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Forced Hydraulic Jump by One and Two Continuous Sills in a 
Horizontal Stilling Basin.
M. k. Beirami and M. Ilaghi Hoseiny

Department of Civil Engineering, Isfahan University of Technology

Abstract: Forced hydraulic jump in a horizontal stilling basin with one and two continuous sills at the downstream end of an 
ogee standard weir was investigated. Experiments were completed on sills of five different heights which were fixed at two 
different distances from the toe of the weir. The main characteristics of the jump such as the sequent depth ratio, relative roller 
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length, and relative energy loss were analysed. Based on the momentum equation and using an experimental coefficient, a 
method was adopted to predict the sequent depth ratio. Using the results of the experiments, an analytical expression was 
developed for the prediction of the relative roller length. These methods agree well with the writers,,,, and other investigators,,,,
experiments. The results of experiments on one and two prolonged sills showed that by increasing the height of the sill or 
shortering the distance of the sill from the toe of the weir, the reduction of the sequent depth and also the roller length obtains, 
but the energy loss increases.

Keywords: Hydraulic jump, Sequent depth, Roller length, Energy loss, Stilling basin and Forced jump
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mmLs 350

1
=

 @�A_V6 ����� �� O��� �� ���� ��2 W&��� c���7 �J&0  F X����YD )mmR[1s =(

 @�A_Z6����� �� =� #J�"�D O��� �� )���Q @�4/D #.0.5  mm_[1s =�  mmR[2s =) L / sec`R/\;Q =(
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0.63

0.65

0.67

0.69

0.71

0.73

0.75

0.77

0.79

0.81

0.83

6 7 8 9 10 11 12
F1

?
E/
E 1

s1=2.5 mm, Ls1=350 mm, s1/Ls1=0.007
s1=5 mm, s1/Ls1=0.014
s1=10 mm, s1/Ls1=0.028
s1=20 mm, s1/Ls1=0.057
s1=30 mm, s1/ Ls1=0.085
s1=2.5mm, Ls1=650 mm, s1/Ls1=0.0038
s1=5 mm, s1/Ls1=0.0076
s1=10 mm, s1/Ls1=0.015
s1=20 mm, s1/Ls1=0.03
s1=30 mm, s1/Ls1=0.047
USBR

 @�A_\6 ����� �� O��� �� ���� ��2 ����� �� L8�0� �J&0 O�� X����YD 

  ��QB6�� �� 98�0� O�� ���C�� �,�� $��C"�� k�3(N ��� 
� OJ&0 ����� �� O�

1s (mm) 1sL =.�� mm

���/�(
11 ss / L≤ ≤)�&�/�

1sL = -�� mm

�.&/�(
11 ss / L≤ ≤ )��-/�

�/


�

��


�

.�







.

�

-







�




.

       2�b�9�TM	 �V ���! ) 	��! Q	��$�/
  ��  ���  �
�   � .�   �b��7�7! 

$�!      "b�	 �b�#�= 	�R k��!P>  .  $ ��b4��!P>      $ @�b��� )bV$ 

  Q$��W!./��   �M -
         Q$��bW! $ $��# $�9 � �7*�: $ ��7  �  �bM 

�
  "�	$ 	�R  .             t�b�	 �bV 5�b6 �b306 �bM ��	 Q	�b�$ ��bI�#

 JR	�bbE @	�bbq�$ n�bb7V�3M.���bb� �bb�#�= �bbz* $ �bb��7�7!  .

��4��!P>        5�6 �306 P	 Q	��$ ��I�# 2	�V V    �bV �V	�-��  �b��7�7! 

 �� 	�HM .   Q	�b�$ ��bI�#      �q��bH� P	 �bN.��    �bz* $ �b��7�7! 

 �� ��#�= .              ��bO �5�b6 �b��*�: 8b�9 �bV ��bV�! ��I�E {���*

"�	 ��P 	�R �V 5�6 $ ^?,* 2A�*	 "#	 � <	$�=:

j6B6����� k� O���

(        	�R ��I�# kN�1 � Q	��$ S�TM	 k�	K#	 �V     �306 P	 @> 2�7=

  �: 8�9 5�6  )! kN�1 ���*�V�� .        P	 ]�7b,V \b��M �b37�* _�	

��W!�"�	 Q�� �y		 f�?R K7* @.
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��x ��� ������	
� ���� �� � ���	 ���������.&�

