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3- Classic Hydraulic Jump 
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(E9 �' M��)�l/s  01/0:��!��   =�����   �+
 !7

       97 CA�2 ������� �'9 ��!S� �9' ('�G �� .    "�� �-��G i�U)y2 (
(++�-� :�R4++)!�- 6++)
 K�<++-���0 #++� �9 I++��  ���++4�H-9 N�++�

:��!��  !-9�� =���.     54�� �% ()� �%� C'�E    � D�+;
�� �C�7 ]�   :+,� 
      d�H�� K����L� �H�4� ��-�'� $-��0  :!7      6+)
 �'� �4Q' �' "�� �9 

�U�;7 ��4QH'  �Q�� � ) 6(�  ��+��w�%    �U�;+7 � :9��  ��4Q+H') 8( �  
v�   ������� � =9�9) 3 (9' .          ��+���� K�+���L� ��+�� ��+)� �+'

    =�'� *-9� ����� =��J���% C,�       i�U C��<
 C,� �� ��y1   �+'��' 
   ��%�' D�;
��)s (   !7 �4`�� �&� �9.   �� (Q
��8U ?%��
 ��I��  (2�Q�

 =�++'�    �+++L'�� �� � :!+++7 �++'� �+++SL�� C+++% (2�Q++� �+++' �+++�
)./(100 RLBaNI �   �+� ()!'         �0 �9 �+% !+-0a   �+� (2�Q+� 

    ��F� �9 =�'�N   =�'� C% 9�!�
 ��   #+� �9 LR � B     d+�` ��+U 
�� !7�'.     !��,�� ����L� i8�)11 (    ��U !�,� �)24(     ?%��+
 ��I+�� 

=�'� �� ��  9�!2 �9 (Q-�'10 �
 5/12!7�' !A�9 .  
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 '�(2-)  6�� (  7�� �;�% <=�� >���?()@ (7�� *A�  
  

    C��9 ���� �' =�'� ��A�`   ��  i�S,
 �-� �9     �+1�U =��;-9� �9 
    �'��' �R-!�- ��5/7 �4��)             �+'��' �R-!+�- �� �+��0 ��� CA�` � �4�

00/15 �4��)    �4�      !+7 �+4`�� �+&� �9 .       9�+�'� �+-� (+-�U� �+') �-  �+�
cm224=a � 105=N � cm270=LR � cm80=B( =�++'� ?%��++
   �++�
  �'��'6/11 )6.11�I(�  !�0 ()!' .    $-���0 9�� =����	4� �9�!,�

 #�!3 K�B'1 9' .  
  
�	!� "#�$%&� #��� ���  

=�'� ��  �)��!�0�'      $���0 ��12 �4Q' �9 93� =��(   (3 �-� 
       ��� ��� �' sL) ?� � ]0 =9���   ���E �!�4`��       C+'�S� �9 YF+�U � 

    ���E =9��� ��-�3!�47�!� .       �9 ��!7�!3 9�H-� �&�� �' D1� �-�
             9�+H-� �� =���+�3 �&�� �' ������ ��'�9�� 9�H-� � ��-�3 kL/

          \�' �' ]0 (3 ?�S4Q� 9�/�' �' �Q-�S� �9 ���)�4-��% :!-!�   �9 ��
��12  9��!��4)� $���0 =��9'C�7 � )3( .  

=�'� 9��'� � K��@I3  C�7 �9 ��)4 (()� :!7 :9�9 ��<�.  

