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Numerical Simulation of Cavitation 
Phenomenon in the Stepped Spillway With 
Fluent Software 
 
In the present research, the effects of different turbulence models 
and cavitation phenomenon in the stepped spillway of Siah Bisheh 
dam was investigated using the FLUENT model. Three standard 
K-Epsilon, Renormalization Group (RNG) K-Epsilon, and K-
Omega turbulence models were employed for minimum, 
maximum, and flood discharge flows of 150, 170, and 203 cm3/s, 
respectively. The numerical method was validated by simulating a 
laboratory spillway, by which an appropriate consistency was 
observed. Also, the results showed that the probability of the 
cavitation phenomenon was more likely for a discharge flow of 
203 cm3/s downstream of the stepped spillway area of the Siah 
Bisheh dam. Therefore, an appropriate aeration system can be 
utilized in suitable locations to reduce the probability of 
cavitation by decreasing velocity in the desired areas. Moreover, 
the cavitation index changed at each point of the spillway by 
changing the turbulence model type. Therefore, choosing the 
turbulence model to investigate the cavitation is of great 
importance. For example, the maximum velocities created in the 
investigated models with a discharge flow of 150 cm3/s for 
standard K-Epsilon, RNG K-Epsilon, and K-Omega turbulence 
models were 1.34, 2.32, and 1.32 m/s, respectively. The standard 
K-Epsilon and K-Omega models were very similar in all 
discharge flows and the results of the RNG K-Epsilon turbulence 
model were different from the other two models. 
 
Keywords:   Cavitation phenomenon,Turbulence Models, stepped 
spillway Siah bisheh Spillway.  
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�C�� �F2��8� � �r8OF  e� �Fr�8G ���� ���@  z�F 

j�� ����@I�� �-� �����.	�� �-4�, G{��� �  

4-1 - 5�� ���6% ����1� 7��89  

�-/� �4�-r2� ���@ r2 �4 GL>�Z2 4�F28z 

-0F � G�E� G� GMF  �� ��� ��� �� 4FMF2@ � -�8�� �8G� 

G� c�Fa G� -L�� �� 8� 4�,-�I ��� .d �� 8�  �-�

r2 �48z -0F � ���� G=e� -/�� L  �88P ���z ��2�� 

r2 �48z Gambit .-� �-��F
��I   

4-2 - �:./  5�� ��6,  

j��  ��@I�Gambit G=e� j�7�� G� �4�k -/�� ��� 

ek �� BA�C28d G=e� ��� ���>� �� ��� mAm2�  �
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LAO��!t� ���)� G�-/� ��� �4-L����!t � (!M��� 

!M� ���� 2��� � �F, �� ���)� G�-/� ��� G� -L�� (

2� -������ .� G=e� -/�� ���>� �� �-2 ��� �F,��!tG 

d=� .-� �4�?��� 3� G=e� �-2 -/�� ��� �-�@  4�F2

 �� �� �o�469489  ����� 4�L�� � GZE� 4�-L 5/0  ��2 �4 ��

r28z Gambit  �����2 .-�4  

    

 d=�3 - ���� G=e� -/�� �-2 ��8� @��� G�8�  

Ar  �48d � 4�-r2 j�71�P GL>�Z2� �-2 �-���  ��

���>� �� ��� ���>� �0 4�-L ) 	��4 Ar  (��8d -�-�  �

=� �0 ��8	 ��� M��
�  ��-E2 3m2�m0�-1 � ���I4�7 

 �4 �-�<  �-2 �� ��FC>4 GZE�	��4� -� ��� .

���>� � ��� @ -�-� Ar  �4-72 GAT�2 �8d -�5�I .-/ 

�� @ ���>� �4�0 �M �  �� ���  G2�4�	I�  w3�
� G0

28�� ���q ��8�� �2 .4F� �0 -/�� � G=e� -/��  G� G0

���,-/�  ���k GL>�Z2 4�F2 �-2 ��	I�,� I�0 ���-�� G�� 

2 _F
� -��� �F^ G�� � G0P �^�8��/ G� ��  4FM�

2� 4��5 � G08����� 4 �F^ G� �-� �����k8p  Ge��r2

�-� -��.  

