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The aim of the current research is to evaluate the effect of placing a 

compound sharp-crested weir at different angles in the channel on its 

hydraulic performance. For this purpose, Flow-3D software was used to 

simulate the effect of the placement angle of the compound sharp-crested 

weir in the channel, considering four angles: zero (perpendicular to the 

flow pass), 15, 30, and 45 degrees. The comparison of the error 

percentage obtained between the results of the flow discharge and the 

depth of the upstream weir from the numerical results and the laboratory 

data was 0.39% and 2.86%, respectively. The results of the flow pattern 

passing through the compound sharp-crested weir showed that the flow 

lines are closer to each other when approaching the crest of the weir at 

the narrowing place, and the accumulation of flow lines increases in the 

place of the flow narrowing. The interference of flow lines at the 

narrowing place reduces the flow coefficient of the flow passing over the 

weir. The increase in transverse constricting and the decrease of 25 and 

50% in the length of the weir crest caused a decrease in the flow 

discharge coefficient of 14.4 and 9.81%, respectively, compared to the 

sharp-crested weir of the same channel width. By creating a constant for 

the weir crown in the width of the compound weirs and placing them at a 

maximum angle of 45 degrees, the flow rate coefficient is increased 8.91% 

compared to the angle of the compound sharp-crested weir to the flow. 
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.	�� ���J ����� P
��� 4� 4?B  ��  4�J�* e�BH ���

m�B  E)0019  ��� �� �R
= �� ��B5� ��
�? X)6��3)�

456 (
��� � ��(
��� ()  �39 48 3
=�* v<�9 �R�G�@ 

k-ε (RNG) P
��� /)+=  ���R�
�9�@ P
��� �� �� �� 

�9 ���+�� 3D8 ]13  �18[ .E
� �� ���  �R�G�@ V. ����

 �39 �� /)01  E
� �= ��
�? ��3)9�@G�R�k-ε (RNG) 

.3� �=�G��� 4)5� �=  �R�G�@ ���� eQ=�c9 �� ��
�?

�9 �=�G��� �
� 3D8 ]19[: 

)5( 

( )( )

[( ) ]

i

i j

t
k

k j

kuk

t x x

k
P

x

ρρ

µµ ρε
σ

∂∂ ∂+ =
∂ ∂ ∂

∂+ + −
∂

  

)6(  2
*

1 2

( )( )
[( ) ]i t

i j j

k

u

t x x x

C P C
k k

ε

ε ε

ρε µρε εµ
σ

ε ερ

∂∂ ∂ ∂+ = + +
∂ ∂ ∂ ∂

−

  

4� �=  7
��- �
=�09 eQ=�c9 E
� ��)*��8 	��,

 ��3? e�BH3 �� �3� �BCD9.	  

 ��3?3- 	��,  �R�G�@ �39 ���k-ε (RNG) ]20[ 

σε  σk  C2ε  C1ε  Cμ  

71/0 72/0 68/1 42/1 085/0  

2 -3- �'() *# �+��� �,�� -���) � ��+!  

/)01  E
� �=  4� 	5�� P
��� �a0��� �<� �=

 �� ��9 ���3���= �9 ���3�� �� ua�  =�B9 �9 :;�<9 ���

X
 .	J�* ���+ ���
��� �9  X
 � �;H� ����8 ���� ua�

�9 456 78�9 (
��� �>
=(� �= ua�  () �C� �=  4�J�*

4)5� �� .3�  �������3�� �� :;�<9 	6�. 4� �= �39 

�9 �G�9 ����@ P
��� 	+= �
�(J� 4�
�09 � e� ��� �� �!

�=�=  ��
�? /�� � ��= 4� WB��9 ���R�
�9�@ ���

 m�B  �3� 	��=�� 	�=Q������>�� � E
3
@ 	
�!� �= �

�9  ��3? .3� b�<��� �B8p9 �39 ���� 4D)!� �3D�4 

�<��� �9 ���3�� 4� e�x<�9 ()6��@ ���� �3� b

�9 ���� �� �9 	)���. N�� ���D��� /5^ .3�=  ��(J�

 ������ 4� �� �= 	
�BD>
 �9 �� �=�G��� ����

 e�x�<9x �y  �z  �9 �`8�3. 	5�� �� �=�G��� �

z�(�  �9 4� � XIB8 �   �����5/1 �c� ��3? E
� �= �

 .=B� 	
��� �3� �8f =��B9 48 3�4�
�09 ���� P
��� � 

E))c  �=�319 3H�= �O
 E)� �=�= ��� VH�. �� N�� ��(J� 

FLOW-3D �� �=�= ��� ���R�
�9�@ �� 4O��� )7( 

3� �=�G��� ]21 � 22[:   

)7(  
 

( ) ( )

1 ( )

1
100

N
EXP NUM

i EXP

M M
APE

N M=

−
= ×

 

Q�� 4O��� �=� APE m�B�9 ��O
 3H�=8 �(M)EXP 

 � ���R�
�9�@ P
��� �� VH�. �>)6��3)� ��9����

(M)NUM ��9����  �=3� V. �� VH�. �>)6��3)�

�9  .3���  

 � ��= 4� WB��9 ���R�
�9�@ � �=3� P
��� �
=�09

456 78�9 (
��� 	�=Q�� �= ��
�? /��  �� ����� () 

