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 

Abstract: In this work, we have consider a particular wave 

energy device to create electrical energy in water. The device 

contains a submerged cylindrical obstacle placed above a plate 

which is also assume as a cylindrical structure. Also the diffracted 

potentials are derived by applying several mathematical model for 

each region of the fluid. Due to continuous flow of the fluid, we 

have introduce a system of equation for some unknown constants 

which are involve in potentials expression. Finally, we derived 

moment of the device due to diffraction wave field and present  

graphically. 

Keywords : Diffraction,  finite, device, wave number, moment.  

I. INTRODUCTION 

T he study of diffraction problem on floating obstacle can 

provide fundamental data of moment of the device, Many 

researchers have involved in this field, for example, in [2]  
discussed a scattering and radiation problem arising from 
wave interaction with a pair of cylinders and they 
presented the hydrodynamic properties of the structures  
due to both case of interaction. In [3] presented a 
mathematical method to determined the wave loads 
potentials on a vertical cylinder due to rotational as well 
as translation motion of the cylinder. In [4], [5] proposed a 
device consist a pair of cylinders and they analyzed the 
various effect on the forces occurs from diffracted wave 
field.  In [6] developed  three dimensional problem due to 
radiation by a submerged cylinder placed above a plate 
and they solved the problem by using the method of 
variables separation. In [7] studied a hydrodynamic 
problem occurs due to diffraction and radiation by a 
rectangular structure and they present the effect of still 
wall on the structure numerically. In [8] proposed a 
fundamental information regarding diffraction problem. 
In [9], [10], [11] considered only a single submerged 
cylinder I  water and they solve the problem for both the 
diffraction and radiation.. 

II. MATHEMATICAL FORMULATION  

A. Scattering problem 

We assume a device consist of two cylindrical obstacle placed 

in a homogenous fluid of finite depth by taking 
1e . The 

cylinders are also placed coaxially and also we assume that 

the radius of upper one i.e. submerged cylinder is less than the 
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radius of lower one i.e. plate. Let the radii of the upper one 

and lower one be sR  and lR , respectively. Let the Cartesian 

coordinate is ( , , )x y z  which is the usual notation and the 

origin at O  as indicated in Fig. 1. Therefore the submerged 

cylinder i.e. upper one cylinder bound the fluid region is 

4 5, 0 2 ,sr R e z e         and the plate i.e. 

lower one cylinder bound the fluid region is
 

2 3, 0 2 , .lr R e z e        . 

 
Fig. 1. Structural device 

 

Since the diffracted wave field occurs based on theory of 

linear wave. Therefore the generalized potential ( , , , )r z t   

is given by ( , , , ) Re[ ( , , ) ],i tr z t r z e      where r  

and   stands for polar coordinate,  Re[.] represents the real 

part and ( , , )r z   be the solution of  Laplace’s equation of 

three dimensional  i.e. it is satisfies the equation in cylindrical 

form. Hence we have  
2 2

2 2 2 2

1 1
0.

r r r r z

   



   
   

   
                                    

(1)
 

 

B. Governing equations 

The governing equation with boundary conditions  are given 

by: 
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and radiation condition is given by 
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Since the fluid domain can be divided into five subdomains 

viz. 1, 2, 3, 4and 5,  as indicated in Fig. 1 and hence the 

diffracted velocity potential for each region can be expressed 

as 
1 2 3 4, , ,s s s s     and 

5

s  respectively..   

III. MATCHING CONDITIONS 

To preserve the continuity fluid flow. along the boundary 

lr R   we have 

 1 2

3 0s s e z                                                          8  
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Along the boundary sr R ,  we have 
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IV. SOLUTION TO THE PROBLEM 

The solution for the diffracted potential in each region are 

derived analytically by using the method of separation of 

variables 

 Region 1: 
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 Region 2: 

 

2

, ,

0 0 (

3

( ) ( )

( ) ( )

cos[ ( )]cos ,

m n m n
s i m n m n

m n m n s m n s

n

S b r T b r
B C

S b R T b R

b z e m

 



 

 

 
     

  





  

 14
 

 Region 3: 
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 Region 4: 
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     Region 5: 
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where nmnmnmnmnm EDCBA ,,,,, ,,,,  and nmF ,  are the 

unknown and , , ,n n n na b c d   and n  can be determined 

from the dispersion relation: 
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 The radial functions      .,.,. mmm TSR  and  .mU  are 

given by 
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V. UNKNOWN COEFFICIENTS 

The unknown constants occurs in potentials expression are 

calculated as follow: (i) first we apply the equation into 

potentials expression (ii) we multiply both sides by a 

orthogonal eigenfunction. Therefore we have 

3 3

0 0

1 2

3 3.cos[ ( )] .cos[ ( )]
l s

s l s lr R r R
e e

b z e dz b z e dz 
 

 