  

 7��B1-!�#CD�   7�)��E���FDG��� )H�I(JG���E 4��� 
����KL� M4���� �   
H�I �� !�#CD� 
����KL� �4����*�G�B
��� !�#CD�����)� 4��� 
����KL� 
��+

N�% 
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/�O���
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7�P 
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Q(l/s)Fr1Re
7�P 
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/�O��� 
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56 �
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���  R���� XG� �4  
  

�#�!� ��'���  
��O-�     4Q' =�� ������!�� "�� =��      K��AB+/ �� �G�+4� �'� �

        �� ��-�3 ������!�� 6-��7 � �4Q' ��-I�` K�B5<� �#��)  !+7�'; 
w	 :    �=�8U ��-�3 �4�Q��9
 :      �=�+8U ��+-�3 ���
����) (3I�
s :   � �4Q' =��-�'� D�;
��I : =�'� ?%��
  ���1y :   �"�+� �+���� i�U
v1 :     i�U �9 (U�)y1   � Lj :          � �+'� �4Q+' �' ������!�� "�� #�
g :    �� �� ���� CSG ]�47          �+1�2 �+���L� �9 �+��4����� �-�4��� ��


(Q��9 .           :��+� �+' �'��4+)9 =��' d��R��%�' =�p
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�' (7�9 ?���/ !�' :  
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      �4����� �� �L'�� �-� �9I     ��9' ('�G C��!' �+�      9�+% �&�`�+A ��+
 .
              K��+G� �� �0 9�+-� ?+�F
 � ������!�� "�� (���� C��!' ������

       �� �&�`�A �!��-� 9!U �H�4� �9 � (3I� 97 .     Z+` �+L'�� �-��'��'
!�0 !��/ �9 �-� K�A �':  
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sFrf

y
y

�  
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(�#�� )�*+� ,-.�1  

�-9�S�    i�U ���R<-���0 y2            9��+` 9�!+U� =��+' �+'� �4Q' ���� �' 
                ������!+�� "�+� �9 �w�+�4� Z�+�U� (8Q+� �' �0 �Q-�S� � *�45�

    C�7 �9 M�)F%5    ()� :!7 :9�9 ��<�  .     C�7 �-� �� �% ��R����
                 �+��	
 .�9I+� Z�+�U� (8Q+� ��@�+� 9��+` 9�!+U� �9 (+)� ~5<� 

  (+)� :9�!� ��<� 9/ �� �)Q,� .      ��!+S� �+-� h�+' 9��+` 9�!+U� �9
  $��%�� !'�- .  $-���0 ����
 �9 ���       D� "�� �:!7 C��<
 "�� B 

9'   ��� �9 �%     �� Z�;
� ���� =��          9�!+U� �9 �+% K��;
 �-� �' �!4`�
 h�' 9��` �%!��              =�+'� 9+3� �+G� �9 �0 �+-��G i+�U ��       *+% �9 �+�

������������������������������������������������������������
1- Sequent Depths Ratio 

  !7 �4)�% ��12 ()� : . $��% �-� \!��      �+� �� �-��G i�U    ��+

9�% �S�
 (8j� .  =��+' ��+-�  ��+����� ��  9�+���U  s�,+A  ��+12 

�$���0 �2��� ��12 !-�' �' ��� =� K�A 9�-J� �%  ���+
  i+�U 
 ]�+-�� �9  ��-�+�  (+)9  #�+��%  �4<+�' ��  ���+
  i+�U  .�9I+�  "�+� 

������!�� !7�'. d!U (-�U� �-� D1� TU�' :!�<%  +7�!  "�+� 
:!-9�� � �9 �H�4� *% �4Q' #���% m-�5
 !��/ !7 .�9 �
�A �% 

i�U ]�-��  ���Q+'  9�+-�   �I+�� !+7�'  "�+�  Z�	4Q+�  :!+7 �   9�+���U
��12 �' ���U M��4Q� :!��% =[���  $��+%  �+�  !+'�-.  #�!+3 2 
=9�!�
(7�9�' ��  ���R<-���0 =��i�S,
 �-� �� ��<� ��  !�9.  

 �++L'�� i++8�)9 (U� (8Q++� �� ��'�++
 �w�++�4� Z�++�Fr1 � 1/ ys 
��     ��G�
 �% !7�'1/ ys    C�7 �9 5         (+'�G 9!+U K�+A �' 7945/0 

 !�0 ()!'.         I+�� �w��4� Z��U� (8Q� $��% !A�9 1/3    !+A�9  (+)!'
!�0.  