 ��3? �= �3� 45��19 ��O
5  �3���9 .	�� �3� 4n���

�9 z�(� �= 48 =B�  3H�= ��3� b�<��� �9 ���3�� E
� 

4� ��O
 	�=   E)� �39@9�@ � �=3� �
=�09 ���R�
�

.=��= �� ��309 E
� Q�� �4 ��B^ 4� ��O
 3H�= 48 	�=  

 7) �  4� 	�=Q�� ��
�? /�� � ��= ���� �39@5  �

20/6 �9 3H�= .3���  V>� �3���9 �� E)Ds��3� 

�9  2a�
� ��9 ���3�� ���8 �� 48 =�8 �3���9 ��B 

                                                 
8- Average Percent Error  



56  ����� �=3� �?
�� �B5�� ��� ��
��(� O��9);� 456 78�9  )( ���=� ���
4 �a� �=  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

�9 ���8 ���R�
�9�@ � �=3� �
=�09 E)� ��
.3  2a�
�

 	6�.) (
� �9 ���3�� ���� ���R�
�9�@ � �=3� P
���

 �� ���8 	�=Q�� ��= ���� (NB�5/0  /�� ���� � 3H�=

 �� ���8 	�=Q�� ��
�?4 �9 3H�=  ���� 48 3���

�9  �=3� P
��� �= �9 ���3�� �),F  3�=�5
�0   ()I��

.	�� E
����D� 4� (
� �9   ���� 7��D9 �9 ��BD�

4)5� ���9 b�<��� �� .=B�  

��3? 4-  �9 (
�� 4� e�x<�9�C� �= �9 	)���. ()6��@ ���� �3� 4�J�* 

�39 	��= �9 (
��  � )m(   � (
� �9 (
��)m(  �9 =�3c   	��= �9 	5�� � (
� 4� �   �9 iB�  

��� 	6�.  014/0  0115/0  285424  21/1  	��=  

N�= 	6�.  012/0  0095/0  463207  26/1  m�B�9  

NB� 	6�.  011/0  0075/0  703798  46/1  (
�  

5-  ��O
 3H�= � �=3� �
=�094� 	�= �39@  �9 ���3�� 4� ���C� �= �3� 4�J�*  

	6�.   	�=Q�� ��=)Q-m3/s(   	�=Q�� ��
�? /��)H-m(  APE (%) 	�=Q�� ��=  APE (%) 	�=Q�� /��  

��� 
0304/0  183/0  5  20/6  

0429/0  231/0  31/3  67/8  

N�= 
0296/0  191/0  27/2  70/3  

0422/0  241/0  61/1  02/6  

NB� 
0291/0  193/0  39/0  86/2  

0418/0  247/0  55/0  30/4 

  

XIB8 �� 4>D
� 4� 4?B  ��  ��9� ��9 ���3�� �3� � 

4)5� �9 �
�(J� ���� E
����D� �3��
  ���3�� �=�8 � (
�

2a�
� �=�8 ���8 ���� NB� 	6�. 4� 	5�� �9�  3
��

4)5� �?��
 �\. � ��9� ����� �= �9 48 ����  3��B 

4)5� �?��
 �\. � ��9� 2a�
�  �����5
�0  �=  ������

E
� �� .3��5� 4�a+�� �3D8 =�\
� ��  ���9 ��B   	J�* 4\)��

 b�<��� ���� (
� �9 ���3�� 484�  ��BD�  4D)!� �9

�9 �3
� 3��B   �@.3���  �5��19 ��9�� ���� 5�)4 ���� �� 

���<��� 4D)!� �9 �� �)E 4  � 5  �� �=�G��� �� 	���
X 

|9�8)� B x<��  4��� 	�� ��CPU )Intel Core i7-

7700K @ 4.2 GHz  �16 *)���R
	 .=B� (N�  

  
(:6�)  (b)  

V>� 3- �9 =�3c  ����� �= m�B�9 ��O
 3H�= 4�
�09 ):6� (/�� � )b( �=� �?
�� 	�=Q��  

�9 X
 � �5��19 V. 4D9�= ���� E
����D�  �� ua�

 �9 =�c��011/0  �<� ���� 	!? 4� �� �= ��9

�9 X
 ��;H� ����8 	�=Q��  (
��� �>
=(� �= ua�

456  �9 ���3�� 4� �;)O��9 78�9 () 0075/0  ��9 �=

�C� 3� 4�J�* ) V>�4- :6�.(  �3� ����� ���9 m
���

N�� �=  V>� �= ��(J�4- b  .	�� �3� �=�= ����  



�3?�9 VH�� ��!? ��)�� ��D��3
 =��� o�3�B8  ��=���+��  57  
  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

  
(:6�)  

  
(b)  

V>�4-  (:6�)4>5� �� �;8 �
��� �3D� (b) � �= ���9 m
��� V. 4D9�=  

�!9 �� �>
  /)01  �= �;H� �����9���� E
� 

 ���� ����8 	�=Q�� �= ��
�? /�� �=B� 	��, ��-�.

�39 �9��   �� �?��
 ��
�? ��= ��()9 ����� � ��

�39 �9 (
��� �= ��3D� e��))w  =�\
� �� �� .3��� 

E
����D�  W�� �� ��
�? �=��� ����	�=Q�� ��
�? /�� 

v<�910 .3� �=�G���  E)Ds��E)
�� ��9 ����  4� 	�=

��
�? ��
p��),F  N3� �BCD9 4>5� �=   m
��� �� V.

