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Abstract 

In this study, numerical analysis of the effect of external flow turbulence and aspect ratio of building on the amount of opening 
discharge coefficient in natural ventilation is reviewed by modelling.  The solution is the use of computational fluid dynamics (CFD) 
approach by Fluent Software and to understand taken properly of the result of numerical solution, the result of experimental solution 
that had been obtained by others is used.  All the obtained results are gotten in three-dimensional space assuming steady state flow 
and incompressible fluid. Turbulent model was used is standard  k-ε that has the most accommodation with experimental results. At 
the end of the study, this conclusion was reached that the amount of opening discharge coefficient is increased by increasing the 
number of Reynolds in opening and with increasing the width to length ratio of building the amount of discharge coefficient 
decreases. And finally it is concluded that by increasing of the turbulence of external flow, discharge coefficient decrease. 
Keywords: Computational fluid dynamics (CFD), Discharge coefficient, Natural ventilation through, Incompressible flow, 
Steady-state flow.
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�7+�Y .�� ��C�� �+

 9�C 	+ �0Q�� (�<�� �� )�?� �+ ��  �Q����6� �0Q�� L�/

 (��+ B+�Y 	
� 9�C 	+ �0Q�� L�/ ���6� ���6� <�� � �X��

�� � �+. ��7� � x�6� �0Q �� s�� ��2 ���6� �� ���F�� '�  @A�C

 '� 	
�Z�� �7�1 a?+ ����1  K��	� �� ��Q  (��� �� d� � �+ ��

�	� M	= 	�J���.  )�	+ ���*
"� ���� )��F� ��<=� >	� ���  BC �"

 �)�,+Fluent  ��<=� >	� '� ���  ��F�� )�	+ .��P0Q � � �+ ��


"� ��  ���*
"� 
��0!.  

  

4 - ��6� >. (@ IK/2�. 
 ��' O� )�?� �+ ���  ��  B6
�� ���  '� BC �� (� )�	+       

�� �'���� �� ��   '� d�� ��  T�	  
 �� ���6� $� '� �Q L�7" )

�� ���"� L�7" '� )���,� �+ 
��#� �� (�	� <��  (� '� d� �� �� 

+ H��
� �� �"��?� 	��t� �#�� ���,� �� 	��t� �+ ��0� 
"� ���) H��
�

 '� 	
0�2/0 �� 	��t� �X�� ���(. ���  
��#� �� + �� )� � 
"�

��  '� B�&
� ���1910842  �� L�7" � �+.  B�  ��)2 (  �%��%Z


"� ��  ���� (�&� ���  '� BC L_6
"�.  �+ �� 
"� 	�y �+ >'A

+ 	���6� ��7� ����  �,��-� ��E�� � �� ��78� 9�	: )�	+ ���� 
"�

 �+ 	+�	+ � 
+�4 '������ $����� 
"� ���.   

  

 
(��2-  >. IK/2�. ��6�  

  

5-  �92!�: I�� �4C�L� 
���   �*7
8� �%
* � )�Q L�� G"�� )�,+ �" )��2 )'�"


"� ��  ����� 	�' �� (� '� �
"	#= �� ��  �
=	! >�F��:  

•  L�� k-ε  ������
"�. 

•  L�� k-w  ������
"�. 

•  L��RNG. 

•  O�� L��'������. 

• � 	+ O�� L�6
�� L�� k-w .  

•  L��k-ε 	�J� N6?�. 

�3L�� 	�4  �"�	+ ��78� 9�	: ���6� )�� 	+ `7
8� �%
* � )�Q

 B�  �� �� ��/ (�0Q � � )3(  L�� 
"� ��  ���� (�&�k-ε 

���� �+	F� H��
� �+ �� w��-�� .�	
#+ ������
"�.  �� �� ��/ (�0Q

B� 3 �� ��Q�&�  H��
� ��	!L��   )�Qk-ε  �k-w    �&C�= @��*�

 L�� �+ )shear stress transportsst(  .�� ����� .�� B��� �� ����

 �� 
"�k-ε  ����,� �� ���� ��� 
"� )�k-w  ����,� H�� ����  )�

 	!� 
"� )shear stress transportsst(   B��� �+ � �+ �#�� '� ����	�

 b��5 ����� ���<�� @A��,� ���,� O��<=� � K��C G+��� (��+ �-1	�U
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 $��<� )'	� ��A )��+ O� �� ��Z 	Q �� �+ �
 �� KQ �+ $��<�

 )�Q L�� �	�702 	+ ���<" �+ 	�4�� ������ S+��� � ������ �+

���� ���A�+���.  

