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Calibration of Smagorinsky Model to Simulate the Fluid Flow in the Cavity and 
Compare the Results on Collocated and Staggered Grids 

 
H. Saghi Civil Engineering Department, Hakim Sabzevari University, Sabzevari, Iran 

  
Abstract 
In this article, cavity fluid flow is stimulated in Two-dimension. In order to model the effects of turbulence, large eddy simulation 
model has been used to include sub-network effects of small eddies, sub-grid Smagorinsky model was used. In this method, 
Smagorinsky coefficient is a constant value which should be determined by experiment. Suggested values by other researchers are in 
range 0.065-0.25. In this research, staggered and collocated grids have been used in analyzing lid-driven cavity flow and results were 
compared for different values of Smagorinsky coefficient. Furthermore, the velocity distribution was evaluated in different parts of 
the cavity. Comparison of numerical results shows that models presented in this research can stimulate this kind of issues with high 
accuracy with assigning the Smagorinsky coefficient in range of 0.5-0.7. Also, using the staggered grid in comparison with 
collocated grid leads to more accurate results. With increase the Reynolds number, horizontal and vertical velocity gradient in wall 
area increases and decreases in middle area of cavity. Also, staggered and collocated grids in low Reynolds numbers present almost 
similar results in predicting horizontal and vertical velocity in center of the cavity. But with the increase in Reynolds number, the 
gained results replaced by the staggered grid are more exact and the gradient of horizontal and vertical velocity in the collocated 
grid, are less moved by the staggered grid than it was supposed to do. 
Keywords: Large eddy simulation, Lid-driven cavity, Sub-grid Smagorinsky model, Staggered grid, Collocated grid. 
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1   Large Eddy Simulation (LES) 
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 T3 �< � �/W�� �
�3 �� �� ��� :�� �+�� .����/� �*��< 5�;< �* 5�b�
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1 Direct Numerical Simulation (DNS) 
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5 Adaptive mesh refinement 
6 Coarse mesh 
7 smoothed particle hydrodynamics (SPH) 
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 .�*� ��? ���6	*�pp vu , 
��6 7�Q* �� �-�* 2W�S � �9�� 5�E �

  �54���NBNB vu , 
��6 7�Q* ��+G �� �-�* 2W�S � �9�� 5�E �

 �54��� 7�Q* [��\�),( jiP  7�Q* �� ��1� ���9�( )ji, 

�φS ��M� �+8 �� V��� ^��φ �*�.  
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       =�����8 T3 �+8 H*��� 5�+?�� @� ��� ���
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 :��;� �'�� :�� @� ���6	*� �� �*�*� =��� @� ��� .�*� �	6?�

 �	�����SC �� .� ���+< ���9� � ����� �<�C H��I :�� .�*���< �


 .��? JK1� �<�L� =��> �< =���Cn� �*��< �< ��	<� ��/
S :�� ��

 ����9� � �	X���� R��	� �S� �� ������,�/*� �<�C H��I .�4��

�� ��+�1�� �	����� :�� 5��< H*�����? y�� �� @� ���6	*� �< m]* .

 �< �@�
���� ��- PQ	K� ����9� r�@� �< � ��? �L<�8 � 4��/	� ���?

�8 �*��< �
��9� ���� �*� �< R��	� � �	X���� ��63 .��� .��

�� ��? �	X���� �	����� :�� 5��< ���+< ���9� �*��< �< �/
S :�� �� .

 5@�*��	;� �+8 �O�9M� :�� �� .��? ���7��  ��? �W��� R��	� @�

 N*����8  7��?� .�*� ��? ���6	*� Y�����/E �4   �
�9   �< R��	�

�� .�1� ��? �L<�8 � 4��/	� ���? �� �� �� ���� �*� �< R��	� .�E�

�� .�1� O�9M� :�� �� ���� �*��E��  @� Y�< 5����9� o�K	��

��  4�� :�99M� ���* N*�� 5��+�1�� ����9� �� 5�	+< R��	� �����

��3 �� O�9M� :�� �� ��
����,�/*� �<�C �7�q� .���- �< .�E� �W���� 

[0.5-0.7]   .�*� ��? o�K	�� 
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��9� R���	� � 

 7��?� ��12  �13  ��? ���� .�1�  .���  

  

  
 @
�12-  6+3�5� Q.8. �� ��� ����� 0 9:6��� �
)� 03 �3 �5D. *B6


9:6��� �
)�  :R ��� ����� �
)� :ON.  8�N,�+� 3�B O��P�  

  

  
 @
�13- �� ����� 0 9:6��� �
)� 03 �3 GT�< *B6
 6+3�5� Q.8. �� �

8�N,�+� 3�B O��P� 9:6��� �
)�  :R ��� ����� �
)� :ON. 