 ��
�? �?��
 �=�G���3
=�*���� . ��9 Zmax W�� 

���9 Specified Pressure  �� �����Fluidfraction=0 

����� .3
=�* E
� iB� W�� ���9 m
��� ���)� 4>5� 

V. �� �0)+= 4���9 m
��� �= �G�� � ���J �
 =��@ dO� 

�C� �9 =�)* ]16[ .���B
= ���� ���9 W�� ����8 :8 � �� 

Wall �c :
 ��3� ���\9 ��B
= X
 3D���� 48 �3� 

�9 V�� u�>OH� .3D8 �9 E)� ��9 ua� ���B
= � ��  ��

���0  W��11 �C� �= .3� 4�J�*  �=�G��� ���9� W�� E
�

�9  �	��� �/��) ��
�? e�x<�9 �= � ��G  48 =B�

 � ��
�? ���J��)g =�\
� ���9 W�� �� 3c� � V5+ E)� (

.3D>�  

                                                 
10- Specified Pressure 
11- Symmetry 

2 -4 - ����  ������/ � ����01� �2��!  

���
�? ���3
�� � �=3� V. �
��R�� ����� ���� 

 ��9� 4s<
��  �����=B��4� 	�=  �39@  ��Flux surface 

456 78�9 (
��� 	�=Q�� ��
�? ��= 4� WB��9  ���� () 

	�� �3� �=�=  V>�)5(. �9 �3���9  ��9� �� 48 =B�

t=10s  3c� 4��5
�0  ��= P
��� e��))w   	�=Q�� ���

 �5�� ���3
�� 4� ��
�? � 	�� ()I�� ���9� 4� 	5��

.	�� �3)�� E
����D� �9  ��9� ���8 ���� ��B 

�� ���� � �5��19�= e�5��19 �  e39 ��3� 4�J�* �C�

4)5� ��9�  �� ����10 �= 4)��, .	J�* �C�  

  
V>� 5-  	�=Q�� �= ��= 4� WB��9 ���9� 4s<
��  P
���

456 78�9 (
��� ()  

3 - 3��45 �2��! � 67! 



58  ����� �=3� �?
�� �B5�� ��� ��
��(� O��9);� 456 78�9  )( ���=� ���
4 �a� �=  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

3 -1- 879 ���� ��� �:+2  

	1H �<� �= 4�
�09 ��\D�  E)� ����= ��=B��- 

 (
��� �� ��B5� ��
�? /��� 78�94  P
��� �� �39@ 	�=

���R�
�9�@ � �=3�  m�B  �3� N�\�� ����>�� � E
3
@

 V>� �= � N�\��6  .	�� �3� 4n��� b�<��� 78�9 (
���

	1H �<� �= �3� 456 78�9 (
��� ���� �\D�  ()  ��

 	5��b/B=0.5  (
��� i�G �� �)P(  �����1/0  ��9

�9  .3����9 �3���9 48 �BO���� ��� �=B���= ��=B�� 3- 

�=3� P
��� /��� �5
�0   P
��� ��=B�� 3��� /��O9

� .	�� ���R�
�9�@4 ��B^  ��
�? ��= �
�(J� �� 48

�9 �
�(J� �(
��� 	�=Q�� �= ��
�? /�� �	�=Q��  .3��


4� �B^ m�B�9�  ��O
 ��309APE  � 	�=Q�� ��= ����

 7) �  4� 	�=Q�� ��
�? /��18/1  �80/4  3H�=

4� 	�=  48 39@�9 ��B  ��)4\ 6B5+ V��+ /��O  	J�*� 

�)E ���
P =3�� �9�@ �
��R�� .	�� ���+��  

  
 V>�6- ��= P
��� 4�
�09 - ���R�
�9�@ � �=3� P
��� /��  

3 -2- ��;<= >+= �(? @���2 �� �A�� �	�)  �! @�=

���(� ����  $�BCD�  

��= 7
�- e��))w   ���(
��� �� ��B5� ��
�?

456 ()  4�  ������3� ��9���� 3c� h/P  V>� �=7  �
���

�9 �3���9 .	�� �3� �=�= ZD  �
�(J� �� 48 =B�  �*3�

�9 ���8 ��= 7
�- �-�� �9 �@ 	;� .3��
  4� 3��B 

ZD  V19 �= ��
�? WBO
 [�\  V)6=  ���8 � �*3�

 .3��� ��
�? ��= 7
�-4� �B^  ��
�? �B5� ���� m�B�9

 ����>
 ��= �� ���825  �50  �(
��� Y�  �B^ �3H�=

 7) �  4� ��B5� ��
�? ��= 7
�- ���8 ]���14/4  �

81/9 456 (
��� 4� 	5�� 3H�= �� ()   ����8 _��

�9  V>� �= E)Ds�� .==�*8� ��= ��=B��-  ��
�? /��

456 78�9 (
��� �� ��B5� 	5�� ���� �;)O��9 ()   ���

ZD   :;�<9 �*3�	�� �3� �=�= ���� .� �=
E ��=B�� 

�	��, ��= X
 ���� �(J�
� �� b@ i�G ��� ���
( ��� 4�� 

�(J�
� ZD  �*3� .	�� =B!�9 4� �B^  ���� m�B�9

 ���8 ����>
 ��= �� ��
�? �B5�25  �50  �3H�=

 4� 	�=Q�� ��
�? /�� �
�(J� ]��� �(
��� Y�  �B^

 7) � 89/10  �85/25 456 (
��� 4� 	5�� 3H�=  �� () 

