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Abstract  
In addition to variable properties of fluids, heat interaction with ambient, and axial wall conduction, the temperature distribution of a 
three-fluid heat exchanger, is strongly affected by Geometric and design parameters. Geometric parameters such as exchanger length 
and tube diameter and design parameters are fluid flow rate and ambient temperature. In this study, the effect of geometric and 
design parameters on the temperature distribution and effectiveness of a three-fluid heat exchanger with three thermal 
communication have been investigated. The governing equations on the flow, are simulated considering heat-in-leak to the cold fluid 
and variable properties of the fluids, and are solved based on the first law of thermodynamics and analytical methods. Cooling the 
hot fluid and heating the cold fluid, have been considered as the objective of the three-flow heat exchanger, in order to effectiveness 
investigation. The effect of ambient heat in leak is to increase the cold fluid temperature, leading to a little lift on hot fluid 
temperature profile, will result in an enhancement in the cold effectiveness and a reduction on hot effectiveness. Increasing ambient 
temperature, enhances the effects of heat in leak from ambient. An increase in the diameter of outer tube, Where the cold fluid is 
flowing and is in contact with the ambient, makes the hot and cold temperatures become farther apart in each cross-section, and 
decreases the hot and cold effectiveness. An increase in the flow rate of the cold fluid, results in a higher hot effectiveness and 
reduces the cold effectiveness.  Due to An increase in the hot flow rate, both the hot and cold effectiveness are enhanced. 
Keywords: Three-fluid heat exchanger, Temperature distribution, Effectiveness, Thermal interaction, variable properties of fluid. 
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 I0��4- ��) W-)(; (-1�C� I�C��(7'  �9 W����� 
�/NTU  

NTU  2
3U w / m( )C= − o  2

1U w / m( )C= − o  

1  00/840  44/1783  

2  00/1680  88/3566  

3  00/2520  32/5350  

4  00/3360  76/7133  

5  00/4200  20/8917  

 

5 -   
-)��/ 0 ��1 ,-�.+ 
��(9  

   � ��� S�H�� �/�	? ��V�� �? �������  ���� Q� G
 	- 	V� �� �?

 \�]� :�g �Y���A 	�I�� ����U��N���	- � �? E�F� H������ G� D��7 �

M��/ 	�C
� 	
����� �7	? �  �/��3 P��O H� ������ 	? ��)-	�I�� 1�3

������ G� �?� �  �/�	? ���� ������ � ��� S�H�� 	? �JT��/ ��	6 1�3

 ��	O�� �	�- .  
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5 -1 -  X.!� (�Y�+
6��(7  �) I��� (�Z�� [).V 0 \� �  

    \�]� 	�I����	- �/ 1��� S�H�� 	? M��/ 	�C
� D��7 � E�F� H� 

� :��	6  ������������ G�  �������� G� �/ 1�3 ����	6 ����� �/ �? >

�B��	-P�, �� �  1�33 ��� 6  >	, ./� �
 	- ��	O �/�	? ����1  �?

 �
 	- 	V� �� E��	, 	��/ �? ����R� ��V�� �? ���� �Un� :���A ��,

/� >	, �� .1 >����� P��A �� 	3 H� ��B��	-  D��7 � E�F� �?

 	V� 	a M��/ 	�C
�/� ��, >	, �� 	8�� J���A �? .1 ������ �

 �6��7������ G� ���? s��A  M�R
�� `�	n �)� ���	-1  ���_?�6

� �� 	]a �N�F� �
 	- 	V ��, �:� 1���� 1��� �� M��/ D��7 �

 j�F� J��/�F� <�_�� ��V�� �?/� ��, .  

    \�]���	-  ?�I D��7 G
 	- 	V� �� �? ��	/ :��	6 �? E�F� H�

:��	6 :� 1���� 1��� 1���� 	? �3  P�, �? �6�� �? ��33 P� �	� �

�� �	/ :��	6 1��� �=�  � ���� Z��^ � 	�I��1^�g��  Z��^ � 1�� 	?

 >	, �� .���� ����� � <	- :��	6 �� 1��� P� �	�1 ���R� �h�  	?�	?

�� ��U� :��? G�� � ��, j�F� 	]a  �� �,�?������ G� /� s��A .

 \�]� 	�I����	-  ���R� �� 1�	? E�F� H�h� = 25, 50 w/(m�℃)  ��

 P�,3  	���R� ./� ��, ���� :�9�	
9�? ℎ� `6�� Z��^ � 	
9�? 

