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	� ��   
+&!�  :"�*;  ����t(cm)s(cm)y1(cm)s/tFr1y (cm)y *(cm)Lr(cm)Lj(cm)Lj

*(cm)
1A7t2s12118/15/066/1390/1821/224585133
2B7t2s42418/1270/1387/1729/224680134
3C4t3s1.535/118/15/009/1012/1426/16406398
4 D1t3s63618/1216/554/705/8142648
5 E3t4s24218/15/009/978/1260/14355888
6F5t4s84818/1287/1134/1624/192862115
7G7t2s12155/15/090/1103/2233/255897152
8H2t2s22255/1101/546/924/10254461
9 I4t2s82355/15/104/703/1368/14345788
10J1t2s42455/1215/482/735/8133034
11K3t3s1.535/155/15/001/654/1143/12264675
12L6t3s33355/1192/934/1799/204082126
13M5t3s435/455/15/113/91626/193570116
14N1t3s63655/1298/360/799/7132632
15 O7t4s24255/15/008/1264/2071/255295154
16P7t4s44455/1104/1210/2063/254892154
17Q3t4s64655/15/110/849/1499/163053102
18R7t4s84855/1291/1193/1933/253875152

  

� ��3–��B	�� �� 
� �! C; DE7 �<�����	���� ��� �� F&�*; ���� 
��� ��* ���� 
	��
  

��� �
��� ���  
          �1� �� ��� �*8� ��� �� ������!�� 0�� "	���� `(>   1� 3��1-"-

�(� V	�K- �	� A��Y:�
)2(             ),,,,,,( 1112 stgvyfy ���  

    3$ � "�s  ���� "WY�P   ���t   ��1�� X�6-��  �1� �     ]�-�(:�1� J12G� 
  �9����    �j��*� ���?D g   � +5� 
�*% 1y   �1v "�    `1(> g�-�-

   f�P 3�	�2 J>�� �   ���� ����O�!:*8� .  "1� ��     "��1I ���H��1�� 
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   �� 3�	�2 3�� &_<*�       ̂ �Y J2G� � �!��:	� !> ���y- �� 3��- 1Z� �
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"11\����b811� e�G11� `11(>  )( 12 yy �11� 1Fr 4�11(- ���11� 
�	���$��   +�% � 4�!% �� 3�,�   J1��     "1� J1�� )1	� �?��1�� � 

         �Y �*8� "� Jb8� ��� �*8� � �b8� e�G� `(>^�    !1> �	�G1P� �� 
  � J�|�� ��P"  "Z�<� +��I ��_    �1� ���1� �� !1��	 .   )�1� "1\��� 

12 yy � 1Fr   �  ��� �*8��  +�% `��\�  4     3����H� �� ��6*�� �� 
 !% ����� �\/ "\��� �5 )��b- g	�� �� 988/0� "!�$ J�.  

)5(               
709.0081.1 1

1

2 �� Fr
y
y

  
            �1�� �*81� � "1	���� `1(> ^<*/� 3�G�� �	�(� ����� 	2y  � 

 ]�11111�<� 0�11111�)( *
2y�   `11111(> ���11111� �*����11111� 

))(( *
22

*
2 yyyD ��  �!% V	�K-  J�� .A����d-D    �1� 1Fr 

   +�% �5  �� 3�,�        �3�	�2 ��P !> �	�GP� �� "� !�D   �	�G1P�
��    �	�GP� �� �%�� "� !��	*

2y "� Jb8� 1y�� !%�� . �v��!� �	�5�
�*����� )�?���� �D g�-�- "� 22/0 � 13/0�� !%��.  

����� ��� 
 ���
!"�# $�� ���  
   +�% �6  9�_ A����d-  ��   !K� ������!�� 0�� )( 1yL j �  �

1Fr�      ���� VW*C� +Y��P � X�6-�� ����    J1�� �!1% �� 3�,� �� � 
  J�� 3$ �?����     ���� "WY�P �	�GP� �� "� ���    9�1_  0�1�     ��!15� "1� 

  �� ���� �G�D��!��	 .  ���� X�6-�� �	�GP�     9�_ ���� l>�� G�� ��
0���� �H . �!� � ���� )	� �v��!�25�� !Y� !%��.  

�%  +7 A����d-      ������!1�� 0�� �b8� 9�_ )( *
2yL j �   � �

    f�P 3�	�2 ��P �!>� +��5�����O�    �	���$ "�W� ���� ����  �1�  �1� 
    �� � ��� �*8� ���    �� +Y�� ���USBR  �� 3�,�  !1� . 3�1(�-
   �� "Z�<� "� ��_�%�   �	�5� *

2yL j     8� ���P �!>� ���d- ��  �*b
J����� +� ���� �  �!� � ��5/3�� !%��.  

