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Numerical Study of Local Scour Under the Jet 
Discharging From the Power Plants  
(Case Study: Neka Power Plant) 
 
In this paper, the mechanism of scouring caused by turbulent jet 
out of deep drainage of power plants has been investigated. The 
flow velocity and discharge flow from these drains are high for 
fast mixing in the near field area, hence the size of these scours is 
also vast. Since local sediment may lead to the destruction of 
coastal structures, as well as the effect of spawning in the near 
field area, the prediction of a suitable method for estimating the 
location and depth of these scours in the seabed is very important. 
The case study is the Neka power plant located in Mazandaran 
near Neka city. Three-dimensional FLOW-3D model is used for 
simulation. Comparing and analyzing the results of numerical 
simulation and field data indicate that the horizontal distance of 
the deepest scour hole from the discharger is acceptable with a 
precision of 94% and the maximum depth of the scour hole with a 
precision of 58% compared to the bathymetry of the Neka 
substrate. 
 
Keywords:   Dewatering marine evacuators; turbulent jet; close field; 
FLOW-3D numerical model; scouring.  
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9- Viscous stress tensor 
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50d )����  .��u V�B  7\BF .��u 3F �:], Z� 3�

):��� �)� 3c�@� t�b��  )��B
 �8\BF ;)� ��F h�I,

 ��)1, � )�'
,cr iθ v8��� .	=� )��B
 ��b=��  �,�<:�

 3F,s id  �� ��+�b� �H-
50d )���� .�BY Z� �;�  �;

 3[���)14(  ��)1,'
,cr iθ  �B\ �;�F)��B
 �)-� ���F

�,�<:� 3F�)� 3c�@� 7\BF .��u V�B  t�b� .��u 

):���� .;B� ):��B
 ����= ��], �; ���-�  

 �]mB, �)H-� ;)� �]mB, ���� �:  q�����   

)τ�, 3g��2, (:;;�+  

)15(  ( ), ,

i

s i s i fg d

τθ
ρ ρ

=
−

 

 �3[��� Z� �;g .��g� �	� .����+ ��;�� �+�b� ��

�]mB, ���� �:  b-�  3g��2, ���B; �B��> egc

�, ;B� ]16[.  

 :(z)���� ;�B, e-H]  _�m  

 3[��� �� �;�D��� �� sF �� .��B�� �)� ):H� 	���

v, �� � Z+�� �; t��18

17 �, 3g��2,:;B�  

)16(  ( ) ( )0.5 , ,0.3
, * ,

s i s i f

lift i i s i cr i
f

g d
u n d

ρ ρ
α θ θ

ρ
−

= −  

                                                
16

15- Egiazaroff 
17

16- Hiding-Exposure 
18

17- Mastbergen and Van den Berg 
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 WB= 3[��� �;*d ��)� V�B�, �[> :	�� .��u )]�  

)17(  ( )
1

3
,

* 50 2

f s i f g
d d

ρ ρ ρ
µ

 −
 =
  

 

) 39;�], �;17 �(iα ;��� ��,����19

18  �0 ��)1, � 	��

018/0  V�B Mastbergen and Van den Berg 

 .	�� �)� 3-YB sn  ���� ���-� 3� �� ��,�� ��;��

 .	�� �F���,,lift iu ����  �F���, .��B�� ��b-, 3g��2,

�)� eH], .��B�� 3� E)g  3F �����, �;�D��� �)�� .;B�

�),0�; eH], 	9�@ 3� 3F ��B�� .��u ��-� V�B  �)��

�, ��Hp � 	F�@ ��\;)�B� ]16[.  

