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Introduction: There is a number of evidence for the construction of weirs and diversion dams 
in river bends, and sometimes building water intakes on both sides of the river bend are 
needed. However, this encounters problems in terms of asymmetry of flow distribution into 
the intake structures. Most recent studies have been conducted for clear water flow conditions. 
The main purpose of this study was to investigate the uniformity of sediment transporting 
flows into bilateral intakes on both sides of a spillway in a channel bend. FLOW-3D 
numerical model was used to test the effects of intake angle, intake sill and sluice way on the 
uniformity of flow and sediment load entering the intakes and the distribution of sediment 
deposits in the intake area. The numerical model was calibrated and confirmed based on the 
information of the physical model for clear water flow conditions. Then, the numerical model 
for sediment transport flow was validated and adjusted, and it was implemented for seven 
scenarios of the arrangement of the weir and its related structures in the channel bend. The 
results showed that the most of the sediment deposition is towards the inner-bend intake. 
Without the intake sill and sluiceway, the ratio of outer to inner intake for five intake angles of 
zero, 30, 50, 60 and 90 degrees is about 2.1, 3.8, 5.0, 4.17 and 2.4, respectively. Using a 90-
degree intake is more efficient due to less sediment entry and uniform inflow distribution to 
both bilateral intakes. Inclusion of sill and sluiceway in the intake system results in the 
reduction of the ratio of outer to inner intake to be reduced to 1.1 and 1.3 for the two intake 
angles of zero and 90 degrees, respectively. The results show that it is necessary to use the 
intake sill and the sluice way to control the sediments entering to the intakes, especially in 
inner intake. 
Methodology: In this study, FLOW-3D numerical model was used to simulate sediment 
transport flow into bilateral intakes on both sides of a diversion dam in a channel bend. The 
geometric conditions of modeling are considered based on the laboratory study (Farhadi-
Bansuleh and Yasi, 2019). The laboratory channel is a rectangular channel with a 90o bend. 
Numerical model based on physical model information (Farhadi-Bansuleh and Yasi, 2019) for 
clear water flow conditions, calibration and validation; and validated and adjusted for 
sediment transport flow. In reality, dewatering from diversion dams takes place at different 
angles, therefore, in this research, an attempt has been made to investigate the effect of 
different intake angles on the uniformity of water distribution and the entry of sediments into 
intakes, so there are seven scenarios to test the effects of intake angles, intake sill, and sluice 
way, in checking the flow pattern and deposition of sediments in the area of intakes, and the 
distribution of flow and sediment load to outer and inner intakes. 
Results and Discussion: In the modeling of sediment transport flow, the results show that the 
uniformity of water distribution is better in intakes with a zero degree angle. So that the rate of 
sediment into the outer and inner intakes is 9 and 14 times higher than the 90o intakes, 
respectively. The rate of sediment into 90o intakes is 6, 4.4 and 3 times lower for the outer 
intake, and 18, 17 and 15 times lower for the inner intake than at 30, 50 and 60 degrees. 
Inclusion of sill and sluice way in the intake system results, the uniformity of water 
distribution in intakes with zero and 90 degrees angle is improved by 47 and 45 percent, 
respectively. In the zero-degree intakes, the sediment load into the outer intake does not 
change significantly compared to the condition without a intake sill and sluice way; But this 
amount decreases by about 65 percent in the inner intake. These results are also true for the 90 
degree intakes, so that the sediments load into the outer intake does not change, but in the 
inner intake it decreases by about 71 percent compared to the condition without intake sill and 
sluice way. 
Conclusion: The results showed that the most of the sediment deposition is towards the inner-
bend intake. Without the intake sill and sluiceway, the ratio of outer to inner intake for five 
intake angles of zero, 30, 50, 60 and 90 degrees is about 2.1, 3.8, 5.0, 4.17 and 2.4, 
respectively. Using a 90-degree intake is more efficient due to less sediment entry and uniform 
inflow distribution to both bilateral intakes. Inclusion of sill and sluiceway in the intake system 
results in the reduction of the ratio of outer to inner intake to be reduced to 1.1 and 1.3 for the 
two intake angles of zero and 90 degrees, respectively. 
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��!�� �XS &>�� ��  _��9� .�D��

\, e��p P	�X  �>��? 	 �;?�� :�. 
�,��!�� &� 
�	�	 ��� �E�S 8� ����> 
��� &� ��� ��� M��^ &]GK� .������ 
�

