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Abstract 
In recent years, with growing population and industrialization of the world, desalination 
techniques have developed drastically to supply the rising needs of coastal cities to fresh 
water. The brine is the second product of the producing fresh water process in the 
desalination facilities, that is usually discharged into the sea through marine outfalls 
(surface and submerged). The main purpose of the outfall is to enhance the dilution and 
reduce the impact on the local environment. In this study, in order to investigate the 
impact of the shape of the surface discharge channel, rectangular and trapezoidal sections 
with the equivalent diameter were used to discharge wastewater with negative buoyancy 
into stagnant and non-stratified water bodies. Experiments have been carried out in a dark 
room and processed using digital analysis. The location of plunge point, impact point and 
the dilution in this point, and the location of the ultimate point and dilution at this point 
were the flow characteristics studied in this research. According to the shape impact and 
less hydraulic conflict with the surroundings, trapezoidal section had better geometric 
characteristics compared to rectangular section. Results of the experiments were 
presented in the form of non-dimensional diagrams and equations. Finally, statistical 
indices such as Root Mean Square Error (RMSE) and R-Square (R2) were used to verify 
the accuracy of the presented dimensionless equations. The results indicated that the 
closer the shape of surface channel discharge is to the best hydraulic cross section 
(semicircular), the better geometric and mixing characteristics would be obtained for the 
flow along near-field area. In this way, prediction of flow characteristics and design of 
actual samples of these outfalls will be possible. 

Keywords: Shape Impact, Dense Flow, Surface Discharge, Mixing, Densimetric 
Froude Number. 
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_e�Z)5
"6 �*�� ��@J� �$ �
-�/ �N��� %�&�� �$ 4�& � %
#

) 4�
� ,�*+Abessi et al. 2012(

�- N+ 4������%LT�� 
#%
6�-4)Frº » 20(�����/ ��-�

�n�@/ �$%@J�����  � L��!+���O+ 0Q' �� �V%@J���L�� 
�� �
e���e� �� ���+ ���� .� � �$��� 0@J� �$ �� ������  � 
�#%��e!�"+

d
��9T @J� LT����/ $��� $�T � �-�+ �����9# L�� :
� �
������
� ���V��� # 0Q' ��@J� 8�� + ��� �$ ��-���' 4-\��7 ,$��� ��a� 

)Roberts et al. 1997(.@J� �$����  � 
#%*�����0��$ #
+�L
@�V��/-
6 $��� $�T � LT�� �
�-@J� 8�� + 0Q�' �(�� L�� 4���

@+
T���V���()� 0Q' �$ )��%�/-�/��� �
�5��"*+ ��+ $��' .
@T�9#� C_���� # 0Q' �V� L�@J� 8� +��/ �
�!�� �$ ��-�

�#%

*���5Fo
� 
#%# �� �
� E
&g��M#�]6 K
a� � +%� �$-4
+���$ .L��� �!��&� K
O�� �  M#�]�6 %
�# K
�O�� $���*+ ���' �$

� 
� ������V���� # 0Q�' ��@J� �$ 8�� + �� �� ��	:
 C����� (�6-�
��'�) 
�� 8�
��+ ��� L�� ��' ��#
3+ 
�#%���8�
��+ ��� L��"� ?

�$����-���%� ��-����)]�
����#%�����!.� RF!������%��������$����� 
)Miller et al. 1995 .( 

�$ 4-� M#�]6 ��� ���a + ������@J� ��� 8���+ 0Q�' ��V� �� �
*���5
"6 
#%��
 �' 
�%�= +��*+ �$�8���+ �$ �� 4�
�� ,
�!"+������c � 0��� .�' �$
=!��%E$
�N+ ���1 ���(�+ 8���+ �$

-) �
"Q cmup/u=D�E$
�N+ ���1 
�� 8�
��+ .�' �!��) �a� �$ (
-�$ 
� � !"# �m
 !+ �
"Q-���%!G
"+ ���� 
�� E$
�N+ �- 8�
��+ 4

� �$ .$��$-4M#�]6�� ��� ��a +-�
�V����@J� �$ 8�� + 0Q�' ����
*���5
"6 
�#%��
 �' 
��%�= +�E
��
� �� 
�#%6��� ������3

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

;Vh- ���P� �  4���E *M' ��1x� ... dx.doi.org/10.22093/wwj.2017.49230.2140 
105

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol.29, No. 2, 2018 

��-K
O�� l-�"Q%
+��-M
#��' �$-����� �� L�"� ^@!J+ ,�
�/ �
!��-�*+ �$ �
�: � 4�
�� ,�-��� �%���� ���3�%�#�-�� ;


�+ � 8�
�+-�� �" 
� 
#-�Q-K��1� �& ��' 
�!� .-�9� 	��#
�3+ [�
��� ,���� � ��$�9� 	��7�.L�� ��' �>��� �N� 

[)7�� � ��H� �!