 :(.)���� ���  

�� E8�  ��1��� ��� )]� ��� 3�B+ ���� ����iJ�  3�

�, s�]  �� .�BY ;B�:  

)18(  
( )

,
1

3 21

b i
i

i i

q

g s d

Φ =
 − 

 

��Bc 3� 3F,b iq  )@�� �� ���� ��T@ ��� ��1��� ���

 )@�� �;) ���� ��� �� �T@ �� ��,�(��� 	�� .
iΦ  ��

39;�], �� �;�D��� �, �9B, � ��-� �20

19 �, 3g��2, .;B�

� ��B�� .��u 	F�@ ����� ��� ��1��� JB!D,3  .�BY

3-g� 	!G .	�� �F���, ���� ��� �� �!G � ��Hp -

����� J�� �; ���� ��� ��1��� ��b=�FLOW3D  �;�D��� ��

 �� �),Meyer-Peter and Muller �:	�� �� .�BY 3  

)19(  ( )1.5

, ,i i i cr i b icβ θ θΦ = −  

iβ  ��)1, ����; �HF �Bc 3� � 	�� ���� ��� _�m5  � 

7  ;�)@ ��F ��1��� ����8  �  � V�B�, ��1��� ����13 

�, o�� ��-�� ���� ��� ��1��� ����)1, .)�����-� ��=� 

J�� �; _�m Z� ��b=� FLOW3D �8  Z���-� 3F 	��

 .;��; .o�1, �; �� �;�D���,b ic 3�B+ �� ��T@ ��F  ���

iJ� 	�� ���� ;�B, �;  3�B+ �9�
 �T@ 	g�� ����� �i J�

                                                
19

18- Entrainment parameter 
20

19- Meyer-Peter and Muller 

 3�3�B+ J��  �9�
 �T@ �� 	��  �; )�� �!�0 ^�G 3F

):F W)Y �� 3[���:  

)20(  ,
1

1.0
N

b i
n

c
=

=∑  

�� 3�g9�)  3F ;B� �Fu,b ic  �HY� 39;�], �;

Meyer-Peter and Muller  3� ��)1, Z� .;��)� ;BG�

 39;�],)13(  	�� �)� 3=�m� 3�B+ Z):\ �d� �  .��B��

 ��~�29 ):F ]16[.  

3 -  ��56� �7�+�8!��3� � 
��� �3���� 
�   

��+��-� Z���!, �� �8 �8� ��+��-� �B�F ���

	�� �)� ?�)@� �8� E@�� �; �b
 ���; ��:F �; 3F  �

�� �, 7:
 ��; /0 �� �8� � ���@ ��+��-� 	
�� .;B�

 	-=�n1433  ��� �; .���<,1354 �; .)-�� J�� � 3�

��� )-9B  ��B  �� ��g-F�  E8-� �)� 3=�m� �� �-
� ���

3� � )� �;�b=� ��+��-� 2333 )-�� .���<, . E8�1 

��)-� �0 x�c �; _-� � �<����0 �� ���� 39�\ �=��+

�, ���� ��� )�;  E8�2 � �����)]� 3  E-8�  39�\

�1�� �)::F 3-HI  E��1, �)� 	�� �8� ]17[.  

  
E8� 1 - �0 x�c �; _-� � �8� E��1, �<����0 39�\ E8�  

 E8�3 ����  3-HI  E��1, �<����0 E-=��� �):�;

	��;�� �=��+��)-� e��[, �8� �)::F�, �)�  egc .)���

E8� Z�� �jF�)@  ���)�� 3� �)� ;�T� ��D@ e��6/8 

 3HY�= 3� � ��,76  �)::F 3-HI  �� ���,�,.)���  
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E8� 2 -  �)]� 3� �����)� 3����0 ��D@ ]17[.  

  
E8� 3 -  �)::F 3-HI  E��1, �<����0 E-=��� �g��G ����

�8�.  

4- 2�� 
!�' :�;�/ < <�= 01'� 2��,3� 

�), �;)� FLOW3D  ���-��� .�r�I, 

 ��F;� ���� E-H2  3�D�0 	G ���G ;�B, �;�D��� ���> 

3�=�+ .	�� �), ;�B, �;�D��� 3-m�= 7�:�B�21

20 � 

��= ���= ��)-�7- ���� �� ���� 3bT  � E-H2  `a�
� 

3-9�� �; ��)-, 7;b� ����� �, ):F .�; Z� 3]9�[,� 

.o;�], V�B�, ��-+�)� ���,� ����- vFB��� 

)RANS (3� ��B:� 39;�], �F�@ ����� �)�  3F 	��

�B<9��� �0 �,�0 �;��<� H,� qB,o0 qB922

21  V�B 

.��23

22 )� �;�; 3]�B  ����8�� �� �	�.  �; E@ 38g�

�BH� �� �), Z�	�� �)� E-8�  E-[��, _]8, ���. 

