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Abstract—A submerged horizontal plate type breakwater is

pointed out as an efficient wave protection defaecage culture in
marine fishery. In order to reveal the wave elirtioraprinciple of this
type breakwater, boundary element method is utilizeinvestigate
this problem. The flow field and the trajectoryweéter particles are
studied carefully. The flow field analysis showatththe interaction of
incident wave and adverse current above the platarbls the water
domain drastically. This can slow down the horizbielocity and
vertical velocity of the water particles.

Chen, Chen and Liret al.([17]) solved the scattering
problem of normal incident wave passing a thinigattand
inclined barrier with rigid boundary condition whicis
descending from the water surface to a depth bydite
integral formulation. Usha and Gayathri ([18]) ciolesed the
scattering of surface waves by a submerged, hdagplate or
disc, by using eigenfunction expansions within fiivgte
domain. Zheng , Shen and Ng ([19]) studied the dggnamic
coefficients and wave exciting forces for long korital

Keywords—boundary element method, plate type breakwatef€ctangular and circular structures by boundarymete

flow field analysis

I. INTRODUCTION

method. Liu, Li and Teng ([20]) investigated thellgdynamic
performance of a submerged two layer horizontaltepla
breakwater by the matched eigenfunction expansiethod.

WITH the development of marine aquaculture, th&U0, Zhang and Létal. ([21]) studied the wave transmission

traditional cage culture is moving from coastaldeep
sea. In order to maintain the safety of sea camsspmerged
horizontal plate type breakwater is pointed asfiicient wave
elimination device. This type breakwater can bestmmted
quickly with low cost and be little affected by watdepth and
geological conditions. The study of its hydrodynami
characteristics has aroused increasing attentioadent years
in the field of ocean engineering ([1]-[3]). The imalesign
concept of this type breakwater is the attenuatigmart of the
wave energy, which can keep the huge wave foroes &cting
directly on the marine structures. Besides, the fveater
exchanges behind the breakwater can keep the geadciean
and marine ecosystem uninfluenced.

Many mathematical derivations ([4]-[7]) and expegints
([8]-[12]) have been done in the study of the hybramic
characteristics of floating breakwater. Parsoniadin ([13])
established a high order singular integral equagoil studied
the diffraction of the submerged horizontal playesblving the
discontinuous velocity potential on its both sidegelamani
and Reddy ([14]), Yu and Chwang ([15]) solved tif&akttion
problem of the horizontal plate in finite water tlepising the
eigenvalue approximation in finite region. Hu, Waagd
Williams ([16]) presented a two-dimensional analgti
solution to study the reflection and transmissiblinear water
waves propagating past a submerged horizontal Hate
through a vertical porous wall.
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characteristics and wave induced pressures on plate
breakwater under regular and random waves expetathen
Liu, Li and Li et al. ([22]) used a new approximate analytic
solution for water wave scattering by a submergedgzbntal
porous disk in the context of the linear potentiakory.
However, no clear and direct elaboration has beasenabout
wave elimination mechanism from the viewpoint @i field
analysis. Therefore, the present study adopts thendary
element method of Green function in infinite watiepth to
solve the diffraction problems of the submergedizomtal
plate and obtain the distribution of flow filed ara the plate.
The numerical simulation confirms that this methbds
sufficient precision to be applied in calculati@amsl analysis of
the flow field around submerged horizontal plate.

In section 2, basic formulas and numerical calautat
methods concerning the flow field surrounding tbbreerged
horizontal plate are elaborated. Section 3 provides
calculation results and discussion. Finally, sectial
summarizes the flow field analysis of submergedzootal
plate under different wave conditions.

[I. COORDINATE SYSTEM AND THEORETICAL FORMULAS
A. Gover ning Equation and Boundary Conditions

Fig.1 shows the definition of Cartesian coordinate
systemoxy and plate location. This coordinate system is
stationary related to the undisturbed positiorheffree surface
and floating object. The origia is located on the static water
surfacex-axis represents the horizontal coordinate, wadis
represents the vertical coordinate with upward dfiioe
positive. The incident wave of unit amplitude iopagating
from right to left along thex-axis. Besides, plate length
is B=2a, plate thickness iSI'T and plate submergence
ISH.
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Itis also supposed that the plate is rigid ang tkein, and the
normal vector is positively pointing out of theifitdomain.
Ay
Incident wave
o
/ » X
/I/Hs
1L
B=2a S
/4 /4
1 1