  

  
 ���4– =����G4 �H�' I	!J� K�L !�L �!	�B  �� ���� �! ��* 
����� 	 F&�*; ���� 
����  
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 ���6–�� ,"O =����G4  �<���� !	�B !�L� �� ���� �!	 ��* 
����� ���� 
��� F&�*; �  

  

  
 ���7– �H�' ,"O =����G4 ��� !	�B !�L �
����� 	 �� ���� �! ���� 
��� ��* F&�*; �  

  
    9�_ ���� !Y� ������!�� 0�� ��      �1� !1���-T    �� 3�,1� 

 �%) ������-12.(  

)6(                 
100*

*
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�
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jj

L
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T
  

"�  3$ �  jL   9�_ 0��     �1�� �*8� ��� ��  � *
jL    9�1_  1%��  "1� �

        �� f�6-� ��P !> 3�(� �� ^�Y �*8� ���  !*P�)       "1�:	� "1� "12�- ��
��   �	���$ �� +Y�� ������             �1� ^�1Y �*81� ��� �1� �!1% 4�U�� 
��  ���USBR k�*b8�   �� `b\:�       j��- �!% "'��� A|�K� �� !%��

USBR  � ���� "    9�_ 3��$ J�0��      ��6*�� ^�Y �*8� ��� �� 
!% (��!%��.  

  A����d-T ��1Fr   �	���$ "�W� ���� ��   +�1% �  8    �� 3�,1�
 J�� �!% .   �� 3�,� +�% )	�   9�_ !�0��     ��1�� 3� ���I ��   �1�
9���� ��  ��19 �- 60!Y� �� ���� !��	.  

   +�% �9  9�_ "\���  �b8�     0�� 
�\Wa )( 1yLr   ���� "1� 

1Fr   �!% �� 3�,�  J�� .           X�16-�� �	�G1P� �1� 
�1\Wa �b81� 9�_
����  �� ���� ��!��	 .        ��1�� )�1� "WY�P �	�GP� �J��� X�6-�� �  �1�

     �� 0�� 9�_ ���� l>�� G��           ���1� )1	� �v��!1� "1� �1H37 
J�� !Y�.  

  
 ��� %	&'(��&  

 ���11�� J11P�)( LE J11P� � ���11�� �b811�)( LR 0�11� � 
"� ������!��"� g�-�-�� V	�K- �	� A��Y!��%:  

)7(             
1E
ER L

L �         �       21 EEEL ��  

  3$ � "�1E   � 2E � "       �!*�� � 3�	�2 .�BC� ����� X�6-�� g�-�-
�� ������!�� 0�� ��=*�� �!:%��.

  
  
  

Lj/y2
*= 5/3
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 ���8– ,"O F�� ���! =����G4 ��� !	�B !�L ���� �!   

  

  
 ���9– CE�S ��ET� �H�' ,"O =����G4 �! !	�B !�L �* 
����� ������ 
��� F&�*; �  

  
   +�% �10     J1P� A����d-    ���1�� �b81�)LR(     +1��5� � 1Fr 

&�� �!%  J�� .              �	�15� "1� J1�� �C,1� +�1% )1	� ��LR  � 
            �	�GP� �� ^<*/� )	� � J�� ^�Y ����*8� �� �*H�G� ��� ����*8�

1Fr  �  �� �*,�� ��!���% .        �!1� � ��� �*8� � ����� JP� �v��!� 

84  �� !Y�   !%��      +�% "� "2�- �� "�10�  ��!5� )	�      �*81� "� Jb8� 
   �v��!� ^�Y9   J�� �*,�� !Y�  .    ���� X�6-�� � "WY�P ���d-    �1�� �1�

��!� ����� ^<-� 3�G�� � ���!:D.

 ���10– =����G4 VB� 
��'� �H�' ����	���� ��� !	�B !�L ������ ���� �!   
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 ���11–� +� ���� FT4 (&�W =����G4 !	�B !�L   

  
 �)�* +�* ,-.  

               ��� �1� ������!1�� 0�1� � "1	���� `1(> ���� �WY� +��
�*8�     �*8� �� "8	�5� � ��� ��� ̂ �Y ����       "P�1�� �1%�� �:- �2� 
J�� .H�  ��F         &� �5P� [\� ��� �� �*8� �%�� ������� i(2   ���1-

  ���� e�- ��    �� &*:��� "��K� �� ��6*�� �� �!%�� 0�� 9�_ � �� 3��-
�� 3���:  

)8(    )()( 2121 MMPPF �����  
  "�P   � M �15� �	    �	!1�� � &*:��1� � ��,1P  ��1�1 � 2 "1�   g1�-�-
�,��� 0�� �� !K� � +bI i_�5� �?�!:%��.  