      C�+7 �' �3
 �'5  �+�       �+% (+`�-�9 ��+
       "�+� �8Q+� i+�U 
  ������!��       ()� �47�!� =��R�<n $��% M�)F% "�� �' (8Q� .

     �% ()� �0 D1� �-� C��9    ��I+3� ��' ��A�`     �+� =�+'�      �+' !+��

 (%�2 C��<
  �'�9��     !7�' ��J� �G� =� .     ��I3� ��' ��A�` �����n ���-

   �'�9�� !7�' 9�-� =�'�     C��<+
 CS4Q� K�A �' �S`� � =9�U =��
        i�U �� �i�U $-�I`� TU�' � :!7           ���Q+' #+� �9 �+-��G �+' �+����

!7 !���/ ���
%.   
          �� �4�% 9��` 9�!U� �9 �K�<-���0 d�H�� ��2 �93  �   C��<+
 "��

     �3� D� �� :!7 !7 :!��<�   �+��� �%         C�+7 �9 �0 �� =�6   ��<+� 
  ()� :!7 :9�9 .           :!<� :9��0 ���S� �-� �9 "�� D� �-� �� CA�2 N-�4�

()�.  
  

���'����� �	� ��/  
�j%� ��SS,�              �0 �9 �+% ()� �<5' "�� ��-�� �% !����' �-� �' 

      �� 9/ !2 �-�
h�' �' ]0 sL)            �+
 "�+� =�� �� �S`� ��A�` � !)�
  ' �$5' �-��     �� �4Q��9 "�� #� ���U     6+)
 � 97*

jL   $-�+�� 
 �� :9�9  97.               $+5' �+�-9I� �9 ]0 sL+) �9+' sLQ+� C��!' ��� 

�"�� ���-�� � �)��' N-�4 �� K��;4� �*�45� 9��`� =�� !7�'.  
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y2/y1 = 1.1197Fr1+ 0.7945
R2 = 0.9656
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Present Studyl

Classic Jump(Belanger-1838)

  
 '�(5-��K�  ����� 4��I 4�% 
��� �� Z�" � ��� �L[� �4 ��������� ��� �\[) R?% !��  

 

  
 '�(6-�)�?)   ��( '��D� �B�� ��� �� 
�  

  
 :��!�� �' =���           "�+� #+� �+% !-9�� ~5<� ���R<-���0 =��

�!�      (8Q� �1�2 ����L� �9 ������    M�)F% "�� �'5/36  !+A�9   �
          ��!� �8� �' ���� ��� �9 "�� �' (8Q�14/53    ��<� $��% !A�9 

�� !�9 .     �� �� "�� #� $��% �4�����     �+`��� �+-� K�+A �' ��

9�%:  

)10(  
*

*

j

jj
Lj L

LL
D

�
�  

    ��L'�� �-� �9*
jL        � P�A �4Q' �' "�� #� jL    "�+� #� 

   �� �'� �4Q' �' !7�' .           C��!+' ������!+�� "�+� �9 #+� $��% �-�
 =�'� 93�              T+U�' �+% (+)� =�!��-� =��<�
 $-�I`� � �4Q' �9 ��

��            M�)F% (��2 �' (8Q� ���
% ���Q' #� �9 ��-�3 97) �4Q'
P�A (      !+)�' 9+/ �-��G i�U �'    C�+7 �7 .       "�+� #+� �+H�4� �9

     =[�+�� � :!+7 �4��
%        �+� M��4Q+� =�4��
%��Q+� �9 �0   99�+� .
   C�7 �� �% ��R����8        9��+` 9!+U $-�I+`� �+' (+)� ~5<+� I+�� 

  (8Q� �-� $��%�   (+)� �+&2F� C'�E  .     �9 �+% (+)���� ��!+' �+-�
 $-���0 ����
            (+)� �4`�- $��% P�A �4Q' �' (8Q� "�� #� ��

  =�'� ���0 ��!'     S4Q� ���� �9 *% =��        �+4`�� ���+E ]0 (3 �' ?�
!�7�'. 

