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ARTICLE INFO ABSTRACT

Article History: Various types of floating breakwaters in different configuration and shapes are
ii‘(’:z:o"t‘;‘; ? 6F§/|bér2021091 . used to reduce wave height in coastal areas. The most important parameter in

' ' designing breakwaters are their shapes which determines hydrodynamic
reaction to incident waves. Some cross sections are more effective and more

Keywords: efficient than others. In framework of numerical methods, finite element and
E'Oa“”g ?feakwater _ boundary element methods are two popular and effective approaches which
Tf;;i&%gs?grfrcf:fiﬁggr?tn have been widely applied to floating body problems. In this study by using
Reflection coefficient boundary element method, diffraction problem is solved for a new type of
Inverse T-type breakwater, which is called inverse T-type floating breakwater. To have a

validated results, a rectangular cross section floating breakwater is analyzed
and results are compared to previous researches. The final goal of this study is
obtaining hydrodynamic characteristics of this new type of breakwater and
comparing its response to sinusoidal waves with other conventional floating
breakwaters. It is shown that in same weight, this new type of breakwater has
better transmission coefficient among other conventional breakwaters and
might be used as an efficient alternative.

1. Introduction which wave forces and moments on a floating dock was
The development of coastal or inland waters may often calculated. Other researchers such as Black et.al [2],
depend on sea behavior at a specific site and Hulme [3], Wu and Taylor [4], Bergren and Johnson
breakwaters of various dimensions and configurations [5], Lee [6], Hsu and Wu [7], Zheng et al [8, 9],
have been widely employed to increase the use of Masoudi & Zeraatgar [10] and Deng et.al [11] also used
locations exposed to wave attack. The purpose of analytical methods to investigate floating structures
installing a breakwater is to reduce the height of the problem. Analytic solution consists of separating the
incident waves to an acceptable level in respect to the domain to sub-domains, then obtaining velocity
intended use of the site on their leeward side. The potentials in each sub-domain approximated with
increase in the number of private pleasure crafts as well orthogonal functions. After satisfying the boundary
as diving safe zones has generated an increasing conditions and the common boundaries between sub-
demand for more protected sites. Fixed breakwaters has domains, the unknown coefficients in orthogonal
been widely used to attenuate surface water waves. functions are obtained and the velocity potentials
Total costs and transmitted wave’s height are often become implicit in each sub-domain. Having
dictate possible breakwater alternatives. Because of determined the velocity potentials, wave characteristics
environmental and economic concerns, floating in both sides of the structure and therefore, the
breakwaters, FBs, are developed recently as a transmission and reflection coefficients will be
substitution to fixed breakwaters. The FB usually obtained.

consists of a floating pontoon with finite draft which A well-known example of experimental method is
exposed to water waves. The movement of the FB can Sannasiraj et al. [12] in which mooring forces and
be limited to three degrees of freedom e.g., sway, heave motions have been considered for a pontoon type
and roll. breakwater. Examples of recent experimental methods
There are three methods which have been applied to are Christensen et al. [13] in which FBs with effect of
study floating structures in different conditions: wing plates are studied and C. Ji et al. [14] that
numerical methods, experimental methods and discussed hydrodynamic behavior of double row FBs
analytical methods. Analytical methods in studying in a wave flume under regular wave action.

floating structures firstly developed by Garrett [1], in In framework of numerical methods, finite element and

boundary element methods are two popular and
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effective approaches which have been widely applied
to floating body problems. Examples of numerical
methods are using finite - infinite element method by
Li et al [15], using boundary element method for
studying floating structures by Yamamoto et al [16]
and using boundary element method for solving
potential equation by Masoudi and Zeraatgar [17] and
Masoudi [18] in which various kinds of floating
breakwaters are studied and best cross section among
them were determined. Zhan et al. [19] are also
investigate fluid structure interaction between an
inverse T-type FB and regular/irregular waves and
Zhang et.al [20] use viscous flow simulation of wave-
body interactions for rectangular and inverse m type
floating breakwaters.

In this study, a new type of FB say inverse T-type FB
in water of finite depth and extent will be analyzed
using boundary element software ANSYS AQWA in
regular sinusoidal waves. In order to validate the
results, other researcher results such as Masoudi &
Zeraatgar [10], Zheng et al [8] and Black et al [2] are
used. Then hydrodynamic characteristics of the
introduced breakwater will be analyzed. Exiting forces
as well as transmission and reflection coefficient will
be determined in inverse T-type FB and will be
compared to conventional rectangular breakwater.
Final goal of this study is determining whether this new
type of floating breakwater is better than other
conventional floating breakwaters or not.

