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��� ���;
Y���7� L�B$�
1#�U�9	) 3 +U#�� '�(5# 7��%"�# ��� .  

  

y2/y1 = 0.7616 Fr1 + 1.2933
R² = 0.915

4

5

6

7

8

9

10

11

4.5 5 5.5 6 6.5 7 7.5

y 2/y
1

Fr1

Belanger Equation

Smooth Bed

r/s=0.5

r/s=0.25

r/s=0.167

r/s=0.125

 
��� 3- N��O� 52�
�� 
�56 ��.	� �	5& ���P� 
�3� �6 ?Q�7 R	�(� SBP '�5��T� ��2
�� r/s�� �  

  

3

4

5

6

7

8

9

�$

�#

�5$ 5 �5$ 6 �5$ 7 �5$

y2/y
1

F r1

B e la n g e r  e q u a tio n

r 1 s2 d

r 2 s2d

r 3 s2d

  
�� �4-R	�(� SBP '�5��T� ��2
��  �	5& ���P� 
�3� �6 �5$ ?Q�7
�56 ��.	�  8
9���

� 
563 N��O�  ��D
& 
6d2  

  
  
  
  

www.SID.ir



Arc
hive

 of
 S

ID


�$� �$ �%&$ 

� �$ '*+,
��+/ 0�4:+� 
�/����%;�<*� 
�     779  

  

2933.1Fr17616.0
y1

y2 �� ,   R2=0.915 )6(                     

  +U#��6  �� N���   +Z �
� ����2�  ���,; ��G 7� �g#�$ ��� ��8� 1BG
     ������� � >�(# +
���r/s            ��� �,# ���8,	� �,���2$ �
d�,$ �����y2/y1 

���)�#.  
+�(��d 1BG Y
�Z �������) D(* �# �#��#  (y2

*-y2)/y2
* N� �� +Z

y2          � �#7 ��8# ��� �# ��� +�(��d 1BGy2
*         �,# ��,� +,�(��d 1,BG 

  R�4 ��8# ���)   \
,"�Z ��� ( �,�   �,)�#)      L�,�$������ � �,��)3(( *
  +�"�3�>�)     9	) �� � 5    ����2� '��

^$D      ���; ��G ��7� +#  +,
���

    >���,3� ���#5/0 <r/s< 125/0       %,"� >�,) >��� N��,�  .  T,"(��
   �#��# +�(��d 1BG Y
�Z35/25  �,4��         ,2� +,Z �,�� %,"�#��   9,#�= �

+a0��     7� � >�(# ���M���� +Z          �,0��P �� �,B!� ��
g� ��� A�?$�� 
+-/(0   *%"� �
 �a� +# �� �"�   ��#7 7� >��?�"�   +��(�"� :
�  9	) �� 

 ��P ��             +;�5,# N��,2� R�,4 ��8# �# +8��2� �� Y���� +-/(0 �0
�)�#.  

  
�!�"�#$�% &'( �)'�� *+�  

        +U#�� 7� �	
����

 ��� ����� ��8� %;�7     �� +Z �) +�"�3� 

   +U#�� ���E1   � E2 +#        %"� ��� �g# � 9�= �(5E� ����� S
$�$ .
   9	) ��6      ����� ��8� %;� ����2�  ��7� +#       +,
��� ���,; ���G�   N��,�

�  +Z >�) >��  ��2� �# ��           +8,��2� �,2;� R�4 ��8# �� ��8� ����� %;� 
>�)%"� .  
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EL
R L



�� )7(                                              

  1#�U� *���(B� ���          ��8# �� ����� %;� N�8	� ���; ���G� ��7� +# 
  �#7   T"(�� �(U#18  ���
# �4��      ,"� R�4 ��8# 7� %. �#� ,U+   %,"�# 

   �
# >���EL/E1   � Fr1      N(
"�<� 7� >��?�"� �#   �
�     +,# +�($ �# *�U6
9	) 6 �� ��7 }�) +#�)�# :  

186.0Fr18146.0Fr210093.0
E1

EL 
�
� , R2=0.976 )8(       

�� �4�� N�($ ���       �	
����,

 ��,� ����� %;� )G(   ��   T���,)
    ��� �# ���  %�8� �#7 ��8#   R�4 ��8# +#  ��       +_��� +U#�� 7� >��?�"� �# 

 ��
Z($ T"($ >�))10(* +�"�3� ��7 '�(5# �Z�:  
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EL/E1 = -0.0088 Fr1
2 + 0.1723 Fr1 - 0.0553