Fig. 1 Calculation sketch of submerged horizonkaiep

The fluid is assumed to be non-viscous, incompiéssind
irrotational. And supposing the motion of the objds
harmonic oscillation. Then, the fluid velocity che expressed
by the gradient of velocity potentiab .The velocity

potential® can be defined a®(x,y;t) =RepXx,ye“],
where Re[p(x,y)e'] denotes the real partw is the

frequency of the incident wavé,s time, i :x/jl, andg is
the spatial complex velocity potential irrelevaattime. The
following is the governing equation (Laplace eqoma}i and
boundary conditions thatsatisfies:

D%p=0 in the whole fluid doman

0p o
_(0——(0: 0 on the free surfac&. 1)
oy g
op .
—=V on the object surfége
on
g_(p =0 in infinite water depth

n

Based on the linear assumption, complex velocityptial
@ can be decomposed as follows:

P=q+@ -iwY X@ @)

i=1

where X is the motion amplitude of the objeoy is the

incident potential g, is the diffraction potential, ang is the

radiation potential for sway, heave and roll resipety.
The boundary condition for diffraction and
potentials is:
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Here, n,n,,n, are the component of normal vector on the
objectsurface ang =n, n, =n, n, =(y-y,)n —(x=x,)n ,
where (X,, Y,) is the rotating center of the object. The incident

wave potential can be expressed as:
(4)

Here, w is the wave circular frequendy,=— is the wave
g

number, g is the acceleration of gravity, and is the
amplitude of incident wave.

B. Boundary Integral Equation

The hydrodynamic of submerged horizontal plate ben
solved by establishing integral equation on theeabgurface
with Green’s theorem. The following is the boundamggral

equation abouy and ¢, :

CaP) +|_p(P) BaG(a+Q)ds
:LG(P,Q)B"‘(’;(—nQ)ds

()
Where gP)=(@ Or @) , P(xy) is the field point,
Q(&,n) s the source pointG (P, Q) is Green's functiorG is

the space angIeG(P, Q) can be expressed as follows:

G(P,Q) =logr, - logr, - 21, (6)
Where
1= (x=¢) +(y-n)" . i) =(x=&) +(y+n)" @
. @ily+n) —
I, =lim [ EEOS”_(X i ®)
#-0°0 u-K+iu
Equation (8) can be calculated as following ([23]):
Supposing  that X =(X—f) , Y=(y+l7)

Y
andd, = arctan—, then
X
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I, ={ E, cosK | X| )+ Eg sinK |X| } e Zn:[H”]q:Zn:[G”](g—f)l(i,l =1,2,3; n) (14)
3 KY 1=1 1=1
e eoske |X| )( ) where
>, (K. T
E =-I 'Kr,) - i (9) _ G
c og(r 'Kr,) Z‘ ey Etosn[e 2) H”—C(p)c)]+£ij(<-)%ds "
[ j i Blnn(e Ej G, =[N (c)Gds j=12i0= 123n,)
n=1 ! 2 bs

Wherer = logr ', in which r' is Euler's constant. In (15), the item related togr, can be solved by analysis
method, and the item related lmgr, and | are regular and

can be directly calculated with numerical method.
D.Flow Field Velocity

iF f represents the incident potentifalI , diffraction
potential f ; , radiation potentiaff 5(f,,f,,f;) and total

velocity potentialg respectively, the velocity of flow field
Supposing the fluid domain is discritized into fewode
(u,v) induced byf can be obtained through the followingquadrilateral ~ elements, whose shape function is

\

equation: N (i = 1,2,...,4), the respective physical quantity in the
domain can be expressed as:

u= oI (10)
fix fy n n n

X:ZNixi’y:ZNiYi’¢:ZNi¢? (16)
i=1 i=1 i=1

Wheref (p) at any pointp can be solved by the

solution of (11): and the velocity of any point in the fluid domaiancbe

calculated as:

f 0 2 0N,
o= of@T>ds+ gepa Blas ay u=2¢-3hg-

ox % ox an
|:aN1 ONZ aN3 (3N41:l[¢I % % ¢]T
C.Boundary Element Discretization oX 0x  OX X *
In the numerical method, the object surface is esged by a n
series of discrete linear elements with boundagment :_40 — zﬁ
method. Thus, the coordinates and physical vagabfeany
element can be expressed as follows: (18)
ON, ON, ON, 0N, @ o o of
X(¢) = Ny(€)%, + N,(§)X, dy 9y dy Oy *
Y(€) =N, (6)y, + N,() Y, (12)
#S) =N, (§)@ + N,(6)o, Equation (17) and (18) can also be written as:
Where N,(¢),N,(¢) are shape functions which can be ﬂ
written as: ul_ [J]‘l & [(/{]T 19
N, (¢)=1-2 N < (13) v N,
1(()_ 'K 1 zt):E 0,7

Here,( X, ¥,){ X,,Y,) are global coordinates for the node of

Where[J] is Jacobian determinant.
the element], is element lengthg is local coordinates.