\�  �1A� ��  �� B���� �� �>��? &� �;?�� ��!�� ��� �9?�)��� C#+� M�� 92/0  &� ��� ��� _��9� &+��1� .C�� ��)�

 (��FLOW-3D ;��p&�#D �� ��)? C�.���� �� B���� �� ���`, &,���� :�. �� ����> 
���   
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 P�"0�Q� �� ���= Mehrdar et al. )2021( �<��V� c�D ��  B���� �� �9?�)��� ���)  ��� ����> �� 
�,��!�� 

M�A�$ U� B���� &#0 M�. �� U� :�. 90 ��) &>�� ��"D 
��@�� �(	� �#+� �� ����> O���D 8� E�S  (�� ��

���������)� �,�!����� ���p ��� .B���� �� C�"p)� 60 &>�� �� 
��9�� :�. 	 	� ��!�� �� &��� B���� 	 �� ����� :�. 

�;?�� 	 �>��? ���`��> ����� ._��9� ��� ��� &� �� ��)� �B���� ��� N�� � 
 C#+� &� C0�G �	�� B���� ���	 	� 

��!�� �� �)D .B���� c�D ��� �� �9?�)��� ���)  ��� �F�T ����> �� C��J�� B���� �V� e��p �>) � �CD��� �0	 �� 

N��BA� �9?�)��� ��� 
�	�	 &� 	� ��!�� �Vj� ��)� C�� .O�)9� C#+� ��� ��!�� �� ���)�� �>��? &� ���)�� �;?�� �� 

&� C0�G �	�� �B���� �� B���� �1A� 	 �� B���� c�D ��� &� c� �  3/4� 1/2 	 1/1 ��)� C�� .O�)9� M�� C#+� �� 

B���� c�D ��� &� B���� �1A� ����� 4/1 ���)� &� �!��� 40 �S�� N��BA� �9?�)��� �� c�D ��� ���� ��  B���� C��. 

 �P�"0�Q� e�`�  ��Mehrdar et al. )2021&� �V� ( 
��@�� :�.�\�K� 
�, O�)9� 	 ��) ��  ��"D 
�,��@��  �#+�

3/3 �05/2  	84/0( �� C#+� ��� &� 
�	�	 
�,��!�� 	� E�$ B���� �� :�. U� �� �&,���� ����> O���D 8� E�S 

&� ����� ����� ���=  P�)S .B���� &#0 M�. �� ��  �1A� 	 c�D �� ���� C�"p)� 60 &>�� �� 
��9�� :�. �� �]� &9A�� 

�D ._��9� N,	-. ��� ��� &� ���19�� B���� �� :�. \�K� ���;`T 
�9�� �� �]� �9?�)��� 
��!�� &9D�� &� .C�� �)$ 

O�)9� ��� 
�	�	 &� 
�,��!�� 	� �B���� E�$ �� &� :�. �� B���� c�D ��� &� c� �  C, �_�. 	 �S�� &� C#+� &� 

�� B���� ��  �1A� &9A�� N��BA� C�� .C#+� ��� ��!�� �>��? &� �;?�� �� B���� �� ��  c�D ���� �� &� :�. �\�K� 

O�)9� ��  	 &� c� �  0/1 �1/1 	 12/1 ��)� C��.  

 ��� M��. P�"0�Q� ������� �,�  &���� �� &�(�� ���&�#D 	 ���B�A 
 �� 8)�� (�19�� �� 8� ����> 
���

&,���� :�. �� �A��@�� 
�,�� C?�� �V� ��	�@� ��	�9�� �,e��p �>) � �P�"0�Q� M�� �� .C�� ��� w��B� � &T)`=

���� �� ���`, �A��@�� �� �� ����> �� (8)�� &�;<  
��=� 	 ��!�� &��9�� �q;9<� 
���	� �� �,��!��) �� &9+��	 
�,

 (�19��M�� �� .C�� ��� ���� 8)�� �9?�)��� ������� �N,	-. M�� �� �;S� E�, �	�  ����> ���)  8)�� (�19�� �� 8�

&��,� &� 
�	�	 $ 	� �� ��!�� 
�, 	 ��!�� &��9�� ��,��!�� &�	�� �<� �V� 	 &,���� U� :�. �� �A��@�� �� U� E�

.C�� ��)� 
��T (�� �� ���X9�� �� 8)�� &�;<  
��=�   

  

