0 -� �-$? j-F -�ed�  

  

  
C
	37-S�K���� 5���� -� �-$? j-F -�ed�  

  

A	��t�Q �	=< �K ��J 4�U @����� QM- ?�� � �E�= �=�?� �K � �=�J 

��. C3N< ���D< 
-� ��X	. .\�YNq� N�	y� ��
U�- �< 

���Q��
 �.< �=���< � ���> �?�� O�2D� ��� ����.  
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