Substituting (12) and (13) into (5), then (5) candhanged
into the following form:

International Scholarly and Scientific Research & Innovation 6(8) 2012 556 scholar.waset.org/1307-6892/12053


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

International Science Index, Civil and Environmental Engineering VVol:6, No:8, 2012 waset.org/Publication/12053

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:8, 2012

I1l. FLOw FIELD ANALYSIS

To further reveal the wave elimination mechanisnplate
type breakwater, this section analysis the flowdferound the
breakwater and explores the motion trajectory oftewa
particles in the whole process of wave eliminatiém.the
calculation, the most effective wave condition i®sen when
plate location isHs=0.05m, TT =0.005m andB =0.4m .
Besides, three kinds of incident wavéB/2 =0.4,0.8,1.Z are
selected. In this paper, only the change of fl@idfivelocity is
given.

A. Velocity Fiddat KB/2=0.4

Fig.2 shows the calculation results of velocityldidor
submerged horizontal plate whekB/2=0.4 , where
transmission coefficient is 0.3 and heave wave &dg: the
largest. The plate is symmetric about ykaxis, so heave flow

field (U,,V,) is symmetric, while sway flow field and roll flow

B.Velocity Fidddat KB/2=0.8

Fig. 3 shows the flow field &B/2=0.8, when wave
elimination is also relatively effective and trarission
coefficient is also about 0.3. Because that theewedimination
effect of this kind of submerged plate type bredewas
symmetric aroundKB/2=0.6 . Therefore, for the same
transmitted coefficient, the smallest plate lengtbuld be
chosen. The results reveal that the sway, heauk,ana
diffraction flow fields around the plate are badlicghe same
with KB/2 = 0.4, but because of the different wave number,
the flow direction is a little different about thater away from
the plate.

C.Velocity Fieldat KB/2=1.2

It can be seen from Fig. 4 that the variation dbeity field
when KB/2=1.2 is basically the same with that
whenKB/2 = 0.4,0.8 In other words, with a trend of vertical

field (Uy,V,), (U,,V)are anti-symmetric. It can be seen froninovement, water above the plate forms adverse muraad

the figure that the plate obviously disturbs tteflfield under
the action of waves. When the plate sways and, ralier
above the plate move rapidly in the horizontal eticm, and
water particles in front of and behind the platevemuertically
reciprocate in the fluid regions. The differentbetn sway and
roll is that: for the sway motion, the water unttez plate and
above the plate have the same flow direction amrdstime
amplitude; for the roll motion, the flow directi@f the water
under the plate and above the plate are opposiig, tlae
amplitude under the plate is smaller than the goqdi above
the plate. That is mainly because of the motiorraittaristic.
When the plate heaves, water particles also movicaky
reciprocate in the whole fluid region around that@! Since the
plate is thin and close to the free surface, thezbotal
direction of plate length is the control directiddecause the
actual radiation amplitude of the plate is very Bmthe
diffraction velocity is the main flow field in whiicthe water
particles change. Therefore, the change of the evihalv field
is basically the same with that of the diffractieglocity flow
field. It can be known from the figure that waterticles above
the plate move vertically reciprocate, and sepdratéo two
parts along plate length direction, they flow te fluid regions
in front of and behind the plate. where fluid vélpchanges
dramatically. As a result, downward and forward exde
currents are generated in the head-sea area, sichd be the
main wave elimination principle of plate type breaker. The
interaction between adverse current above the plate
incident wave leads to the formation of wave eliation area
in the head-sea of the plate,

interacts with the incident wave in front of thatg. Only the
flow direction of water above the plate for roll different
from KB/2=0.4,0.8. Besides, diffraction flow field is the
main flow field.

IV. CONCLUSION

This study explores the flow field distribution tife fluid
domain around the submerged horizontal plate udifrent
wave conditions with the boundary element methoid.found
that:

(1) The heave flow field is symmetric, and the s\aag roll
flow fields are anti-symmetric.