:��	6 1��� <	- � �	/ �� ��,�? 1��� .  Z���� �� <	- :��	6 �U?

 c�� ����	62  1�	? �h� = 25  H� 5234/0 �? 5278/0 %)84/0( 

 1�	? � ��	� ���� Z��^ �h� = 50  H� 5234/0 �? 5317/0 )%59/1 (

����� P� �	� �� Z��^ � G�� ./� �
,�� Z��^ � � �	/  s�4 �<	-

 M��65 Z��^ � `6�� ��� <	- ������ Z3�� � �	/ ������ .��,  �?

 :��=� �	/ � 	
9�? ������ �? �	/ :��	6 :��=� <	- �	8�� :��?

1�O ����	K >����� J��a �� �1	
=� ������ �? <	- :��	6  �? 	�

./� 	�)� :���� �E�F� 

  

 I0��5- 
9 '��1 0 
-)��/(-1�C� ��-(� �� 
�0(V �G9  80(� �9

-)�M ')(9 �.7��.7 U.� 
��-(� L2:�5(��)��� (-�� (-1�C� .  

1 2 3 1 3

1,in 2,in 3,in 4 4

m 1,m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = = =
= = = = =

& & &
  

>�	,  ε� ε� θ�,"#$ θ�,"#$ 

 >	,1  5295/0  3432/0  5295/0  5234/0  

 \�]���	-  �E�F� H�

h� = 25 
5348/0  3401/0  5348/0  5278/0  

 \�]���	-  �E�F� H�

h� = 50 
5385/0  3373/0  5385/0  5317/0  

 \�]���	-  � E�F� H�

	�C
� D��7 

5503/0  3485/0  5503/0  5145/0  

  

  

  

    \�]���	-  �� � �	/ :��	6 �?� H� J��]
� ���R� �� 1�	? E�F� H�

^�� <	- :��	6 �?� H� J��]
� ���R�P�, s?�N� �  1�34  �5� � �? 	_�

����� P� �	� Z��^ � :��	6 <	- � �	/ �� ��,.  �	
=� ��	6 �?� ��

�� �VK@� <	- � �	/ ����� P� �	� �� 1	
9�? Z��^ � :�^��  .��,

 G��c�n�� G�� 	8����=� ��_�
� �� �?� �� �� �,�?  �	
=� ����	6

P��A M��/� V�� �? 1	
9�? a	  >����� ������	-  �
,�� E�F� �? �

<	- � �	/ :��	6 �� 1��� P� �	� 	? 1	
9�? 	�I�� E�F� 1��3�  �?

 .���� �/� E�F� �? >����� �� �� �	/ :��	6 �;�� 

  

  

  

 *�3-  X.!� (�Y�+��(7  
-��1 *-�=0(� (9 \� � �)�21�3� 4/ 
6��(7 

��  U.� 
��-(� L-)�M �1 
��-(�2  �)�C� �� ')(9/0 = 1, 23, 31 �

:�5(��)��� (-�� (-1�C�  

1 2 3 1 3

1,in 2,in 3,in 4

m 1, m 1, m 1,D  .7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24

= = = = = = = =
= = = =

& & &
  

  

 *�4-  X.!� (�Y�+��(7  
-��1 *-�=0(� (9 \� � �)�21�3� 4/ 
6��(7 

��  U.� 
��-(� L-)�M �1 
��-(�2  �)�C� 01 ')(9�45 = 4, 3 (-1�C� �

:�5(��)��� (-��  

2 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  .7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 50

= = = = = = =
= = = = =

& &
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    \�]� � M��/ 	�C
� D��7 :��^=3 	�I����	-  P� �	� 	? E�F� H�

 P�, �� :��	6 �/ 	3 ����� 6 �� ��3�9� G�� :��^=3 M�=A� .��,  ��

 ��6��? �P��A �<	- � ����� :��	6 ����� P� �	� 1�� 	? 	�I�� <�A

./� ��, �	/ :��	6 ����� P� �	� Z��^ � `6��  >����� �? �6�� �?

 P�, �� �E�F� �? �	/ :��	6 .�R
��6 �� �VK@�  j�F� �� ��,

 >����� :��=�����	- E�F� �? �	�C
� D��7 �  �6�� P?�O 	�I�� 1����

	/ :��	6 ����� P� �	� 	?�� � .�,�? ��V�� �? - 	V� ��	 D��7 G
 

 M�R
�� `�	n � �;�� 1��	- � 	b �M��/ 	�C
���	-1  �� M��/

�� j�F� M��/ E/�
� 1��� .��	- J��5��� �� s�O� w��
� �? � 1	

�� . �� /� :���  

  

  

5 -2- ��-(� 
�(� 
91 �1(� ��-(� �2.2 (P^ (�Y�+ �5  0

I��� '��1 ,-�.+ (9 \� � '��1  
-)��/ 0 �5

�21�3� 4/  

    :��	6 ���� 	NO 	�I���?� ��	/  1�� 	? E�F� 1��� � ��	6 1�3

M��/ 1��� S�H��  G
 	- 	V� �� �? ������ � <	- ��	/ ������ � �3

M��/ 	�C
� D��7   \�]� ��B��	-  �� �[�	4� E�F� H� �	/ :��	6 �?