2- &'� ' �
�$ �	  

&�#D 
��� ����> 
��� �� 8)�� (�19�� �� 8�:�.  
��T (�� �� &,���� U�FLOW-3D  ���X9���D.  O�)  (�� M��

C��DFlow Science   (�� ��1998 (�� 
��� .C�� ���� ���. &"�)   w	� �� ����> ���> 
�,��� &���, ����

uQ� 
��� FAVOR &�#D 
��� 	  (��� \=G w	� �� ���� uQ� �� ����> 
���VOF �� ���X9�� (�� M�� .����

&� \, P�)S &� PJ��"� ����� &�) �� Z�)9�� ��	�� 	 �!9�)�. 
�"�  P�)S) O��	�1) 	 (2(�� eG (���\, .  M��^

�� N,	-. M�� R�� &� R�� 
�`���	� ) e�D1.C�� ��D ���� ��� (  

 &Q���1(  ∂∂x �u�A�� = 0 

   

 &Q���2(  
∂u�∂t + 1V� �u�A� ∂u�∂x�� = − 1ρ ∂P∂x� + G� + f� 

 ��� �� &�ui �> CT���C�> �� ���,
  P�r9<��B ��� Mx�y 	z fAi,j ��+
 ��� uQ� ��
 �>� �� &� ��

C�> �,
 x� y  	z  f��9+, ���P f��AGi  `=G 8�9D� ffi R� �,
  	 C>B0Vf  &� ��� 
��A �`=G �+� C#+�

.C�� ����>  
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Figure 1. Step-by-step flowchart of the research 

  

2-1- (�) �  ���! ��$  

 ��9�� �
��T (�� \�]�  	 C?�� �� ����`$� 
���(�� ��� 8� ����> O���D �� 
O���D .CA�� R�=�� E�S ����, 

(�� ���
 W����� &"0�Q� ,�!������ Farhadi-Bansuleh and Yasi )2019�� ( �]� 9A��& ��D C�� .(���� 

��,�!����� U� (���� �;�Q9+� �� :�. 90 &>�� �� �D�� .M�� (���� �� U� ���� \�19+� &� ()$ &�� �9� �� C��J�� 	 

U� ���� \�19+� �� M���. C�� &� ()$ ND �9� e��  ��D C�� &� M�� 	� ���� \�19+� O�)  U� :�. 90 &>�� �� 

��"D 
��@�� 
B��� &� �9� &� \, er9� ��D  e�D) ���2( . O�@� �� &,���� &���, ��9�� ��AutoCAD   	 �G��$

 (�� &� ���)?��A 
���FLOW-3D .����� &��    

 
���C@S �=��  �
��T (�� ��9��&�#D �� 	 &>�� �XS &�	�� �� 
��!�� 	 &,���� :�. �� E�S 8� ����> 
���

���`��>  C�"p)� �� B����60  .CA��I. R�=�� (���B�A (�� O���D �� ��+`,) :�. 
��9�� �� &>��  

 ��	� ��&���� ��� ����1� �(�� 
&�#D ����:�. C��J�� 
��� C���� �� &� CA�� ���p �)��� ��)� �X;9<� 
  	 :�.

M���. C��  :�.&� c� �   ����1�03/0 �02/0  	02/0  	 �9���� t�D 
���
 �	�	
� ��� C��V ���
 ��� t�D
 >	�?�� 

��� 	 C��V ��A
 1��& �D &9A�� �]� �� ���1  t�D ��,�����. �� (�� FLOW-3D  .C�� ��D &x��� \$K  (�� _�f 

1 - e9���. tK9?� ()$� 2 - &0��"� U� (��
�� 3 - &0��"� 	� (�� -
�k-ε � 4 - (��RNG  	5 - &�#D (�� &����� 
��� 
�

�B�� )LES((�� M�� ���� �� . ��,(��RNG   O�) Brethour and Burnham )2010 (&�  �� �`$K  (�� M��9�� ��)�T

&�#D  �� ����> 
���&,���� :�. .C�� ��D w��B�  (��k-ε &�#D 
���(�� �� :�. �� ����> 
��� FLUENT  O�) 
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Ayase )2011(�� _��9� .C�� ��)� �9�� (  
���Salamat Ravandi )2012&�#D �� &� ��� ��� (  
	� �� ����> 
���

 :�. ���� �� �,B����90  (�� �� &>��FLOW-3D �`$K  (�� 	� �, �RNG  	k-ε &9D�� ���+`, o�#��1  _��9� .���

(�� &0�#�� �� �F�G N,	-. &��=���� �� 
�Salamat Ravandi )2012 	 (Yasi and Salamat Ravandi )2022 ��� �(

\, �C�� ��)� 8)�� (�19�� �� 8� ����> O���D 
���  ���^\$K  (�� ��RNG  ������ ���X9�.  