�9 ����8 _�� .==�*  	�=Q�� ��
�? /�� �
�(J� 	;�

ZD  �
�(J� �� 9 �B^ ���8 ��*3�k(
��� Y�  �,  �

�9 ��
�? =�3��� .3��� 

  
 V>�7 - 5�� V��09 �= ��
�? ��= 7
�- e��))w 	 h/P  �=

�39 :;�<9 Y�  �B^ �� ��  

  
 V>�8 - ��= e��))w  - �39 �= /�� :;�<9 Y�  �B^ �� ��  

3 -3- ��;<=  �!��! �� ����, �! E��� @���2 ���	���F

 �! G��1� ���� b 8!�;  

 V>� �=9�  ���(
��� �� ��B5� ��
�? �BR6�

456 78�9 ZD  �� ����� �;)O��9 ()   �= �-�� �*3�

 �3� �=�= ���� ��
�? ����� �= ��)*���+ :;�<9 ��
���



�3?�9 VH�� ��!? ��)�� ��D��3
 =��� o�3�B8  ��=���+��  59  
  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

�9 �3���9 .	��  (
��� ��)*���+ 4
��� �
�(J� �=B�

456 78�9  ���)� ��D1�� =�\
� ]��� ���
�? ����� �= () 

�9 =B
 ���B9 �)�9 �� ��B5� ��
�?  =�B
�� � =B�

�9 �
�(J� ���B
= �� ��
�?  [
�B  e��))w  4�
�09 �� .3��


 �����8 �B^ �= ��
�? 	����9 ��B   X
 ���� 48 	G*

E)
�� �= ��
�? 	��� �	��, ��=  �� 78�9 (
��� 	�=

ZD  �
�(J� *3��9 �
�(J� ��-�� �  �� �9� E
� � 3��


 ���
�? V��09 �= 78�9 (
��� ��)*���+ 4
��� �
�(J�

�9 3
3�  ZD  V19 �= ��
�? WBO
 [�\  .=B�  �*3�

�9 ��
�? ����� �= 78�9 (
��� ��)*���+ �
�(J� �  3��B 

  78�9 ���(
��� ��93��� ��� ��F.3��� ��p*�),  

    
(:6�)  (b)  

 V>�9 - 456 (
��� �� ��B5� ��
�? 	��� WBO
 ��)*���+ :;�<9 ��
��� �= 78�9 () � (:6�) b/B=0.75 (b) �b/B=0.5  

 V>�10� ��= e��))w -  ��
�? ��= 7
�- � /��

�39 �� ��B5� 456 (
��� 78�9 ���  ��)*���+ ���� �� () 

 ��
��� �=�9 ���� ����8 �= :;�<9  �3���9 .3�=

�9  =�\
� �� 48 =B��� ��9� ZD   � �-�� �*3�

 ���
�? 4� 	5�� 4
��� �� 78�9 ���(
��� ��)*���+

�9 ���8 ��= 7
�-  ��
�? /�� �
�(J� �� �9� E
� .3��


��(
��� 	�=Q�� �=  .	�� ����� 	��, ��= X
 ����

��ZD  �30I �9 �
�(J� �*3� - �3��
 ��
�? ��= 7
�

 .=��= ����)� ���8 �b�B9 78�9 ���(
��� �� ��B5�

�4 ��B^ �39 ���� ��= 7
�- 48  �� 78�9 (
��� ���

 	5��b/B=0.75  ��)*���+ 4
��� �� �45  	5�� 4?�=

4?�= �GH ��)*���+ 4
��� 4�  �(��
�? �� =B��)48/13 

 	5�� ���� � 3H�=b/B=0.5  ��)*���+ 4
��� �� �45 

?�= ��)*���+ 4
��� 4� 	5�� 4�GH 4?�=  ����� �= =B��)

 �(��
�?13/18 �9 ���8 3H�= �9� E
� 	;� .3��
� 

 V19 �= ��
�? WBO
 [�\  � (
��� Y�  �B^ ���8

ZD   ��
�? V��09 �= 4
��� �� ��)*���+ �,� �= �*3�

�9 .3��� ��= ��=B�� �= 	+= �� E)Ds�� - �39 /��  ���

456 78�9 (
��� ()  ��9 ��B  �� 48 =�8 ��)� 	5�� �30I

ZD   ��
�? ����� �= ��)*���+ 4
��� � ���)� �*3�



60  ����� �=3� �?
�� �B5�� ��� ��
��(� O��9);� 456 78�9  )( ���=� ���
4 �a� �=  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

 �
�(J� (
��� 	�=Q�� �= ��
�? /�� �3��
 �
�(J�

�9 ��`9 ���� .3��
� ZD  	5�� �� 78�9 (
���  �*3�

b/B=0.75  ��)*���+ 4
��� �� �45  4� 	5�� 4?�=

 �=B�� 	6�. �= ��)*���+60/8  � 3H�= 	5�� ����

b/B=0.5  ��)*���+ 4
��� �� �45  �4?�=57/12  3H�=

�9 �
�(J� .3��
  

  

