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Numerical Investigation of the Flow Field on the 
Ogee Spillway under the Influence of the Crest 
Shape and Slope of the Upstream Face of the 
Spillway 
 
In this study, the ogee spillway flow pattern under the influence of 
the spillway curve shape and upstream slope changes was 
evaluated using Flow-3D numerical simulator software. Thus, two 
ogee spillways with elliptical crest and USBR pattern were 
simulated in two vertical and oblique upstream modes with a 
slope of 3H:3V and three different heads, and the results of 
changes in effective parameters such as flow, velocity and 
pressure in the length of each spillway was examined. Validation 
of the results of the numerical model with the results of the 
Maynord experimental model showed that the Flow-3D numerical 
model has a high ability to simulate the flow field on the ogee 
spillway. Comparison of flow rate from numerical model with 
experimental data showed that the average computational error 
was less than 3% of the numerical model. Examination of the 
pressure field showed that at the height of the head equal to the 
design head, the pressures are close to atmospheric pressure and 
no negative pressure is created on the spillway crest, but at the 
head higher than the design head, negative pressure will be 
created on the spillway. The amount of negative pressure created 
at the beginning of the USBR spillway crest is higher than the 
negative pressure value of the elliptical spillway crest due to the 
lack of continuity in the crest and further separation of the flow 
lines from it.  The results also showed that the ogee spillway with 
oval crest has a relatively better performance in the flow over the 
spillway and in these spillways it is possible to pass more 
discharge with higher safety and sloping the upstream side of the 
spillway causes a change in the discharge coefficient and finally 
the flow rate of the spillways. 
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�!3 ��� ��� �3 �<GH�> 0H �>�51�M� �>  ���

03 ��:� [�Z�� �2��  [�Z�� � �-<3 ���.����/ k�<q

03  ��� a�> d!S��� ;�<�� ��� �3 051�M�  k�<q

0!\�   ���2 ��:!� 0��^� � �-:� �����/ �3 ��

�.:9� �H  e�<> �>.	�� �:� [�Z�� =!^^I�  =!Gr��

30�/ d!1- 0H  �3 ���.����/ k�51�M� [�Z���1�| ���

3 �	�� ����� �-�� �-�� � �����0�:� ��!,��H ���

0!\� 	c- ����3 � �-:�����0��^� � ��  dq�j p���

�:� �� ���� ���.����/ p��� �3 �-:� ����� �- :��<>

�1�| �-�H vJ>�� �H� ���.-<� vc�� :!J� �:� 

 =!Gr���/ �� ��2  �-:� �:� 0HFlow-3D <>� ���

0!\����2 0!AH ���� ��� 03 � -��- �� ��!�  �3<


 �3- ����S �	��� �!4� ���2 ��:!� �3 �b<� ����������

� ��!f �� 0\��I� ��  ��� ��� �3 k�51�M� �- � :GH

�2��� �H 03 �> 	�� �:� 0�S�, ��Hy  =� �-����� 

03 0!\� �<4G� ��� ��� �3 ���2 �<.1� ���� =� �� �

[��  .	�� �:� �-�J��� �� S�03  � ����3 �.- k��\�

0��^� <.1� 	I> �2��  ��� ��� ���2 ��:!� ���

 02� l!� � a�> @A�B� ��� 	�-n�3�  �� �-�J��� �3

X�� � �Zj��! (VOF1) [�� � �� S� Flow-3D  =� �-

51�M� 0	�� 0�S�, ���c 02<> -�<� . 	�� �H� 03 [�n

X���Zj ��� ��!� )VOF(  ���H v��� �Zj 	j��� 

)FAVOR2 (���� ��� 0H :G��� ��Zj � 2 X�� ��

 �:� �-Flow-3D 03 �� ��H:��� ]25[.  