 �,�!����� (���� �,�D �$�1� 	 �K.Farhadi-Bansuleh and Yasi )2019) e�D �� (2 .C�� ��D ���� N��`� (

 _��9� ���� �,�!����� _��9� �� 	 CD���� 
��T (�� �� &>�� �XS &�	�� �� ��!�� 
��� ��,�D �$�1� �� 8� uQ� ��� 

) (	�> �� &+��1� _��9� .�D ������� 	 &+��1�1 ��D &9A�� O�)9� �� ����1� {;Q���p �� ��Q? &#��@� �� �"� .C�� ��D &x��� (

�� �Q? ����1� O�)9� &� t)��� _��9� 	 \, 	 �F�T �Q1� �, ) �Q? P�"��� M�!���� �I> M��^RMSE {;Q� �Q? M�!���� �(

)MAE) M��"  c��F 	 (R2�� ��� _��9� .C�� ��D ���	� (&�#D �� ��)? �����)  
��T (�� &� �,�  :�. �� ����> 
���

) (	�> {��Q� .C�� &9D�� �� B���� C��J�� �� ��!�� �� ���`,1 �!9+#`, c��F �(R2 ) &���� ��93/0 -89/0 	� 	 (

 �?�D RMSE 	MAE e��p 	 \� (�� ��	��� 
�Q? 	������ �C�� �XS &� U��B�  .C�� ��)� ()#p  

  

  
Figure 2. Experimental arrangement of the curved flume with a broad-crested weir and intakes, and measuring cross 

sections (Farhadi-Bansuleh and Yasi, 2019) 

  

Table 1. Error values of water depth estimation from the FOLW-3D model (Farhadi-Bansuleh and Yasi, 2019) 

Range of 

error  

(%) 

Error 

Index  

(RMSE) 

Error 

Index  

(MAE) 

Correlation 

(R2) 
Section at 

bend (o) 
Discharge 

(l/s) 

Mesh grid (m) 
Weir location 

After 

bend 
In 

bend 
Before 

bend 
1.7 0.004 0.004 0.89 0  

75 0.02 0.02 0.03 

60 degrees from the 

beginning  
of the channel bend 

1 0.002 0.002 0.93 15 

1.3 0.003 0.003 0.92 30 
1.1 0.002 0.002 0.92 45 

  

2- 2-  �� �  ���! ��$���� �����
  

 ��) 8)�� (�19�� N<�8� (	��  (�� �� (�!9+DFLOW-3D &�  ����1� ��	���&  �N����A . 	 ����< P��)�� N

8� (�� .���� m�r9?� ��)�� ��� C];L �)� 	� �� �!9+D )1-  �{;"� P��)��2- �� ���X9�� (�9+� P��)��  .���  

&�#D 
���  
�,R�=��  O�)  ��DBrethour and Burnham )2010�� ��� ( 8� ��XG {`T &� �,�  �!9+D

&9D�� ��)? C1��Q� ���=  _��9� �� �0��"  C0�G �� ��D &#��@�  .C�� 
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 M�� ��N,	-.
��� �Q? 	 �)��� w	� U`� �� �  M��Y R);A &���, �� ��)�� ��)� C��G &��9�� O���D- B���� - 

���� �, �)� �� 
�9+� ��)� �� &9+��	 
 �� &���&����;�� U� O�)9� ������ �� C?�)��� 
���  ���> �0�!^ �� 	 �9�

65/2 &��� �9+� e<;<  &��=���� .�D �A�"� 
��T (�� &� 	 ����� 8�<9��&� 
�  O�)9� �)$25  ���1� �C�� �S��

 (��"� (�� �� 8)�� �9+� \��� 75/0 ) �D &9A�� �]� ��Flow Science, 2008\, .( �� ��)� �)� �M��^ 
�	�	 ��)

&�#D N<� .C�� ������ 8�<9�� 
�9+� ��)� ������ 	 Z�> �� (
�9+� ���) C��J�� �� ��� &  8)�� P��k �(�� ����

&� �� �� 	 
	�� P�)ST�� C s�A \� �� �, ��N�. W����� .���  t)��� ����1� �(�� 
�`�,�� N<� &�S)  	 s�A

