International Journal of Engineering and Advanced Technology (IJEAT)

ISSN: 2249 — 8958, VVolume-9 Issue-3, February, 2020

Moment of Wave Energy Model in Water of
Finite Depth

Pankaj Borah

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.
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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..

Il. MATHEMATICAL FORMULATION

A. Scattering problem
We assume a device consist of two cylindrical obstacle placed
in a homogenous fluid of finite depth by taking € . 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 R and R,, 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
r<R,,0<0<2r,-¢,<z<-€ and the plate ie.
lower one cylinder bound the fluid
r<R,0<0<2r,-e,<z<-e,

region is

Fig. 1. Structural device

Since the diffracted wave field occurs based on theory of
linear wave. Therefore the generalized potential ¢(r, 8, z,t)

is given by @(r,8,z,t) = Re[op(r, 8, z)e '], where r
and @ stands for polar coordinate, Re[.] represents the real
partand ¢(r, 8, z) be the solution of Laplace’s equation of
three dimensional i.e. it is satisfies the equation in cylindrical
form. Hence we have

p 10 1 0° 0

—Z)+——§0+—2 (§+—(p2:0. @)
o° ror r°og oz

B. Governing equations
The governing equation with boundary conditions are given
by:

Vip, =0 (2)
op, o

———¢p, =0 =0 3
u g0 (=0 (3)
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-5 =0 =— 4

~ (z=-¢) (4)
%:0 (22—83,I"<R|;Z:_e5’r<Rs) (5)
(9((0;:_%):0 (-e,<z<-8,r=R;-g,<z<-g,r=R) (6)

and radiation condition is given by

IWJT j (7)

r—o

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 ¢sla¢52,§053,(054 and (055 respectively..

111. MATCHING CONDITIONS

To preserve the continuity fluid flow. along the boundary
r=R, we have

o,=¢. (-&<2<0) (8)

o= (-e<1<-8) (9)
58—%2 (—e,<2<0)

aa—(fslz —%(—eZSZS—eQ,) (10)
58—(0; (-8 <z<-8,)

Along the boundary I = R, , we have

) {gpj (-e5<2<0)

= 11
v p! (-e,<z<-¢,) (1)
3
aairs (—&; <2 <0)
O? o,
%: 6—?‘ (-6, <z<-8,) (12)
a 4
% (e, <z<-¢,)

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

e Region 1:
Ziﬁm R (@) —m>n~cos[a, (z+e, )]cosmd,
m=0 n=0 R,(@,R)
(13)
e Region 2:
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vl S0 o T |
=0t L2 B S,0R) T, 0R) | (14)
cos[b, (z +e;)]cosmé,

e Region 3:

=—p +§:§: D,,.U,,(c,r)cos[c, (z +e;)]cosmd,
m=0 n=0
(15)
o Region 4:

== +§:|:Em Or
m=0

"4 g Enn Ilmm(EjdnnRrs)) cos[d, (z+ es)]} X

cosmé,
(L6)
e Region5:
o =—0 Z{ N +Z cos[5 (z+el)]}
(5 .)
cosmé,
17)
where A, ., B, .. C... Dy, E,, and F_  are the

unknown and a.,b.,c,,d,

n! ~n?! “¥n?

from the dispersion relation:
w’ =gk tanh(ke,),n=0

a, =—ik
o’ =-ga, tan(a,e,)

and O, can be determined

(18)

n=12,..
b, =—-ik, " =gk, tanh(ke,),n=0 1)

o’ ——gb tan(be;,) n=12,..
k, =gk, tanh(ke,),n=0 (20)

o® =—gc, tan(ce) n=12,..
d, n=0,12,.. (21)

é‘:

n

n=0,12,...

e —e, (
The radial functions R_(.), S, (), T,() and U, () are
given by

(

)
R,(a,r)=K,(ar), n=12 (24)
S, (0,r)=HY (kr), n=0 (25)
S, (b,r)=K,(br), n=12, (26)
T, (b,r)=H? (kr), n=0

(27)
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T,(b,r)=1,(br), n=12,.. (28)
U, (c,r)=Jn(kr), n=0 (29)
U, (c.r)=1,(cr), n=12,.. (30)

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

(31)

