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Introduction

Motivation
Establish a simple mathematical basis for rectangular cylinder
hydrodynamics
To develope a code for mooring problem of rectangular floating
breakwaters
To have a mathematical tool for plunging rectangular cylinders intended
to extract wave energy

In this study
Why analytical method?

Zheng, Y. H., Shen, Y. M., You, Y.G., Wu, B. J. Rong, L. (2005). Hydrodynamic properties of
two vertical truncated cylinders in waves. Ocean Engineering, 32, 241-271

Why rectangular section?
Hales, L. Z., (1981). Floating Breakwaters: state of the art literature review. Technical Report no
81-1. US Army Engineer Waterways Experiment Station. Vicksburg, Mississippi, USA.
Koftis, T., Prinos, P., On the hydrodynamic efficiency of floating breakwaters. Aristotle
University of Thessaloniki, Greece.
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Literature summary
S

- Kim (1969)

-~ Bai (1975)

~ Sabuncu (1978)

- Sabuncu, Caligal (1981)
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The neccesity of the study

This method
Makes the solution more simple
Needs shorter computing time
Converges very quickly

Sabuncu, T., Géren, O. (1981), (1983)
Sabuncu, T., Calisal, S. (1981), (1989)
Pek, N. (1989)

Goren, O., Séylemez, M. (2004)
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For the solution;

Separation of variables
Matching technique

Potential and linear theory
The flow is irrotational
Viscosity and surface tension neglected
Free surface condition and kinematic condition on the body are
eliminated.
The particle kinematics and the wave pressure are derived

from the velocity potential.
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Problem definition

The problem will be divided into two independent situation:

Radiation Problem (Heave-Sway-Roll)
+

Diffraction Problem (Wave forces-moment)

Hydrodynamic analysis

(Coupling effects are neglected)
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Radiation problem

II1 II [1I

i A A A A A A A A A A A A A A A A A A A A A A T A A T A A
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The boundary value problem(BVP)-Heave

1
- o SORGR )
V :V e—la)tk 8 _ n . _
OX 0Z

%7/ g ®,+9gd,=0 (z=d)

%
T Py (=0
| 0z
ai)=O (x=a, x=-a, h<z<d)

ITT II
h OX

0

I oD .
,,,,,,,,,,,,,,,,,,,, . —=V,e™ (-a<x<a ve z=h)
x=a oz

d(x,z:t) = Re {Vod B(X, z)e—iwt} The velocity potential is in dimensionless
form #(x,z) due to the V,d term and

will be used in this form.
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The velocity potentials in region I, 1l & Il
_

In region |

The potentials that are gained by using the separation of variables method

cosh@ sinh@
gp,(x,z):i+ZA1 nha cosmz+B°§+ZBn nhacosmZ
n=1 COShL h 2 a n=1 Slnh L h

¢ (x,2) expanded into Fourier series
¢| (X’ Z) - ¢|h (X’ Z) +¢|p (X’ Z)

1 2 2
¢ (X, Z)=m(z —-x*) (Sabuncu, T.)
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In region |l & Il

o (X, 2) ve ¢, (X, 2) expanded into Eigen functions.

ikyX -k X

01 (6,2)=Cy S5 Zu(D)+ 3Cy 5 24 (2

—ikyx k X

o0 (%,2) =Dy S Zu() + 3Dy 25 7, (2
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Matching conditions
S

Pressure
o (X2)=¢,(X,z) x=a,0<z<h

0 (%,2)=¢,(Xx,2) x=-a,0<z<h
Velocity

é(p,(X,Z):a%(X’Z) (x=a,0<z<d)

OX OX
0o, (X,2) _ 0y (X, Z) (x=—a,0<z<d)
ox o |
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1st Equation system/set
N

2 " Nz
B =— a,z)cos—-—dz
A+B =1 [o@z)cos T

2" Nz 2R Nz
+B =—|C.Z.(z)cos——dz +— C.Z (z)cos——dz
A1 n h'(‘; 0 O() h h‘[z m m() h

o m=1

A+B-3Cly -+ X =0
0 o m —mo0 3d hd
© 2h (=1)"
+B-NCcL =- n>12.
A1 n mz=0 m —mn d (n]Z')Z
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2nd Equation system
S