(2) The diffraction velocity field is the main flofield and
the changes of the whole flow field are basicdlly $ame with
that of the diffraction flow field.

(3) Water particles above the plate move verticallyand
down, and separated into two parts along the fdextgth
direction.

They flow to the fluid domains in front of and bedithe
plate. The interaction between adverse current alloe plate
and incident wave leads to the formation of wavmiekation
area in the head-sea of the plate, where fluidoigl@hanges
dramatically. As a result, downward and forward exde
currents are generated in the head-sea area, sitnichd be the
main wave elimination principle of plate type breaker.

(4) Because of the plate, the flow velocity of tivater
particles changes from vertical to horizontal, #wtivity of
wave elimination is obvious.

% FEEF
o

Eu A
Y A A
S A

. i,
ey =
#lnll‘h”“..

T

T T
T
IO T T T

T T T[T
T

T
VT

=]

() Sway velocity fieldU,, V,)

International Scholarly and Scientific Research & Innovation 6(8) 2012

557

scholar.waset.org/1307-6892/12053


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

International Science Index, Civil and Environmental Engineering VVol:6, No:8, 2012 waset.org/Publication/12053

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:8, 2012

| 7] Illllll‘lﬂﬁ'.'ﬁ
RARRRRAR S e,
MEUMMEREE o

3
i
I
o1 B
¥
015 =
IR
/l /l s
R
0z
0.4

= T UL
T
— \\.‘{\\\\ 7 f\

T

[ [ I ) e I Al I B
— /l;\;‘/lf‘

o o

F= [ !
i ,'i?ii
S Fl
S
T T T
a3 aEes
-0.1 e
=1/ =
-0.15

B DDE

01 a

(d) Diffraction velocity field(U,,V,)

Ea ARREREENEEEY L

ﬁ?&ﬁ, A NS U Y Y W W U IR Y B
SaanEREEE e ,gggsggg
S S = 2 5

7
*\
-ﬁ\
v

AT

\\\\\\

BEEEE

DD EEDE

T

BN IE

] o
(e) Whole velocity fieldUsg, Vs)

Fig. 2 Velocity field for submerged horizontal @atKB/2 = 0.4

International Scholarly and Scientific Research & Innovation 6(8) 2012 558 scholar.waset.org/1307-6892/12053


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:8, 2012

TIYTE .__- [NEIERERE
TV T T __" AR E
T .‘__. N EEE
ERE BEEEEEEREE
IR R T T 7 | -
R
L R
EARA A
_!!!l“ A
pEEe =
T ot 1
.“ﬂ L | -
) EE
W e
\‘ - (= -1-
B NN
“ INNEEE
[ " -~ - [ =
”m‘.- ......
: - ,,,,,,,
nmmm ,,,,,,,
Aot e p A T
17 P P I R PR L PN RN
U EEERT T
wﬁﬂ ““““
Abag
ANy :
Ak B EaEs
2 7] D B e
. ﬂ , aee
— ' f. R
= -
B ELEN
= =1
: ﬁﬂ. T
R, ]
&S gs
AN A ENEN
RERENRN RN
SRS Bs
BpNARN B
bR AR R
P Y
T[T ]7 D
BEREE K
R N
1Tt [ K
=

0.4

0.3

0.2

0.2

03

(a) Sway velocity fiel§U,,V,)

04

RO

SIS S ASES

(b) Heave velocity fiel§U.,, V)

IHEEREEEEE

P L Y

IEEEET

JRRRET

L

...........

02

03

(c) Roll velocity field(Us, V)

NN EEnENE

02

,,,,,

,,,,,,,

L

97

At

Ay r 1
R
4\_A_¥T+_v?_+7,f_rn4ﬁ_ﬁ

2 8 9 9 7 5 5 8 8 7

£50ZT /U001 [0Nd B10"185eM ZTOZ ‘8:0N ‘9:[0A BuLissuiBUT [IBWUOIIAUT PUe [IALD Xpu | S0UBIOS D TURU|

0.4

03

o1

01

02

-03

O N o= @ m - N o= @m o g

(d) Diffraction velocity fieldU,,V,)

scholar.waset.org/1307-6892/12053

559

International Scholarly and Scientific Research & Innovation 6(8) 2012


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering

Vol:6, No:8, 2012

e

B RS

|

L

P

[«

et

AI.J...llI.I.TJT_i [

L o = = R == I ol I R = N « = B o |
2 2 2 9o 45 - = = = g
2 2 92 9

e g g g 7

5)