  
 V>�10 - ��))w ��= e - 456 78�9 ���(
��� �= ��
�? ��= 7
�- � /�� :;�<9 ��)*���+ ��
��� �� ()   

 V>�11� 4�
�09  ����= � ��= 7
�- E)�- � /�

�39 �� ��B5� ��
�? 456 78�9 (
��� ���  � () �),F  

 N�\�� �!�@ ��93��� ��� �� ��(
��� ��)*���+ 4
���

�9  V>� �= .3�=11- :6� �9 �3���9  X
 ���� 48 =B�

ZD  	5�� �
�(J� �	��, ��)*���+ 4
���  (
��� �*3�

)b/B( �=Q�� �= ��
�? /�� �
�(J� ]��� (
��� 	

�9 ZD  	5�� X
 ���� E)Ds�� .=B�  �	��, �*3�

 ��
�? /�� �
�(J� ]��� �(
��� ��)*���+ 4
��� �
�(J�

�9 ��(
��� 	�=Q�� �=  .==�*�9� E
� 	;�� =�3��� 

��
�? ZD  �� ���� �*3�  ���\) 4��
�? /�� �
�(J� 

	�=Q�� �= �9 .3���  V>� �= 	+= ��11 - �b �9 ��B  

ZD  	5�� X
 ���� 48 	G*  4
��� �
�(J� �	��, �*3�

 ��= 7
�- ���8 ]��� ���
�? ����� �= (
��� ��)*���+

��= �9��  �= ��
�? �9 ��  .==�*�9 �9� E
� 	;�  4� 3��B 

 �� (
��� �� ��B5� ��
�? WBO
 ���)� 2��1�� V)6=

ZD  �B^ �
�(J� � ��)*���+ 4
��� �
�(J�  (
��� �*3�

.3��� � �
�(J� �	��, ��)*���+ 4
��� X
 ���� E)Ds�

ZD  	5��  �= ��
�? ��= 7
�- ���8 ]��� �*3�

�9 ��= �
=�09 �9��  ==�*.  

3 -4 -  H�� �! G��1� ����  �!��! �� ����, �! ���	���F

>+= 8!�; �	�)  

�<� E
� �=�  78�9 ���(
��� ��)*���+ 4
��� �,�

ZD  _�� E�J�* �C� �= 	��, ��  �*3� ��� ��

�9 ���+ ����� =�B9 ��
�? e�x<�9 =�)* . ��>��12  �

13  78�9 ���(
��� �� ��B5� ��
�? �BR6� 7) �  4�

456 	5�� ���� �� :;�<9 ��
��� �= ��)*���+ �� ()   ���

ZD   �*3�5/0  �75/0 �9 ���� .3�= �9 �3���9 =B� 

ZD  _�� �=B� 	��, ��  4
��� �
�(J� �� � �*3�

 ��)*���+ �
�(J� (
��� Y�  �B^ ���
�? 4� 	5�� (
���

�9 .3��
  



�3?�9 VH�� ��!? ��)�� ��D��3
 =��� o�3�B8  ��=���+��  61  
  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

    
(:6�)  (b)  

V>� 11 - ��= e��))w  -456 78�9 ���(
��� �= ��
�? ��= 7
�- � /�� ZD  	5�� �� ()  :;�<9 ��)*���+ ��
��� � �*3�(:6�) � 

��=-  /��� (b) ��= 7
�-  

�4 ��B^  �  4?�= �GH �� 4
��� �
�(J� �� 4845 

 �� (
��� Y�  �B^ �4?�=16/0  4�29/0 ) ��920/45 

 	5�� ���� (3H�=b/B=0.5  �� �24/0  4�372/0  ��9

)48/35  	5�� ���� (3H�=b/B=0.75 �9 �
�(J�  .3��


ZD  	5�� �= ��. E
� ��  �*3�75/0� �),F   �
�(J�

 �B^�,k9 
��� �
�(J� �� (
��� Y�  =B!�9 ��)*���+ 4

�9 (
��� Y�  �B^ �
�(J� .	��  �
�(J� ]��� 3��B 

 �= ��
�? ���)� ��=�B5� �= 78�9 ���(
��� ��93���

�9 �3���9 E)Ds�� .==�* 	��, 3�  �
�(J� �� 48 =B�

 �� ��B5� ��
�? WBO
 ��D1�� �(
��� ��)*���+ 4
���

? � 4�J�
 �
�(J� (
��� =�B
�� (
��� ���B
= �� ��
�

�9  .3D8  

  

  

(:6�)  (b)  

V>� 12 - 456 78�9 ���(
��� �� ��B5� ��
�? 	��� WBO
 :;�<9 Y�  �B^ � ��
��� �= ()  )ZD  	5�� i���  �*3�b/B=0.5(� 

):6�(  	��, Y�  �B^� (b) �)w�9 Y�  �B^  



62  ����� �=3� �?
�� �B5�� ��� ��
��(� O��9);� 456 78�9  )( ���=� ���
4 �a� �=  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

  

  

(:6�)  (b)  

