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Abstract 
To solve governing equations in computational fluid dynamics, there are two kind of grids: collocated and 
staggered; the difference is where to store the velocity. There is much geometric complexity in staggered grid 
and implementing boundary conditions is more difficult than the collocated grid. When governing equations are 
solved on collocated grids, the problem of checkerboard prediction of pressure is encountered. Some 
interpolating methods are available to overcome this problem. Here, three basic methods including  momentum 
interpolation, pressure gradient interpolation and smoothing pressure correction techniques are used and their 
results are compared with the results of staggered grid in the problem of natural convection in a square cavity. 
To solve fluid flow SIMPLE algorithm on the basis of finite volume method is used. Velocity,  pressure and 
temperature profiles are showed and it is seen that the pressure gradient interpolation method has not totally 
removed the checkerboard pressure and just alleviated it. Momentum interpolation and smoothing pressure 
correction methods have not successed near the upper wall and velocity and pressure still have oscillations. On 
the other hand according to the results, convergance time and number of itrations required in the collocated grid 
is less than the staggered one. The staggered grid, in this problem, provided better result than the collocated and 
predict the pressure and velocity well. The Nusselt number in staggered grid is exactly the same as one of the 
standard solutions. 
Keywords: Collocated Grid, Staggered Grid, Momentum Interpolation, Pressure Gradient Interpolation, 
Smoothing Pressure Correction.
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����� <� �r/2 k��* 1��%2 1�6 ] 1�g �2 ���6[ ��A�= 	��. 

] ���9 ����/� ��� ���#A -���$�� �EG� 0��� �� ��� K�\�� [

��  1��2 a$�
� ��#A K�4L�  +6 '��� ��  .	 �2 �� &� �2

����/�   �1�* ����) �� ��(� �A�\� ��#A K�4L� ����/� �2
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Y�`� �� 	�	* ��#A K�4L� ����/�  � �$� ���� �$��2 �� V2���

+���� '���* 1��2 �� .�$� ����� �$� �2 !�� ��m�  

 �	u  H�O�� -�/��C� ��   1�u6 B�� �2�u�<�� ��   �� ��u*��

+6 ��  '���       T�uQ��� bu42 �	�	u  D�uC� �uO
�� �� �� �u��= 
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��[�� �A�(6 �/�S ��8, '��� ���� ����Q� 	��.   ���u� B��

'� ���8�$� +6 ��  �� �6  '��� B�� '���  � 1� H��
��� �2��

] ��g1.�$� ���2 [ '� N���� +6 ��  �� �6 �� �6  �2�: ����:

�� �� �"�	�� �2  � ���� .�$� '  0u�A��� �6     �� �u�� � ��u#A 1�u6

����� �$��2 0�A��� ����Q� � �$��2 ��4� � 	��  !�� �)�$ 1�6

    ���� K�u\�� N��u�� XuF2 �� �� �$� �\�, �/��C� <� -��8��

.�$� �	    

�/��C� �� �\�, �$  Z	6 �EG�    Z	u6 .�u$� �	u  T���

B�� �� �$� ?�� T��  +u6 ��  �� 0, ]E�F� 1�6   �� '�u��

 &���[��  �  	u���= ���u` ����Q� ���� �"�	�� ��
� ��   c�uQ� �

'� -�` � ]/\   �u2�* ��u  � �"�	�� �2 ����Q� �� �6   �	u �*

���= vF#�.  

 �uu�
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��� �2��B�� �� � ��  �� 0, �"�� 1�6   +u6   '�u�� 

�	#� �$��2 X6�q� ?�� �� 9��[�� �A�(6  ��8, '��� �/�S

    �mu� .�u$� �u�A�= ���` �$��2 ����  H�� Z	u6    �u� �u$� ?u��

��  �	6�#�   �ug �u2 �� ��� '�	�� B�� �6    �
�u#�� -��uG
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 �� �(6 �� ��#�2 N���� �	�	  '��2 �	�2� �� �� �� m= -�/��C�

��A�= ���` �$��2 ���� ��#A '�	�� �)�$ � 	��     �u$��2 �u�(�

  �u8��� 0u�A��� ?�
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� N��uu�� �uu� 	uu���2 �	uu  �uu$��2

�2�*   	u�� �u$� �2 �	 �* .��u2 �     -�uQ�Q4� N��u�� �� xu`�� ��

     '�	u�� -���u$�� H�u"
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�� �� m=

�� �$� �2 ���(6 �)�$ '�	�� ���#A .	��    �u� ?u�� �2 �*�� �2

 �� c�Q� ��#A-��) �� �6�d H��
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�� �R�       ���u� 1��u#�2 �u`� �u2 �)�u$ '�	�� �$� <��� 	$�

��` �$��2m� .���= �   [u� �u$��2 �u/��C� ?�� �� H�$ Z	6 � ��w

 N���� ��#A '�	�� �)�$ '�	�� �2�� 	 �2  �\�, X6�q� �� �

  1�u4� �u2 �$� �	  H�O�� �� ��.	�$� �2 �*�� �2   <� -��u8��

�� m= -�Q�Q4�  ��:���� �)�$ '�	�� �$��2 �2�$� �	 .  
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��� �2�� ��g � 1�'��� �  K�4L� � ��#A '�����= �2��
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B�� �2  '��� �� �	� ��g � 1� H��
��� �2��  .	u��    �u$	
6 �	u�2�

��[�� �	  '��2 +��, -.��/� � 	���  V2��� �A�/� �2 '� <� y�

B��   � N��uu�� ���uu� �� buu42 �uu��%� �� � �	uu  �uu�:���� �uu6
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�� 0P(�$   �u���Q� �u2 	� �O
$���)� �$��2 .	 �2    �u2 N��u��

�	�� �$� �2  N��u��  ] �u��9�[   y��u��]12[   au6<�� �]13 [

.�$� �	  H�O��  
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���$ a$ �� 0, 	
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({ $�T� ��
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2 -2- �
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 �� 0� 3 �$	
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 � H�= |g �($ ����� �	
��6 Y��) ?���� � .�2 1�6�����

�$ �$�� �($ �����	/2 '�	2 ���, �� � 	
��6 �� 1���� 
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��6  �A�(6 ��[�� ��
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1 Boussinesq Approximation 
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