4-3 -  5�� �0�� ;�"�/  

=� G=e� �� �� �!2 d1��2 �� -/�� L  �-288P 

��� iF�z ��2� 2� -��� . d=� G� GMF  ��4 ����z 

��2� j�� �4  ��@I�Gambit ��2 D�� d2��� 4����� 

��2 D��� M��
�� ��2 D��� 4����F ��2 D��� 

��2 D�� �jFAL2 ���I� ��2 D�� ����E � ���= � 

2� -���.  

  
 d=�4 - z��� ���2 �4  z8r2 Gambit  

5 - 5�8� 2�= �� 5�� �0��  �"+�"Fluent 

� G� GMF  ��G=/ Ar  �48d� ���� w-��� �M�� 

��I-/t� ��� ���@ 2� -���� ����/�P  DFAC2 �-2 ��

@, � 	�� �-� �4�?���G/ Slip Velocity [8��LI� 

4�,- DFAC2 �-2 .< -/t �-2��I�  G0 	�� �4��

2� -��F  W�� G� ���  �4�?��� BA�C24F�� .P  �� �-2

2� ��F  �M �-2 �4�� ��� -/t��I� �5 �4 G0  ����I ��

	��� �� ���  	0�1 c��?�2�2 /0/ �4�L  ��I �2� �-

Ar2� �F^ �4 ��� �71 �� F0� 	�� ���k��� �G  ��0.4�� 

2 �� DFAC2 �-2� ��F  �M �-2 �4�� ��� -/t��I� 

�� 	?M �� P6��8�� Fk� ����I ��  �� 	0�1 ��1 �4

 	������= � �4 .4�0 �4�?���P �M��� 9�� ��-E2� 

9�� -�� �� f��2 �^3 � _�e1 2 ��� �4F� ����/�P  G�]�M

���8�� ��� d1 � 4��-�� �@s> 	���� � j�98	� �Ft .

� �4P 2 ��C� � �F� �_5 ��I G� GL>�Z2� ��	� I�L2� 

 �-2 �C� �4 ����I 4�-L  �4F�3  4��� ��I-�/N�� .8P 

���� r2/t c�e��-��I� ��- d1 �� e2 �-//0/��  ���I ��

 �4�?���4F�� )FLUENT, 2006�M i��� ��2� �4 .(�� 

2 _5 ����4 �-2 �@C2 (�?a ��2�)� �-���  �� ���

��2� j�, G� GMF � �L B �M G>4�L2 d1 �-��� 

�G [ c�Fa8��,-��2� 2 i��� ����=  �� 4F� �M � ��  G�

��2� j�, _�C��� .-��� ��,-��2 	>�1�  }��� <tF0

�9F^� ��2� j�, _�C��� � �-��  �-� ��,�� }��� ��@�
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FM_� �� 2� 4F�. ���� L 88P �08	 ���  �� G�?�5

�-2 ��� �F ��9F�  K-ε  4��-����� �RNG  �K-ω 

4 f��F  �� ��������F �� 4��-����� 4�, �4�?���- � G0P 

��� f��F � �g� 32�0 D3�
� d{��2.4F� -��F
 �C�   

5-1- ��6,0�� � >?�(� '�()*�  

�4 �C� c�yC�2 �>�y2 G� �I�L2 �>�y2 �_5 

�F� � ��C� _5 	!M G8e� ���� �--� �F8�����0 

G�
�4�� -� .��I �F� G� c�Fa �8� ��I �I�L2 �-� �2� 

��I _5 � ��C� _5 B�L  -4�, .	!M B�L  _5 �� 

G/@, Water liquid � 	!M B�L  _5��C� �� G/@, 

Water Vapor �4�?��� -�.  �F� � ��� ��I ��F/� G� _5 �

��C� _5 ��I ��F/� G�j�4  _�C���-�-�. 	!M  �4�0 ��LI

G/@, �� �F8�����0  Interaction  ��� � -� �4�?���

���I .-4�, ��LI �F8�����0 G/@, ��C� f�2 	!M 

����� �F8�����0 ���� ��24 20 GM�4 G0 ��-E2 �5 

����� 8/2338 ��=��� �2 -��� �4 �o� G�I�, -�.  