Afterward, a parametric study will be done to extract
comprehensive view of hydrodynamic behavior of this
type of breakwater. Comprehensive understanding of
most important parameters on the efficiency of the
breakwater will be investigated.

2. Method and Material

For large ratio of length of the breakwater to the
wavelength, the fluid is assumed incompressible and
irrational. There will be a scalar function which known
as velocity potential,, that satisfies the Laplace
equation as shown in equation (1). Also the velocity
components and pressure can be obtained using
equations (2) and (3).
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In which u,v,w are velocities in x,y,z directions
respectively. Also P is pressure and c(t) is a constant.
Basic configuration of the breakwater and the
arrangement of coordinate system are shown in Figure
1. It is assumed that a linear wave with height of # and
circular frequency of propagates to the

positive x direction with 6 angle. The total potential of
the problem can be separated in three parts. First one is

2m
w =—
T
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the incident wave potential of linear waves which
considered independently from existence of the
breakwater given by:

B @cosh[k(z + h)]
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In which:
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Second one is the diffraction potential (¢,), which
induced by interaction of incident wave and the
breakwater, and the third is the induced potential from
motions of the structure in three degrees of freedom
which known as radiation potentials (¢,).
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Figure 1. Basic configuraion, coordinate system of a typical
floating breakwater problem

Referring to Figure 1, the problem is considered as a
2D case, motions are restricted in three degrees of
freedom which are sway, heave and roll as specified
with indices 1, 2 and 3, respectively. The total
potential,¢,, expressed as follows:

3
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By dividing the total problem in two parts, boundary
conditions and formulation for each part can be
clarified as follows:

2.1. Diffraction problem

The linear diffraction problem and its boundary
conditions can be expressed by oscillatory function,¢,,
given by:

ba(x,2,y) = ¢q(x, z)exp(ikysin 6) (7
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The boundary value problem for the diffraction
potential is defined by governing Laplace equation and
the boundary conditions are defined in equations (8) to
(12). Where n is the unit normal vector outward the
body, S, is the wetted surface and h is the water depth
as shown in Figure 1.

2.2. Radiation problem

In the framework of the linear theory, the radiation
problem and its boundary conditions can also be
described by the following oscillatory radiation
potential:

¢k (x,z,y) = —iwAkpk(x, 2)exp(ikysin 0) (12)
dpp  w?
TR oL = = 13
9z g pr=0(z=0) (13)
dpk
TR _ — 14
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The amplitude of motion mode, L, of the structure is
denoted by A% and (x,, z,) is the center of rotation,
which can be either center of coordinate system or the
center of gravity. The boundary value problem for the
linear radiation potential, can be defined by governing
Laplace equation and the boundary condition as
defined in equations (13) to (18).

3. Results

3. 1. Verification of results

ANSYS Software Pack provides complete simulation
of offshore structures in regular and irregular waves. In
order to assess the simulation, a rectangular cross
section breakwater floating in sinusoidal waves of
finite depth is considered. Figure 2 shows the results
for wave induced forces on the breakwater for adomain
of (% = Z = 2). The results are compared with studies of

Masoudi and Zeraatgar [10], Zheng et al. [8] and Black
etal. [2].
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Figure 2. A comparison between present numerical study

to other researches for a rectangular FB in a domain of (3 =
h

7= 2) - (a) Horizontal force, (b) vertical force, (c) moment
In Figure 2, forces induced to the breakwater say
E,,,F,, F,, are non — dimensioned with w, = pgAa, in
which p, g and A4 are water density, gravity acceleration
and incident wave amplitude respectively. It could be
concluded that the wave forces in three directions
imposed on breakwater of the present study are quite
comparable with other studies.
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3. 2. Inverse T-type FB

Figure. 3 shows general configuration of an inverse T-
type FB. Parameters e and f are defined symmetrically
in the breakwater. In order to make a good comparison
parameters are defined similar to Figure 1. Equation (6)
still valid and basic formulation are defined according
to equations (19) to (24) for diffraction problem and
equations (25) to (31) for radiation problem.

|

Incident wave

Transmitted wave
B ‘x
\ £ # , @
[ 1]

|t——— a+2f ————

Figure 3. Basic configuraion of an inverse T-type FB
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To make a comparison between hydrodynamic

behavior of an inverse T-type FB and the conventional
h

FB, Figure 4 is shown considering % =5= 2 and 2 =
% = 0.5. Figure 4 (a), (b) and (c) are exiting forces in
sway, heave and roll direction respectively.
Transmission coefficient (T,,) is defined as the
amplitude of transmitted wave to the amplitude of the
incident wave. Also, reflection coefficient (R,) is
defined as the amplitude of reflected wave to the
amplitude of the incident wave. Longuet—-Higgins [21]
proposed the horizontal drift force (F;) directly in
terms of the reflection coefficient as follows:

Fdz%(HR&V—TVE):MTCgRVZV (32)
According to equation (32), it is possible to calculate
mean drift force on the body and then derive
transmission and reflection coefficients. In this way,
transmission and reflection coefficients of rectangular
and inverse T-type FBs are shown in Figure 5

considering §= g =2 and 2 = g = 0.5. It should be
noted that, for making a logical comparison, in cases
displayed in Figure 4 and Figure 5, breakwaters share
same weight.

3. 3. Parametric study on the inverse T-type FB

According to Figure 3, main parameters to be
considered in the effectiveness of this type of
breakwater are e and f. Considering their definition,
when these parameters converges to zero, FB’s
hydrodynamic behavior must converge to the
rectangular type. However, the trend of fundamental
hydrodynamic performances with respect to the change
of these parameters should be determined. For better

display, parameters are non-dimensioned as 2 and 5
Figure 6 shows exiting force changes with respect to
the change of 2 and g Figure 6 (a, c, €) displays g

effect, while Figure 6 (b, d, f) depicts geffects. For all

cases in Figure 6 it is assumed that

G:g: 2). Furthermore for (a), (c) and (e) it is

considered that (g = 0.5) and for (b), (d) and (f) it is
assumed  that % =0.5. For  having  more
comprehensive view of hydrodynamic characteristic of
the inverse T-type FB, Figure 7 is shown. Transmission
coefficient and reflection coefficient are depicted for

different values of %and £ The method for extracting

these coefficients are same as section 3.2. It should be
noted that for all case studies in Figure 6 and Figure 7
it is assumed that breakwater’s weight remains
constant.
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Figure 4. Exiting forces in sway (a), heave (b) and roll (c) directions for rectangular and inverse T-type FB
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4- Discussion

Considering Figure 4, it can be concluded that inverse
T-type FB’s exiting forces in roll direction is much
higher than rectangular FB. For industrial purposes,
considering mooring designs it would be a negative
impact. On the other hand, exiting forces in sway
direction for inverse T-type FB is larger than
rectangular FB for kh < 1.2. For other ranges of kh
exiting forces in sway direction for rectangular FB is
larger than inverse T-type FB. This trend for exiting
forces in heave direction is completely vice versa. The
author believe that kh~1.2 is a critical number for this
problem since maximum exiting moment also occur at
this point.

Considering Figure 5, it can be concluded that inverse
T-type FB absolutely display better hydrodynamic
behavior encountering regular waves. Having known
the fact that both breakwaters share same weight, large
difference between transmission coefficients for
rectangular FB and inverse T-type FB purely is a result
of their shape. Another fact that can be obtained from
this Figure is that in kh~1.2 the transmission coefficient
for inverse T-type FB reaches zero which is compatible
with definition of critical point in above paragraph.
Figure 6 demonstrate parametric study considering 2

and 5 as main parameters for inverse T-type FB. First,
it is obvious that for every breakwater, there is a critical
point which happen in the range of 0 < kh < 2. At this
point, maximum exiting moment (in roll direction)
happens. Also, it is patent that for £= 0.1 (where % =
0.5) the inverse T-type FB exiting forces are similar to
rectangular FB, while for cases that% = 0.1 (where £ =

0.5) itis not. So it can be concluded that the £ parameter

is much more important than 2 parameter in

hydrodynamic behavior of the inverse T-type FB.
Finally, Figure 7 that demonstrate effectiveness of

parameters 2 and 5 confirms the fact that at same
weight, 5 is @ more important factor in hydrodynamic
efficiency of the inverse T-type FB. It is obvious that

increasing the value of 5 results in decreasing
results in better

transmission coefficient which
efficiency.

5- Conclusion

In this study, hydrodynamic characteristics of the
inverse T-type floating breakwater is analyzed using
boundary element method software. As far as
validation of results were concerned, outputs were
compared to previous prominent researches and good
agreement were achieved. Then exiting forces as well
as transmission and reflection coefficients of the
inverse T-type FB and rectangular FB are compared.
Results show that, at the same weight, the inverse T-
type FB show lower transmission coefficient and so
demonstrate higher efficiency. Finally a parametric

19

study is carried out in order to fully comprehend
hydrodynamic behavior of the inverse T-type FB. It is

shown that parameter £ play an essential role in the

efficiency of the inverse T-type FB and should be
critically considered in design stage.
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