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j�8��L	 "� f9��	 I�<C � o9mh � "���� j�C�CD+ � � �H�

������� [1] � �H�� � �9��)  [2]'��. �H�� � �9p��)� [3]  

�����)�	�^ "8��L	 �� I�<C � j9% � ���� "W��  5)� "� "�(�)

"� !'�`�� ��( �� � �� 
)�N(� �� "&R  E�� @�+�+ �<

�	 
)�N(� ��)�; �<R  I�<C � � ��)�;8��L	 _)��  .���) "

����)�	�^�  �9	 � ���n�� [4]   I�<C � �� ����� S� �& ���

 I�<C � TD	 �H�%��� '<R  �� �� @)�G "& � ���  ��+9&

�	 ��?�+.�)23 J �d � ��; [5]   O6���� � ��������� 1�3

 �� �Q�L�R	 T)�	 j9% l) � �� �>� � �� �W)��+ I�<C �

 !��( �� 
)�N(� �� "& � ���  _)��  .� � ���Y ����� �9	

I�<C � � �)��� �	��+ � �<R  �>� � O6����� � 
)�N(� �� �

 
��& ��������� 1�3 �<R  S9B S� �& M& @�% 
)�N(�

�	.���) ������� � �Y�e [6]  ��?�+ �����)�	�^ ����� ��

���9) � ���� "W��  5)� "� ��H�� T)�<+ � ��9B q��� "� !"& S

 '��?)���9 �<+)!T ��D �� )���9��  � '��� 
��& r���

>� � O6���� s�  
��&� � 1�3 ��������� 	�9%. 

 ������� � ���t� � [7] j�m��	 �����)�	�^ "8��L	 ��
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 "& � ����>� � F6+�� � J�+ �H�%�C	 �)"R  ���)��H�� 

 Z�9�	 �9B "�74/8 �e� 
��& �	���). ������� � ���t� � 

[8] ��� ����� �� J�+�H�%  ��H� !� �; ���(�)�� 3��u 

90 J�+ �97A V�� � �97A �� ";��H�% 3 TD	 ��u 

���h��3��  .)_ J�+ �� ��t��� "& � ��� �H�% 	 �3 TD�u 

90 �N(� r��� ";�)
 ( '(���� � �)5 A� �" .'�� "8��L	 
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.'�� ��^ ��������� 1�3 ������� � ���t� �  [10]   ��?�+
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  .� � ���Y ����� �9	 ��������� 1�3 j�m��	_)�� 

"cG9A "& � ��� ���  ��� ��R� �� � ��H�  ���H�� 
	��^

'<R  �	��+ � g�N	 E�� !�H�%��� ��� "R)�C	 � �� 1�3

"� F�e ��R� �� ���H�� �� �9B  Z�9�	12  �+16  
��& �e�

�	��.  

@p�  ������� � ���[11] @�% ����� ��5�% N�W	 4p�Y ���

 � ���� "W��  5)� "� �W)��+ �)��H�� �� 4p�Y l<�	 "Dte "�

 "&��H�� � l<�	 j�Dte �� ��t����) )���9N(� r��� ���)
 

>� � O6����� �3 E�� � ����� E�� 
��& ��)5  '�

	�9% . � l<�	 j�Dte �� ��t���)���9 ��H���) �� � ��t�

4���	� �� ^ �� +�+ "��@ r��� �N(�)
 25 !44  �48 �e�� 

� O6���� ��	� ��>� � 	�9%. ������� � ���t� � [12]  ��

 � ��H�  I�<C � ��?�+ ��� �����5 !10  �15 �� �� ��	

 "W��  5)� "� !� ��D� P9( ��)�;� �>� � O6���� ��N�	��

J�+ ��N�	 
)�N(� �� "& � ����
)�N(� �>� � O6���� �H�% 

�	���). 5��c�� ������� � ���t� � [13]  "� ��� ����� ��

J�+ �� S� �& I�� ���v+ ��?�+�%�H�  F�e ���9) �� �H � �

 ������� � ���t� � !E�CD+ 5)� S�<  "� .���h��3[14]  "�

J�+ ��?�+ ��� �����I�� �� T�% ��6� �H�% ���
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�N(� !M& �� '; �9h�� j�%)
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���� �� ��%"C ��w ��� � 1�3 �<R  S9B !"& � � ���  ��
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�	 ����� l��6& 1�3 "� '<R .9%  