2" nrz
—-B =— —a,Z)cos—dz
A B =3 [o(az)cos =

h
_[ Z (z)cos—dz+ IZD Z (z)cos%dz

0 0 m=1

2
_L+a_ n=0

Zz‘) 3d hd
2

O
—
Il

) DmLmnz—Zh (_1)2 n>12..
m=0 d (nﬂ')
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3rd Equation system

a¢..(a oy @2), (@ } ¢,,(a 24, (a,2), (@ me

h

Z (z)dz + i ¢..(a ¢, (a,2),, ()dz m>1

h

r sinhk;h

0

-1/2
Z'Ah—t h@LOnJrB h — Ly + ZB th@LOn Cikod:ENO
4a
h
a

C -1/2
o+ 2.8, h@L Zde—EIE”‘d sink _h
n=1

m

15136



4th Equation system

_ik,dD, = } O é;a’ 7 (2)dz+ i O é;a’ 7 (2)dz m=0

k dD, = f O é;a’ )7 (2)dz +}a P é;a, D7 )dz m>1

© -1/2
—ZAj—t h@LO L+, T eoth MR L Djik,d = 2 No ginnkh
4a = 2 h h k,
nra h “ nra aN?'
- —t nh 4L B, L +YB 2 coth ==L, Dkd—— " _sink_h
ZA’ h “4a ™ 2. 2 Z h k. d )

n=1 m
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Complete set of linear equations

00 h a2
+B,->C L =——+— n=0
AO 0 mzzo m —moO 3d hd
A +B — icm L =- 2h (_1)2 n>12.. Linear equation system is solved with a
?] (n7) Fortran code which uses Gauss
a ' ' '
B, DL, = n=0 elimination method.
oo mZ‘, 3d hd
& 2h (=)
-B, - > D L =- n>12
Aw n mzzo m —mn d (n7Z')2
) -1/2
ZA17t h@L0 aLOO ZB th@L0 G, kd—%Nod sinhk;h
n=1 n=1 0
= Nnx nra h - nra aN"
—tanh——L —L  + B th—L de—— T —sink_h
2A5 h ™ Pd4a ™ nzi‘ " Z hkd 7
) -1/2
SA Y anh ML 4B h B 78 _pikd =2No gk h
2 h h On 0""0 h 0
n=1

0

nr nra nr nra a N2
S A g g Ny g7 coth ==L, Dkd—— sink_h
nZ:;‘A“ 2 h “4a ™ Z;‘ Z h k_d 17136



During the solution steps
_

1 h
- [2,(0z,(2)dz=35,
0

Z, =N, "*cosh(k,z) (m=0)
Z =N _"?cos(k z) (m=>1)

N, _1),, sinh(2kd) N, _1],, sin(2k,d)
2k, d 2 2k,

2N, 2(=1)"k,hsinh(k,h)

m=0ven=0,12..

o (nz)? + (koh)2 ( )
U2 \n -

mn:2Nm ( 12 kmh3|r21(kmh) (M>1ven=012.)
(knh)” —(n7)
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Added mass and damping coefficients

_
- By integrating the pressure

_ 0
F=—p—|®(a,z;t)nds
pati( )

oD (X, z;t)
ot

p=-p

aVV+bVV+J'de 0

aVV+h,V+F =0

8 B _h a d,, —ZM )" (n ajtanh( h j

pa’ pa‘w a 3h a nrza
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Hydrodynamic coefficients results and comparison
S
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BVP for sway motion

2 2
V e—la)t 8 (D 8 (D

+ =0
ox> oz
/ .
n % O, +9gd,=0 (z=d)
// oD
=0 z=0
= (z=0)
7 oD -
III it I =V,e (x=a, x=-a, h<z<d)
s
I x ai):O (-ra<x<a ve z=h)
— T ———— OZ

CI) t :R V —iat
(x,;1) = Re {Vodg(x, 2)e™ The velocity potential is in dimensionless

form #(x,z) due to the V,d term and
will be used in this form.
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Hydrodynamic coefficients results and comparison
_
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BVP for roll motion