5-2- �0�� ;�"�/  

��� ����� �Fo/2 G�z ��2�  D3�
� �-2

-/t��I�� ��- ���z ��� ��� ���) DFAC2Z� A0 G08G 

2 ����� ����I� 4F�o/  (8� /N�� .4�08P ���Z�  G0

����I |FyC2� >��8G F��g �G � 	��8@ ��-  .4F� �����

� �4P G>��2� ���z ��2� ��� zEI� F��g ��I � D3�
�G 

4��� �C� �4 .	�� j�9 ��2 �4� ���@ 4��� ��� 

4�, �4�?��� 	���- 2 G08��@ 	��� ��� 39/0 �

442/0  �528/0 ��g �� ��28G � �4P .-� 4��� �C�   

5-3 @A���B?" ��CD� E4 ��%  

�F6>��� ��� �� d1 	��� ��2�- ) ���IPISO  �

SIMPLE .-� �4�?��� (�G W�� �4����0 SIMPLEC  �

PISO ��  GMF � G�G=/ � c�e��r2 ��2�8����  G� 	e��

W�� SIMPLE �G ��� Er  �48p ��xI G� G0 �O�1 

� � ��@� c�e��r28N8�- �� �1�8R� ���E2 �-���4 �G  GI�a

��� -���. ��� �F�L2 �F^ G�� � 4��F28N8�-  	I� �� � 

-� ���I- � >�6t 	e��� �2f- ��O �9�� ��C�l �� 

?C 8B ��- �8P 2/0  � 1/0 � ���08�- -/0 ./N��8P  �4

 �C�Monitor Rsidual �� 8� k��8�-��� 1 �48P 

4�, ��LI Ge��r2- � ��-E2 5-10×1  	��k �4 .-� 4���

Iterate  �Number of Iterate  4�-L 500  ���=  Ge �2

���� Ar  � ����� Ge��r28d 4�,-.  

6 - 36���.A�"� ���� 5��  

7/���e���G8e� W�� � �4�?��� 4�F2 �����  G�

<�0 GL>�Z2 �4-� � ���6��2�5 �>4��e2F�5

4 ����=�� � 

)2010 (-� j�7�� ]2[.  �-2���6��2�5 ���@ ���� 

G8e� ���� ~��8� �Z� �_5 W�� �� ���I�4 VOF �� �4 

�-2 �6�?�5 ε K- �� �-2 ��� 4��-����� � RNG G� ��0 

	I�. -/  i�? ��5 ����� @��� _9/2  l8� �� ��21 

 � �4F��75/0  ����� pI� G� 	e�� G���) �EI�53  �(GM�4

 ����� @��� ���1  ����� GNOF1 �F^ � ��25  � ��2

 ����� ��Fe� ��4 ��-E218/0 lL=2��2 �� G8��g �2 -���. 

d=� �4 5 I �-28@=� ���-� @  d=� �4 �6  � 4�L��

��� G�-/�@ 2 �-���2� 44�,. 

  
d=� 5 - �-2 ���6��2�5 @��� ]2[ 

!  �Fo/2 G�8G 2 G�-/�8��- �M�� �2 �  �� �-/�

j�� ��@I�  Gambit�-2 �Fo/2 G� � � ����8>��-8=�  ��

j�� ��@I� Fluent P�O �4 .	�� �-� �4�?���� {@M8c� 

�-2 -��� G� DF��2 ���� G� �4�?��� 4�F2  �4 d2�0 �F^

 �C�4 ���� 4�F2 �-2 .-� G{���� GL>�Z2 �4   �-� �����

                                                 
5

4- Bombardelli 
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F  ��GM  �yC�2 G�� �5 G� G0  �� �4�?��� �� �-� ����� ��

4-� W��� �G GL>�Z2 �4 �-� �4����0  e� �O�18G ���� 

4�,- M��
 ��   �F^ G� �4 	��� ��4F�� d2�� G0 �5

74/0 �84/0  �34/1 ��� �� ��2@ 2� �-���  R��C���

4�,-.  �4 d=�7 �F  ��-E2f  �F^ �4 	��� � ���I

���@ .	�� �-� �4�4 ����  

 d=� �4 �-� �4�4 ���� 	��� ��4F�� G� GMF  ��

8 �E2 �G� �2�5 �-2��6�� 4-� �-2 �� e�8G ���� 

 ��@I� j�� z�F  �-�Fluent2 �-���2 �� 4F� ��� G0q 

�2�5��6�� 4@�< j�� �� �-� R��C��� ��4F�� G�  ��@I�

2� �-��� ��� iF�72 �4q  �4 �4�?��� 4�F2 W�� �� da�1

�P ����� j�� �� �4�?��� �� G0  ��@I�Fluent  j�7��

2� ,8�4� ��� G� 	e��q �2�5��6��  ��e�� p��Z  ��

>Fek d��k � _F
� 2 ��4�F
��� .-���  

 
d=� 6- @��� ��-/� c�yC�2 ]2[ 

  
d=� 7 -  f�F  ���I (_) � 	��� (B>�)�4 �-2 G8e� �-� ����  

  
d=� 8 - 	��� ��4F�� G��E2 �4 �-2 G8e� �-� ���� �-2 ���� �2�5 ������6�� �4-� �  

6 - �A=�G �A�"��	 '�8?�H��I  

M��
� ��� Ar  �� da�18d �F  l>�k �4f  ����I

�F f ��0 b
�� � 	������8�F ���� ��< �-2 ��  ��

d=� �4 G��,�-M c�Fa G� ��� 9  � 11 � 	�� �-� G{��� �

�� �4�� �8@ @7  4�F2G Ar  �8d  �4 .	I�, -/��F
 ���k

�P �� 	��� � ��=��� l�1�� ���I ����4F�� ��2 l�1

�g ���8G OF  G� j�9 .	�� �-� �4�4 ����8�  �4 	��

��0 b
�� ��4F�����8�F ��72 ��-E2� aF  p��Z28G 
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�A� fM��2� z
 ��   ��-E2 G0 	�� �-� �4�4 ���� @2�k ����� �5 ��722/0 2� -���.  

 ��4150 G8��g �� lL=2��2   ��4170 G8��g �� lL=2��2   ��4203 G8��g �� lL=2��2  

      
6�?�5 �-2 �Standard K-ε  

      
�6�?�5 �-2 RNG K-ε  

      
 �6�?�5 �-2K-ω 

 d=�9 - �F f ���I 4�7� �-� ��� �F^ �4@ �-2 �� �6�?�5 BA�C2 ��� 

 ��4150 G8��g �� lL=2��2   ��4170 G8��g �� lL=2��2   ��4203 G8��g �� lL=2��2  

      
6�?�5 �-2 �Standard K-ε  

    
�6�?�5 �-2 RNG K-ε  

    
 �6�?�5 �-2K-ω 

 d=�10 - �F f �M 	����� 4�7� �-� ��� �F^ �4@ �-2 �� �6�?�5 BA�C2 ��� 
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 ��4150 G8��g �� lL=2��2   ��4170 G8��g �� lL=2��2   ��4203 G8��g �� lL=2��2  