                                                 
1- Volume of fluid 
2- Fractional area-volume obstacle representation 

 ��� ���2 	�� �:� �5� 051�M� =� �-

 a�> � d9� �<P!3 a�> �3 �2�� ��� ���USBR  �- �-

	1�j  �3�o�c � d�� 	�-n�3 02� l!� -�J��� �3 �� �

[��  �� S� :G�>�:cFlow-3D -�:I� �Zj X�� �� 

�:�  �!4� ���2 ��:!� �3 �b<� ���������� � :�<� ����

 	��� � ���S��� -�<� ����� =� �- .:��!, ���c �3�

03 	Iq �<4G� p��� �ZG��  -�<G�� ���.����/ p��� ��

 �:� �-�J���	�� ]26[.  

2- �������   

2 -1- ��!"# "$ %��& '()�*
  

�H��> ��!� 8 ���2 �3 �H�j =!��<c a 1 �Y���

 �- ��G�<� 01-�5� 0� � �.��<!� 01-�5� 8 e�<>

0� ����<I� k�F2 kn-�5� 03 0H k���B� 0��,

�� ��!3 �:G��� C��5� hH<�������:�<�  k�<q �- �

n-�5� 03 ����2 �-<3 0�J�/� k �-�- 	!��� �!!m> �:1<G

�:� �� � 03�-�, 	2 1 =!!5> ���3 �.�J�/ ��� ��

�� �-�J��� -<�]27 � 28[.  �� ���2 �.��<!� 01-�5�

 ���1� 8 ���3 �-�5> 0M3�� =��<� �3 � [�2 ��^3 �<��c

03 ��!� �� 	�- :/]29[.  03 �.��<!� ��<�� 01-�5�

:	�� �� d9�  

)1(  ( ) ( ) ( ) 0
f x y z

V uA vA wA
t x y z

∂ ∂ ∂ ∂+ + + =
∂ ∂ ∂ ∂
ρ ρ ρ ρ  

 �/ �- 0Hfv ����2 03 ��3 �Zj ��H �  ���!� �1�.|

(�, 	, 
) 0J1<� k�F2 �- 	��� ���(x, y, z)� �� 

 	F2 �- ��3 LM� ��H� � ��  ��� 03  ��H 03��� �<]

 k�F2 �- LM��  �� ��:G��3.  

��!� 	H�j kn-�5� 0J1<� �3���  	���

(�, 	, 
) 0� �-  kn-�5� �G5 �k���B� 	F2

����) 0M3�� d9� 03 hH<���2�� @�5> (--�,:  

)2(  1 ' 'i i

J i i j
j j j

u u p u
u gx u u

t x x x x

 ∂ ∂ ∂ ∂ ∂ + + = − + + −
 ∂ ∂ ∂ ∂ ∂
 

ϑ
ρ
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��� ����' '
i jρu u  ��!� �3 0H 	�� �:1<G� �G> ����

03�-�, �b� � �-�H d�� ����� ��!� �- �� �.�J�/ ���

��H:G ]30-33[.  

2 -2- +�
 �,�-��.
 �/-0 � 1!�"� ���2�  

051�M� =� �-� �-�J��� -�<� 0�:G� ��  � -�<G��

03 ����9�� 0!\� �<4G� �:� �-�J��� ���2 d!AI> � ����

.	�� �= ���.�����  X�� C?
�3USBR3 d9� �� �!P� 

��3� ��� a�>   .:�-<�� �-�J���03 051�M� =� �- ����3 �<4G� 

0�:G� �!b�>  �- �3 �2��  ��� ����2 ��:!� �3  ��� a�>

 � �P!3 @A�B� a�> d9�USBR [�� �� �-�J��� �3  �� S�

Flow-3D 0!\� -�<� �<4G� 03 =!Gr�� .	S�, ���c ����

B�� ��� �3  ��� 	�-n�3 02� l!� �b� 0��^�0� ���

��<HY�  ��� �- �- ���2 0!\�1�j �- �- �-:� ���� 	

l!� ���<- � �o�c ���<- l!� �3 ��-3V:3H .	S�, k�<q  

d9� �- 1  X�� 03 �2��  ���-�<G��  �USBR  �-

l!� � �o�c 	�-n�3 02� l!� 	1�j ��-  [�n .	�� �:� ����

 �H� 03 �- 	�� d9�1 �) �-�J��� -�<�  ��� a�> ;�J>��P � (

)  ��� ��� �j��] �!4� ;�J>�� =!Gr��Hd3��3 ( �24/0  ���

 ������� =!Gr�� .:-�, K�B���He   ��� ��� �� ��<\� :�

��.:��3 �� �� 80�:G�  d9� ���1 03 [�� �- 	c-  �� S�

SOLIDWORK 03 � :� 0�
�� 0!\� �<4G� ���� -��� �

[��  �� S�Flow-3D :�:� .  