 

 
 (��3-  I��  �0 ����23�� %.*0 �2!�: 1��*� M�2?� %�=  d = 4 

cm, Iu=10%  
 

6 -(@ *0 NF�@ EO&�4� 
L�� 	+ K��C `7
8� @A��,�k–ε   (��	5 $� )�	+ ������
"�

K��	� �� ������ 
��C �� � 	�J��� ��  �
 �� 	�' @��X �+ �����: 

�%
"��� ����,�]3[:  

)3(  
∂
∂x� �u�� = 0																																																											 

(�0
1�" )�	+  B�  ����� �5�	1 � ���� �� � '�+ $� �+ ���Q)4( �

 @�?*X �� 
2	" ���	+ '� )	�! L�	%
�� �+ �%
"��� ����,�)1( �)4( 

+ ��� 
"� ���: 

 

 )4(  ρ�u�dA� − ρ�u�dA� = 0																													 
 ��A1  �A4   	+ �5�	1 � )���� )�Q �P��� S-6� i-" 
C���

�� �+ �� S+	� 	
�  9�C.  

 

 (��4- ��.<@*; %. <�>�0 8& �0 1��23�� �� >. 

 
K
���� ����,�:  

)5(  ρu�
∂

∂x�
�u�� = − ∂P

∂x�
+ ∂

∂x�  �μ + μ"� ∂u�∂x�# 

 (� �� ��$%   �
5<� �� �+��	!  @��X �+ (� �-+�� �� � �+ 	�'

�� � �+:  

)6(  $% = &'( )*
+ 																																																											 

'( = 0.09 �� 
+�4 � .� �+ 

 L��k–ε   L�6
�� @A��,� ���� 	+ �+	F� �0�� L�� $� ������
"�

 �
* � �&��5 )V	�� k  �  �!����	� s	�ε  �� � �+.  L�6
�� @A��,�

 )�	+k   '�+ N�Y� BC ��� 
"� + )�	+ ��� ��� � (���� 
"�

 L�6
�� @A��,� ε  ���*
"� �:��� N�Y� BC )�	+ ���<�= B�A� '�

�� �� . + �� � �
* � L�� (���� 
"� k–ε   �� 
"� ��  M	=

�� �
* � ����+ (��	5 � '� � � �+3 	�4
5<�  ��  	E� R	X �������


"�.  KQ�� �&��5 )V	��k   �!����	� s	� �ε   L�6
�� @A��,� '�

+ 	�' ��� 
"� ����]3[:  

)7(  ρDε
Dt = ∂

∂x�
01μ + μ"σ3

4 ∂ε
∂x�

5 + C�3
ε
kG8 − ε*

k ρC*3			 
)8(  ρDk

Dt = ∂
∂x�

01μ + μ"σ8
4 ∂k
∂x�

5 + G8 − ρε														 
 )�	+ KQ�� B
��	� ���2�  �  (� �� �� k  � ε ��  �� �+ C1ε =1.44 

 � C2ε =1.92 
+�4  L�/ �� �� ��
�Q ���Q�0� 	��t� BC ����.    

Gk ���Q� (�&� �� )����� �
* � �&��5 )V	�� )  �+ 	F�� �� � �+

(����	! �� G"�
� 
2	" )�Q �� ��"�?� 	�' @��X �+ � ��  �� :  

)9(  G8 = μ"S*																																																															 
 �� S L��� �� O�	� ������ s	� ����' G"�
�  	�' @��X �+ � � �+

�� `�	,� �� ]3[:  

)10(  S = �2S:��S:��																																																							 
'�  �� �-+�� + 	�' ���� �Q��1 
"�]3[:  

)11(  S:�� = 1
2<∂u:�∂x�

+ ∂u:�∂x�=																																														 
7 - %&�' (@ P��2� 5 " ���*0  

��E�� �+  ����6� �+	F� H��
� �+ )��2 BC '� BX�C H��
� �����

 �� '������ ���6� (��� 	��t� �+ ��  ��"�?� (� )�-1 ���6� � �� 

 �+ 	+�	+ �5��1 (��	5 �%
* � ���6� �� �
��C �� � � '�+10  �X��

 � '�+ S7: �'���� �4  L�� 
Y� �� �+ �� 	
0�
��" �Q��1 �"�	+

� .  B�  �� �� ��/ (�0Q)5( �� ��Q�&�  H��
� �+ ����6� �� �� 

 ���� )�-1 ���&�+ ���6� �+	F�15 )�-1 ���6� .�	
0� � �X��

 ����5/1�� �X�� � �+.   