P�, 1�3 7  ���15 ./� ��, ���� :�9�  ��	/ :��	6 	NO Z��^ � �?

�
 �� Z3�� �	/ :��	6 ����� P�� �	� <	- :��	6 ����� P�� �	� �

�� Z��^ �  :��	6 � �	/ :��	6 G�? ����� [@
7� �_�
� �� � �?��

�� Z��^ � SNR� 	3 �� <	-  P�, �� �� ��?��7  ��3�9� ����� G��

�� .��,  P�, s?�N�8�  Z3�� �? 	_�� ������ P�� 	� �� J�	��C� G��

�� �	/ � <	- ������ �� 	3 ��	6 	NO Z��^ � .��, H� �	/ :65/0  	
�

 �?85/0  7����� `�, Q� �? �� ����� � �	/ �<	- ������ �/ 	3 �	
�

�� Z3��  ���R� �/ 1�	? ����� � �	/ �<	- ������ 	���R� .�3�

 M��6 �� w��
� � ��, ��/�F� �	/ :��	6 	NO H� J��]
�6 ��3�9� 

��  H� �	/ :��	6 	NO Z��^ � .��,7/0  �? 	
�8/0 ���� �	
� �� <	- ��

 H�3485/0  �?3114/0  � H� �� �	/ ������5503/0  �?4953/0 �

�� Z3�� .�3�  

 

 

 
I0��6-  �- �1 
���� 0 Q(7 �1(� 
-)��/ (9 1(� ��-(� (P^ (�Y�+

�21�3� 4/ 
6��(7 ��  X.!� 0 I��� (�Z�� [).V _(= �9 
��-(�
6��(7 

:�5(��)��� (-�� (-1�C� .Q01 U.� 
��-(� L-)�M ')(9 \� � �)  

1 2 3 3

1,in 2,in 3,in 4 4

m 1,m 1, m 1,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& & &
  

6/ 6� ε� 7�(m) 

3485/0  5503/0  0842/0  7/0  

3114/0  4953/0  0662/0  8/0  

2796/0  4436/0  0410/0  9/0  

 

  

 *�5-  X.!� (�Y�+��(7  
-��1 *-�=0(� (9 \� � �)�21�3� 4/ 
6��(7 

��  U.� 
��-(� L-)�M �1 
��-(�2  E0�!�� �)�C� 01 ')(9�25 = 4, 3 

:�5(��)��� (-�� (-1�C�  

1 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  .7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 50

= = = = = = =
= = = = =

& &
  

  

 *�6- ��-(� (�Z�� [).V (�Y�+  X.!� 0 �5��(7  *-�=0(� (9 \� � �)

 ')(9 
-��1�21�3� 4/ 
6��(7 ��  .Q01 U.� 
��-(� L-)�M �1 
��-(�

:�5(��)��� (-�� (-1�C�  

1 2 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1, m 1,D  .7, D  0.3, L 10, t  .02, K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = = =
= = = = =

& & &  

  

 *�7- *-�=0(� (9 1(� ��-(� (P^ (�Y�+ ��-(� 
-��1 '�5  '�5

 �- �1 
���� 0 Q(7 �1(��21�3� 4/ 
6��(7 ��  _(= �9 
��-(�

 X.!� 0 I��� (�Z�� [).V
6��(7  
��-(� L-)�M ')(9 \� � �)

:�5(��)��� (-�� (-1�C� .Q01 U.�  

1 2 3 3

1,in 2,in 3,in 4 4

m 1,m 1, m 1,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& & &
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   :��	6 �?� 	�I��  ������ � ��� S�H�� 	? �3������ G� �/ 1�3 ����	6 

P�, ��  1�39 ��� 12  P�, �? �6�� �? ./� ��, ���� :�9�9 �

 �� 	3 ����� P�� �	� Z3�� `6�� ��	/ :��	6 ��	6 �?� Z��^ �

�� <	- � �	/ :��	6  ������ ������ P�� �	� �� 	3 �� Z3�� G�� .��,

�� �	/ ������ Z3�� `6�� � ���� Z��^ � �� <	-  �� ��N��=3 ���,

 P�, ��10  Z��^ � ./� ��, ���� :�9� H� �	/ :��	6 �?�1  �?2 

 M��6 s�47� H� �� <	- ������ 3485/0 �? 5839/0 �� Z��^ �  � �3�

H� �� �	/ ������ 5503/0 �? 3825/0� �� Z3��  �Ya�K w��
� H� .�3�

��  ������ Z��^ � `6�� J�, �? ��	/ �?� Z��^ � ��  ���� :���

�	/ ������ Z3�� � <	- �� .��,  

  

