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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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0/1  6269/0  6268/0  0000/1  0000/1  

 
 I0��3-  0 (;�H ��/ 1(� 0 Q(7 ��-(� 01 
�0(V �G9 
9 '�5��1

 I0��3 ] �)��
�5 0 ��S-(/ �2�C� �)2 �1 �[�21�3� 4/ ��  �� �9 
��-(�

 8�3+�)
6��(7  U.� 
��-(� L-)�M ')(9 01:�5(��)��� (-1�C� � 

2 4 1 3

1,in 2,in 3,in 4

1 2 3U  0, U 0, 2, 1, .8, D  0.7, D  0.3,
T 2, T 55, T 34, T 55, L 10

m m m
, t  0.02, K 1 00

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

& & &
 

  
  

NTU  

θ�,"#$ θ�,"#$ 
]S6	�2[   �U��N�

	n�K  

]S6	�2[   �U��N�

	n�K  

1  311/0  311/0  377/0  377/0  

2  346/0  346/0  365/0  365/0  

3  358/0  358/0  367/0  367/0  

4  364/0  364/0  368/0  368/0  

5  366/0  366/0  368/0  368/0  

 
 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

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

& &
  



  

71 

 
 

71 

 

�)
 ��

�:
��

� 
�;

�
�

<
�5

(=
(

 
	

� 
0 

�1
.�

�
�

� 
�?�

�.
��

 

  

    \�]� � 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
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