    
(@1�) �<c g\] �3 �2��  ����P!3 :��<,  (K)  ���-��:����� g\] �2��  ��� a�> d!S���USBR  

    
(�) l!� 	�-n�3 ���<- �3 d9� �P!3 a�> �3 �2��  ��� d!S��� ��-  (k)  a�> �3 �2��  ��� d!S���USBR l!� 	�-n�3 ���<- �3 ��-  

 d9�1 - M� -�<� �2��  ��� ;�<�� 01�^� �- 051�]16[  

 d9� �-2 �:� �- �� ��� �� �:� 0�
�� ���

[��  �� S�Solidwork 03 .	�� �:� �-�- ����  �<4G�

0G!F3 �<A� -�:5> � -�53� ���� ��� 09\� :G| ��>�\��I�

 �F��� �- � 	S�, ���c �3���� -�<� �>�\��I� �<A� 09\�

09\��H 0H �� 0��^� �- �� �M
 ��:^� =�>  p��� �3

 	�F� �- .	S�, ���c �-�J��� -�<� �-�- 0o��� ���.����/

 09\��<A���� >�\��I�� 03  k�<q8  d��� E<A3

652866  -�53� � �<A� �� 8���<A��� �3 �3��3 

3/0×8/4×3/0  l�j�3)����� >�> 03 ���!l X×Y×Z( 

�:� � 	S�, ���c �-�J��� -�<� ���� �3 ����� =� ���

\� =�	S�, k�<q 09.  

0� ���2 ��:!� ������ =� �-  �:�3� �- �:53

03 �:� 0A!�� �.�J�/ ���RNG  �k-ε 0!\� ����

 .:-�,   

  
 d9�2 -  �2��  ��� ;�<�� d9�1 [�� �- �� S�Solidwork .   

 ���2 ��:!� @A�B� ���������� 0��^� h��

 C?�
� ��.�J�/ �:� �- =� p��� =!3 0H -�- ����
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 �.�J�/ �:� �� 0��-� �- � -��:� -<2� ���:G|k-ε  	F2

0!\� ���� .:� �-�J��� ����3 [�n ����� \�!0 ��� �- �

����� =� 10 ��b!0 .:� 0�S�, �4� �-  

2 -3- ����� � �4"
 5!�"0 +�
  

���<- =!Gr�� �  ��� @H ���3  ���GH ���

 �����<- ���� _�� �1  ���3 =!Gr�� .:� �����

LM� ���2 -��/ ��  ���� _�����^>2 -��� ��� ���3 �

2���S ���� _�� ��  ��� 03 ���3  ��F��� ��� ���3 �

��2 �G5 �>�\��I� 09\� �� a��
 �/ �� ���2 0H 

-<��  ��� ���2��
 ���24 � �:� �-�J��� d9� �- .	�

3  e��� �0!1�� e���� � �:� 03 �:� ����� ���

3 �>�\��I� �-�:I�0 .	�� �:� �-�- ����  ��� ����� 

�:� 03 �:� ����� 0!1�� e���03 � �-�:I� k�<q   \�

0!\� �� �- 0!1�� e��� .	�� �:� �-�- ���� ~�� ����

03  ��� ��� �� ��<\� :� � K/ ;�J>�� k�<q )He (

�� 0\1 �> �-��� ��� ��:�3� �� K/ ;�J>�� =� � :��3  a�>

�3 �- ��  ��� ��,-�!.  