 7 ��� ��<� �; E-[��, _]8, 38g� )�� 3�g9�

 ���0 )-9B  	-H��> 	H� 3� �9� )��� �|� 3� 	;�)2,

 Z-:C�� � ���F 3|=�@ 3� ��-� � _��:, �|� �38g�

                                                
21

20- Boussinesq 
22

21- Los Alamos National Laboratory 
23

22- Hirt 

 ��-� �T@ ^��  ):,;B� ��b�� �; ��-+��8�)23
24VOF � (

�� Q��	@��, ��F �):�- ) ^��, �T@24
25FAVOR �(

 E@ 38g� .;B� )��B
 	b, 7 �BFR, J�= 3��; 

�I� 3g:G 3� �� ��� sH�I, ����), ����  �� �;)�

J��  ��b=�FLOW3D �, 3�
�;��.;B� 

 �� �9B�], /0 �), Z� �; �)� s�]  ��-�

�9�<\
3

kg
m

1000  3��B8�� �2 /m s −× 61/014 10 

 ��,; �20 ����� 3G�; ;��+	��.  

4-1 >� <�'��� ?�"�3/  

 �� .o;�], �;)� E@ �; �HY� Ef��, �� �8

�, _��:, �, ;�T� ��fbG .�1�, 7 ;�T� �� .)���

38g��, _��:, �):� .o;�], ���-� E@ ��B 

�;�� �;�� )@ �  �� E-����D;  _��:,�� /�I��� .;�F

�, 38g� `�1� E2, ���<�� J)� � ���)���� U��� )��B 

 	-���@ b-9��0 	!G 3]9�[, Z� �; .;;�+ .�g��2, �;

 �)� 3��1, �<)8 �� B �;B  � 	
�B:8 �, �)��� �,

�BH� ���)�� �--X  �� e�� 	!G �; v}� 	�� �a1��� ��

/�BG �);�+ ����� �, 38g� �� ��.	��   

4-1-1- <@�16A	 � 1=�*1= >� ��	���  

 	!G �E@ �� �HF 3T-�� 3� �)-�� ���� �)���

�), ���� J�� �; 3�D�0 ���G ��b=�FLOW3D �, �� �

 ���G� ��,� 3F );�+ �;�D��� ��, 7 ;�]�� �� 	
�B:8

 ���� 3,�����), ����  Z�=�+ �|� �; ��)� �3�D�0 ���G

 ;�)@ �.���@ �I�35 	��� �BH� EF ;�)]  � ���

�g��2, � 1694085 3:-!� 	!G v}� �);�+ ����

 � ����� �� v� � );�+ 3-Dr  �, 38g� �E@

3-g�  sH�I, �), ):\ ����):����  �, 38g�

 � �FBH� ):\ �, 38g� ����, �; ;�]�� �� 	
�B:8

 ):0�= 	!G B �;B  �, 38g� 7 �� 	�!� �; �B �;B 

3-g� �;�D��� �����BH� ;�)]  .)� E,�� B �;B  ���

                                                
24

23- Volume of Fluid 
25

24- Fractional Area-Volume Obstacle Representation 



���gG � ����� ���-9��F �����!,  147  
  

 

�����  ���	
���� ������ ���   ����� ���� ���1 ������  � ��!� �1399 

� 	�� �BH� i:�  ;�]�� ��16  3� � w��� ��,1  �; ��,

�, ��
 �G��
 	G 7;b�.;B�  

4-1-2- 8!��3� ���B 
�  �	)  

 	!G�), ���� /0 {[�� 3o ;�)]  � �1�� ���

�, 	-��� bf�@ ��-�� �0 ;�]�� Z-:C��)���.  �)��� �;