JO' 17 -, -C0s[by (2 +€;)]dz = j' | . -cos[b(z+e;)]dz

T (pi‘r:R .cos[c,(z+e)]dz = —f (/755‘ ) .cos[cI (z+e¢)]dz (32)
—€

[ 9 .cos[b,(z+e)]dz = [ ¢t cos[b (z+e)]dz—

e, £ (33)
T o9, .cos[by(z+e)]dz + J' .cos[by(z+e,)]dz

-8 ar r=R —€ r=R

0

.[ ol . -cos[c;(z+e,)]dz = f o . -cos[c,(z+e;)]dz (34)

o -cos[by(z+e;)]dz :T @:| _, -coslb(z+e;)]dz (35)

P@

.cos[b,(z+e,)]dz =

r=R, -5

.cos[b,(z+e,)]dz

o
[L’

; cos[b,(z+e)dz+[

cos[bI (z+e,)dz

(36)

Let us assume
ky

L (5% Yo As A by k)= [ cosD (2 A costy, 2+ AYlz, - (37)

k

N(xn,Ai,kl,kz)zfcosz[xn(z+Al)]dz. (38)

Now using the above operator given by equations (37) and
(38) , We get
< ig &,J,,(kR)
M ] y Oy B3y T 0 =—=-10
;An,n (an 0{| el e3 e3 ) o COSh(kel)

M(aovblv%esv_esvo)'i'

[Bmlpml+CmIQmI]N(bI’e3'_e3'O)
(39)

ig 6,0y KR)

o cosh(ke,)

(51’91’_ ,—e)
(40)

ZA“Y" M (an’ 5I,e11eli_e1,—ez):
n=0

M (ay, 6,6, -€,-€)+F, RAN

m,l" 'ml
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ig £,kJ,, (KR))

AuN(a e, -6,0)= o cosh(ke,)

N(ao,el,—e1,0)+

0

X[ By Vi +Co W

m,n ' mn m,n* mn
n=0

ZFm nxmn'\/I 5 a,, €, €,

M (b, a6, 6,-6,0)+

_e1'_ez)
(41)
i(B +Cpy M (

b, ¢ €8, —€,0)=D,,x

T (42)
U(C,RS)N(CI,eZ,—eZ,O)
g(B #Con )M (81185, -6) = E Ry (43)
N(Cwesv_es'_el)
[B G +C H ] 33 ZDmn n
M(dn’bllewes’_ez,O)+iEm’nOmnx
n=0
M(Cn’bl’eS’eIi’_egl_el)
(44)
where
Sm(b'R') Q Tm(blRl)
"7, (BR) ™ T, (bR,)
b R 1=0
"l 1=12,
b,S, (B.R)) w BT (bR)
" Sm(bﬂRS) m m(bnRs)
mRIm—l n:O
Y .
m =9l (6,R) Lo
ln (&R
Rm|:{RS =0
1 1=12,
GmI ml
Sm(ble) Tm(ble)
mR™* n=0
o = .
mn Cnlm(CnRs) =12,
Im(CnRs)
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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
o0,
=—p—5 45

P=—r— (45)
And a simple surface integration carried out to determined the
moment of the submerged cylinder i.e. upper cylinder and it
can be obtained as follow:

27—
M, =-ipo| [ [ ¢!(R,.0,2).(z+¢,+&)R cos0 dzdo
0 —e
27 R
— [ [ #(r,6,~¢).r* cos @ drdo+
0

0
R,

I :(r,0,-e,—¢e,).r’ cosd drdo
0

(46)

o‘—.g’

VIl. 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:
e, =3m,g=9.8m/s* e, =0.75m 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 R, =0.2€, 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

R, =0.4e, 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

R, = 0.6€, . 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 R, due to
effect of the plate.
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Fig. 2: Influence on non-dimensional moment R, = 0.2¢,
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Fig. 3: Influence on non-dimensional moment R, = 0.4¢,
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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 obst
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@,  Diffraction potential

Yo : Density of the fluid

) : Angular frequency

p : Dynamic Pressure

J,(.) : Bessel function of first kind

I,(.) :modified Bessel function of first kind
H®(.): Hankel function of first kind
H,?(.) : Hankel function of second kind

Kl(.) : modified Bessel function of second kind.
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