  
 d9�3 -  �-�:I� �- �:� 03 �:� ����� ���� � 0!1�� e���

�>�\��I�  

2 -4 -7!�89 �:!��
 � ��!"# �;<�� =��., +�
 �4��  

03 	Iq �<4G�  �-:� �:� p��� �ZG�Flow-

3D�  �P!3 a�> �3 �2��  ��� �� �:� 0�
�� 0�:G� �:�3�

1�j �- d9�[�� -��� �o�c 	�-n�3 ���<- 	 � :� �� S�  �3

 �-��� ���2 :�
��

��
� 1 0!\� -�<� .	S�, ���c ����

                                                 
1 Wall 
2 Symmetry 
3 Specified pressure 
4 Outflow 

 �3 �-:� �:� �3- p��� ��-:� �:� �:� ��:�� �� :53

 ���c 0��^� -�<� -�<G�� ���.����/ �:� �3- p���

	S�,  ��:2)1 �-:� �:� 0H :� �B�� � (Flow-

3D �:� ����<> �n�3 ��!�3 	c- �3 �<.1� ���� ��2 �

03 [�n .-��- �� �2��  ��� ��� �3  	�� �H�] �� h�� 

�^>�\ ��F| ��b!0 \� ��!0 ���� �2��� ���p  ��.��

�� 3 � :�<�!= �� [�,� ����� ��:G| C?�
� dj�  -<2�

�]� 	F2 �- ��� -��:�!��G  k:� 0310 ��b!0 \�!0 ���� 

� 0��-�!�: .-�H  d9� �-4 .�<.|� :53 p��� ���:�� � �

��F| ���� �] �o�c �<I� .	�� �:� �-�- ���� 0!��b� 

 �] ���� �^S� �<I� � �:� 03 �:� -��� ���2 �Zj

0!��b l�j �3 �:� ��.:��3  d9� �-5 �GH��� p��� 

 0!\� �� dq�j ���S � 	��� �<P!3 a�> �3  ��� ����

.	�� �:� �-�- ���� �o�c 	�-n�3 ���<- �3 �  03 [�n

- 	�� �H�d9� ����> � �3 ��� �	��� ������� :j�� ��

�� ��9��� ����S ������� :j�� � 0!��b.:��3   

	Iq � �<!���\!1�H �� h�  �-:� �:� �ZG�

Flow-3D 09\� 03 �:!�� �  8 �� �K<AM� �>�\��I�

 d9� �- �:� �-�- ���� ��� ��� ��1 03 :� 0� ����

 @A�B���

��
� 0.5  ���

��
� 1  ���

��
� 1.33 0!\� ����

���� k��!!m> �� dq�j p��� � :�:� �!4� �b<� ������

�� �<] �- ���S ��� �� 8.	S�, ���c ����3 -�<� �� 

03�:� 	c- ��F3 ����3 �<4G��- ��-:� ���  ��:21 

�:� =!3 ���2 �2��
 �3- ������� p��� �-:� ���

 051�M� .	�� �:� 0o��� -�<G�� ���.����/ �:� � �t�j

 ��3- ������� ���3 ���.����/ � �-:� p��� 0��^�

�H �\�� ��M
 �� ����  ����> �- :q�- ��F| �� �>

�:���!3 0H -��- �� �:� 	c- � �/��H �,  �3 ����

[�� �� �-�J���  �� S�Flow-3D ��:��3. 

 �:c dq�j �\�� ��M
 0H 	�� �H� 03 [�n

.����/ � �-:� ��:^� k��J> gAM� ��:^� �3 ���

.	�� ���.����/ 
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 d9�4 - .�<.|� ����:� ���p 0����3 ���2� ���� �Y, �3.  

    
(@1�)  (K)  

 d9�5 -  p����GH���  ������� (@1�)	��� ���S (K) �  ��� ��� �3 �o�c 	1�j �- �<P!3 a�> �3 �2��  

 ��:21- �3- �� ��� ��� �� ��<\� ���  

���<- 	1�j   ��� ;<�  
K/ ;�J>��  

!"

!#

� 1.33 
!"

!#

� 1 
!"

