
  

  1395165 357 -366
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

R. Zaghian, M. R. Tavakoli, M. Karbasipour, M. Nili, Two-Dimensional Investigation of Solitary Wave passing over a Submerged Vertical Thin Plate with PIV Technique, Modares 
Mechanical Engineering, Vol. 16, No. 5, pp. 357-366, 2016 (in Persian) 

 -
 

12*12  

1-   
2-    

 *8415683111 mrtavak@cc.iut.ac.ir   

      
  

 :26  1394  
 :07  1395  

 :12 1395  

    
  

  ...  .
  . 

PIV     .
 

  . 
  .

 
 .  

  
 

 
 

 
 

  

  

  

Two-Dimensional Investigation of Solitary Wave passing over a Submerged 
Vertical Thin Plate with PIV Technique 

Reza Zaghian, Mohammad Reza Tavakoli*, Mehran Karbasipour, Mahdi Nili  

Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran  
* P.O.B. 8415683111, Isfahan, Iran, mrtavak@cc.iut.ac.ir  

ARTICLE INFORMATION ABSTRACT
Original Research Paper
Received 1 March 2016
Accepted 26 April 2016
Available Online 01 June 2016

The study of wave transmission over submerged obstacles and the flow pattern that forms around the 
obstacle has always been an important subject because of the direct affect on wave and the changes in 
wave energy that is crucial in the design of devices that absorb wave’s energy and coastal breakwaters. 
In this research, the flow pattern induced by solitary wave passing over a submerged vertical thin plate 
has been studied. A wave maker piston has been used to generate the solitary wave and particle image 
velocimetry (PIV) technique has been used for flow visualization a technique that is non- introsire optic 
method, which can measure the fluid velocity with any changes in flow pattern. The study of the flow 
pattern visualization, velocity values and vorticity shows, at first, the flow separation shear layer forms 
and the clockwise vortex generate at the rear edge of the obstacle before the wave arrives at the barrier. 
Then the vortex grows in size and causes the water to move upward like a vertical jet on upstream. Then 
the fluid enters to the downstream and generates the counterclockwise vortex in this region, which is 
less than the first clockwise vortex in power which makes an important difference with the thick 
geometry researches. In addition, the non-dimensional horizontal components of fluid velocity at the 
time of shear layer formation at the rear edge of the plate have been studied and compared with the case 
that the barrier is rectangular. 
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Table 1 Conditions intended to test 

    
 0.26  m     h   

 0.09 m    H 

 1.84 m/s c 

 0.13 m D 

 0.004 m L 

 0.3 m B 

 329189 - Re 

1 Dantec 
2 Beijing 
3 Edmund 
4 Complementary Metal Oxide Silicon 

 

  

Fig.1 Schematic channel conditions and the location of the barrier in 
tests   
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Fig.2 Sample of output results, a) Image taken from tests b) After 
Image Processing  
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Fig.3 Flow pattern around an obstacle in time t*=-2.21 
3 t*=-2.21  
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Fig.4 Flow pattern around an obstacle in time t*=-0.06 

4 t*=-0.06  

 
Fig.5 Vertical and horizontal velocity component at time t*=-0.06 
seconds in the specified section 

5 0.06-t*=   

 
Fig.6 Flow pattern around an obstacle in time t*=1.2 

6 t*=1.2  

 
Fig.7 Vertical and horizontal velocity component at time t*=1.2 seconds 
in the specified section 

7 t*=1.2    
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Fig.8 Flow pattern around an obstacle in time t*=3.6 

8 t*=3.68  

 

Fig.9 Vertical and horizontal velocity component at time t*=3.68 
seconds in the specified section 

9 t*=3.68   
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Fig.10 Stream line at the moment of the formation of two vortices at 
time t*=3.68 
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Fig.11 Absolut value circulation of clockwise vortex from formation 
time until the maximum vortex strength   
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Fig.12 The pattern of horizontal component of velocity in shear layer 
formation time [12]  

12  [12]  

 
Fig.13 Horizontal component of velocity in several different section in 
constant time t*=-0.2 

13    t*=-0.2  

 
Fig.14 Horizontal component of velocity in several different time in 
constant section = 0.04 

14 = 0.04  
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Fig.15 The changes in ymax with time at different section 

15 ymax   

 
Fig.16 The changes in b with time at different section 

16 b   

 
Fig.17 The changes in umax with time at different section 

17 umax   
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Fig.18 Non dimensional horizontal velocity profile in different time 
and section at the rear edge of the obstacle 
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[14], [12] 

Table 1 Comparison the constant of equation 8 between this study and 
reference   [12], [14]  

 
[14] [14] 

 

C1 1.63 2.7238 0.0910 
C2 1.5032 2.9873 0.9071 
C3 0.2799 0.4617 0.2645 
C4 14.7156 0.0481 -0.5021 
C5 0.0187 -1.7244 -0.003 
C6 145.94 30.719 69.03 
R2 0.979 0.988 0.978  
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Appendix.1 Compare the horizontal component of speed in the 3 tests 
at 0.08 and = 0.15 

1  3 0.08  = 0.15  

 
Appendix.2 Compare the vertical component of speed in the 3 tests at 

0.08 and = 0.15 
2  3 0.08  = 0.15  
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