 I0��7- 91 (�Y�+ �- �1 
���� 0 Q(7 �1(� 
-)��/ (9 1(� ��-(� 


�21�3� 4/ 
6��(7 ��  X.!� 0 I��� (�Z�� [).V _(= �9 
��-(�
6��(7 

 ')(9 Q01 U.� 
��-(� L-)�M ')(9 \� � �) �45 = 4, 2  (-�� (-1�C� .

:�5(��)���  

2 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& &
  

ε� ε� 68 m5 (kg/s) 
3485/0  5503/0  0842/0  m5 � = 4 

5839/0  3825/0  2488/0  m5 � = 2 

6308/0  2919/0  3412/0  m5 � = 9 

 

 

  

    P�, s?�N� �<	- :��	6 ��	6 �?� Z��^ �11 Z��^ � `6�� �

:��	6 ����� P�� �	� Z��^ � G�� �� ��, �	/� <	- 1�3�  `6��

�� �	/ � <	- ������ ���0?  M��6 �� �� ��,8  �<	- ������ 	���R�

� �	/  :�9� �������F�� ./� ��, ����  �<	- ������ �? >�?	� 1�3

 P�, �� ����� � �	/12 �� :�9�  :��	6 �?� Z��^ � �? �� ��3�

�� Z��^ � <	- � �	/ ������ �� 	3 �<	-  �? ������ Z��^ � G�� .��?��

 <	- :��	6 �?� �� �
/��� ��4  :�^�� �?kg/s 7 �� �����  H� �U? � �?��

 � ����_� ��4 �? :��� Z��^ ������ .�?��  <	- :��	6 �?� �� �����

M��U� kg/s 6/1 �� 	]a �? 	?�	? �,�?�  o�	U� s�4 c�n�� G�� ��

 � ���� 1��� ��?� G�� �� �� /� `YN� G�� 	8���? ������ ������

�� 	?�	? 	8���� �? ����� :��	6 W�	7  H� <	- :��	6 �?� Z��^ � .�,�?

1  �? kg/s2 Z��^ � `6�� �H� <	- ������ 3485/0 �? 4774/0  �

H� �	/ ������ Z��^ � 5503/0 �? 6419/0�� �  .��,  

  

  

 *�8- 7 �1(� 
-)��/ (9 1(� ��-(� (P^ (�Y�+ �- �1 
���� 0 Q(

�21�3� 4/ 
6��(7 �� 
��-(�  X.!� 0 I��� (�Z�� [).V _(= �9
6��(7  �)

�-(� L-)�M ')(9 \� �(��)��� (-�� (-1�C� .Q01 U.� 
�:�5  

1 2 3 3

1,in 2,in 3,in 4 4

m 1,m 1, m 1,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& & &
  

  

 *�9-  '�5 ��-(� 
-��1 *-�=0(� (9 1(� ��-(� 
91 (�Y�+

 �- �1 
���� 0 Q(7 �1(��21�3� 4/ 
6��(7 ��  _(= �9 
��-(�

 X.!� 0 I��� (�Z�� [).V
6��(7  
��-(� L-)�M ')(9 \� � �)

:�5(��)��� (-�� (-1�C� .Q01 U.�  

2 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& &
  

 

 *�10 - 7 �1(� 
-)��/ (9 1(� ��-(� 
91 (�Y�+ �1 
���� 0 Q(

 �-�21�3�  4/ 
6��(7 ��  
��-(�  0 I��� (�Z�� [).V _(= �9

 X.!�
6��(7 �-(� L-)�M ')(9 \� � �) (-�� (-1�C� .Q01 U.� 
�

(��)���:�5  

2 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& &
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 I0��8- 7 �1(� 
-)��/ (9 Q(7 ��-(� 
91 (�Y�+ �- �1 
���� 0 Q(

�21�3� 4/ 
6��(7 �� 
��-(�  X.!� 0 I��� (�Z�� [).V _(= �9
6��(7 

�-(� L-)�M ')(9 \� � �) (-1�C� .Q01 U.� 
�(��)��� (-��:�5  

1 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& &
  

�5 (kg/s) 68 6� 6/ 
m5 � = 1 0842/0  5503/0  3485/0  

m5 � = 2 0703/0  6419/0  4774/0  

m5 � = 3 1679/0  6896/0  5432/0  

  

  

    P�, s�4 �E�F� 1��� Z��^ � �?13 :��	6 1�3���  �	/ 1�3

<	-��  :��	6 � E�F� 1��� G�? ����� [@
7� �� �	g ��, 	
9�?