0.63

0.65

0.67

0.69

0.71

0.73

0.75

0.77

0.79

0.81

6 7 8 9 10 11 12
F1

∆
E/
E 1

s2=2.5 mm, s2/Ls2=0.0038

s2=5 mm, s2/Ls2=0.0076

s2=10 mm, s2/Ls2=0.015

s2=20 mm, s2/Ls2=0.03

s2=30 mm, s2/Ls2=0.046

s1=2.5 mm, s1/Ls1=0.007(One Sill Only)

USBR

mmLs 350
1
=

mms 5.21 =

 @�A_]6 ���� ��2 W&��� L8�0� �J&0 O�� ) mmZ/_1s = (����� �� O��� ��

  ��Q<60 ����� �� O��� �� L8�0� O�� ���C�� �,�� $��C"�� ��3(" #4������� ��� 
� OJ&

mm.�2s =

)��-/�
22 ss / L =(

mm
�2s =

)�./�
22 ss / L =(

mm��2s =

)���/�
22 ss / L =(

mm�2s =

)���/�
22 ss / L =(

mm�/
2s =

)��.&/�
22 ss / L =(

1s (mm)

�/��/��..�/


./��/.�/...�

�
/.�/...��

�....
�

-�/����/�.�

(      ^?,* S�TM	 �V Q	��$ |�s/|≤
1s1 L/s     	 ^b��,W! �77cM �

                   5�b6 �bV "?b,* ]A�b*	 "b#	 � �b��*�: ^?b,* 8b�9 @	K7! $

  ̂ �* $�3�	 p7��m�01 .  "WM    K7* 5�6 <	$�= ��O \�	�� _�	

                 � "b�	 �bV	�V Q	�b�$ @��bV "b �E $ <	$�b= ��O �V f�?���M

     ^WC� S�* P	 <	$�="�	 .         �Q	�b�$ ^?b,* S�bTM	 k�	Kb#	 �V

    #	 ���#�� kN�m ���*�: 8�9   ̂ ! k�	K#	 ]A�*	 "    � �bV�� �b0W*	2

        ̂ b! ���b� Q	��$ ]� P	 @���� ��CF   bV $�b�  � 2�bO  �bm

��V	$�=�  _7��6 $ )   Q	��$ "�$ n�I �V��V	$�=   $�3�	 �m ]

^!$�� .V  �   )b! �bz*    Q$��bW! $ �b1 �b���-/�
11 ss / L ≤ �

             �b��*�: 8b�9 � Q$�b?* $�b�P �7,V k!	> �ij�E $ 5�4��	
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0.63

0.68

0.73

0.78

0.83

6 7 8 9 10 11 12
F1

∆
E/
E 1

s2=2.5 mm, s2/Ls2=0.0038

s2=5 mm, s2/Ls2=0.0076

s2=10 mm, s2/Ls2=0.015

s2=20 mm, s2/Ls2=0.03

s2=30 mm, s2/Ls2=0.047

s1=5 mm, s1/Ls1=0.014(One Sill Only)

USBR

mms 51 =
mmLS 3501 =

 @�A_`6 ���� ��2 W&� �� L8�0� �J&0 O�� ) mmZ=1s (����� �� O��� ��

0.63

0.68

0.73

0.78

0.83

6 7 8 9 10 11 12
F1

∆
E/
E 1

s2=2.5 mm, s2/Ls2=0.0038
s2=5 mm, s2/Ls2=0.0076
s2=10 mm, s2/Ls2=0.015
s2=20 mm, s2/Ls2=0.03

s2=30 mm, s2/Ls2=0.046
s1=10 mm, s1/Ls1=0.028(One Sill Only)
USBR

mms 101 =
mmLs 350

1
=

 @�A_a6 ���� ��2 W&��� L8�0� �J&0 O�� ) mm;[1s = (����� �� O��� ��
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0.63

0.68

0.73

0.78

0.83

6 7 8 9 10 11 12
F1

∆
E/
E 1

s2=2.5 mm, s2/Ls2=0.0038

s2=5 mm, s2/Ls2=0.0076

s2=10 mm, s2/Ls2=0.015

s2=20 mm, s2/Ls2=0.03

s2=30 mm, s2/Ls2=0.047

s1=20 mm, s1/Ls1=0.057(One Sill Only)