�)����l�� c��F &�- )�;� ��9�� c��F ����&� \$K  ��9�� c��F 	 �0  &9A�� �]� �� �XS 	 �XS �U� c� � 

) ���DFlow Science, 2008.(  

&��� 	 ������ ��)� &� &>)  �� �(�� 8)�� (�19�� P�#��@� N<� ��&��� �9+� ��)� 
��� PJ��"� �� �
�Van Rijn 

)1993���X9�� (  &� �D&� P�)S �� ���� ���:��)D  

 &Q���3(  q� = 0.005ρ�u�� D  u��  − u��!"S$ − 1%g d(.)*+., -dD./.+
 

 &Q���4(  u��! =
⎩⎨
⎧0.19 d(./ log -12D3d8(.                              0.0001 m ≤ d ≤ 0.0005 m

8.50 d(.< log -12D3d8(.                                0.0005 m ≤ d ≤ 0.002 m 

 &Q���5(  

τ∗! = 0.24 d$@A/                                           d$@ ≤ 4 τ∗! = 0.14 d$@A(.<,                              4 < d$@ ≤ 10 τ∗! = 0.04 d$@A(./                             10 < d$@ ≤ 2 τ∗! = 0.013 d$@(.+8                           20 < d$@ ≤ 150 

 

J�� O��	� ��� CDE �CT�� �1`T O�)9� �CDEF ���;�D ��@�� W����� ����@� CT�� �1`T O�)9� �GH  ���> ���

 	 s�T �G�	 �� 8)��IJ .C�� 8)�� �0�!^ ) ����@� ��;�D ��TK∗F) O��	� &T)`=� �� ���X9�� �� (5 ���1� �� ����� (

034/0  .���� ���p ��;�D ���)`� �0�19�� &�G�� �� ����> �P�#��@� &� &>)  �� .�D �A�"� 
��T (�� &� 	 ����� &#��@�

�� 8)�� (�19�� N<� ��) &Q��� O�)  P��k ���� &  c��F �(6�� &#��@� (:�)D  

 &Q���6(  D� = SCRDIA+. RHOF18μ  

 �J�� &Q��� ��SCRDIA  fP��k �Qp M�!����RHOF  	 (��� ���> �0�!^μ  .C�� (��� �������� 
	�����

(�� &��. �� �P��k C��?�� CT�� �� &#��@� ��� &Q��� �� �9+� ��� (�19�� 
�,:�)D  

 &Q���7(  Lift velocity = SCRALPYτ − τZPD  

 �&0��"� M�� ��τ f}�9� uQ� �� �D�� N�  ���1� �ρ f(��� U�.)��	���� ���> �0�!^ �SCRALP  ���=  �9����.

.C�� m�? ������ �, �� N����A P�D \�]�  
��� cτ �9p	 .C�� ����@� �D�� N�  N�� �D�� N�  &�  ���1� M�� �� � 

�� P��k N����A c>)� &� ���,	��� �C���� P��k ��D��;� ���� &� ���,	��� ���1� �� ��)D��B� ��)D �� �  M������� ��)D

�� |�X � N����A) ����@� ��;�D �9����. �� ���X9�� �� ����@� �D�� N�  .�9A�SCRCRT� (�� &#��@.�)D  

 &Q���8(  τ! = SCRCRT. SCRDIA. g. �SCRRHO − RHOF� 
 �J�� &Q��� ��SCRCRT  f����@� ��;�D ��TSCRRHO  	 8)�� P��k ���> �0�!^g  .C�� ����� 8�9D  

 �� B���� �V� ��	�@� �� 8)�� (�19�� �� 8� ����> �� ���=  P�TK$� �)#� ������ �, �� ����`$� 
��� ��� &9+��	 
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������  ��9�� �
��T (��(�� ���O���D .CA�� R�=�� &,���� \�19+� ���� 
��� 
 ����, (�� ���
 W����� (�� 

 �,�!�����Farhadi-Bansuleh and Yasi )2019( ���� �� R);A \�19+� 
�9��� �� �]� &9A�� �D.  N��� ��

 �  ������ ���X9�� (�� �=����#9T� 
��� ���0	���,����)� O���D:�)D ���	��� 
��T (�� O�)  ��� ��]9  

1-  	 J�� 
��� O���D ��M���. M���[9�� C��f�D�� �>	�? ����> ��� �� ����� 
�	�	 ����> ��� :  