�� 	
9�? �	/ 	�� G�� .��, Z3�� � �	/ ������ Z��^ � `6�� �

�� <	- ������  P�, �� w��
� G�� �� ��,14 �� ����  Z��^ � .��,

 H� E�F� 1���14  �?34 �� �	/ ������ �����Y/ �6��  M��6 s�4

9 H� 5360/0 �? 5647/0 ��^ �H� �� <	- ������ � Z 3516/0 �? 

3455/0 ��� Z3��  �� E�F� 1��� Z��^ � �? �	8�� 	��U� �? .�3�

 \�]� �? 	_����	- �� �	/ :��	6 �? 1	
9�?  :��	6 :��=� <	- ���,

�� 	�	I�� �	/ �� Z3�� <	- ������ � �,�?  .�?��   

  

  

 I0��9-  �- �1 
���� 0 Q(7 �1(� 
-)��/ (9 \� � '��1 (�Y�+

�21�3� 4/ 
6��(7  X.!� 0 I��� (�Z�� [).V _(= �9 ���-(� ��
6��(7 

:�5 (��)��� (-�� (-1�C� .Q01 U.� 
��-(� L-)�M ')(9 \� � �)  

1 2 3 1 3

1,in 2,in 3,in 4

m 1,m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34,h 25

= = = = = = = =
= = = =

& & &
 

6/ 6� 68 <0(℃) 
٣۵١۶/٠ ۵٣۶١ ٠٩٣٩/٠ ٠/٠۴ 
٣۴۵۵/٠ ۵۶۴٠٧ ٧/٠۴۴/٣ ٠۴ 
٣٣٧١/٠ ۶٠ ٠٧٩/٠۴۴٠/٠ ۶۴ 

  

  

6 - �	���  '(�7  

   ���R� G�� ��� :��	6 H� Q� 	3 	? .��K JT��U� W�	X
/� H� y�  � �3

������  1�3������ G� �B��	- �/ ����	6  >����� �/ �?�B��	-  G�� PK �

:��	6 �� ��� S�H�� �? �?��
/� � JT��U�  H� P���A �7	? 	�I�� ��3

 \�]� P��O��	-  ������ � ��� S�H�� 	? JT��/ 	�C
� D��7 � E�F� H�

  

 *�11- � 
91 (�Y�+��-(� 
-��1 *-�=0(� (9 Q(7 ��-(  �1(� '�5

7 �- �1 
���� 0 Q(�21�3� 4/ 
6��(7 �� 
��-(�  (�Z�� [).V _(= �9

 X.!� 0 I���
6��(7 �-(� L-)�M ')(9 \� � �) (-1�C� .Q01 U.� 
�

(��)��� (-��:�5  

1 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34, T  24,h 25

= = = = = = =
= = = = =

& &
  

  

 *�12-  �- �1 
���� 0 Q(7 �1(� 
-)��/ (9 Q(7 ��-(� 
91 (�Y�+

�21�3� 4/ 
6��(7 ��  X.!� 0 I��� (�Z�� [).V _(= �9 
��-(�


6��(7  (-�� (-1�C� .Q01 U.� 
��-(� L-)�M ')(9 \� � �)

:�5(��)���  
1 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34,T 24,h 25

= = = = = = =
= = = = =

& &  

  

 *�13- ��-(� 
-��1 *-�=0(� (9 \� � '��1 (�Y�+  Q(7 �1(� '�5

 �- �1 
���� 0�21�3� 4/ 
6��(7 ��  (�Z�� [).V _(= �9 
��-(�

 X.!� 0 I���
6��(7  (-1�C� .Q01 U.� 
��-(� L-)�M ')(9 \� � �)

:�5(��)��� (-��  
1 3 1 3

1,in 2,in 3,in 4 4

m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34,T 24,h 25

= = = = = = =
= = = = =

& &  

  

 *�14 -  �- �1 
���� 0 Q(7 �1(� 
-)��/ (9 \� � '��1 (�Y�+

�21�3� 4/ 
6��(7 ��  X.!� 0 I��� (�Z�� [).V _(= �9 
��-(�
6��(7 

:�5(��)��� (-�� (-1�C� .Q01 U.� 
��-(� L-)�M ')(9 \� � �)  

1 2 3 1 3

1,in 2,in 3,in 4

m 1,m 1, m 1,D  0.7,D  0.3, L 10, t  .02,K 1 00, 
 T 2, T 55, T 34,h 25

= = = = = = = =
= = = =

& & &
  



 

 

74 

YF
�

�
P 

	

���

��
1 

H�
�

�
S 

���
� 

� 
��

�
�

�
 

��
��

��
G

�
�3

1 
B��

	-
� ...