 V>�13 - 456 78�9 ���(
��� �� ��B5� ��
�? 	��� WBO
 :;�<9 Y�  �B^ � ��
��� �= ()  )ZD  	5�� i���  �*3�b/B=0.75( 

(:6�)  	��, Y�  �B^� (b) �)w�9 Y�  �B^  

 V>� �=14� ��= e��))w  -  ��= 7
�- � /��

�39 �� ��B5� ��
�? 456 78�9 (
��� ���  ���� �� () 

 :;�<9 Y�  �B^ � ����8 �= :;�<9 ��
��� �= ��)*���+

�9 ���� �9 �3���9 .3�=  48 =B����� �= ��0���� �?
�� 


���> �� 4�)
E 	�= ���
�(  (
��� Y�  �B^ 48 ���9�

 	��,�C� �= =B� 4�J�* ZD  _��)  �3)� �
�(J� �*3�

 (3D8�(J� ��
� ���
4 *���+)�� ���
( �9 4� 	5��)� 

�?
��� �? /�� i�G ��
�� �
�(J� 9� 
3��.  E)Ds��

 ��)*���+ 4
��� �
�(J� �� (
��� Y�  �B^ 48 ���9�

�9 �
�(J� (
��� 3��
 ZD  _��)  �(3��� 	��, �*3�

�9 ���8 	�=Q�� �= ��
�? /��  .3��
�B^ 4�  m�B�9

 =�\
� �� (
��� 	�=Q�� �= ��
�? /�� �	��, ��= �=

ZD  �� _�� �= 	��, �*3� �= 4
��� �� ��)*���+ � (
�

 ���
�? ������=�3. 99/31  78�9 (
��� 4� 	5�� 3H�=

456 �9 �3)� ���8 ��
�? �� =B�� ()   �6�. �= E
� .3D8

 �B^ �� 78�9 (
��� 	�=Q�� �= ��
�? /�� 48 	��

 	��, (
��� Y� *���+ �)�� ��� ��
4 ��
�? ����� �= �

�=�3. 85/15  3H�=�9 �
�(J� 3��
 ��=B�� �= 	+= �� .

 78�9 ���(
��� �� ��B5� ��
�? ��= 7
�- e��))w 

456 () �9 ��B  ZD  =�\
� 48 =�8 ��)� �= 	��, �*3�

 4
��� �� ��)*���+ � (
��� _��45  �
�(J� ]��� 4?�=

 �  ��
�? ��= 7
�-91/8  	5�� 3H�=4�  78�9 (
���

456�9 ��
�? �� =B�� ()  �� 48 	�� �6�. �= E
� .=B�

 	��,4R� E���=  78�9 (
��� ��)*���+ �(
��� Y�  �B^

 4
��� ��45  ���8 ]��� 4?�=18/22  7
�- �3H�=

�9 ��= � ��
�? /�� �= �3� =�\
� e��))w  .==�*

ZD  	5�� �= ��= 7
�- 4)6�� �*3�b/B=0.75  ���)�

 	5�� ��b/B=0.5 	��[�? X
 �= .  �3D��9 �B �  ��)�



�3?�9 VH�� ��!? ��)�� ��D��3
 =��� o�3�B8  ��=���+��  63  
  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

(
��� �= 48 =�8456 78�9 ��� 48 �9�RD� �() 4� e�BH 

4
����9 ���+ ��
�? ����� �= ��= _�� ���
�� �3��)*

ZD  	��, �� �*3��C� �= �@ ��93��� �  	J�* �
�(J� ��

.3��
  

  
(:6�)  

  
(b)  

 V>�14 - ��=- �39 �= ��
�? ��= 7
�- � /�� :;�<9 Y�  �B^ � :;�<9 ��)*���+ ��
��� �� ��� (:6�) b/B=0.5 � (b)b/B=0.75  

4 - �:�45 ���	  

 ��B5� ��
�? e�x<�9 ����� 4� /)01  E
� �=

456 78�9 ���(
��� ��  ��)*���+ m
��� �= �;)O��9 () 

 P
��� .3� 4�
�=�� ��
�? ����� �= :;�<9 ��
��� �=

	1H � �9 	)���. ()6��@ V9�� �=�= �\D�  ���

�=�= �� �=3�  N�* �= � 	J�* N�\�� ���R�
�9�@ ���

 7
�- P
��� ���
�? �BR6� V9�� ���
�? e�x<�9 �3c�

��= � ��=- �39 ���� /��  ���(
��� :;�<9 ���

456 78�9  /)01  �;8 2�3�� 4� 4?B  �� .3� ����� () 

 P
��� ��-�.4� 	�= �39@ ��9 �
� }�� 4 :3���  

1-  ���3�� 4� b�<��� �� �9 	)���. ()6��@ P
���

�9 ���� :;�<9 � ���4  4�J� ��8 /)01  �=

 �-�. =�= ���� 2a�
� ��9 ���3�� ���8 �� 48

�)E =�09
� =3�� �9�@ �
��R�� 9 ���8� 
3�� .

�O
 3H�=� 4� 	�=  �39@ ���� �=�  /�� �

�?
�� 	�=Q�� z�(� �9 ���3�� ���� �   4�

 � )7 5  �20/6 9 3H�= �= E
� �3� 45��1

 ��O
 3H�= 4D)!� �9 ���� 48 	�� �6�.