[)Z)��` 7�� 


+�� �$-M
#%K
O����' � �$-4M#�]6 e� ��
�� ��� 
�#�!+��
6 �%
�/-�$ �� CT� �
��
�&g � LT��� ��/��� 5F�o
����� ��� �� f

rvv 
�rsss !�
���
V �� fNQ+ �!+ �� �ts
��yv!�
������ ��!+
�
V�� �u/rsry 
�r/rsqy ����!��) ��a� �$ f�NQ+�!+ �� K�)�@

e� ��
� .�'��e!+ ��� �$ 
#� �- 
�+�� 4-M
�# ����9� 
�� f��
 !+ 
�#%
N1���
!� 
� ��' 5
J!��-
+�� [-#
&3�07
G ��N1�� W
���+ �$

 �$
=!�� 0�
1$�' )Bleninger & Jirka 2008� .(-
+�� 4-M�$ 
�#

+�� E�+-#
&�3��*��# 	
�� ��������*+ ;�� ,-��Q�3��$ L�"

 l9T �� 4�
� 5� �$ LN 7 � C@T �
&3��$ ���9Tz/vs
��q/vt
!�
��� �$ .L�� �!��) K
O�� �!+-4M#�]6�� # 0Q' �V� �h��

@J� E
���
� 8����+����
��#�!+��
6 ���� ����  ��-N1�+ ��� �
+��� ������ L
���_ ��%N1�+ �1�� $������ ���� L��� �$ l�-N1�+ ����� 4��L

!�$��
�1�� ���
.� l�-+ ��1�� ��?�N9O� l�� �$-��/�� 
� ���� 4
9#� ���*+ L�,�-!"�G��� ���-����� $���+ 
#�!+��
6 4�����1

.L��) 

[)[)-!�\49��%� �#� 


+�� E�+-#
&3��$
=!�� $��+�?J+���E��v���T ��!+p/r
l9T � �!+q/r�!+$��$:�� 5�g�
g .%�-���� $��!+� �?J+ 4�

����O 6 ���� ���� �� ��t���!+%��"����$���� C� $����\���� �$ 
��� ��
'��3�%L+
Jo ��ts+�@��
'�6 �!+���' ��$�� 
�� 5� �� �?J+ .

�
&g�uup ��E
��
� .��' ��6 fNQ+ �!+ �� K�)�@ 
�#�-8�
��+ 
��
�!"+�@������c ��%��T ��rs!�
���� �!+ @J� ���� T ������  �
*���� �$-
+�� 4-M� .� !��) ���1 �$
=!�� $��+ 
# �- E
��
� 4
�#

T� ��D+ 5F��o
�����������' �,����� �� ���-� ;�
��� `
��{96 C!��"
LT�� 
#%�?J+ 0��$ �$ ^@!J+ �@J� 5� h�� 	��
O+ �$ �� �

�+ ��$�n ��$ �� .����!Q�� [ ����Q�����%������� )���%+����$ ��?�
/��� 5Fo
���$ ���' L�>��1 l9T W
�� �� ~{� �' �$
=!��

 �/��� ��
#$��/ LT��� E
��
� �- ����
*+ �
 ��' $���+ 5
�"6 .
 �$ �$
=!���-
+�� 4-M�'
� ���' 5� 
#�K
�N� ;�9� EF�*�� ��

����)-�@� C��-��' 5� �$ (���-�/ ���� $���� 4��-�
��$ 5
��"6 ��
La@_ 
#%K��/ 
� ^@!J+ 
�#%�9OG�� 	�
�=!+-�+ $
�O�$��9� .

�#
m 	
DJ3+%*+ �$ K�@6�,(6-���� 
�� 5� �$ E��@*+ ����
�� �
��
Q'� ��� T�+ �J3+ �'�"+ L��V ��+� �$ L���G ���� 

 =���� �������������$ �� �$
=!����� 
���� ��$ 4-O������� E
���!�E����+ 
DCR-SR47 �' K
O��
+�� .-M�� �� 
# �- $ L��V l-O��"+ E
�!��

�/ L����G��-�
� �
���� �$ �
��- 0���
�+ �$ ;��-=��� ����� 8��� + ;��
-�� L��� Q E��tY
=��� �y/r�!+ ��n ��' K
O�� �� 0Q�3!+tq

L ���@� ©+: $��
9�
/ �?J+ L36 �$ ���-���' $��� .0Q�'t

�9��-�����N� ��� k����%E��+ L���� K���� �� �$
=!��� 
��� ��� ��?����

Solidworks ����C�'
9�
/ � R
���� ��*� ��-�#�-;�?�/� ��
�+ �
3� �� .�#$ 

Q'�0y� ��
9� ?�-@J� ���*�� ����
 ' 
� 5
"6%�= +���
��+ �$��!"+ 8������c � 0�*+ �$ �� ���� ,��&9# � 4�
��
�3� 4

+�N1�+ .�#$����_ R
�� L��% H9# � $����� ��"+ 4�L��G �
�/-��� �
%�#-� �� ;-� �$ 8�
�+ 4-.L�� ��' �$�$ �
3� 0Q' 4


�+�� L��V � K
O�� 
�-M
�# �
� �
��� �$ �- X��$��6 �
�Q+� ;
+�1���
D�-$ �-O���� ��' L'�$�� E
! N� ���a + ��� 	
�DJ3+ 4

�/ L��G-C#��� 5�@�+ �*� �� �
�'.� �$ �- 4M#�]�6 X�� �� 
@*��+�1� 0�6 ����"�
T ,���� �!3����
�Q9# �E
�� �$tsrt 

N�����' �$�$���$���=!�� �' $
�� �$ .�-�J!�� �� ~6 X�� 4�I��
D���
-O+ ��� �� �?�-�-�%�# �� ��' L�V-+�� �� ;�
-M� 
#��


Fig 2. Schematic diagram of experimental setup 
_e�[)�#
&3-
+�� E�+ %�N� �� k�� �� �-
9� 

Tank

Computer

Light

Flowmeter
Wastewater

Pump
WaterDigital Camera

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

����J�� 	 ����' ��:�� dx.doi.org/10.22093/wwj.2017.49230.2140 
106

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol.29, No. 2, 2018 

Fig 3. Schematic view of dense surface discharge in 
stagnant environment, a) rectangular channel b) 

trapezoidal channel 
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Fig 4. Averaged image of surface discharge in stagnant 
environment 
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Fig 5. The plunge point location of dense surface 
discharge 
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Fig. 6. The location of the impact point of dense surface 
discharge 
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