USBR

mms 201 =
mmLs 350

1
=

 @�AR[6 ���� ��2 W&��� L8�0� �J&0 O�� ) mm_[1s = (����� �� O��� ��

0.63

0.68

0.73

0.78

0.83

6 7 8 9 10 11 12
F1

∆
E/
E 1

s2=2.5 mm, s2/Ls2=0.0038

s2=5 mm, s2/Ls2=0.0076

s2=10 mm, s2/Ls2=0.015

s2=20 mm, s2/Ls2=0.03

s2=30 mm, s2/Ls2=0.047

s1=30 mm, s1/Ls1=0.085(One Sill Only)

USBR

mmLs 350
1
=
mms 301 =

 @�AR;6 ���� ��2 W&��� L8�0� �J&0 O��) mmR[1s = (����� �� O��� ��
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 ��� ������	
� ���� �� � ���	 ���������.&����

     K#	 2A�*	 "#	 � ��#�� kN�1 )! k�	      �bV k!	> �ij�E � �V��

 )E	�O JV�R v��0! ��O"�	.

(    Q$��W! $ ��1F >     ��I�# $ � �.&/�
11 ss / L ≥   Q	�b�$ �

        )! 	�R ;7��1 5�6 <	$�= ��O Q$��W! P	 L�F   �b1 $�7=

               <	$�b= ��bO � 2A�b*	 "#	 �5�6 ���*�: 8�9 �77cM $ @> �:	

6 ���V 5�n�I �V$�7= 	�R 87�WM $�! �*�=	�� .

(            P	 5�6 ���*�: 8�9 �Q�� �y		 5� �V ���M �V  �b $�X! 2�bN

)� (  �)- (     P	 5�6 <	$�= ��O� $�X!2�N) & (  ) 	)�� (  "#	 �

 P	 2A�*	� $�X!) �� ("�$ �V)! ��>.

j6<6����� �� O���

(  ��	 Q	�bb�$ P	 �bXV [�$ Q	�bb�$ 2�b7=	�R   )C�	�bb� $ �b�0M 

)!             "b �E �V "?,* 2A�*	 "#	 k�	K#	 � ���*�: 8�9 kN�1 $ �*	�M

���V ��	 Q	��$ P	 �M�0�V [�$ Q	��$ �1 ���V �:�! Q	��$ ;�.

(          ^?b,* S�bTM	 �V ��	 Q	��$ ]	�V ���/�<
1s1 L/s    Q	�b�$ � 

     ^?,* S�TM	 �V [�$���/�<
2s2 L/s  �     P	 5�b6 <	$�b= ��O

    ^WC� <	$�= S�*"�	      5�b6 �bV "?,* 5�6 <	$�= ��O � 

^! kN�m p7��m�V��.

(          )?b,* S�bTM	 �bV Q	��$ 2�7=	�R ���/�
22 ss / L ≥  P	 �bXV 

     )?,* S�TM	 �V Q	��$���/�≤
1s1 L/s        8b�9 kN�b1 �b9 �V �

)! ���*�:	K#	 	 <	$�= ��O ) � $��)! k��N$.

(  ��	 Q	��$ )?,* S�TM	 �=	 �
&/�≥
2s2 L/s   S�bTM	 ��b��V 

$	�* <	$�= ��O � ���*�: 8�9 �V )*	�0r �:	 [�$ Q	��$.

(bbV  �	P	2���/�
11 ss / L ≥ � �
&/�≥

2s2 L/s <> �Cbb� �

 "�	 2���� 5�4��	 2		$ k!	> �ij�E $  "b�	 ���V �1 

�TM	 _�	 P	9* Q$�T��	 )E	�O 2	�V Q	��$ )?,* 2���4$.

(        P	 ���*�: )?,* 8�9 �?��W! 2	�V � $�X!2�N) � (  �)�(  ��O �

    P	 5�6 <	$�=� $�X!2�N) �
 (  �)�. (     P	 2A�*	 "#	 �� $�X!

)�� ()! Q$�T��	$��.

     �1 @$�V $��W! �V ���M �V   � )N�q4��!P> 2�N`�aF �V

       "�	 [Pg $��# $�9 @$�V $��W! ��b4��!P>       $��b# $	�b9	 �bV )�

            ��bI�# $ Q	�b�$ 2�b7=	�R $�! $ � $�� [�3*	 ��07��6  2�bN

$�7= n�I 2��47V n��7�WM 5�6 �306 �V "?,* ���1.


��0 �8��

1. sill
2. baffle block
3. continuous sill

4. dentaited sill
5. drag coefficent

qQ���
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