  �++L'�� i'�++L�)9 ( ��!++S�1/ yL j �� ��'�++
 Fr1 � 1/ ys 
�� !7�' .      �L'�� �9��0 ()!' =��' ��)� �-� �'       �+-� ��+' �SL�� =�

      :9�9 I����0 � =���0 =��7�� �� ���4�����        (+-��� �9 �% :9�% :9�;4)� ��
!�0 ()!' �-� �L'��:  

)11(  948.1998.9672.6/
1

11 ���
y
sFryL j  

7C� 9          �+L'�� �� :!+7 �8+)�,� �-9�S� )11 (      �-9�+S� �+'��' �9 ��
:��!��          6)4� =�L/ �' �� :�R<-���0 �9 :!7 =���10�   !A�9  ��<+�

�� !�9.  
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 7��B2-�4�4 �� 
4����  ��( �(�4�� ���FDG���E 
��  

Roller typeJump TypeLj(cm)y2(cm)ReFr1y1(cm)Q(L/s)ExperimentalNo
ND B-jump 46 17 64713 43/3 5/3  56 A1 1 
ND B-jump 59 20 77690 12/4 5/3 68 A2 2 
ND B-jump 71 21 81759 34/4 5/3 71 A3 3 
ND B-jump 84 24 91149 83/4 5/3 80 A4 4 
ND B-jump 92 25 99126 26/5 5/3 86 A5 5 
ND B-jump 95 26 104747 55/5 5/3 91 A6 6 
ND B-jump 104 27 111540 91/5  5/3 97 A7 7 
ND B-jump 112 28 117839 25/6 5/3 103 A8 8 
ND B-jump 120  30 126287 7/6 5/3 110 A9 9 
ND B-jump 134  32 137931 31/7 5/3 120 A10 10 
ND B-jump 140 34 149425 92/7 5/3 130 A11 11 
ND B-jump 158 37 160920 53/8 5/3 140 A12 12 
ND B-jump 172 39 172414 14/9 5/3 150 A13 13 
ND B-jump 45  19 80865 01/3 5/4  72 B1 14 
ND B-jump 68 21 92135 43/3 5/4 82 B2 15 
ND B-jump 72 23 103225 84/3 5/4 92 B3 16 
ND B-jump 90 25 116506 34/4 5/4 104 B4 17 
ND B-jump 95 27 125461 67/4 5/4 112 B5 18 
ND B-jump 104 28 135506 04/5 5/4 121 B6 19 
ND B-jump 117 30 147506 49/5 5/4 131 B7 20 
ND B-jump 135 31 157303 85/5 5/4 140 B8 21 
ND B-jump 151 34 166292 19/6 5/4 148 B9 22 
ND B-jump 160 36 174157 48/6 5/4 155 B10 23 
ND B-jump 166 38 185393 90/6 5/4 165 B11 24 
D B-jump 72 24 112099 16/3 5/5 102 C1 25 
D B-jump 99 26 136330 84/3 5/5 124 C2 26 
D B-jump 127 28 153769 33/4 5/5 140 C3 27 
D B-jump 143 30 167912 73/4 5/5 153 C4 28 
D B-jump 160 32 174505 91/4  5/5 159 C5 29 
D B-jump 171 36 186813 26/5 5/5 170 C6 30 
D B-jump 193 39 203297 72/5 5/5 185 C7 31 
D B-jump 209 41 217582 13/6 5/5 198 C8 32 
D B-jump 220 44 236264 65/6 5/5 215 C9 33 
D B-jump 231 47 252747  12/7 5/5 230 C10 34 

=��09�- :Q�'9 ; y1"�� ����� i�U ; Fr19��` 9!U ; Re� 9!U �!��-; y2 .�9I� i�U ; Lj"�� #�  
�4`��� ��)
 ������!�� "�� :ND    ;�4`�- ��)
 ������!�� "��    :D 

  
  
  
  
  
  
  
  
  