  

      �� �<8 @�
���� ��- r�@� �< � ���� �*� �< R��	� �< �100  �-��* �

 ��<��< ��63 N*� �� ��6> �<��< ��63 P� �� �9��        -0.2m/s  �� �

    ���;� 5@��� �-��* �<��< ��63 5_�<1m/s    Y��4��� ��< .��*�   ���-

   � ��	��� Y��4��� R���� �< ��63 N*� �� �6�� �-�* �q���3 �@�
����

 ��� �L<�8 :�W�� �/* �< ��63 N*� @� R���� �< 4�� .� ��;S��  .���?

 r�@� �< �7�q� .���- �<   @��
���� ���-10000   ��6�� �-��* �q����3 �-
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  .��	�� ��� z��6�� 7����� P�� @�

��- Y��4��      Y��4���  ���63 P�� �����M� �� �-�* .�����, �@�
����

     �-��* V��@�� ���*� ��< � @�
���� ��- Y��4�� �< ���\ @� .�*� �	���

 T�? �� ��? ���� .�1�12     ���63 5_��< �����M� �� �-�* .�����, �

  ����63 [�\ �� �� �-�* .�����, Y��4�� �Q- .�*� �	��� Y��4�� 4��

���? =��C� YE�� T�
� �< �� .���8 �0	6?� Y��4�� @� �?�� 5@�� N

 r�@� �< .�?�< @�
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 T��>��� �� � �6��>0.25m  �0.8m  ���<��< H������ ���<0.17m/s   �-
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���� ���- Y��4�� �< .      �-��* V��@�� ���*� ��< �

 T�? �� ��? ���� .�1�13  �� �� �-��* .�����, �   �� � ���63 [��\

 r�@� �< �7�q� .���- �<  .�*� �	��� Y��4�� ����� =���L�   @��
���� ���-
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-0.62m/s  T>��� ��0.07m  �0.96m   ����1� �� �*� ���	�� z�6��
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     N����? =���C� YE��� @� ��?�� �-�* .�����, Y��4�� 4�� N���? :��

      ����? @� ���6	�*� �&�
 .��?�< ��� .���8 �0	6?� Y��4�� �C� �< 5@��

Y�� �� 4��/	�     �_��< @��
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  6+3�5� Q.8. �� ��� ����� 0 9:6���

8�N,�+� 3�B O��P� 
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 � �9�� �-�* ���< Y�� �� ���
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���� ���-� �� ��?

�� �W��� ��63 4��� �� 2W�S �< R��	� �@�
���� ��- Y��4�� �< ��� .����/�

*�� ���� �*��� .�1� �� 5�	1�< �S� ��? �L<�8 ���? N �< .�E�

 T�? �< �8��14 �� �9�� �-�* .�����, �@�
���� ��- Y��4�� �< �

�� �����< �;S�� ���9� @� �	/� 4��/	� ���? P� ����M� �� .��?

 �� �E �� �q���3 �-�* ��;S�� ��6�� �-�* �q���3 TM� �� 7����

�< Y�� �-�* ���9� � �<��< ���? �-�* .�����, �L�	� �� � ��? ��

 �� �6�� �-�* �q���3 ����M� �� .�*� �	1�< ��? �L<�8 ���? ��

 �L<�8 ���? �� �-�* ����/� ����� H�? �< �8�� �< ���63 5��	<�

 ���? �� �-�* .�����, �&
 .�*� �	1�< 2E @�< �-�* .�����, ���?

�M� T<�S �<�X �< @�
���� ��- Y��4�� �< 4��/	� ���? .�
�� ��*

 �<�X �< 4��  �� 2W�S �-�* .�����,  @�
���� ��- Y��4�� �< 4��/	�

�/� ��*�M� ��? �L<�8 ���? T�? .���/�15  �< 2W�S �-�* V�@��

 @�
���� ��- r�@�10000  �*� �< R��	� ��*� �< .�E� �� .�1� ��

< ��
� 4��/	� ���? �� �-�* .�����,  �� ���, �� �A3t� ���� �

�� YE�� ��8 N*�� ��? �W���  � ��? �L<�8 ���? R��	� .�<��  
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 �O�9M� :�� �� ���? 5�;< �� =��> �< ��63 .��� 7��* .���8

A�� :��<  .�*� ��?  5@�* y�� �� �����? �L<�8 � 4��/	� ���? 

 :��U/E .���, ���S ���6	*� ���� �z�� ����� 5��- 5@�
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 ���6	*� ���� �0	6?� �C� 7�/-� �+8 ��
����,�/*� ���? ��@ 7��

���, ���S . H��I @� ���6	*� =��> �� ���� .�1� ���� �*� �< R��	�

 �@�< �� ��
����,�/*�[0.5-0.7]  5�E 7�� �<�X �S� �< 5��-

 ���? @� ���6	*� :��U/E .��	
E �	���� ����� 5@�* ���? �< ���S

O�S� R��	� �<  �4��/	� ���? �< �
��9� �� ��? �L<�8�� �L�� 5�� -

 ��- Y��4�� �< ���� .�1� ���� �*� �< R��	� �.� �< ��t- .��?

 Y��4�� ������ TM� �� 2W�S � �9�� �-�* .�����, �@�
���� �� ���

�� YE�� ��63 ����� �/
S  ���� �*� �< R��	� ����+� �� .�<��

 .�1����E����? � �:�W�� @�
���� ���-� �� ��? �L<�8 � 4��/	� 5�E

Y�� �� ���
�� Z�	�
� R��	� ��63 4��� �� 2W�S � �9�� �-�* ���<

�� �W����� ���� �*� �< R��	� �@�
���� ��- Y��4�� �< ��� .����/� N*

 � ���< �����X�< 5�	1�< �S� @� ��? �L<�8 ���? 4�� �-�* .�����,

Y�� ����9� @� �	/� 4��/	� ���? �� 2W�S � �9�� N*�� ��? ���<

.�*� ��? �L<�8 ���?  
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