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Abstract 
The effect of nanoparticles on heat transfer enhancement in laminar pulsating nanofluid flow through a rectangular channel with 
alternative blocks has been investigated numerically. The governing equations are discretized using a finite volume approach on a 
staggered grid arrangement. Inflow velocity is set to be sinusoidal in time and temperature-dependent nanofluid properties are 
computed in terms of the base-fluid and nanoparticles thermophysical properties. A comprehensive discussion is performed on the 
flow heat transfer and pressure drop in some ranges of pulsation frequency, oscillation amplitude and volume fraction of different 
nanoparticles. The results show that pulsation frequency has no significant effect on the heat transfer rate and the pressure drop. 
Moreover increasing the oscillation amplitude by three times adds up the total Nusselt number for about 2 percent, whereas by 
increasing the volume fraction of nanoparticles by six percent, total Nusselt number increased about 16 percent, with lower pressure 
drop in comparison with the change of oscillation amplitude. Studying different nanoparticles types also revealed that for water-TiO2 
nanofluid, the average pulsating Nusselt number is less than other assumed nanofluids. As a consequence, we state that in a channel 
with alternative blocks, the increment of nanoparticles volume fraction by 6 percent and the flow oscillating with the amplitude of 
0.5 are the optimum values for heat transfer enhancement with reasonable pressure drop. 
Keywords: Pulsating flow, Nanofluid, Channel with alternative blocks, Heat transfer, Numerical Simulation. 
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X x H= , Y y H= , mU u U= , mV v U= ,  

2
f mP p Uρ= , f fPr ν α= , m fU HRe ν= ,  

mtU Hτ = , ( ) ( )W in WT T T Tθ = − −   
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m

H
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U
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L

X
H

 = 
 
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V
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6� +�� ����-  �����<�������  �[*�� D�] &����OF � ���c>�18 [  �*
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b

p p p
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V

d dπ ρ
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 5��UOFpd�.��4���� 	[R( ) ( ) 1/3
6 pdδ π φ = ×   5�* �J(�3
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�$%���D�:
 � �F  
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  H��	k �� �*	?� A��) &�c1 �c2� c3  �c4 :�* ��	*�	* H��	� �*  
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6� +�� ����-  �* <K��	�j 
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���) x�0� ���>�  �J� 
J �� ��;  

20*200  081/6  

30*200  425/7  

30*400  612/7  

40 *400            718/8  

40*800  725/8  

60*1200  734/8  

  

��[��OF �� D� ) +��-2( �� 	* ���� �* ���>� 1��23�  D� x�0�20

200  �*40400  D� 
��"� �� �40800  �*601200  ��;

�� �
*�S 
��/ �* Q���� �* �J� 
J ��  	��I� �� 5�� �* �-�� �* .� �

 �� �J� 
J �� ��; x�0� ���>� D�40400 �*40800  �60

1200  �V� �
 � 2�g��D�  x�0� ���>�40400   1�� .�� �B� :�	*
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 6��3-  K��L� U�C� )-�<' (-�- �, ��) �J��"� �J�� (�W7 �$�)

�'�J��"� ��J�  

  

 ����� �� ���) �
)�� :	���o��� �� �	�JO; �?� ���
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����0�  � :	'>- \ �� ��) ,�?�� �*�%� .�>��[� �* ���F

]&����OF7 �[]&����OF � :��25 � [] ��B� � ���"��26[  .��(
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 � �
3	! ) +��- ��3 D� �%M* �* \ �
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J �� ��; .�	��I� (

 Q��
�] ��B� � ���"��26 @�� D� �� [ ���)* 5�2
�� &��	- A/ :�	*

+��  5�* �B'( ��  ���� ��	� ���'
 � :D��� ,�; � ��r/ 
��/ ��

 � 7���� ��r/ .
 � ��) ����� LJ
M� D������ ���;� :�D� �*   

  