 

������ G� ��@A . 	- ��	O �/�	? ����  1�3	
����� �7	? 	�I�� �G��	?

 ������ 	? 	I�������� G�  P��O H�	NO ���� �3�	/ 1  1�3	
����� �

:��	6 H� Q� 	3 ��	6 �?� P��, �K�	4 � <	- 1�3  1��� � �	/

.�, �/�	? ������ 	? E�F�  

    >������B��	-  \�]� �Un� �� E�F� �?��	- ? �E�F� H� .�, �/�	

 \�]���	- � <	- ��	/ :��	6 �/ 	3 �� ��� Z��^ � �A�? �E�F� H� 

�� �����  H� [�3 �� �
��K �� ���� S�H�� Z��^ � G�� .��,������ G�� 

�� �� ������ ��,�? �	/ :��	6 :��=� <	- ���^ ����K�� . ���  [�3 �?

��=� �	/�A�? ��� Z��^ � G�� �<	- :��	6 : 	- ������ Z3�� <

�� �� Z3�� <	- ������ � Z��^ � �	/ ������ 	8�� :��? �? .��,  .�?��

 \�]� SO�� ����	-  H� �� � �3 ��/� 	? E�F� H������� G�  ��V
��

�� �� ����  :��? �? .�,�? �
,�� ������ 	? �]�� �� � �|� 	�I�� �����

 \�]� ��6� J��a �� �	8����	-  �? E�F� H������� G� �? �� ����H �

 <	- :��	6 Z���	/ M���������� G� �� s��A �.�,�?  �� ������ �1���

�� Z��^ �  :��=� <	- � �	/ ������ M���� �? 	-� J��5��� 	�� �� �3�

 �	/ :��	6������ G� �� s��A �.�,�?  ������ Z3�� �A�? 1���

������ G� �� .��	-  

    \�]� �� �K�	4 	
����� 	3��	- � H� ��R� �? ��3� Z��^ � �� E�F

 \�]� �F? �� ���� /�? w��
���	- �� E�F� H�  Z��^ � �? .���_��

 M�R
�� `�	n��	-  :��� 1��� [@
7� Z��^ � ^�� � �N�F� ���_?�6

�� Pa�K E�F� 1��� 	��C� �? �� E�F� � �	/ :��	6  ������ ���	-

 �	/�^ � �� 1	
9�? Z3�� <	- ������ � 	
9�? Z��� :�9�    .��3�  

 JT��/ 	�C
� D��7 :��=� j�F� �? 	_�� � ��� S�H�� �? �?��
/�

s�O� J��a �? ������ 	�  1���� �� :��	6 ?�I D��7 ��K �? ���

������ G��� � .��	-  

    .3 �? �� <	- � �	/ :��	6 �� 1��� �<	- :��	6 	NO Z��^ �

 <	- � �	/ ������ � ���=� 	
���^������� G� �� Z��^ � ��  G��? .�3�

��U� H� 1	
9�? 1�3	NO �� �	/ :��	6 :��=� <	- �� ����  :��	6

�� <�_�� 1	
0? P�, �? <	-  <	- ������ Z��^ � �? J�	��C� G�� .�	�)�

�� 	_�� ^��  .��,  

    G�� �� .���� M���� �? �� �Y�O w��
� y�A ��	/ :��	6 	NO Z��^ �

:��	6 ����� �Ya�  ��K  � �
 �� Z��^ � �3������ G�  H� �� P�O ������

�� �6��� Z3�� �? �	/ � <	- ������ �� 	3 � ���� /� .���	-  

    �	/ � <	- 1��� P� �	� �� Z��^ � �A�? �<	- :��	6 �?� Z��^ �

�� �� �	/ � <	- ������ Z��^ � �? 	_�� 	��C� G�� .��,  �� .��,

��	/ :��	6 �?� Z��^ � �� ���K  <	- ������ �� Z��^ � �? �0��

�� �� Z3�� �� �	/ ������ � ���_��       .�3� 

   �� �� ���� /�? w��
� :��=� :��? 	�H J��a �? :���  

•  \�]���	-  :��	6 �/ 	3 ����� P� �	� Z��^ � �? �E�F� H�

��  .���_�� 

•  \�]� 	�I�� �E�F� 1��� Z��^ ���	-  �?������ G�  ��

�� ���9� ���. 