	-���@ b-9��0 	!G �, 38g�� �BH� ���)�� 	!G �; ��

) e��z∆ (7  3� /0 {[� 3F );�+ /�I��� ��,

� �), ����;�)� �, ��)���� �), �);�+. 	�!� �;�  �;

�BH� ���)�� e�� ������ ��, �-� ��3o wB� �� �  �):�

Zb ��F  )� /�I��� );�+ �), ����; 3� /0 {[� 3F

|� �� Z-:C�� � .;B� 3:-!� � �g��2, 3:b� � Z-:C��

/�BG �a1��� ����� 	!G�BH� ;�]�� ��, �� �� �; ��

 e�� ������25/0  Z� �; 3F )� 3�=�+ �|� �; ��,

/�BG 	9�@ �BH� ;�]�� �� 3��1, �; ��5/0  ��, D .��

 .	��)� �;���BH� EF ;�)]  Z� ���� � �g��2, ���

�), ���� 195084 1  ��,� �3-g� �g� ;�)@ b-� ����

�, 	��� ��!\ 3� .�g��2, ��,� 	9�@ Z� �; 3F )���

 EY�@ �, ��!� E8� .	�� �;�F �)-� E-H1  ���� 7

 �; E8�4  E8� �; � �g��2, 31[:, ���� Z-:C�� �5 

.	�� �)� �;�; ����  

  
 E8�4 - B �;B  �, 38g�  

  
 E8�5 - � �g��2, 31[:, ���� ]Google Earth[  

4-2 -  *�+�� �'�6 2��  

 3:,�;�), ����  ����; 528  ��Bc ��,402  ��,

 � ���24 �, e�� ��, /0 e�� .)���5 ��, e�� �

 ��B�� ����14  � ��,5 /0 ;��0 {[� ��B:� 3� �� ��, 

�)� 3�=�+ �|� �; �)::F 3-HI  .	�� �)::F 3-HI  wB� ��

�, �1��Bc 3� �g�1  �:�� ����F 7 V�B  3F )��� �

260  J�<�0 3-HI  E2, �; .	�� �)-�F ��; E
�; 3� ��,

 �� J�<�0 �  �)� �)-�B� Z�� V�B  ����F �o�� ���; 3�

 3F �|� ;�B, ��; � ;B� 3-HI  ����F w�D �� �� Z-��

 �;�)@54 ; _]8,��,�, 3-��d �  �� )���A E8� .):F Z-,

6  �;�)2, �a��), ����  � �)� E8�7 ���� �g��G 

I 3-H �, ���� �� �)::F.):�;  

  
 E8�6-  �;�)2, �a��), ���� �)�  

  
 E8�7 - ���� �g��G 3-HI  �)::F  

4-3 -  C	��.A	?�7�  

�), ���� J�<�0 	G �� ���� �<����0  �;�D��� ��

�y��� �;�]  39;�], ��26

25�9�<\ ������ �27

26����+ �28

27 �

                                                
26

25- Energy balance equation 
27

26- Density evaluation 
28

27- Gravity 
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.���@ ��1���29

28  �<�D�0 �), �hb930

29 �<����0 � 

.��B��31

30  �;FLOW3D  `�� .	�� 3�=�+ .�BY

QbX9 ��)� ���,32

31 � _HY �B[� J��  ����3  3�=�+ ��F

 �; .	�� �)�7 � �� ��= �QbX9 ��)� ��,Z  	�� 3F

 ��B; E-=��� �� ��B���, 31[:, �;;��; ;BG� ��  3F

,� � )��B ��� ��� �:  3g��2,� ,4; �; �d��B  ;�B,

+ ���> �;�D���-;� .�� ��B�], �Bc 3Z ��` ��,�  ��

 �a[Y� �� �;�D���; ^��B ��B |: -� ,� ;B� ]13[.  

4-4 - 
!�� C	��.  

