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Abstract 
In this study, flow and heat transfer characteristics of Al2O3/water nanofluid, flowing through a 90° curved pipe for the 

both boundary conditions of constant wall heat flux and temperature have been numerically investigated. The incompressible 
and laminar Navier-Stokes and energy equations are solved in a body fitted coordinates system using a control volume 
technique. The effects of nanoparticles concentrations and centrifugal forces on the flow pattern, Nusselt number and wall 
shear stress have been studied. The results indicated that the curvature and nanofluids effects improve the heat transfer 
characteristics, dramatically. Furthermore, the results showed that in order to obtain the optimum operating conditions of 
nanofluids, different parameters such as heat transfer enhancement, pressure drop and erosion of pipe wall must be 
considered. 
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�����µ|/^»�É{Z/�f«Y�½Z»|/¿Y���ÅZ/¯�h�Z]�c�Y�u�µZ¬f¿Y�Ä]�d^�¿

Ê»�{Â����µZ¬f¿Y��ËY�§Y�Ä¯�ÊËZÅ{�]�Z¯��{�µZÌ�Â¿Z¿�¾ËY�ÄnÌf¿��{
m��Y�ÊfË{Á|v»�Á�Ã{Â]�É�Á���c�Y�u����`/¼a�½YÂ/e��ËY�/§Y�dÆ

d�Y�\�ZÀ»�,{�Y|¿�{ÂmÁ���
�¶°��Ä]�ÄmÂe�Z]�����{�`¼a�½YÂe�Á�c�Y�u�µZ¬f¿Y��ËY�§Y��Ë{Z¬»

0Z^Ë�¬e��Z¬¿��Y�Êy�]�|Àf�Å�ª^�À»�ºÅ��]�����Ä/�¬¿�[Z/zf¿Y�dÆm
�����É�/´Ë{��f»Y�Z/a�É{Z/�f«Y�Á�Ê/e�Y�u��fÆ]�{�°¸¼��ÉY�]�\�ZÀ»

Ê»��Y�«�Ê���]�{�Â»�{�Ì³��»�¶»Z��¾ËYR¿Y�dÆm��i����ËY�/��[Z/zf
[Â¸�»����½Z/Ë�m��Ì/�»��ËZ���]�Ä¯�d�Y�É�Y|m�Ê��]��Àe�,�e

ePÊ»��Ìi�{�Y~³�����/�¬»��Å�Ê�Ìv»�¾Ì´¿ZÌ»�c�Â��Ä]��f»Y�Za�¾ËY
�¶°���{�Ä·Â·�µÂ���{�����ºÅ�/]�ª^�À»��Z¬¿��Y�Êy�]�ÉY�]����Z/]

�¶°��Ä]�ÄmÂe����d�Y�Ã|��º������¶°/��Ä]�ÄmÂe�Z]�,µZj»�ÉY�]
����|·ÂÀË��{|���ËY���,����Ê¼nu���¯�Á������µZ¬f¿Y���¿��Y�,

0Z^Ë�¬e�`¼a�½YÂe�Á�c�Y�u���|·ÂÀË���ËY����Ë{Z¬»��]�������¯�Á
d�Y�ª^�À»��¨��Ê¼nu���¶°��Ä]�ÄmÂe�Z]�����{�Ê/��]��Àe�,

��ËY�����Re = �Á�����d^�¿�����ËY�/��Ä/]���Re = ��Á
d�Y��f�Ì]��¨��Ê¼nu���¯�������ËY�/��Y~/·���Re = �Á����/�¯

[Â¸�»��¨��Ê¼nu�d�Y��e���
]Z�»�c�Â�]���¶°/��Ä/]�ÄmÂe�Z]�Ä�����ËY�/��,���Re = ��Á

����Z]�Y�����Re = �Ê»��¨��Ê¼nu���¯�Á���Ä/�ËZ¬»�½YÂe
{�//¯���¶°//��Ä//]�Ä//mÂe�Z//]����ËY�//��d//�Y��Ä//·Â·�d¼//�«��{�,
���Re=  �Á������Á�{�Y{�É�//f¼¯�Ê//��]��À//e��ËY�//�

[Â¸�»�d�Y��e����ËY���,Ã|Ì¼y�Ä·Â·�d¼�«��{�Z»Y����Re= ��Á
\�ZÀ»��¨��Ê¼nu���¯�d�Y��e���

�¶°��Ä]�ÊÅZ´¿�Z]����������ËY�/��Ä/¯�|/Ë{�½YÂ/e�Ê/»���Re = ��Á
���Z]�,����Re = ��Á���c�Y�u�µZ¬f¿Y��ËY�§Y���¿��Y��
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