������� � ���&9+ [21]  5��8+ ��� "8��L	 ����?^ g9	 ���� ��

 j�m��	�� ���9  � �H�N�)� 
)��^ �� ��9��	 ���� �

���� � ��������� 1�3 S9B "& ���(�)� ��������� 1�3 -

 ����	 
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 g�N	 E�� '<R  "& � ���� "W��  5)� "�16�+20  � �e�
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1�3 20 �	 
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 �����R� ��� ��������� 1�3 ����� ��g9	�9��� �� �
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>� �� ��� .  
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8�' 1. +��%�l �W+ � S� �&�j�N @m ��% ��� �^  

 
Fig. 1. Schematic of channel and equipment installed 

on it 

  

 8�'2. +��%�l �;)��2�� J�+�H�% ��� ��   

 
Fig. 2. Schematic of contraction and roughness placement 
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59-238 

1.2-7.31 

300 

- 

600 

--- 

 

Plain 
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4.55-7.63 
4.94-8.54 

1.84-2.67 0.032 

0.8 cm 2.3-6.12 0.04 

2.2-8.67 0.053 

1.82-2.67 0.051 

1.28 cm 2.2-2.23 0.064 

2.68-3.29 0.085 

1.94-2.51 0.081 
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2.1-3.40 0.135 
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Fig. 5. View of experimental models 

 

 8�'6. �� �) �; � �9� � =^ Th��+ ��)�� ��H���  

  
Fig. 6. View of water and air mixing and backwater 

profile 
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Fig. 7. Variation of relative energy dissipation versus 

upstream Froude number 
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Fig. 8. Compare experimental with calculated relative 

energy dissipation 
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Fig. 9. Variation of Froude number versus discharge 
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Abstract 
One of the most important problems that exist downstream of hydraulic structures is the destructive kinetic 

energy of the flow. Experts always try to design properly and reduce the effect of this destructive force 

downstream of hydraulic structures. The present research was conducted with the aim of investigating the 
effect of sudden contraction along with the roughness of the bottom of the contracting section on the amount 

of energy dissipation in supercritical flow in a rectangular channel. Three types of contracting with widths of 

5, 10 and 15 cm and three roughness with average diameters of D50 = 0.8, 1.28, 2.08 cm and the range of 
Froude number 2.5 ≤ FrA ≤ 5.7 and relative contraction 0.5 to 0.83 and with the porosity percentage of 11.6, 

18.5 and 30 percent and rough bed in the contracted section, it has been implemented with the increase of the 

average diameter of the material of the contracted bed, the friction between the flow and the aggregates 
increases. Meanwhile, the effect of material diameter on the amount of energy dissipation with rough bed is 

high compared to the control condition, but changing the diameter of the bed materials relative to each other 

has little effect on energy dissipation. As the average diameter of roughness particles decreases, due to the 

reduction of porosity between aggregates, energy dissipation and downstream depth increase. A number of 

270 tests were analyzed in the Froude number range of 2.5 to 7.5. The laboratory results showed that with the 

increase of the descent number of the upstream flow, the upstream relative energy dissipation (ΔE/EA) 

increases. Also, by using roughness on the bed of all three contracting sections, it was observed that the energy 

dissipation increased significantly, so that the highest energy dissipation with 78.35% increase related to the 

contracting of 15 cm and the lowest energy dissipation with 43.35% increase related to the contracting is 5 
cm. The reason for this is that with the increase in flow rate and the collision of the flow with the contracting 

elements, with the formation of hydraulic jumps and turbulent flows, the flow speed decreases and its depth 

increases. With the increase in depth, the flow regime in the downstream section has become subcritical or in 
some discharges, the Froude number has decreased significantly. Among the effective effects of reducing the 

number of landings in nature and downstream of hydraulic structures, we can mention the reduction of erosion 

and destruction of the channel, preventing the creation of destructive waves in the tailings, scouring 

phenomenon and reducing the length of the stilling pond. According to the dimensional analysis, the jump 

depth ratio depends on the initial landing number and the contracting ratio (0.83, 0.66 and 0.5). The 

relationships extracted to estimate the relative energy dissipation showed that its results are in good agreement 

with the laboratory data with a correlation coefficient of 0.927 and a normalized root mean square error of 

0.02. And this indicates a very good agreement between the experimental data and the extraction of the 

presented relations. 
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