R² = 0.976
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� )9              (                                  

  ��   b(; +U#��EL
*   � EL           � �,2;� R�4 ��8# �� ����� %;� S
$�$ +# 

     ��� �� ����� %;� �#7 ��8# ��� �#�� �)�# . 9	) +# +�($ �#7  +,Z 
 �4�� '��

^$ ���    %;� ����� ��         �,� N��� +
��� ���; ���G� ��7� +# -

�
�*      ���; ��G Y��&;� �#�4�� ���     ����� %;�  �� Y
�Z �,#�� .  �,��
 �� ����   �)�� ���($ %6�(�	� 7� N�) �$    ��#7 �
d�$  �d� ��   ��G Y��&;� 

�)�# ���;.  
  
�!�"�#$�% &'( ,-. ��'��/�  

             �,#7 ��8# ��� �# �	
����

 ��� �(P +8��2� � �"��# %!�
#                ��8,# +,�(��d 1,BG �,# �	
����,

 ��� �(P ����2� *R�4 ��8# �

R�4)  \
"�Z ���() y2
* (     ��� +
��� 1BG �)y1 (    ���,) �,g# �# .

 9	) ��8 ��� ��8� �(P '��

^$ )Lj/ y2
* (��8# ��   +,# �,#7 ��


   +
��� ���; ���G� ��7�*  >��� � R�4 ��8# O����     T,"($ >�,) +,_��� ��

USBR) 11(  +-/(0 ���#   A(� I    %"� >�) >��� N���.   +Z �(U��B


�� +a0��T"(�� ���2� �()    �� �,2;� S
,) ��� ��� ��8� �(P

 ���05/3�� �)�#. 
dt$�
  ��#7 +D4�;     �g# �# ��� �(P �# �
)Lj/y1 ( 9	) ��9  +,# 

 >��� >��B
    R�4 ��8# ��
USBR )11 (     %,"� >�,) >��� N���.   �,#
      � >�
��� >��� %"�# O���� +# +�($�        �
,# +D,4�; Y��&;� �# +Z �()

��#7     �	
����

 ��� �(P �
  �]Z��06/47 �4��    �,� Y
�Z �,#��. 
      �#7 ��8# ���# +
��� ���; ���G� ��7� +# �g# �# ��� �(P '��

^$ :
� 

+��(�"���     CD�E� ����2� �# r/s    9	) ��10       %,"� >�,) >��� N��,�  .
�� N��� O���� +Z �
� %�8� Y��&;� �#r/s  Y
�,Z   ��,� �(,P �� 

�	
����

�� >�
��� �().  
      ��� �(P �
# '��

^$ ����#� �g#        >��?�"� �# +
��� ���; ���G� �# 

 9	) +# +�($ �# �U6 N(
"�<� 7�10  +U#�� '�(5#10 ��� %"�# :  

0022.1Fr15816.4
y1

jL
�� ,    R2=0.913                        )10(

 ��� �
�-B
    �	
����

 ��� �(P Y
�Z) T(       +,U#�� 7� >��?�,"� �# 
11 ��
Z($ T"($ >�) +_��� )10( �) +�"�3�.+U#�� ��� ��  Lj

* � Lj 
$�$ +#�	
����

 ��� �(P S
�� �#7 � R�4 ��8# ��� �# �)�#.  
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Lj/y1 = 4.5816 Fr1 + 1.0022
R² = 0.913
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�,,Z ��
oB�,,F�,,#�� . �
o��,,
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       >��� 9
D3$ +�&M$ �# �2;� R�4 ��8# ���#  ��
      � �,�� T,"($ �#�M$
 L��$������)3(  ��7 +U#�� L�?#%"� >�) +�"�3�.  