 

 
(��5-  0 P��2� � 5C�@ �& �0*�$ 8 %&�' (@ >. ���: 5�&

Iu=10%    8d=4 cm 
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Y� �+ + H��
� �� ���
� �+ ����6� � )��2 BC '� ���� 
"� �+	F� H

�� x���
"� �
�� .��  � ���� ��5� H��
� .�+ �+�1 w��-�� �� �� 

�� ���� � ��
2� B+�Y )��2 H��
� � �+ �� �  )�	+ )��2 L�� '� (���

��  ���*
"� <�� @A�C 	��" �"�	+.  ��&= S�'�� )�Q��
��� ��
+� ��

��� )�� 	+ (��	5 x�-1 .��P0Q <�� � � '�+ R�	/� �� � ��+ �+�� ��

�� ����� (�0
1�" R�	/� �� � ����� �� � �� 3 )��,+� 
��� 	�4

 )�� 	+ ��'� i-" �� (��	5 �%
* � ���6� 	�4�� <�� � (�0
1�"

�  �Q��1 �"�	+  (�0
1�" '� )���2 ���#� �� ��78� 9�	: ���6�. 

 B�  '� �� ��/ (�0Q)6( ��  �� ��&= ���6� .�	
&�+ 
=���� (���

�� � '�+ R�	/�  (� @�  '� � '�+ .�=	/ 
0" �+ 
�	C �+ � � �+

�� �  �
"�� �� � . a2�+ � '�+ R�	/� �� ��&= )A�+ ���6� SY�� �

�� ���75 � '�+ '� ��Q O��  �+ ��Q (�  ���&� �7X� B��2 � �� 

 �+ ��Q ��  �� a2�+ � � �+ �� (�0
1�" B1�� y�*� (�0
1�" B1��

���.    

 

 
 (��6-  &�0 �0 8� �.<�& %8� *0 ��QB R�><$ �<2��F) ,7@ *0

I����� ( 5C�@ �& 8U=8 m/s 8  �Iu=10%    8d=4 cm  

 
 B� )7( �� (�&� �� (�0
1�" R�	/� �� (��	5 x�-1 S�'�� �Q�. 

�� ���� <�� B�  �� �� ��/ (�0Q K��	� ��   �� (��	5 x�-1


"���� �� ���6� .�	
&�+ (�0
1�" R�	/�.  ��Q (��	5 
+�X� '� d�

�+��	! (�0
1�" 
&��� �(�0
1�" �+ �� ��F�� ���Q  (��	5 �� �� 

�� �
&!'�+ @��X �+ (� �� ��Q � �+. 

 
(�� 7- 5C�@ �& 1��23�� U.*;. �& 1��*� V<L3 R�><$U=8 

m/s  8Iu=10%   8d=4 cm  

8-   �
�?$ ,�*- 
 O��<=� � '�+ �� '������ ���6� (�  ���' �+ ��78� 9�	: ���6�

�� �+��. .���� )�Q'������ ��) '� 	
0�29000(  
��� O��<=� �+

 �+ ��� �+�� �� O��<=� ��78� 9�	: ���6� (�0
1�" L�/ �+ M	2

� '� � '�+ �� '������ ���6� (�  ���'3 .�� 	�4 	+ )��,+� 
��� O��<=�

 O��<=� �+ ��78� 9�	: ���6� �� ���5 �� ��  �
"�� ��78� 9�	:

�0� 	��t� (�0
1�" L�/ �+ M	2 )��,+� 
���  '� �J! �+ � ���

 '������29000  ���6� )��,+� 
��� �" 	Q )�	+ ��78� 9�	: ���6�

 
+�465/0 
 �� �Q��1 ��.  B� )8(  ��78� 9�	: @�	��t� ����0�

 �� �
��C )�	+ �� '������ 9�C 	+ �5��1 (��	5 �%
* � ���6�10 

 � '�+ S7: �'���� <�� � �X��4  
��� �" )�	+ �� � �+ �� 	
0�
��"

2�� (�&� `7
8� (�0
1�" L�/ �+ M	 �Q�.   

  

 
 (��8-  *+. ,�*- %8� *0 1��23�� I<; �0 X*' 567� Y�.�B.

 �&8 M�2?� %�=>�C<	�� �& �
�?$d=4 cm ,Iu=10%  

  

M	2 �+ L�/ 
��� )�	+ �+�&� ��/ �+  @�	��t� ����0� `7
8� )�Q

 B�  �� '������ 9�C 	+ ��78� 9�	:)9 ( 
"� ��  �����.. (�0Q

�� ���� B�  �� �� ��/  )�	+ ��78� 9�	: ���6� ��  <�� 
��C .��

6� O��<=� �+�� O��<=� �� '�+ �� '������ ���  �+��)  )�Q'������ ��

 '� 	
0�29000( �� OQ�� M	2 �+ L�/ 
��� O��<=� �+ �  ��� �+��

� '������ O��<=� �+3 '� �J! �+ � ��  K� 
��� .�� O��<=� 	�4

 )�Q'������29000  	+�	+ )��,+� 
��� �"	Q �� ��78� 9�	: ���6�

 �+0.65�  �Q��1.  
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(��9-   *+. ,�*- %8� *0 1��23�� X*' �0 I<; 567� Y�.�B.