2-  	 J�� 
��� O���D ��M���. M���[9�� C��f�D�� �>	�? 8)�� ��� �� ����� 
�	�	 8)�� ��� :  

3- � (�9�� �Q1� s�T �� ����> 
)!0� ���1 f�,� �� B���� C��J�  

4-  ���1 8)�� ��I�f�,� �� B���� C��J�� (�9�� �Q1� s�T �� 
  

5-  &"�) &  C+�  B����) B���� ��  �  P��)��&� P�)S f(��� e`T ����  

6- .���� ���p�� B���� C��J�� �9+� U������ (��"   

 ��(�� ��� ���"  �8)�� (�19�� �� 8� ����> 
&�� &�#D 
��� )����� \�19+� &,���� �� 8)�� (�19�� �� ����> 
���

 (�� C���� �� 	 ���� M��"  8)�� (�19�� �� ����> 
��� �`$K  (�� M��9�� �  CA�� ���p ����� 	 �)�����)�

 �`$K RNG &�#D 
����=����#9T� 
��T (�� �� .���� 8�<9�� 
��� 9+� ���� �� B���� ��!9?�� �� ��D 
��� �\�1

&�#D ���.����� ���X9�� &,���� :�. �� 8)�� (�19�� �� 8� ����> O���D 
  

�� ��� �,�)D  �)>	 �� &� ��,�&�S)  �,�� P�)S �X;9<� 
���	� �� �A��@�� 
�,�� �� 
��!�� ��G��$ 
 .���I.

\, M��^ �&�S)  �, �. ���� P	�X  	 &,���� :�. �� �A��@�� 
�,�� C?�� m)r? �� �"Qp �)�, ��>��? 	 �;?�� :

M�� �� .C+��  M�� �� �	�N,	-.  &� P��)�� �	�	 	 8� ���)  �9?�)��� �� 
��!�� q;9<� 
���	� �V� &� �D �"�

 
��� M������� .���� ����� �>��? :�. 	 �;?�� :�. 	� �� �,��!��(�� ��� �� �X;9<� 
�,)����� �&,���� :�. �� 


 c+G���`��> � &���, 	) e�D .CA�� ���p �)�����)� 8)�� (�19�� 	 ����> O���D 	 �,��!�4 ��9?�� 
�`�� �(

 	 B���� 	 &,���� :�. ����,���`��> &�	�� �� �,��!���� ��� �� :�. E�$ 	� �� q;9<� 
�, C�"p)� �� B���� .�,�

 c����60  (:�. 
��9�� ��) &>�����`��> S B���� E�$ 	� �� 
��!�� 	 ������� P�) �,��!�� s�T .���I.1/0  	 ��9�

 �,��!�� 
�	�	 �� &��9�� ��X ��05/0  &� &>)  �� .����� M��"  �9�&�S)   
������ 
�,Farhadi-Bansuleh and 

Yasi )2019� �(8 ) ��X �� &��`� �� &��.hs �� ����� (hs= 1/3ds )ds  �9+� ���  	 8K�� uQ� ���  �z���G M�� EK9?�

 
��T (�� �� .�D�� ���� (&��?�	�N,	-.  (��"� 	 |)A &Q��� �� &��9�� ��X �� ��F�G05/0 .����� &#��@� �9�  

&� 8)�� C];L 	 ����> ��� ��Q? 	 �)��� ��  c� � 250  	 &���V �� �9�0100 � .�D &9A�� �]� �� c"���9� �� R��);�� �

&� B���� M�A�$ �� 8)�� &�;<  
��=� &��,� ��X �� 	 s�T �8)�� C];L 	 ����> ��� &� &>)   c� � 15/0  	1/0  �9�

\, e�;@  W����� .����� M��"  ���� (�� _��9� C�> )����� CX, ���"  �
��� (��  8)�� (�19�� �� 8� ����> 
��T 
���

 �� &� �CA�� ���p �]���)� &,���� :�. ��) (	�>2��D &x��� ( .����9��� 
��� �x���� _��9�  �
��T (�� �>	�? M��Y  �� ����

�����. O���DeG 
 	  ����`$� (�� 
��>� ���� 8�<9���)`� eS�G���� &� C#+� �#�> 
���� O�)9� 
�,���)`� ����� . 