 '�(7- ) 6��(� _�%) @ (���4�+ '��D� >���?( 
4�?% � ��I� '�L[� 
��)  ��TI� H�) �� �4�OLW� �� � ���FDG���E !����D� `W�� a�W��
3ds.max(�� ��( '��D� 
��� X ��������� ��� �4 ��  

���� ��
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Lj/y1 = 34.374Ln(Fr1) - 28.976
R2 = 0.9422
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Present Study

 
 '�(9-�� 7�P ���\W��� �G4���  ��������� ��� ���) m( �=��� ��W� �� )11 (����)� �G4��� � ��( 
��+) p(  

 
 �' #�   K�B' "�� !�'2/ yL j     :9�9 ��<� I����   �-� �% 97

     �� ��'�
 Yh��� (8Q�Fr1    �� �4`�� �&� �9   97 .      �+&�� �+' ���-� ��
        ��12 �' �0 �Q-�S� � �4����� �-� �9�9 ��<�     9��!��4+)� $���0 =��

USBR   C�7 10  !-9�� ?�)�
  .         (+)� :!+7 :9�9 ��<� C�7 �-� �9
               Y�+8-�S
 �i+�S,
 �+-� �9 �+���L� 9�� �'� �4Q' �' $���0 ��12 �% 

 ��12 �'�<�USBR-Type �I �� !7�'. 
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Present Study
USBR Stilling Basin-type I
USBR Stilling Basin-type II
USBR Stilling Basin- type III

  
 '�(10-7�P �[G��� ��� �L[� �� J���E �c;�d �4 ��� �c;�d ��  4���)�LW� 
�� USBR ,)*

2y �e�&L� >�WA� ��� �4 S�4T� R?%
�� �� �W�� �F)A� �=��� `W�� �� �(�� �GE(  
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�f�L) 
��+  

    =�'� ��G�
 i�S,
 �-� �9  � =��  �U�B_LS��    �+�O-� �+'    =�+�
   ��� �' ������!�� "��             �+% �(+`�� ���+E �+)��' 9�� ���� =��

�� �-� ��7 �' �0 N-�4� �AF/ !7�':  
      �� �4�% 9��` 9�!U� �93    �3� "�� �Wj   C��<
 !-9�� .  Z�+�U�

:��!��                   "�+� �+' (8Q+� �0 $��+% ��!+S� �+% 9�9 ��<+� :!7 =���
  ()� I�n�� M�)F%|   ��;
 �-� �'         ���Q' #� �9 "�� ����� i�U �% K

        i�U �' M�)F% "�� �' (8Q� =�4��
%y2    !�+)� !+��/  .  #+�
            =�+'� ��!+' �+��� �+�� �+' (8Q� "�� �-� �9 ������!�� "��

  9�!253 !A�9     ��<� $��% 9�9         ��+12 #+� $��% ���- �-� � 

    �0 ��!S� *B� �' $���0       *+% =�+'� ��!' (��2 �9  .    #+� $��+%
  ' k'�� "��           �=�'� *-9� ����� � ��� ��' :!7 C��<
 �S`� �'�9�� �

 �'�9�� ������        =�+'� �-�) ��' :!7 C��<
 =9�U =��    (+)� �+� .
�L'��            ��12 D� �-� �9 ������!�� "�� #� ���5
 =��' I�� =�

!�0 ()!'.   
  

�)�4��g � ��D�  
 ��-I� �� �<5'        � !+) K�+S�S,
 �+4`9 6+)
 i+�S,
 �+-� =��

 ���) :������             ���+)�-!' �+% (+)� :!7 ����
 ��4)�/ Z�' � ]0 ��
�� C��' ���9�!E � ��<
 !-0.  