QZQOE_MT 82CD+82CD:O
ox>  oz°

/ \/

h / % O, +9dP,=0 (z=d)
/.
: ‘ P o (z=0)
0z
d
111 o II aLq):gj(z_d) (x=a, x=—a, h<z<d)
OX

I < aai):—ﬁx (-a<x<a ve z=h)

R z

O(x,7;t) =Re{Q,d’¢(x,2)e ™} The velocity potential is in dimensionless
form #(x, z) due to the O,d? term and
will be used in this form.
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For roll motion

Particular solution (presently introduced)

NG xz2

6hd2 2hd?

¢|p(X1 Z) -

For hydrodynamic coefficients
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Hydrodynamic coefficients results and comparison
_
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Wave force and moment (Diffraction) analysis

T

VA
2

oD 0D

ox? i 0z° 0

g tht+chz:O (Z:d)
IIT IT
h oD
—=0 z=0
4 oz ( )
I
B T 1 AL
X==0Q X=0 on

D(x,z;t) = Re{;icqﬁ(x, z)e““’t}

The velocity potential is in dimensionless
form #(x,z) due to the ¢.cterm and will
be used in this form.
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Velocity potentials in regions

N X
o cosh —— sinh

A h nrz By X h Nz
¢'(X’Z):_+ZA1—COS—+——+ZBn Ccos
2 W3 gosh 72 h  2a i3 72 h
h h
|k0x —k, X
b (% 2)=Co 5 Z (z)+ZCm i Za()
e e cosh(K,z) i
G (X, 2) = Do oo Z (Z)+ZD > m(Z)—MekO

sinh(k,d)
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Wave force and moment

S S
-
Pt
d d
X——pjaq)“'( a Z)d pJ'aCDu(a Z)d
h h

d d

I (DIII( a, Z)( —d)dz-l- Ia(p (X h) j (DII (a Z)( —d)dZ

h -a h

Séylemez, M., Géren, O., (2003). Diffraction of oblique waves by thick rectangular
barriers. Applied Ocean Research, 25, 345-353.
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Wave force and moment results and comparison
S
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Equation of motion

< T

[ J = —pgg(gﬁjzds —p ReJZ::ia) e g[r:ﬁyjds — pReiw e —Q(Fgﬁj (@, +¢;)ds

Radiation problem analysis
Added mass (acceleration)
Damping (velocity)

Diffraction problem analysis
Wave load and moment

Hydrostatic restoring forces and moment
Force and moment (displacement)
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Equation of motion

(M, +2,)& (-0))e ™ +h, & (-iw)e ™™ = F et

X _ L
£ (m+ay) (o) +b; (o)

(M, +8,,)8,(-0°)e ™" +byd, (-iw)e™ +cy5e " = Fe ™

Z _ F.pga
&, (M+3y)(—0’)+by;(-iw) +c,

(m33 + a33)53 (_wz)e_iwt + b33é?3 (_ia))e_iwt + C3sgse_iwt =M ye_iwt

= 1 2
§3a _ Mypga

a, (g +a33)(_a)2)+b33(_i0))+033
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Response amplitude operator (RAO)
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0 T
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Results & Discussion

For the radiation problem
Good agreement with the experiment results

For low frequency values the comparison with the experimental work is
much more better than the numerical methods.

Also wave force and moment values presented are in good
agreement with the experimental work.

Calculation method and getting the result in short time are the
advantages when compared to numerical methods.
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Field of application

Not only for floating breakwaters

- A design approach for new landscape requirements
for social activities, entertainment establishments or living
for industrial factories or military facilities
Terminals (such as for container ships, airports etc)

- Seakeeping characteristics of rectangular structures (Strip theory)
- Calculating the wave force and moment of wavemakers
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Future work

Planned future works as a continuation of the present study are

Generating a code for hydrodynamic analysis of moored
floating structures by the linear theory approach

Nonlinear analysis of the same problem

Wave energy conversion in the shoreline by considering
rectangular cylinder as a source of driving unit on linear
generators.
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Thank you for your attention
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