Y
Fig. 3 Velocity field for submerged horizontal @aitKB /2

51

(e) Whole velocity field(U

=0.8

- 4
I8 SN 1 g | | ey ey gy B P NN RN ENERNE CTEPEFFFEFTE L
I sl s A B K1 - r|1n|¢|_ﬁv|.-|__'sl__\i|»\.|.|I
[ 5 e ol A B N s S EEEE
M1 - il ol el ol ) \ [l N S D
i i i e ! Lyl ——— .
N i T, L ey
Mf HIMV\:\WM - Ll ]
R LR [ L] T
E ol B e i 1= |
St i =1
N <~ [~ [ | —
] Pl ]
ST e |
ais AT s - R =
.
] ,,, —1 |
SRR K
=T . S j M!
k—FT e ey || E s |
1 ~ A7 7 _I,IP E L |
- I,[P ! b L |
oy ! ' E K] L |h’ —_
H e ERERR= D . S V2
(e e = - o 3
b u1. e I =
] B ‘ = | R R m\
i T © - Py oy ©
= AL gy i W =
— (=]
= m =] Y N IS
> [ Sy ()
¢ | o e >
> - T IS
g a8 =
(]
(7] e = T
|- ! -
= &8 e N e el e B e KA e e AR
% e ../l D | e eSS Sl B IR TR et N I I P B R
u b ]
3 b ]
e b ]
s . y = U SR
il SR el ]
] T T BN b O ——
ks e L LT
= bR ] M# 4 !““ﬁ-“ﬂé“%ﬁlll L
B M - B
- Ml M ciesuaEs
= Ml PO
EE L TTHs =
=i f 4 LK =
= A 717 .
= T e N R i (s . .
- LA A /D TIARARARIRA i - -
7
- 4 R e T s e e e B I R
- A T « g s [ e e,y
R

£50ZT /U001 [0Nd B10"185eM ZTOZ ‘8:0N ‘9:[0A BuLissuiBUT [IBWUOIIAUT PUe [IALD Xpu | S0UBIOS D TURU|

0.4

03

02

01

02

03

(c) Roll velocity field(U, V)

scholar.waset.org/1307-6892/12053

560

International Scholarly and Scientific Research & Innovation 6(8) 2012


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:8, 2012

002 =

.

004 = .

Rt

006 =

RN

Tl s |

I

B B IS N IR R e B
P N R I I I R e

~

A IR R R IR RN N RN

I e S Y

1

R

~
~
RIS

\
-

1 0

w
o
=

)=
ank 7

I
A
L

=]

3-‘: iy,
£

.06 =

.08

012

[
01 =
L
_/

014

D16 =] =)

02 o 0 01 02
(e) Whole velocity fieldU, V)

Fig. 4 Velocity field for submerged horizontal gatkKB /2 =1.2

International Science Index, Civil and Environmental Engineering VVol:6, No:8, 2012 waset.org/Publication/12053

REFERENCES

[1] Neelamani, S., and Rajendran, R., “Wave interactiath T-type
breakwaters,Ocean Eng., vol.29, no.2, pp.151-175, Feb. 2002.

[2] Miao, G. P., Cheng, J. S., Wang, J. Q. and YouXY.“Analytical
research on the wave diffraction of arc-shapedtifigabreakwaters,”
Journal of Hydrodynamics, vol.18, no.1, pp.1-10, Feb. 2006.

[3] Wang, K., Zhang, Z. Q. and Xu, W., “Transmitted areflected
coefficients for horizontal or vertical plate tygweakwater,”China
Ocean Eng., vol.25, no.2, pp. 285-294, 2011.

[4] Faltinsen, O. M., Sea Loads on Ships and Offshore Structures,”
Cambridge University Press: Cambridge, UK. 1991.

[5] Chen,Z.J.,Wang, Y. X., Wang, G. Y., Hou, Y.,éguency responses of
immersing tunnel element under wave actioniqurnal of Marine
Science and Application, vol.8, no.1, pp. 18-26, 2009.

of Science and Technology Transaction B-Engineering, vol. 31, no.B1,
pp.95-99, Feb. 2007.

[11] Huang, Z. H., “Wave scattering by double slottedribes in a steady
current: Experiments,China Ocean Eng., vol.22, no.2, pp.205-214,
2008.