4� 	�=  �39@  7) �  4�39/0  �86/2 .=B� 3H�=  

2- 	1H �<� �= �=�= �\D�  �� �=3� ���

 3H�= E)R��)9 4>D
� 4� 4?B  �� ����R�
�9�@

 ��O
4� 	�=  �39@ ����  ��=B����=-  �� /�� �=

�C�  � ��
�? ��= ���� 4D)!� �9 =�c�� E�J�*

 7) �  4� 	�=Q�� o����18/1  �80/4  3H�=

 P
��� E)� �6B5+ V��+  /��O  �3
=�* 45��19

.=B� ���+�� ���R�
�9�@ � �=3�  

3- 456 78�9 ���(
��� �� ��B5� ��
�? �BR6�  () 

 48 =�= �����? WBO

�� =(� N�RD�
X  �3�

4� ��� Y� 
( ZD  V19 �= �*3� =(� �� 4�
X 



64  ����� �=3� �?
�� �B5�� ��� ��
��(� O��9);� 456 78�9  )( ���=� ���
4 �a� �=  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

�? WBO
 [�\  � �3�
�� ZD  V19 �= �*3� 

�?
�� �(J�
� 9� 
3���? WBO
 V
�3  .
��  �=

ZD  V19 �*3� �- ���8 ]���
7 �=� �?
�� 

�B5�� �� ��� ���
( �9 .==�*  

5- ZD  �
�(J�  ���8 � �-�� �*3�25  �50 

 ���8 ]��� �(
��� Y�  �B^ �3H�= 7
�-

 7) �  4� ��B5� ��
�? ��=14/4  �81/9  3H�=

456 (
��� 4� 	5�� �� ()   .3
=�* ����8 _��

�9� E
� 	;��  V19 �= ��
�? WBO
 [�\ 

ZD   �B^ ���8 � �*3��,k9  (
��� Y� 

�9 .3���  

6 - 456 ���(
��� �� ��B5� ��
�? ��= 7
�-  () 

�
�(J� �(
��� ��)*���+ 4
��� �
�(J� �� b�B9 

 .	J�
�),F   �
�(J� �= (
��� ��)*���+ 4
���

��= ���� ���= 7
�-  .=B� ���)� E)
�� ���

�4 ��B^  �
�(J� �� 4841  Y�  �B^ �3H�=

 4� �`8�3. � V+�3. ��= �= ��= 7
�- �(
���

 7) � 79/9  �45/13 .	J�
 �
�(J� 3H�=  

7-  ���(
��� �� ��B5� ��
�? �BR6� �3���9 ��

��9 b�B9 78�9 4
��� �
�(J� �� 48 3
=�* �3�

ZD  _�� �= (
��� ��)*���+  �	��, �*3�

 �
�(J� (
��� �� ��B5� ��
�? WBO
 ��D1��

�9 =�B
�� (
��� ���B
= �� ��
�? � 4�J�
  .3D8  

8- ZD  =�\
�  ���(
��� _�� �= 	��, �*3�

 �`8�3. 4
��� �� ��)*���+ � 78�945  4?�=

�
�? ��= 7
�- �
�(J� ]��� �  �91/8  3H�=

 	5��4� 456 78�9 (
���  ��
�? �� =B�� () 

�9  	��, �� 48 	�� �6�. �= E
� .=B�4R� E���= 

 4
��� �� 78�9 (
��� ��)*���+ �(
��� Y�  �B^

45  ���8 ]��� 4?�=18/22  7
�- �3H�=

�9 ��= .==�*  

[�? X
 �=  �3D��9 ��B   �= 48 =�8 ��)�

456 78�9 ���(
���  48 �9�RD� �() 4� e�BH 4
���  ��=

�9 ���+ ��
�? ����� �= (b�B9)  _�� ���
�� �3��)*

ZD   	��, �� �*3��C� �=  �
�(J� �!�@ ��93��� �  	J�*

.3��
  �� @ e�0)01  ������  i�G �� �=B� 	��, 4� 4?B 

���
( 01  �=)/ ���� ��-�.�  F,)� ��� i�G ��
(  ��

BR6�� �?
�� ���
(��� 456 ) ( *���+ ��)�� ��� �=
�� 

� �a� �= :;�<9)=�!D� 9� =B�.  

References   

[1] United States. Bureau of Reclamation. (2001). Water measurement manual. The Bureau, Chapters 5 and 7. 
[2] Wu, S., & Rajaratnam, N. (1996). Submerged flow regimes of rectangular sharp-crested weirs. Journal of 
Hydraulic Engineering, 122(7), 412-414. doi: 10.1061/(ASCE)0733-9429(1996)122:7(412) 
[3] Grant, D. M., & Dawson, B. D. (1995). Open Channel Flow Measurement Handbook. 4th Edition, Isco En-

vironmental Division, Lincoln, NE. 
[4] Bergmann, M. (1963). Special weirs, Water measurement manual. USBR Publication Report Number HYD-

505 United States Bureau of Reclamation (USBR), USA, Chapter 7, Section 13. 
[5] Martinez, J., Reca, J., Morillas, M. T., & Lopez, J. G. (2005). Design and calibration of a compound sharp-

crested weir. Journal of Hydraulic Engineering, 131(2), 112-116. doi: 10.1061/(ASCE)0733-
9429(2005)131:2(112) 