  
<��&�   

1-\ ���U��)� .. ��<-�'� � .1379 .#���% =�� ������!�� "�� �;�� ��� � ���� m�7 �' =�� . #FS4)� �-�<�2 :110-97.  
2-39I-� P .� �U�;7 ��4QH' d. � ���' d. 1383  .K�B5<� "�� ����!����  �+' =��  =���4Q+'   �+S���� ��!+3� =�  C�+7.  �+�H�  �+��U 

=����<% 27  :122-107 .  
3-v�  \ =9�9.  � ����w�% � .   d ��4QH' �U�;7 � .1387 .                  "�+� �'�+L�^ #+� � .�9I+� Z�+�U� (8Q� �' =�'� D�;
�� ��G�
 ���R<-���0 �)��'

��12 �9 ������!�� $���0 =�� .-� ]0 _'��� (-�-!� }���;�% ���)��� .���-� �I-�8
 :�R<��9. 
4-d ��� ��@0 .D =�'�<�� �,��A � .� .1390 . �� :9�;4)� �' ��� =�� �' ������!�� "�� ���R<-���0 ����L�PIV .�-�<� �)!���  ���+�U � 

�<S� =��9�' - :!�<��9 ���` :��9 45 �  :���71 :87-97.  
5-� ���9�� _-!'.\ ���U��)� � .d �'�	� �;	` � .����A �d  .1390 .K�B5<� "�� ������!�� �9 ��12 $���0 =�� #���% =�� =���'0 �' 

�4Q' .� ��9 . \�/ � ]0 �-�<�)=����<% _-��A � d�U (25 :687-676.   
6-  d ��4QH' �U�;7 .  \ �Q�� � .1387 .       #���% �9 ������!�� "�� #� �' =�'� C�7 ��G�
 ���L4Q� =�� . :��9 �M����!�� ��H�3.  :���+73: 

40-29.  
7-� �y)�8U.D ���9 :9�� ��Q2 �.9 :9�� =9�)�` � .D ��-!���!A � .1388 .��G�
 �4Q' .� ��9 �)��) �'   ������!+�� "�+� K��AB/ .  �+�H�

 \�/ � ]0 $��919:26-13.  
8-����w�%  � :9�� .d ��4QH' �U�;7 � .1387 . �9 ������!+�� "�� K�B5<� �' =�'� $-��0 ��G�
 ���R<-���0 �)��' ��+12    $+���0 =�+� .

���-� ]0 _'��� (-�-!� }���;�% ���) .���-� �I-�8
 :�R<��9.  
9-��U!�O�D .����U��)� \ .�=9��` . . ����� � . �2011.    ��!+�� "�+� K�B+5<� �' �j�j� �n��y�- =�� =�'� ��G�
����.   �-�<+�  � =��+�'0

���-� �<���  !�3 �5 :234-241.   
10- Abbaspour A., Hosseinzadeh Dalir A., Farsadizadeh D. and Sadraddini A. A. 2009. Effect of sinusoidal corrugated 

bed on hydraulic jump characteristics. Journal of Hydro-Environment Research 3(2):109-117. 
11- Alhamid A. A. 1994 . Effective roughness on horizontal rectangular stilling basins. Transaction on Ecology and the 

Environment, Vol. 8:39-46. 
12- Bradley J. N. and Peterka A. J. 1957a. The hydraulic design of stilling basins: hydraulic jumps on horizontal apron 

(Basin I). Proc. ASCE, J. Hydraulic Division 83(HY5), Paper No. 1401: 1-24. 
13- Carolo F.G., Ferro V. and Pam Palone V. 2007. Hydraulic jumps on rough beds. J. of Hydraulic Engineering ASCE 

133(9): 989-999. DOI: 10.1061/(ASCE) 0733-9429 (2007) 133: 9(989). 
14- Ead S. A., and Rajaratnam N. 2002. Hydraulic jumps on corrugated beds. Journal of hydraulic Engineering ASCE 

128(7): 656-663. DOI: 10.1061/(ASCE) 0733-9429 (2002) 128:7 (656). 
15- Forster J. W., and Skrinde R. A. 1950. Control of the Hydraulic Jump by Sills. Transactions ASCE, 

115(2415):988-991. 
16- Gill M. A. 1980. Effect of boundary roughness on hydraulic jump. Water Power and Dam construction: 22-24. 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID


��� ��� ����� �� �� ��������� ��� !��"�#$ �%�&#� 
��...     1245  

17- Gohari A., and Farhoudi J. 2009. The characteristics of hydraulic jump on rough bed stilling basins. 33rdIAHR 
Congress. Water Engineering for a Sustainable Environment, Vancouver, British Columbia:1-9. 