•  M�R
�� `�	n Z��^ ���	-  	�I�� ��R� `6�� ����_?�6

 \�]���	- �� E�F� H� .��	- 

•  	
9�? ����� �Ya�  �? 	_�� ��	/ :��	6 ���� 	NO Z��^ �

�� ������ Z3�� � <	- � �	/ :��	6 G�? .��	-   

•  <	- ������ Z��^ � �? ��	/ :��	6 ��	6 �?� Z��^ �

�� �	/ ������ Z3��� .���_��  

•  � <	- ������ Z��^ � �? �<	- :��	6 ��	6 �?� Z��^ �

�� 	_�� �	/ .��,  

   �?   ���0? �K�	4 ��V�������� G� �B��	- �06  G�	
0? �? �?��
/�

��U?� ������ G��� �  G�� w��
� H� :������R�  ����	  � ���=� ���]
/�

���0?  �? �Ya� ��)-	�I�� 1�3	�C
� G
,�� 	V� �� �? �� 1H�/ �F�

���/ .��� <�_�� 1	� �� ��V�� G��? ���� ��X
�� �? :��� 1�3	
�

[	a �? � 	�C
� :���A �? ��)-	�I��  H� 	V�.� 1�3	
�����  06 �	�I��

���0? <�_�� .
���8�� H� �1H�/ ���0? 1�3  �K�	4 �? � ��	? ���]
/� 1H�/

 ���0?������ G� . �� /� ������ G�	
9�? �? :��/� 06  

  

7 -  ��51��  
A  ������ ����6 K��������� G� s�4  P�,1 (m�)  

A� `��	n y�	���  
b�- b	 o�	U� s�4 `��	n  

C  M��/ ��	6 �?� �� �;�� 1��	-(w/℃)  
c�  ?�I ��9  �� �;�� 1��	-(j/Kg-℃)  

D�, D�, D� ���� 	NO  �/ � �� �Q� 1�3(m)  
H �? 	
����� o�	U� s�4 �U?  
h  M�R
�� `�	n��	-1  ���_?�6(w/m�-℃)  

h�  M�R
�� `�	n��	-1  �Y7�� ���_?�6(w/m�-℃)  
h"  M�R
�� `�	n��	-1  �6��7 ���_?�6(w/m�-℃)  

i :��	6 �]�� �� �|� 06 �����=� `�	n �3  
K �����/� �B��	-  ������(w/m-℃)  

k? �����/� �B��	-  M��/(w/m-℃)  
L  M�4������ G� )m(  

L   	I�� M�4������ G�  M�4 J��a �? ��, o�	U�

������ G� ) :�=�� ���U� 	? .��R�m(  
m5 �, m5 �, m5 �  :��	6 ��	6 �?�1 �2  �3 )kg/s(  

NTU  M�R
�� 1�3�K�� ���U���	-  
Pr P
��	� ��A  

p�, p�, 

p�, p� 
 ��, 	� E�F�1  ���4  P�, s�41  

Q ��3�  M�R
����	- (w)  
R �? 	
����� o�	U� s�4 �U?  

Re  ��AH������  
r� ���� �Y7�� c�U,  1�3������ G� (m)  
r" ���� �6��7 c�U,  1�3������ G� (m)  
T ) ���℃(  
t ��Xn  

T� :��	6 E/�
� 1��� ) �3℃(  
U  M�R
�� `�	n��	-1  �Y�(w/m�-℃)  

U�, U�, U�, 

U� 

 M�R
�� `��	n��	-1 K��� �? >�?	� �Y�  1�3

  ����6(w/m�-℃)  
V  `��	n y�	��� �;�� y�	���A�  
X �? 1��F� J�5
X� �U?  



  

75 

 
 

75 

 

�)
 ��

�:
��

� 
�;

�
�

<
�5

(=
(

 
	

� 
0 

�1
.�

�
�

� 
�?�

�.
��

 
x ) 1��F� J�5
X�m(  
Z  `��	n y�	��� �;�� 	���R�A�  


���.- a-b?  

θ �? 1��� �U?  

θG �? 1��� y�	��� �U?  

ε  �������B��	-  

c-.�(-��5  

c  �	/ :��	6  
h  <	- :��	6  
i  ����� :��	6  

in 1����  
o  �6�	7  

1,in, 2,in, 

3,in 
 M��/ 1���� 1���1 �2  �3  

  

8 -  ,�)(�  

[1] Sekulic D. P., Shah R. K., Thermal design theory of three-
fluid heat exchangers, Heat Transfer, Vol. 26, pp. 219-329, 
1995.  