      
6�?�5 �-2 �Standard K-ε  

      
�6�?�5 �-2 RNG K-ε  

      
 �6�?�5 �-2K-ω 

 d=�11 - ��0 b
�����8�F ��� �F^ �4@ �-2 �� �6�?�5 BA�C2 ���  

8-  G��A= ��DK9  

G{��� �� ��  M��
� ��� Ar  �� da�18d �-2 ��� 

4-�� ���@ ���� 4�F2�� � �4P @7  G� �C�G  �

Ar 8d ���q  G�
�4�� da�1	�� �-��E2 �Fo/2 G� .G� 

��� ���I�@  �49 �L  	>�1B L2 �� ��-�8�� s 88c�� 

��0 b
�� � 	��� ����I���8�F 2 �4�?���� 44�,  G0

�E2 G� G2�4� �4G� ��< � ��P M��
� ��  G�
�4�� �-�

.	��  

8 -1 - �D���� ������ ��*� 

d=� �4 ��� 19  � 21 G��E2 G�  �4�E2 ���I 

4�7� �-� �4 �-2 ��� �4-� @��� -� 4�F2 ������ �� 

GMF  G� �M��
 ��� G{��� ���� �-� G� �-2 �6�?�5 

K-ε  �4��-�����RNG � K-ω  ��4 G� ���� �150 �170 

 �203 G8��g �� lL=2��2 w-� �� G��E2 �A0 c��88s  

���I 4�7� �-� �4 41 GZE� G�
�4�� �-� 	�� .�FZ���� 

G0 �-���2 �2 4F� �-2 iF� _�C��� ��� �6�?�5  h �8g

 G���4 @��� �F^ �� 4��� ���I c��88s  ��@82 �� �4��

�-2 ��82 �� .	��  �-2 �-� _�C��� �6�?�5 ���

 �6�?�5K-ε  � 4��-�����K-ω 	>�1 ���8� �4  ��8�� ��

 �6�?�5 �-2 ���I c��88s  � �4F� �� G� <4@�K-ε  ��

 �-2RNG .	�� �4F� ��4 ��0 G78�� ��  

��
 G� GMF  �� �64 �F� ���M  ���I �F���0 ���

dek �C� �4 �-� G{��� �2 da�1 G78�� P� 4F�  G0

 �6�?�5 �-2K-ε  � 4��-�����K-ω� ��?1 4FM�  �F� ���

GA� q/0 �4  �>�1 �4 P� �	�� �4�0 �-2 ��F
 G� �� ��

 �6�?�5 �-2 �4 G0 	��K-ε  �-2 ��RNG  G� �4�k

0 	�� �0] d��k .	�� �4Fe� D�E� P� �4 �F� �-4 �4 G

 �4�?��� c�e��r2 �4 @8� �->F/� �/  �-2 �� GL>�Z2 P�

�-2 P� �4 �2� .-4�,  �4Fe� F6��FM �6�?�5 �-2 P� ���

 ��-E2 P���8� P8/N�� .	�� �-8�� ���,�� 	>�1 G� �

 ���I�� ��!��� �C� �4 @��� �� 4��� dr2 � @�

�2 GNOF1 �� GA� P�
5 4�F
�� .-���  
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 d=�12 -  c��88s  G��E2 ���I �4���@ �88s  w-� �� �4 �6�?�5 �-2 ��4 �� (B>�) 150 (_) �170  (R) �203 G8��g �� lL=2��2  

�4 d=� 13� G� G��E2 �4�E2 G/8�8� ���I 4�7� 

�-� �4 	>�1 ��� BA�C2 G�
�4�� �-� 	��.  �FZ����

�2 �-���2 G0  ���I ��@82 ���4 ��@82 ��@I� �� 4F�

�2 ��@I� @8� @��� �� 4��� � .-��G ��F^  ���I ��@82 G0

 �6�?�5 �-2 �� 	>�1 �4K-ε  ��4 �� 4��-�����203 

��4 G� 	e�� G8��g �� lL=2��2  ���170  �150  G�

 ��@82 G� `�4�-1 l8 � 3  �6 �� G�I� ��@I� ����� .	

 �6�?�5 �-2 ���� ���I ��@82 P8/N��K-ε  �-2 ��

RNG  ��4 �� �203 ��4 G� 	e�� G8��g �� lL=2��2  ���

170  �150 G�  ��@82 G� �4�-1 l8 � 3/1  �2  ���8� �����

 �6�?�5 �-2 ���� ���I ��@82 .	�� �-�K-ω  ��4 ��

203 ��4 G� 	e�� G8��g �� lL=2��2  ���170  �150  G�

1 l8 �  ��@82 G� �4�-3  �3/7 .	�� G�I� ��@I� �����  

  
 d=�13 - GA82 ��4F�� �-2 �4 �-� 4�7� ���I G/8�8� ��  ���
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