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Abstract—A submerged horizontal plate type breakwater is

pointed out as an efficient wave protection de¥arecage 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 trajectorywéter particles are
studied carefully. The flow field analysis showatttthe interaction of
incident wave and adverse current above the platartis the water
domain drastically. This can slow down the horizabrtelocity and
vertical velocity of the water particles.

problem of normal incident wave passing a thinieattand
inclined barrier with rigid boundary condition whicis
descending from the water surface to a depth bydilne
integral formulation. Usha and Gayathri ([18]) ciolesed the
scattering of surface waves by a submerged, haazptate or
disc, by using eigenfunction expansions within fivgte
domain. Zheng , Shen and Ng ([19]) studied the dggnamic
coefficients and wave exciting forces for long Rkorital

Keywords—boundary element method, plate type breakwatefectangular and circular structures by boundarymete

flow field analysis

method. Liu, Li and Teng ([20]) investigated thellydynamic

Chen, Chen and Liret al.([17]) solved the scattering

performance of a submerged two layer horizontaltepla
I. INTRODUCTION breakwater by the matched eigenfunction expansiethod.

WITH the development of marine aquaculture, th&YO: Zhang and Lét al. ([21].) studied the wave transmi;sion
traditional cage culture is moving from coastalieep characteristics and wave induced pressures on plate

sea. In order to maintain the safety of sea cagespmerged Préakwater under regular and random waves expetathen

horizontal plate type breakwater is pointed asficient wave ~LiUs 'ji and Li et al. ([22]) used. a new approximatg analytic
elimination device. This type breakwater can bestmted —Solution for water wave scattering by a submergedzbntal
quickly with low cost and be little affected by watlepth and POrous disk in the context of the linear potentiagory.
geological conditions. The study of its hydrodynamiHowever, no clear and direct elaboration has beadenabout
characteristics has aroused increasing attentioadent years Wave elimination mechanism from the viewpoint @i field

in the field of ocean engineering ([1]-[3]). The imalesign 2analysis. Therefore, the present study adopts thexdary
concept of this type breakwater is the attenuatiopart of the element me_thod pf Green function in infinite WB.@pth to
wave energy, which can keep the huge wave forces #cting solve the diffraction problems of the submergediZumtal
directly on the marine structures. Besides, the freater plate and obtain the distribution of flow filed ar@ the plate.

exchanges behind the breakwater can keep the deadlean The numerical simulation confirms that this methbds
and marine ecosystem uninfluenced. sufficient precision to be applied in calculati@msl analysis of
Many mathematical derivations ([4]{7]) and expegints the flow fi(_ald around s_ubmerged horizontal pla_te. _
(I8]-[12]) have been done in the study of the hytyreamic In section 2, _ba5|c formul_as and numencal calooat
characteristics of floating breakwater. ParsonMadin ([13]) Methods conceming the flow field surrounding thereerged
established a high order singular integral equatoa studied horizontal plate are elaborated. Section 3 provides
the diffraction of the submerged horizontal plagesblving the ~calculation results and discussion. Finally, sectia
discontinuous velocity potential on its both sidieelamani Summarizes the flow field analysis of submergedzootal
and Reddy ([14]), Yu and Chwang ([15]) solved tiferaction Plate under different wave conditions.
problem of the horizontal plate in finite water trepising 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 @ate
through a vertical porous wall.

Il. COORDINATE SYSTEM AND THEORETICAL FORMULAS
A. Governing 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
surface x-axis represents the horizontal coordinate, yadis
represents the vertical coordinate with upward dtiioa
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Itis also supposed that the plate is rigid ang tk&n, and the
normal vector is positively pointing out of theifliidomain.

Incident wave

4—

» X

B=2a

I
A

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) = Refpx,ye“],

where Re[p(x,y)'“] denotes the real partw is the

frequency of the incident wavéjs time, i :\/:I., and@ is
the spatial complex velocity potential irrelevaattime. The
following is the governing equation (Laplace egqo@}i and
boundary conditions thgtsatisfies:

0’p=0 in the whole fluid doma

0p o

kil -—@=0 on the free surfac§. @
ay g
0
°¢_ A on the object surfége
on
‘;_¢ =0 in infinite water depth

n

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

=g+ -iw) X@ )

i=1

where X is the motion amplitude of the objeay is the

incident potential g, is the diffraction potential, ang is the
radiation potential for sway, heave and roll respety.

The boundary condition for diffraction and
potentials is:

radiatio

2, __99 9¢
_l ! = 1 Yn 3
an an ’ on =(mn,.n,) 3
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 potentialgg can be expressed as:

1A -
g eKy iKx
w

@=- (4)

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

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

B. Boundary Integral Equation

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

equation about and ¢, :

catp) + [P 2D

= G(P,Q)B()(;(—st
s n

®)

Where g(P)=(¢ or @) , P(xy) is the field point,
Q(é&,n) s the source point3 (P, Q) is Green's functiorG is

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

G(P,Q) =logr, - logr, - 2 (6)
Where
=(x=¢) +(y-n)" . ' =(x=&)"+(y+n) @
u(y+n) -
=m0 (X2E) ®)
#=0 u-K+iyu
Equation (8) can be calculated as following ([23]):
Supposing  that X = (X—f) , = (y+l7)

Y
andd, = arctan—, then
X
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I, ={ E, cosK|X| )+ Es sinK|X]| } & i[H”]@:i[ql](%’)l(u:1,2,3;.. n) (14)
~ime" cosK |X|) - .
where
E, = ~log(r Kr,) - Zl(nm), @Osn(ﬁ _EJ ©) Hi.:c(n)wjm,-(c)%(:ds
- & (15)
[0 +_J i( :). Eﬁ;mn(ﬁ ‘_j G =[N (©)Cds = 12i(= 1230, )
~ nh! 2 *

In (15), the item related togr, can be solved by analysis
method, and the item related kagr, and |, are regular and
can be directly calculated with numerical method.