�� ���, V����� �� �; ����, �� 7 ��)G1 

�)� s�] .	��  

4-5 - 0�E,3� 2�� �;,-./  

Z� �; 3]9�[, 3� �B|:, 3-g�  ���G ��)-, ����

3��1�� 	G �� ���� �)]� �� .o;�], V�B�, ��-+ 

�)*� �; ��*,� ���� - vFB�*�� )RANS (3F Z��!� 

/�BG�� �� �; 3f���; �;�D��� );�+. J�� ��b=� FLOW3D 

.o;�], RANS �� �� �;�D��� �� Q�� �T@ ;�)2,/ 

xa�
� ;�)2, �; 7 38g� �H-[��, ��H�� E@ 

�, ):F.  �),k-e  �LES  ;�B, i��� �e-12  Z� �;

�I� ��� �)�;�)� 3��� �� �9Bg> �; Z� �; 	G �+)�

.	=�<� .�BY ��B
 3� �),  

5 - �,3	F G�� �  

 �;�I� Z� ���i g� �� EY�@-3���� �;)� 

J�<�0 	G �� ���� �]mB, �<����0 ����  �� �G��


��+��-� 	�� �)� 3f��� .Fu 3F �B[���� 3-HI  ��; )� �

 �;�], �)�54 ��, 	��� �� 3-��d �; _]8,5/4  �� ��,

�, 3-��d3-g� �; �;�D��� ;�B, .��B�� �[> .)��� ����

 3��;b� 3��, E,�� �[> 3�2/0 ���-H-, �  	��; 3��,

                                                
29

28- Heat transfer 
30

29- Viscosity turbulence 
31

30- Sediment scour 
32

31- No-slip 

 �[> 3� 3��;9  ���-H-,	�� 3� `B��, _��m . �<����0

/�BG Z��!� 3F�;�; 3��� �� ��E,�� )��  .��u �9�<\

 ��B��
3

kg
m

2650t��; _�m �33

32 5/1 e-H]  _�m �

���� ;�B,34

33 035/0���� ��� _�m �35

34 8  3��� �

�����36

35 32 �, 3G�;.)���  

5-1- <�H �I6' F	�,3  

�; Z� �I� 3� 	2Y �T:� i��� �), �;)� �� 

�=��+��)-���� ;BGB, �� ���� E��1, 3-HI  �)::F �8� 

3�
�;�� �,;B� ..�]9�[, J�T�� �)� �; �I� ���; 

��+��-� �8� V�B  ,43�� .�1-12  /0 .���� ��-� .�BY 

3�=�+ 	�� .Z� 	2Y �T:� ,��E �; ��,���� �HY� 

�jF�)@ �Bc �1=� � �jF�)@ e�� �,)��� .egc 

3�1� ���  E8� �=��+��)-�8- s9�� )@��jF 3HY�= �9Bc 

�� 3-HI  �)::F ;�)@ 76 ��, �,)���. Eg> �� 

�), �B-���g-9�F Z� 3HY�= 35 ��, �3 	�; ),0 �; 3,�;� 

�� ;�T� sF ):� � Z-:C�� ����� _-� ��G��
 	G 3� 

�Z 3HY�= egc   E8�8 - 3� / 5/68 ��, �)-�� 	�� 3F 

Z� ��)1, 13/90 )Y�; 3HY�= ;BGB, �; 3�1���� 

�=��+��)-� �,)���.  ��D@ e�� �jF�)@ Z-:C��

�;�; 3� 3GB  �� �g�� �;�]  ��,� �; �<����0 ���

 ��8� E��1, �=��+��)-�6/8 �, ��, )��� e�� �jF�)@

�D@;�]  ��,� �; �<����0 �3� 3GB  �� �g�� � 

3-g� ����  ����� �)� J�T�� ���5 �, ��, Z� 3F )���

 ��)1,14/58 /0 ��D@ e�� EF )Y�;  �)� 3���

�, .)���  

5-2- F	�,3 J���=  

5-2-1 - 2�� 
��� ���!  

 ��,� ��<����0 ������ �; �!, Ef��, �� �8

 ���G��), ����  ~�29 �� _��:, ��)1, 7 3� �)-�� � 

                                                
33

32- Drag Coefficient 
34

33- Entrainment Coefficient 
35

34- Bed Load Coefficient 
36

35- Angle of Repose 
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