[2] Krishna V., Hegde P. G., Subramanian N., Seetharamu K. N., 
Effect of ambient heat-in-leak on the performance of a three 
fluid heat exchanger, for cryogenic applications, using finite 
element method, International Journal of Heat and Mass 
Transfer, Vol. 55, pp. 5459-5470, 2012. 

[3] Shrivastava D., Ameel T. A., Three-fluid heat exchangers 
with three thermal communications. Part A: General 
mathematical model, International Journal of Heat and Mass 
Transfer, Vol. 47, pp. 3855-3865, 2004. 

[4] Shrivastava D., Ameel T. A., Three-fluid heat exchangers 
with three thermal communications. Part B: Effectiveness 
evaluation, International Journal of Heat and Mass Transfer, 
Vol. 47, pp. 3867-3875, 2004. 

[5] Zhao M., Li Y., New integral-mean temperature difference 
model for thermal design and simulation of parallel three-
fluid heat exchanger, International Journal of Thermal 
Sciences, Vol. 59, pp. 203-213, 2012. 

[6] Saeid N. H., Seetharamu K. N., Finite element analysis for 
co-current and counter-current parallel flow three-fluid heat 
exchanger, International Journal of Numerical Methods for 
Heat & Fluid Flow, Vol. 16, pp. 324-337, 2006. 

[7] Gupta P., Atrey M. D., Performance evaluation of counter 
flow heat exchangers considering the effect of heat-in-leak 
and longitudinal conduction for low temperature applications, 
Cryogenics, Vol. 40, pp. 469-474, 2000. 

[8] Krishna V., Spoorthi S., Hegde P. G., Seetharamu K. N., 
Effect of longitudinal wall conduction on the performance of 
a three-fluid cryogenic heat exchanger with three thermal 
communications, International Journal of Heat and Mass 
Transfer, Vol. 62, pp. 567-577, 2013. 

[9] Chato J. C., Laverman R. J., and Shah J. M., Analyses of 
parallel flow, multi-stream heat exchangers, International 
Journal of  Heat and  Mass Transfer, Vol. 14, pp. 1691-1703, 
1971. 

[10] Morley T. B., Exchange of heat between three fluids,  
Engineer, Vol. 155, p. 314, 1933.  

[11] Sorlie T., Three-fluid heat exchanger design theory -
Counter   and parallel flow, Department of Mechanic 
Engineering, Stanford University, Stanford, California, No. 
57, 1962. 

[12] Yuan P., Kou H. S., The comparison of longitudinal 
wall conduction effect on the crossflow heat exchangers 
including  three fluid streams with different arrangements, 
Applied Thermal Engineering, Vol. 21, pp. 1891-1907, 2001. 

[13] Ruan D. F., Yuan X. F., Wu S. Y., and Li Y. R., 
Exergy effectiveness analysis of threefluid heat exchanger, 
Journal of Superconductivity and Novel Magnetism, Vol. 23, 
pp. 1127-1131, 2010. 

[14] Ruan D. F., Yuan X. F., Li Y. R., and Wu S. Y., 
Entropy generation analysis of parallel and counter-flow 
three-fluid heat exchangers with three thermal 
communications, Journal of Non-Equilibrium 
Thermodynamics, Vol. 36, pp. 141-154, 2011. 

[15] Singh S. K., Kumar S., Mishra M., and Jha P. K., 
Transient behavior of co-current parallel flow three-fluid heat 
exchanger, International Communications in Heat and Mass 
Transfer, Vol. 52, pp. 46-50, 2014. 

[16] Singh S. K., Mishra M., and Jha P. K., Experimental 
investigations on thermo-hydraulic behaviour of triple 
concentric-tube heat exchanger, Proceedings of the 
Institution of Mechanical Engineers, Part E: Journal of 
Process Mechanical Engineering, Vol. 229, pp. 299-308, 
2015. 

[17] Veerabhadrappa K., Seetharamu K. N., and Hegde P. 
G., Effect of ambient heat-in-leak on transient behaviour of 
three-fluid heat exchanger with two thermal communications 
using finite element method. Materials Today: 
Proceedings, Vol. 4, pp. 10596-10602, 2017. 

[18] Zhang W., Shao S., Zhang H., and Tian C., Numerical 
Investigation on Three-fluid Heat Exchanger for Hybrid 
Energy Source Heat Pumps. Energy Procedia, Vol. 105, pp. 
1692-1699, 2017. 

[19] Miller J. W., J r., Schon G. R., and Yaws C. L., 
Correlations, Chemistry Engineering, vol. 83, No. 23, p.129, 
1976. 

[20] Bergman T. L., Lavine A. S., Incropera F. P., Dewitt 
D. P., Introduction to heat transfer, Fifth edition, pp. 455-
493. Wiley, New York, 2007. 

 