) e�D ��3�� ��� (&� �,� �)��� ��  (�� 
��>� 
��� c���� ���� ��"9� 
�,1600 .����� 8�<9�� &���V   

 ���� (�� 
��>�FLOW-3D 
�,)����� 
��� ) (	�>2&����� �� �( �������. �� 
�12  &9+,Core i7  	 &�� e+�

 &]A�G24 ND �	�G �� 8)�� (�19�� �� 8� ����> 
��� 	 CT�� _�. �	�G �� E�S 8� ����> 
��� C����!��  &� �	�

&�#D �� ��>� ���� .����=�� ()$ 8)�� (�19�� �� 8� ����> &� t)��� 
���&� e�0�  PJ��"� eG ����l�. 	 ����9+�

 8)��o�#��1  30 ��J)$ �����.C�� E�S 8� ����> �� �   



620                                        ������ � 	� 
����� ���� ������ ����� � ����1402 

   
Figure 3. Graph of average kinetic energy versus timeTable 2. Modeling scenarios for sediment transporting flows 

into bi-lateral intakes in the 90° channel bend 

  
Tabel 2. ?????? 

Scenarios 
Mesh grid (m) Angle of 

intakes (o) 
Intake Sill Sluice way 

Before bend In bend After bend 

1 0.03 0.02 0.02 0 - - 

2 0.03 0.02 0.02 30 - - 

3 0.03 0.02 0.02 50 - - 

4 0.03 0.02 0.02 60 - - 

5 0.03 0.02 0.02 90 - - 

6 0.03 0.02 0.02 0 * * 

7 0.03 0.02 0.02 90 * * 

 

  
(C)  

  
(B)  

  
(A) 

 
(E)  

 
(D)  

Figure 4. Plan view of the 90° channel bend with a broad-crested weir and bi-lateral intakes with different angle of 

intakes: (A) 0°, (B) 30°, (C) 50°, (D) 60°, and (E) 90° 
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Table 3. The results of the distribution of flow and sediment load in the bi-lateral intakes in different scenarios 

Scenarios 
Mean inflow rate to 

intakes (Q: m3/s) 
Mean sediment load to 

intakes (Qs:Kg/s) 
Sediment to intakes 

(Vs:Kg) 
Outer to Inner 

intake flow 

(qout/qin) 

Outer to Inner intake 

sediment load 
Inner Outer Inner Outer Inner Outer Mean Total 

1 0.010 0.021 0.350 0.001 26.5 0.090 2.10 0.002 0.003 

2 0.0052 0.020 0.510 0.009 35.2 0.0612 3.85 0.017 0.001 

3 0.010 0.050 0.470 0.006 33.47 0.044 5.00 0.012 0.001 
4 0.0120 0.050 0.340 0.003 28.47 0.040 4.17 0.008 0.001 

5 0.010 0.024 0.026 0.0014 1.90 0.010 2.40 0.005 0.005 

6 0.018 0.020 0.130 0.001 9.16 0.080 1.11 0.007 0.008 
7 0.016 0.021 0.007 0.0012 0.550 0.010 1.31 0.171 0.018 

  

 
(B)  

  
(A) 

Figure 5. Plan view of modeling and simulation results for Run (1): (A) Deposition pattern and (B) Flow pattern 
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Figure 6. Plan view of modeling and simulation results for Run (2): (A) Deposition pattern and (B) Flow pattern 

 

 
(B)  

 
(A)  

Figure 7. Plan view of modeling and simulation results for Run (3): (A) Deposition pattern and (B) Flow pattern 
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(B) 
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Figure 8. Plan view of modeling and simulation results Run (4): (A) Deposition pattern and (B) Flow pattern 
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Figure 9. Plan view of modeling and simulation results for Run (5): (A) Deposition pattern and (B) Flow pattern 
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Figure 10. Plan view of modeling and simulation results for Run (6): (A) Deposition pattern and (B) Flow pattern 

  

 
(B) 

 
(A) 

Figure 11. Plan view of modeling and simulation results for Run (7): (A) Deposition pattern and (B) Flow pattern 
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Figure 12. Comparison of the uniformity of sediment transport distribution in two outer intake and inner intake, with 

different intake angles (without intake sill and sluice way) 

  

  
Figure 13. Comparison of the uniformity of flow distribution in outer intake and inner intake, with different intake 

angles (with intake sill and sluice way and without intake sill and sluice way) 
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