[6] Jan, C. D., Chang, C. J., & Lee, M. H. (2006). Discussion of “Design and calibration of a compound sharp-
crested weir” by J. Martinez, J. Reca, MT Morillas, and JG Lopez. Journal of Hydraulic Engineer-
ing, 132(8), 868-871. doi: 10.1061/(ASCE)0733-9429(2006)132:8(868) 

[7] Mohammed, A. Y., Al-Talib, A. N., & Basheer, T. A. (2013). Simulation of flow over the side weir using 
simulink. Scientia Iranica, 20(4), 1094-1100. [In Persian] 

[8] Aydin, I., Altan-Sakarya, A. B., & Sisman, C. (2011). Discharge formula for rectangular sharp-crested 
weirs. Flow Measurement and Instrumentation, 22(2), 144-151. doi: 10.1016/j.flowmeasinst.2011.01.003 

[9] Lee, J. T., Chan, H. C., Huang, C. K., & Leu, J. M. (2012). Experiments on hydraulic relations for flow over 
a compound sharp-crested weir. International Journal of Physical Sciences, 7(14), 2229-2237. doi: 
10.5897/IJPS11.1695 



�3?�9 VH�� ��!? ��)�� ��D��3
 =��� o�3�B8  ��=���+��  65  
  

 

����� 	
���
� ��� ������ ���   �����!�  �����2 )1402( 

[10] Khassaf, S. I., Attiyah, A. N., & Al-Yousify, H. A. (2016). Experimental investigation of compound side 
weir with modeling using computational fluid dynamic. International Journal of Energy and Environ-
ment, 7(2), 169-178. 

[11] Farzin, S., Karami, H., Yahyavi, F., & Nayyer, S. (2018). Numerical study of hydraulic characteristics 
around the vertical and diagonal sharp crested weirs using Flow3D simulation.. Civil Infrastructure Re-
searches, 4(1), 15-24. doi: 10.22091/cer.2017.1661.1068 [In Persian]  

[12] Samadi, A., & Arvanaghi, H. (2014). CFD simulation of flow over contracted compound arched rectangu-
lar sharp crested weirs. Iran University of Science & Technology, 4(4), 549-560. 

[13] Altan‐Sakarya, A. B., Kokpinar, M. A., & Duru, A. (2020). Numerical modelling of contracted sharp‐

crested weirs and combined weir and gate systems. Irrigation and Drainage, 69(4), 854-864. doi: 
10.1002/ird.2468 

[14] Majedi Asl, M., valizadeh, S., & Mohammad Taghizadeh, Y. (2021). Study of energy dissipation of gabion 
structure downstream of Ogee weir using laboratory and meta-model methods. Journal of Hydraulics, 16(4), 
21-35. doi: 10.30482/jhyd.2021.285286.1526 [In Persian] 

[15] Setyandito, O., Christian, S., & Lopa, R. T. (2022). Flow characteristics investigation on trapezoidal weir 
using FLOW 3D. In IOP Conference Series: Earth and Environmental Science, 998(1), 012013. IOP Pub-
lishing. doi: 10.1088/1755-1315/998/1/012013 

[16] Dasineh, M., Ghaderi, A., Bagherzadeh, M., Ahmadi, M., & Kuriqi, A. (2021). Prediction of hydraulic 
jumps on a triangular bed roughness using numerical modeling and soft computing meth-
ods. Mathematics, 9(23), 3135. doi: 10.3390/math9233135 

[17] Bagherzadeh, M., Mousavi, F., Manafpour, M., Mirzaee, R., & Hoseini, K. (2022). Numerical simulation 
and application of soft computing in estimating vertical drop energy dissipation with horizontal serrated 
edge. Water Supply, 22(4), 4676-4689. doi: 10.2166/ws.2022.127  
[18] Wang, Y., Wang, W., Hu, X., & Liu, F. (2018). Experimental and numerical research on trapezoidal sharp-

crested side weirs. Flow Measurement and Instrumentation, 64, 83-89. doi: 
10.1016/j.flowmeasinst.2018.10.005 

[19] Flow Science Inc. (2016). FLOW-3D V 11.2 User’s Manual; Flow Science: Santa Fe, NM, USA. 
[20] Yakhot, V. Orszag, S.A. Thangam, S. Gatski, T.B. and Speziale, C.G. (1992). Development of turbulence 

models for shear flows by a double expansion technique. Physics of Fluids A: Fluid Dynamics, 4, 1510-
1520. doi: 10.1063/1.858424  

[21] Majedi-Asl, M., Daneshfaraz, R., Fuladipanah, M., Abraham, J., & Bagherzadeh, M. (2020). Simulation of 
bridge pier scour depth base on geometric characteristics and field data using support vector machine algo-
rithm. Journal of Applied Research in Water and Wastewater, 7(2), 137-143. doi: 
10.22126/arww.2021.5747.1189 

[22] Daneshfaraz, R., Bagherzadeh, M., Ghaderi, A., Di Francesco, S., & Asl, M. M. (2021). Experimental in-
vestigation of gabion inclined drops as a sustainable solution for hydraulic energy loss. Ain Shams Engineer-
ing Journal, 12(4), 3451-3459. doi: 10.1016/j.asej.2021.03.013 

 