 4�11:-���2��)10 ( �*811� �11%�� �:11- g	�11� �11/ A�115�5O- �
))2//(( 2

1yF ��� �   �� V	�K- �� .  "� ��     "1\��� ���H��1�  "1'���
    4�:-���2�� j��- �!% �� � � ���"   �	���$ �� �!�$ J� ��1�   4�1U�� 

        �*81� �%�� �:- g	�� A����d- ��!%)(�    �1� 1Fr     +�1% � 11 
  J�� �!% &��.    )�� "\����   � 1Fr  �� ��  � 3��-"    "1��K� A��Y9 

�(� ��$��:  
)9(            050.6613.4904.0 1

2
1 ��� FrFr�  

  4�:-���2��)11 (  ��!5��     ^�Y �*8� � )   9���� u�> !��� � ( ��
�"   � � J�|�� ��P !> �� �K��- A��Y" 1� �	� A��Y" ���$ J1�-

J��:  
)10(               18.016.0 1

2
1 ��� FrFr�  

    "\��� "8	�5� ��9   � 10 ��       ��!15� "� JP�	� 3��-�    0�1� � 
      "5���F ���� �� �	���*8� ��� �� ������!�� &'�I ���   )��2/3   �- 6/9 

�����     J�� ^�Y �*8� �� �*,��  .         X�16-�� � "W1Y�P �	�G1P� �� )�:#(�
����      �� �	�GP� G�� �%�� �:- 3�G�� ��       �	�G1P� �� !��� )	� "� !��	

�� A!% ��P !>!��	.  
  

�A��'
��X  
          �1� ������!1�� 0�1� A��Y�B/ ��� � ���?,	���$ A�K��\�

  ���12    ��� V�  ���� �� ���� ��� "5���F � &'�I ��     +Y��P � X�6-�� �� 
VW*C�  � "� "         !1��� "1*P�H ���I 3�	�2 J=2 �� �(> A��Y�   4�1U�� 

!%.   
�+�P��� �� ���      ���� �� 
$ [\� !K� �	�1��$ "�W� �1� �1�   3��1-

� 3�,� )�?���� �:O:� ]	 j��-.
�     �b8� e�G� `(> �	�5�0��     �1�� }�\� ��� �� )( 12 yy 

  Jb8�            !��� )	� ��P !> �	�GP� �� � ��� �*(� ^�Y }�\� "�
 �� A!%!��	 .       ��1�� X�16-�� � "W1Y�P ���d-        �1� ���!1:D �1�� �1�

12 yy ��!�.
�   ���� ��!>�   ��P 9/3   �- 7/13�    �*����� )�?���� � �v��!�   ���� 

`(> D"�  g�-�-22/0 � 13/0�� ��!%.
�  �	�GP�   � X�6-��WY�P" )��  ����      9�1_ ���1� l>�� ��   �b81� 

0�11� )( *
2yL j �v��!11� �11- 25!11Y� �11� �11H.�	�115�  

*
2yL j     k�*b8� ��P �!>� ���d- ��    J��� �     �!1� � 5/3  �1�-

!%��.
�    9�_ ���� !Y�0��          ^�1Y �*8� "� Jb8� ��� �*8� ��� �� 

(T)� )�� 19 �- 60!Y� �� ���d- �!:.
�        ��1�� )�1� "WY�P � X�6-�� �	�GP� �� �1��       
�1\Wa 9�1_ ��!15� 
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  ���� 
�\Wa 9�_          �� !��� )	� ��P !> �	�GP� � J�� �*,�� 
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������!� ����� ^<-� 3�G�� � ���!:D ��� ��.
�   V� �%�� �:- g	���   ��� }�\� ����    )�� 2/3    �1- 6/9  �1����  

   �� �*H�G��*8�  J�� ^�Y  .     ���� )�� "WY�P � X�6-�� �	�GP� �1�� 
�� �	�GP� �� V� �%�� �:-!�.

�  �� �	�5� �	�GP�       ��1�� X�16-�� "� "WY�P Jb8� !K�   �1�)( ts 
        9�_ � "	���� `(> G�D�� ���� l>��0��     �	�GP� � 
�\Wa � 

   �� V� �%�� �:-�H .    �15� )�� �� )	����:�  �	ts   �1���� 
       ��!15� �`�5O- )	� � �!%2�ts  1� "      "1:�=� Jb81� 3��1:>

  ���� �K�� ����               � �� J1bv� �1�� )	�*,1�� "1� !1% 
�1C*�� ��
 A��Y�B/������!�� 0���� ��� !%��.
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Abstract
Stilling basins with different layout of rough and appurtenances are commonly used to reduce the excessive 

energy of exiting flow downstream of hydraulic structures through the phenomenon of hydraulic jump. This 
paper deals with an experimental investigation on the effect of vertical trapezoidal cross bars on the 
characteristics of hydraulic jump. total of 126 runs are conducted where the Froude number of incoming flow to 
the basin ranged from 3.9 to 13.7.Three different heights (t) were selected for the rough elements with four 
different longitudinal spacing(s).The results showed that the non dimensional profile of the jump could be 
defined with a unique equation. It was also revealed that the sequent depth, length of hydraulic jump and roller 
length are reduced while the energy loss is increased, comparing with classic jump. These effects are intensified 
as the Froude number of incoming flow, the height and spacing of the rough bars increased. It is found the bed 
shear stress is 3.2-9.6 times bigger than that on smooth bed. The investigation resulted in some empirical 
relations to define the sequent depth, energy loss and bed shear stress for different flow conditions on used rough 
beds.

Keywords: Hydraulic jump, Rough bed, Sequent depth, Jump length, Energy loss
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