!#

� 0.5 

�o�c 	1�j  

USBR ���.����/  41751/0  25172/0  08384/0  

USBR �-:�  41194/0  2604/0  08601/0  

�P!3 ���.����/ �<,  41964/0  25658/0  08454/0  

�P!3 �-:� �<,  414346/0  2620/0  0878/0  

l!� 	1�j ��-  

3V:3H  

USBR ���.����/  41864/0  25376/0  08395/0  

USBR �-:�  4148/0  2649/0  0856/0  

�P!3 ���.����/ �<,  42048/0  25856/0  08480/0  

�P!3 �-:� �<,  4142/0  26620/0  08724/0  

 

03 03 ���� �<] <4G�0!\� �:� ��M
 -��/�3 � ����

 a�> �3 �2��  ��� �:��P!3 �<,  �o�c 	�-n�3 02� �3

 ���� 03��

��
� 1 ��:	�<� ��<>  

)3(  
100

0 25658 0 262
2 11

0 25658

experimental Numerical

experimental

Q Q

Q

. .
. %

.

−
∆ = ×

−
= =

 

 =!Gr���\�� ��M
 ����3 ������� ���3 ���

 ���S � 	��� 0H -�- ���� p��� .:� [�Z��  !� ����> �-

�:�� ��	��� ������� ���3 �M
 ��:^� �H  �� �>pG�  :q�-

���S ������� ���3 �� �H  �� �>�� �� :q�-.:��3 � 0Z!�

 ��:2 p��� 0��^� �� 0H ��.-1 ��03 ��<>  -��/ 	�-

	�� =� 03 �3 0H   ��� ��!,��H�P!3 �<, 03 	\��

 a�> �3  ���USBR� �3- �<\� ��9�� �!3  �G�� �3 �>
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�>n�3�� ����S �l!� =!Gr�� .-<� 02� �-�H ��-

 ��� 	�-n�3�  � 0!AB> l�t �- �!!m> u��3 	�F� �-

� �3- �� !���  ��� ��� �� ���2 ��<\ .-<�0��-� �-� 

0Z!��  a�> �3 �2��  ��� �-:� �:� �� dq�j�P!3 �<, 

l!� 	�-n�3 ���<- �  :� ���� 03 ��-��

��
� 1.33 �- 

 d9�6  d9� .	�� �:� �-�- ����6 - @1� 0Z!��  �������

 d9� � 	���6- K �� �9!>���� ���S���� .:��3  �<]

�� �:���� 0H :� ��  ��� ��� ���2 :� 0r��G| -<�

�!3 �j��] :��3 �>y �-�:I�  a�> ��� �3 �JG� ���S

�� d!9�>  ��� =� .-<��-�:I� 03 ��JG� ���S  d!1-

 _<M
 ��:23  ��� a�> �3 -�<
�3 �b� �- ���20 -<2�

��  :/-�Z� 03 �ZG� �  �- ���F,�� �,-��S���S 8

  ��� a�> 0!j�� �- �9!>���� ���S d!S����� 0H -<�

d9� �- �,-��S���S =� 7 	�� �:� �-�- ���� . ��

�/ ��2 �� �JG� ���S �-�:I� =� 0H 03 �ZG� :��<>

 �::� K�B��H-<�  ��� ��� �3 �<!����y  =��3�G3

:� ���� 03  ��� ��� ���S ��:!� ����3 �!3 ���2  �>

 	!��� �� 8!1��:!� =!�:GF� ���3 �j��] :� ��

3�!  �-�<� 0!\5> [� 1 k�<q �- � 	�� ��-�<
�3 ��>

  ��� ��� �3 �<!�����H �::� �� ��!,<A2 	F2

�� ����t.:��3  

    
(@1�)  (K)  

 d9�6-  �GH���)@1�( 	���  �)K( �P!3 a�> �3 �2��  ��� ��� �3 ���2 �9!>������:!� ���S l!� ���<- � d9�  ���� 03 ��-
�"

�#
� 1.33  

    

(@1�)  (K)  

 d9�7 - >m!!k��  �<] �- ���S �-�5� ;�J>��a�> �3  ��� 3!P�� d9�  �3)@1�( -���< �o�c  �)K( -���< l!�  l!� �3 ��-3V:3H  
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