D.Flow Field Velocity

Supposing the fluid domain is discritized into fewode
(U,v) induced byf can be obtained through the followingquadrilateral ~ elements, whose shape function is

Wherer =logr ', in which r' is Euler’'s constant.

iFf represents the incident potentifilI , diffraction
potential f , , radiation potentialf (f ,f ,,f ;) and total
velocity potentialg respectively, the velocity of flow field

equation: N (i =12..,4), the respective physical quantity in the
. _ domain can be expressed as:
f f
TERLRVERIS (10)
fix fly

X:;Nixi’y:ZINiYi’(a:;NiW (16)

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:

— < T1G . 1f (q) 0p & ON,
f =-0f(@—ds+ G(p,g———ds (11 =—=) —¢@¢-=
(m=-of @ 0G(Pa) (11) o Zl 57 )
[ONl ON, 0N, 6N4}[¢1 2 @ w]T
C.Boundary Element Discretization ox ox 0X X 4
In the numerical method, the object surface is esged by a n
series of discrete linear elements with boundamgmeht V=a—¢=zﬂw —
method. Thus, the coordinates and physical vasabfeany oy 47 oy
element can be expressed as follows: (18)
ON, ON, ON, ON, T
_ @ & & o]
X(€) = Ny (€)% + N,(¢)x, oy oy oy oy
Y(€) = Ny (©) Y, + N, ()Y, (12)
#S) = N(Q)g + N,(9)e, Equation (17) and (18) can also be written as:
Where N,(¢),N,(¢) are shape functions which can be GN
written as: |: :| [J] [ ] (19)
-1.5 £
N1(C)_1 |N ’ Nz (.):IN (13) 6/7

Here,( %, Y,){ X,,Y,) are global coordinates for the node of
the element| is element lengthg is local coordinates.

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

Where[J ] is Jacobian determinant.
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Il.  FLOwW 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 eliminatitm.the
calculation, the most effective wave condition limsen when
plate location isHs=0.05m, TT =0.005m andB =0.4m .
Besides, three kinds of incident wavi€B/2 = 0.4,0.8,1.Z are
selected. In this paper, only the change of flaeidfivelocity 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&dec the
largest. The plate is symmetric about ykaxis, so heave flow

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

2415-1734
No:8, 2012

B.Velocity Fieldat KB/2=0.8

Fig. 3 shows the flow field &B/2=0.8, when wave
elimination is also relatively effective and transsion
coefficient is also about 0.3. Because that theenedimination
effect of this kind of submerged plate type bredlewvas
symmetric aroundKB/2=0.6 . Therefore, for the same
transmitted coefficient, the smallest plate lengthuld be
chosen. The results reveal that the sway, heauk,andl
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 theater away from
the plate.

C.Velocity Fiddat KB/2=1.2

It can be seen from Fig. 4 that the variation dbeiy 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 (U,,V,), (U,,V,)are anti-symmetric. It can be seen froninovement, water above the plate forms adverse ryrad

the figure that the plate obviously disturbs tlwnifield under
the action of waves. When the plate sways and, raliger
above the plate move rapidly in the horizontal eicn, and
water particles in front of and behind the platevewertically
reciprocate in the fluid regions. The differentioe¢n sway and
roll is that: for the sway motion, the water unttes plate and
above the plate have the same flow direction ardséime
amplitude; for the roll motion, the flow directiaif the water
under the plate and above the plate are oppogi, tiae
amplitude under the plate is smaller than the aomdi above
the plate. That is mainly because of the motiorrattaristic.
When the plate heaves, water particles also movicaky
reciprocate in the whole fluid region around thet@l 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 Bmtne
diffraction velocity is the main flow field in whicthe water
particles change. Therefore, the change of the evthalv field
is basically the same with that of the diffractieglocity flow
field. It can be known from the figure that watarticles above
the plate move vertically reciprocate, and sepdraieo two
parts along plate length direction, they flow te fhuid regions
in front of and behind the plate. where fluid velpchanges
dramatically. As a result, downward and forward exde
currents are generated in the head-sea area, siinicthd be the
main wave elimination principle of plate type breaiter. The
interaction between adverse current above the plaie
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 theggl. Only the
flow direction of water above the plate for roll dfferent
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 tfe fluid
domain around the submerged horizontal plate udiffarent
wave conditions with the boundary element method. 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 same with
that of the diffraction flow field.

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

They flow to the fluid domains in front of and betlithe
plate. The interaction between adverse current alloe plate
and incident wave leads to the formation of wavmiektion
area in the head-sea of the plate, where fluidoitsi@hanges
dramatically. As a result, downward and forward exde
currents are generated in the head-sea area, sinichd 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, detivity of
wave elimination is obvious.
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(b) Heave velocity fielfU.,, V,)
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(c) Roll velocity field(Us, V)
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Fig. 2 Velocity field for submerged horizontal gatKB/2 = 0.4
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(d) Diffraction velocity fielc(u4,v4)
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(c) Roll velocity field(Us, V)
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Fig. 4 Velocity field for submerged horizontal gatKB /2 =1.2
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