1Fr18.0Fr2116.0 �
�� )13(                                    
             ���,# +,
��� ���; ���G� ��7� +# ��8# �)�# Y�$ S��/ '��

^$

 Y���7� L�B$  �
�   O����      �,)�# Y�$ S��/       R�,4 ��8,# ��� ��,�
    9	) �� �2;�12  >��� N���%"� >�)  . +,#     Y�,$ S��,/ �,DZ �(,P

            Y��&,;� �,#7 � R�,4 ��8# �� �
 �� ���; ��G Y��&;� �# ��8# �)�#
���#�� .��2�           �,2;� �,#7 ��8# �� ��8# �)�# Y�$ S��/ T"(�� �13 

��� %"�# R�4 ��8# �#��#%"� >.  
          �)�# Y�$ S��/ '��

^$ ���� �U6�
� N(
"�<� 7� >��?�"� �#

          9	) +# +�($ �# +
��� ���; ���G� �# ��8#12  � '�(5# �U#+ ��7  %"�#
��� :  

709.17Fr19052.9Fr218761.1 �
�� ,   R2=0.968    )14(  
 

��+�'(*�'< ��%  
9
;�����
       �#7 ��8# �
 ���# %G�"    ��7� +#2   ���,; ��G   +,
���  

   �	
����

 ��� �(P ��     �#7 ��8# CZ +# %�8�  >7����    �,���< ��,
< 
+Z    9	) �� 13     7� ��(� ��F  ���9
;���    >��� N��� �
>�)   �,�� .  O��,��

 �� N���   +Z �
�       ��� ����#� 7� +D4�; Y��&;� �#)x(  �� +�j  �)� �7
 *>�(B� Y
�Z :B�&Z�� %G�"�� �#��.  
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�'(��+��%>� ?@<   

9
;��� sU" ��
 ��            N�&,
� �
,
g$ ���,# �	
����,

 ��� �� 
          +-/(0 �0��P �� � �	
����

 ��� �(P � +�(��d *+
��� 1BG ��


  �� >��?�"� Y���� � ���<   �#         sU" L(=� 7� >�) %�d ����5$ 7� >��?�"�
     Y���7� L�B$ ���# *�	
����

 ��� N����    ��� %"�# �
   ����,g$ +Z

  9
;��� ��� 7�    9	) �� �
14   � Y��,B�     %,"� >�,) >�� .    9	,) ��15 
9
;���    �� sU" �g# �# ��
 (y-y1)/(y2-y1)   ��7� +,# x/Lj   ���,#

��8# �#7 ��
    %"� >�) >��� N���        ���B$ +#��� ���� >��
� N��� +Z 
  �#� >�(# '�����7�     �U6 �
� N(
"�<� 7� >��?�"�     T"(�� ��3�� \�

����< �7��# O���� ���B$ ���#.  
  


5�b �*��7  
   +�(��d 1BG       ��#7 �# �#7 ��8# ��� �# �	
����

 ���    :
,� ��,


+��(�"�    �]Z��0 9	) ��5/33           Y
�,Z R�,4 ��8,# +,# %�8� �4�� 
���#�� .              Y��&,;� � ��,#7 �
,# +D4�; � A�?$�� Y��&;� �# Y
�Z ����

   �� ���
# ���; ��G�() .        �(,U# +�(��d 1BG A�?$�� Y��&;� �# +	��(U#
  T"(��2/6  ��
# �4��   � �� Y
�Z��#� .   ��#7 �
# +D4�; Y��&;�  �,


          +�,)�� +,�(��d 1BG Y
�Z �# ���BZ �
d�$  �      �����,
# �� N� ���,2�
 �
# +D4�; ��#7 �
    T"(�� �(U# 1    ���
# �4�� )      ���,�BZ +,# %�8,�

+D4�;( �� Y
�Z�#��.  
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�

(y-y1)/(y2-y1) = 1.368 x/Lj 3 - 3.712 x/Lj2 + 3.353 x/Lj - 0.022
R² = 0.954
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Abstract 

Hydraulic jump is generally used for the dissipation of excess kinetic energy downstream of hydraulic 
structures such as spillway, chutes and gates. In the present research, hydraulic jump characteristics on a new 
rough bed -with half cylindrical shape bars- have been investigated experimentally. The roughness elements 
were used with three different heights and four different longitudinal spacing. Experiments were performed for a 
range of Froude numbers from 4.6 to 7.4.The results showed thatthe sequent depth ratio and the length of the 
jump on rough beds are 25.35% and 38.5% smaller and energy loss is 18% greater than classic jump. The bed 
shear stress coefficient on roughed bed is about 13 times of its corresponding smooth bed. These effects are 
intensified as the height, spacing of the rough bars and the Froude number of flow increased. Some empirical 
relations for sequent depth ratio, length of the hydraulic jump, relative energy loss and bed shear stress 
coefficient have been introduced. 
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