[12] Brossard, J., Jarno-Druaux, A., Marin, F and Takmil, E. H., “Fixed
absorbing semi-immersed breakwateCbastal Eng., vol.49, no.1,
pp.25-41, Aug. 2003.

[13] Parson, N. F., Martin, P. A., “Scattering of wateaves by submerged
plate using hyper-singular integral equatiorpplied Ocean Research,
vol.14, no.5, pp.313-321, 1992.

[14] Neelamani, S., Reddy, M. S., “Wave transmission aaflection
characteristics of a rigid surface and submergeiztratal plate,"Ocean
Eng., vol.19, no.4, pp. 327-341, July 1992.

[15] Yu, X. P., Chwang, A. T., “Analysis of wave scaiter by submerged
circular disk,”J. Engng. Mech., vol.119, no.9, pp. 1804-1817, 1993.

[6] Kee, S. T., “Submerged plate breakwater composéafontal porous [16] Hu, H., Wang, K. H. and Wiliams, A. N., “Wave moti over a
plate and slightly inclined solid platelfiternational Journal of Offshore breakwater system of a horizontal plate and a cadriporous wall,”
and Polar Engineering, vol.19, no.1, pp.42—45, Mar. 2009. Ocean Eng., vlo.29, no.4, pp.373-386, Apr. 2002.

[71 Chandrasekaran, S. and Sharma, A., “Potential-Baged numerical [17] Chen, K. H., Chen, J. T., Lin, S. Y. and Lee, Y, Dual boundary
study for the response of floating offshore streesuwith perforated element analysis of normal incident wave passinthia submerged
columns,” Ships and Offshore Structures, vol.5, no.4, pp.327-336, Oct. breakwater with rigid, absorbing, and permeablenidaties,”Journal of
2010. Waterway Port Costal and Ocean Engineering-ASCE, vlo.130, no.4,

[8] Koutandos, E., Prinos, P. and Gironella, X., “Flogitoreakwaters under pp.179-189, Aug.2004.
regular and irregular wave forcing: reflection arthnsmission [18] Usha, R., Gayathri, T., “Wave motion over a twiaipl breakwater.
characteristics,Journal of Hydraulic Research, vol.43, no.2, pp.174-188, Ocean Eng.,” vol.32, no.8-9, pp. 1054-1072, June 2005.

Nov. 2005. [19] Zheng, Y. H., Shen, Y.M and Ng, C. O., “Effectiveundary element

[9] Dong, G. H., Zheng, Y. N,, Li, Y. C., Teng, B. andnh, D. F., method for the interaction of oblique waves withdgrismatic structures
“Experiments on wave transmission coefficientdadfing breakwaters,” in water of finite depth,’'Ocean Eng., vol.35, no.5-6, pp.494-502, Apr.
Ocean Eng., vol.35, no.8-9, pp.931-938, June 2008. 2007.

[10] Behzad, M. and Akbari, M., “Experimental investigaton response and [20] Liu, Y., Li, Y. C. and Teng, B. “Wave motion ovevd submerged layers
efficiency of moored pontoon type floating breakerat”ranian Journal of horizontal thick plates,’Journal of Hydrodynamics, vol.21, no.4,

pp.453-462, Aug. 2009.
International Scholarly and Scientific Research & Innovation 6(8) 2012 561 scholar.waset.org/1307-6892/12053


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

International Science Index, Civil and Environmental Engineering VVol:6, No:8, 2012 waset.org/Publication/12053

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:8, 2012

[21] Guo, C. S., Zhang, N. C., Li, Y. Y., Li J. B., Farg. and Cui, C.,
“Experimental study on the performance of twin eldireakwater,”
China Ocean Eng., vol.25, no.4, pp.645-656, 2011.

[22] Liu, Y., Li, H. J., Li, Y. C. and He, S. Y., “A neapproximate analytic
solution for water wave scattering by a submergedzbntal porous
disk,” Applied Ocean Research, vol.33, no.4, pp.286-296, Oct. 2011.

[23] Hisaaki Maeda, “Research on scattering force gfssin any shape in the
waves,"A special speech at the autumn conference of Japan Shipbuilding
Association in November, Showa 44. 1969.

International Scholarly and Scientific Research & Innovation 6(8) 2012 562 scholar.waset.org/1307-6892/12053


http://waset.org/publication/Flow-Field-Analysis-of-Submerged-Horizontal-Plate-Type-Breakwater/12053
http://scholar.waset.org/1307-6892/12053