   
          

 31  

2 2

1 1

1 5

1 1.cos[ ( )] .cos[ ( )]
l l

e e

s l s lr R r R
e e

c z e dz c z e dz 

 

 
 

   
      

 32  

1 3

2 2

1 1

0 01 2

1 1

5 5

1 1

.cos[ ( )] .cos[ ( )]

.cos[ ( )] .cos[ ( )]

l l

l l

s s
l l

e er R r R

e e

s s
l l

e er R r R

b z e dz b z e dz
r r

b z e dz b z e dz
r r

 

 

  

 

  

 
   

 

 
  

 

 

 

      

 33   

5 5

0 0

2 3

5 5.cos[ ( )] .cos[ ( )]
s s

s l s lr R r R
e e

c z e dz c z e dz 
 

 

   
     

 34  

4 4

3 3

2 4

3 3.cos[ ( )] .cos[ ( )]
s s

e e

s l s lr R r R
e e

b z e dz b z e dz 

 

 
 

   
  

  

 35  

3 5

5 4

4 3

0 02 3

3 3

4

3 3

.cos[ ( )] .cos[ ( )]

.cos[ ( ) cos[ ( )

s s

s s

s s
l l

e er R r R

e e

i s
l l

r Re e r R

b z e dz b z e dz
r r

b z e dz b z e dz
r r

 

 

  

 

  

 
  

 

 
   

 

 

 
                                                                                        

                   36  

Let us assume 
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Now using the above operator given by equations  37  and 
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Therefore the unknowns are given by the solution of above 

system of equation given by (33)-(34). 

VI. MOMENT 

Since moment due to diffraction wave field generated by 

interaction with the obstacle in water is determined from the 

dynamic fluid pressure. Therefore the pressure can be 

obtained by using equation of continuous fluid flow given by 

Euler and it is given by 
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And a simple surface integration carried out to determined the 
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can be obtained as follow: 
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VII. RESULT AND DISCUSSION 

In this section,  discussed the effect of various parameters 

on the moment due to diffraction by submerged cylinder. 

Therefore we fixed some parameters throughout the 

numerical presentation and these are taking as follow:  
2

1 33 , 9.8 / , 0.75e m g m s e m   . Now we 

investigate the effect of radius of plate on the moment. In Fig 

(2), we plot the non-dimensional moment versus 

non-dimensional wave number for 10.2lR e and we 

observed that a obvious oscillation near lower range of wave 

number and for higher wave number, the moment almost 

vanish. Also the oscillation gives local extreme values. Hence 

for the range of wave number 0 to 0.5, the maximum value of 

moment is 0.16291 and for the range  0 to 1.5 the maximum 

value is 0.30959. Similarly, in Fig. (3) we plot moment for 

10.4lR e  and we observed a small oscillation as well as 

local maximum of moment occurs. Next in Fig. (4), we plot 

moment with same parameters of above presentation with 

10.6lR e . From the figure we have seen that the curves of 

moment is smooth and only one maximum point occurs. 

Those maximum is also occurs within small value of wave 

number. Therefore from the Figs (2). (3) and (3), we have 

observed that the value of moment oscillating and local 

maximum occurs only for lower value of radius lR   due to 

effect of the plate. 

 

Fig. 2: Influence on non-dimensional moment 10.2lR e  

 

Fig. 3: Influence on non-dimensional moment 10.4lR e  

 

 

Fig. 4: Influence on non-dimensional moment 10.6lR e  

VIII. CONCLUSION 

In this work,  have derived the moment due to diffraction of 

wave interaction with a submerged obstacle in water. A 

simple analytical mathematical model have been used to solve 

this diffraction problem and we obtained analytical result for 

potential of diffracted wave field. By applying these 

potentials, we derived analytical representation of moment of 

the submerged cylinder. Also we present the graphical result 

of moment for different radius of the obstacle.  
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From the graphical representation, we conclude that the 

oscillation behavior of moment is high for lower value of sR  

which will help a engineer to design a model of wave energy. 

NOTATIONS 

g         : Acceleration due to gravitational force 

i        :  Incident potential 

s       :  Diffraction potential 

         : Density of the fluid 

         : Angular frequency 

p         : Dynamic Pressure 

1(.)J    :  Bessel function of first kind  

1(.)I      : modified Bessel function of first kind 

(1)

1 (.)H :  Hankel function  of first kind 

(2)

1 (.)H  : Hankel function of second kind 

1(.)K   : modified Bessel function of second kind. 
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