18- Hager W. H., and Kawagoshi N. 1990. Hydraulic jump at rounded drop. Journal of the Hydraulics Division: 443-
470 .American Society of Civil Engineers. 

19- Hager W. H., and Bremen R. 1989. Classical hydraulic jump: sequent depths ratio. Journal of Hydraulic Research 
IAHR 27(5): 566-570. 

20- Hager W. H., and Bretz N. V. 1987. Hydraulic jumps at positive and negative steps. Journal of Hydraulic 
Reasearch 24(4). 

21- Hsu E. Y. 1950. Discussion of "control of the hydraulic jump by sills," by John W. Forster and Raymond A. 
Skrinde, Transactions, ASCE , Vol. 115, No. 2415: 988-991. 

22- Hughes W. C., and Flack J. E. 1984. Hydraulic jump properties over a rough bed. Journal of Hydraulic Engineering 
ASCE 110(12): 1755-1771. 

23- Moore W. L., and Morgan.C.W. 1852. Hydraulic jump at an abrupt drop. Journal of the Hydraulics Division, 
American Society of Civil Engineers. 

24- Mohamed Ali H. S. 1991. Effect of roughened-bed stilling basin on length of rectangular hydraulic jump. Journal 
of Hydraulic Engineering ASCE 117(1): 83-93. 

25- Nasr Esfahani M.J and Shafai Bajestan M. 2012. Dynamic force measurement of roughened bed B-jump at an 
abrupt drop, Archives Des Science Journal, Vol. 65, n.  

26- Pagliara S., Lotti I., and Palermo M. 2008. Hydraulic jump on rough bed of stream rehabilitation structure. Journal 
of Hydro-Environment Research: 29-38. 

27- Peterka A. J. 1958. Hydraulic design of stilling basins and energy dissipators. Engineering Monograph 25. US 
Bureau of Reclamation: Denver, Col. 

28- Rajaratnam N. 1968. Hydraulic jump on rough bed. Transactions of the Engineering Institute of Canada, 11(A-2): 
1-8. 

29- Sharp J. 1974. Observation on hydraulic jumps at rounded step. Journal of the Hydraulics Division 100( HY6). 
30- Tokyay N. D. 2005. Effect of Channel Bed Corrugations on Hydraulic Jumps. Impacts of Global Climate Change 

Conference, EWRI, 15-19 May, Anchorage, Alaska, USA. 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

1246      ����� ��� ���	 
 ��26����� � 5  ���� - � 1391  

Hydraulic Jump Characteristics at an Abrupt Drop under Influence of Artificial 
Roughness 

M. J. Nasr Esfahani 1*- M. Shafai Bajestan2

Received:02-25-2012   
Accepted 05-24-2012 

 
Abstract

Abrupt drop is a sudden lowering of the channel bed which is done for reduction of hydraulic jump length 
and to ensure that the jump will not be shifted outside the basin for various flow conditions. This type of basin is 
used in irrigation and drainage networks as an effective measure for dissipation of kinetic energy. Since the 
roughened bed of basin also can reduce the stilling basin length, the use of both abrupt drop on bed and 
roughness can reduce the jump length even more. Therefore it is the main goal of this study to conduct 
experimental tests on a large scale model to see how the roughness can affect on jump characteristics. To reach 
such goal tests conducted on a flume of 80cm wide, 15m long and 60cm high. The flow discharge ranged from 
56lit/sec to 230l/sec providing Froude number in the range of 2.5 to 9.0. The results of this study show that the 
jump length reduces to about 36% of classical jump length. In comparison with jump in smooth bed of abrupt 
drop, the amount of reduction reaches as high as 53%. The observation al results show that the location in which 
the jump starts, is almost constant in all tests and the sequent depth ratios have almost the same value as in 
classical jump. 
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