 E4��3-  2-+

X' �, Y�1�� Q��1� )�*K��L� ��91	5� )-�*- (-�- 

 �4�, 4 �, �1ZG8�-1�  

  mNu7���� ��r/ &��*  mNu7���� ��r/ �*  

Re=200 Re=200 Re=200 Re=200 
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J �� Q��
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*� D� A/ �*
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 � ���  ��� �� 1M* #� � 
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 6��4-  [9�7 ;M ����1� ��5+� Q*+� 6
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 E���: (-��,-�8�-1� �4�, 01St .=�0 08A .=41000Re =  
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� 5��UOF A�)] &����OF � :	'>-7[  D� ���'
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 � ��) ���� &�%� �*�%� \��	) ��  &���
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6�� 6- U1W7 ;M E�
�1��� ��5+� -) �	
�19M0 04.φ = (�)  �9���:

_��:+N �) �-) 8���0 25St .= 4 (H�,)0 01St .=  �(`
5��)(-�- �,                     

0 0 1A .=�100Re = 

  

 A�)7  .�	��I� \ �
� 
J �� ��;&��	- 6� +�� ���� ��� �� - 

�O?/ :�F	�� �� &��D �* �� �������   :�D� �* � 6� �� ��4���� LJ
M�

0 01A St .= =�100Re = �� &�%�  .�F� A�) �� �� ���$��OF
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1��23� ��; 
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1��23� �	$�� a	d H�	k 
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;M E�
�1���- ���G (�0+�: �) �	
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0 01A St .= =4100Re =  

  

6� +�� ���� 
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*� D� LJ
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 � ��� � ��������F �$
3�� �> �� �* �V� � ����  
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 A�)9 ���� \ �
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J �� ��; .�	��I� +�� 6�- �������  

)004.φ =�* &��D �* 
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�����  :�F ��� �� ���0� �&� �� ����� 1��23� �* .�F� �� &�%� LJ
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 1��23� 
J �� ��; �� �� �
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�
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 6��9- ;M E�
�1��� Y�1�� Q��1� )�* 2-+

X'- �	
�19M  

)004.φ =�	�-) �) ���� �, ( K��L� ����1� (�0  

 6�� 10 -  +
.�'���G+�:  ��31���  E�
�1��� ��: Q��1� )�* +,

;M-  �	
�19M �)_��:+N (-�- �, � K��L� (�00 01A .=4100Re =
  

  

 A�) ��11 ���� \ �
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J �� ��; .��� ��6� +�� - ) �������

004.φ =�� ( P���	3  5�� �� 
R� �* .
 � ��) < � LJ
M� :�F

 1��23� �* �� ��� &��� �� ����O� 
J �� ��; ���%�* �+�F�	
 � ��;

&��D �9	* �� �� \ �
� �� A(�/ �F  ���	!  �
3� =�* �O� ���0�

 .
 ��� 5��	*��*  	* ��h; �&� �� P���	3 1��23� �* �� 
'! &���

D 1F�� �* &� .��	/ +���� �+���� ������ �* +�� ���� ���9	* &��


 � ��	� �*	?� �� ����� 1��23� 2�� ��[  .  

 6��11- 1��� Y�1�� Q��1� )�* 2����1�;M E�
�-�	
�19M  

 )004.φ = (_��:+N �)  (-�- �, �K��L� (�00 01A .=4100Re =  
 

 
3�&��	- �� ��%3 6� +�� ����- ) �������004.φ = H�/	* (
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M� ��� ��12  .
 � ��) ���� &�%�
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� 2�� ��%3 
3� .�	��I� �� ��� &���

 .
 � &� �� �� � ���  .��( �*�� ��F�%�  �� ��) 5
3� =�* �*
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-2� �.��4���� ����	* .��	/ 1��23�

�)  5�� D� �)�� <
���� 1��23� �[ �� �* +�� ���� &��	- �� (���[(�

 1��23� .��	B���  �[*��) �*��13 �� ����� �� N�k�� 5�� 2��  .(���
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  6��13-  2����1� QN-��5+� �J�� ��PN 1���;M E�
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���G (�0+�:  (-�- �, ���31��� K��L�0 01A St .= =4100Re =   

  

 A�)14  �* �$OF) .��'
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J �� ��; .�	��I� 	* ��0 01A St .= = �  ��; ��
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)004.φ =(  ���� �) (-+, ��
@K��L� Q9�G  �, �(-�-

0 01A St .= =4100Re =  
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