 �& 8 M�2?� %�=>�C<	�� �& �
�?$d=4 cm , Iu=10%. 

 
� L�C3 )�� 	+ �� ��'� i-" �� (��	5 �%
* � ���6� @�	��t� 	�4

 ���6��  �Q��1 �"�	+ ��78� 9�	:.  �%
* � �� )�	+ 
��C .�� ��

 @��*
�10 '� 	
0� � �X��1 �  �X��  �� �
��C �� � '�+ S7: �'����

�+ 	+�	+  4 �� �
1��	� L�� �"�	+ �+ 
"� 	
0�
��" �� .  ��/ (�0Q

 B�  �� ��)10( �� ���� K� )�Q'������ �� ��  )'� 	
0�29000( 

 ���6� O��<=� �+�� OQ�� ��78� 9�	: ���6� �%
* �  �+ ��� �+��

� '� '������ (�  ���'3 )�Q'������ '� �� ���5 �� ��  �
"�� (� 	�4

29000  ���6� 
��C ��	Q �� ��78� 9�	: �,+ �+65/0  �Q��1 ���� ��

��+.  

  

 
 (��10 -   *+.  ,�*- �.�/� %8� *0 ����3 1��*� �92!�: �.�/�

 �& 8 �
�?$d=4 cm ,Iu=10%, Iu<1%  

  

9- %*
[ ��
2� 
+ H��
� �+ �5�� �+ � L�/ �+ M	2 
��� O��<=� �+ ����� 
"�

 �+ B+�6� �� � �+�� �� O��<=� �Q� '�+ ��78� 9�	: ���6� (�0
1�"

 9�	: ���6� '� (�0
1�" M	2 �+ L�/ 
��� O��<=� �
"�� ��78�

��  ��.  ��'� i-" �� ��Q (��	5 �%
* � ���6� O��<=� �+ .��P0Q

�� �
"�� ��78� 9�	: ���6� '� �� .  H��
� N�Y� 	���6� B�y ��


"� ��  ����� �X_1 ��/ �+ ���J�: 

•    �� '������ ��2 O��<=� �+ � '�+ ��78� 9�	: ���6�

�+�� �� O��<=� � '�+. 

•  � ��78� 9�	: ���6� �+ M	2 
��� �� �
Y� G"�


 �+ 	+�	+ (�0
1�" L�/ 2  �+ (�0
1�" �+ ����6� �� 
"�

 ��,+� 
���1 �7/14 �� �
��C �� � �+�� �� O��<=� �X��

 �+ 	+�	+ (�0
1�" L�/ �+ M	2 
���3  
"� 

8/16�� O��<=� �X�� �+��. 

•   �+ L�/ 
��� �� �
Y� G"�
� ��78� 9�	: ���6�

 	+�	+ (�0
1�" M	2 �+2   �+ (�0
1�" �+ ����6� �� 
"�


���  ��,+�1 �7/1�� OQ�� �X��  �� �
��C �� � �+��

 �+ 	+�	+ (�0
1�" M	2 �+ L�/ 
���3   �
"�2/3 

�� OQ�� �X�� �+��.  

•  �%
* � ���6� �� )�	+ ��78� 9�	: G"�
� ���6�1 

� �X��10 �+ 	+�	+ 9��	� �+ �X��5569/0  �

4883/0��+ �Q��1 . ���6� O��<=� �+ 	%�� @���2 �+

 ��78� 9�	: ���6� ��5��1 (��	5 �%
* �3/12 �X��

�� OQ�� �+��. 

  
10 -�=&���    

A  
C��� i-" S-6� � '�+ )S+	�	
�(  
Cu  9�	: ��78� � '�+  

d  (	
�) � '�+ ��������Q 	-Y  
Iu  (�X��) �0Q�� @�   
q  (����4 	+ 9,�� 	
�)� '�+ B1�� �� �0FC �+� s	�  

Re  � '�+ B1�� �� '������ ��2  
u  
2	" G"�
� �� B1�� � '�+)	
� 	+ ����4(  
U 
2	" ��Q �� ^��1 '� ��A )'	� � 
��C�� 
1����� 

)����)	
� 	+ ����4(  

ν  
5<�(����4 	+ S+	� 	
�)�����0��"  
∆P ���%Z � R_
1� ��&= �����
"� �� .�=	/ 

� '�+)L��"��(  
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