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Abstract: In this study, a new type of double-pontoon floating breakwater was designed to improve
the wave attenuation performance through the addition of suspended Savonius propeller-blade. Its
hydrodynamic characteristics were studied through numerical simulations and performance-testing
experiment. The following investigations were performed in this study: Firstly, wave theory and
hydrodynamic theory were combined to calculate the wave attenuation performance and motion
response of double-pontoon floating breakwater under linear wave conditions. The numerical
results showed that the wave attenuation performance was better under a specific wave period and
height, the transmission coefficient reached a relatively small value, and the mooring line tension
responded periodically and satisfied the condition of maximum breaking force. Secondly, three key
geometric parameters of breakwater were researched, including the relative spacing of pontoons, the
relative spacing between pontoons and blades, and the height-diameter ratio of Savonius blades. The
calculation results showed that the pontoon spacing was closer to the wavelength and the breakwater
wave attenuation performance was better. Lastly, experimental tests were also performed on the new
double-pontoon floating breakwater and the results showed that the wave attenuation performance
and numerical projections were basically the same, which verified the validity and effectiveness of
the design method.

Keywords: double-pontoon floating breakwater; Savonius blade; wave attenuation

1. Introduction

In recent years, the field of floating breakwaters has begun to gradually increase in
popularity. Several different types of floating breakwaters have emerged around the world.
Scholars in many countries have carried out a great number of numerical simulation mod-
eling and experimental studies on floating breakwater and have made many achievements
in this field.

McCartney et al. [1] provided a detailed introduction to—and analysis of—the ad-
vantages and disadvantages of four types of floating breakwater: box-type breakwater,
floating-box-type breakwater, floating-cushion-type breakwater and mooring-type break-
water. Sannasiraj et al. [2] theoretically and experimentally studied floating breakwaters,
and measured the motion response, mooring force and transmission coefficient of floating
breakwaters for three different mooring structures. The results showed that the theoretical
measurement of mooring force is quite consistent with the actual measurement, and that
the effect of the mooring structure on the transmission coefficient is not obvious. Dong,
G.H. et al. [3] studied three floating breakwater structures: the single-box structure, the
double-box structure and the plate mesh structure. They also conducted two-dimensional
physical model tests in a wave-making tank in the laboratory, and measured the wave
transmission coefficient of three types of breakwaters under regular waves with or without
flow. Based on the preliminary comparison of wave transmission coefficients, a scheme was
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proposed involving the combination of plate-mesh type breakwaters with cages. Further-
more, a detailed experimental analysis and comparison were carried out on this scheme
against several different influencing factors.

Shih et al. [4] studied the effect of high-permeability small-aperture dense pipe on
the convection and exchange of seawater. An effective wave attenuation effect could be
achieved. Wang et al. [5] studied the wave attenuation performance of a flexible floating
breakwater. The floating system in the study of Syed et al. [6] was composed of three
connected pontoons. The results showed that the spacing between pontoons is one of
the important factors affecting the transmission and reflection coefficients of the floating
breakwater system. Rahman et al. [7] concluded that pontoons play an important role in the
dissipation of wave energy through the comparison of numerical calculation and physical
modeling test results. Wang Mingyu et al. [8] studied the transmission performance of
systems of three structures formed by the combination of rectangular boxes and flexible
membranes with different layers under the action of regular waves, and studied the effect
of the relative width and breadth draft ratio of rectangular boxes, as well as other structural
and environmental factors, on the transmission performance. Atilla Bayram et al. [9]
studied the main influencing factors on the transmission coefficient of floating breakwaters,
and concluded via physical experiments that the changes in the transmission coefficient
of floating breakwaters and the changes in the wave period have a great effect, and that
the wave height has a minor effect on the transmission coefficient. Wang Peng et al. [10]
studied the hydrodynamic property of a new structural breakwater system by virtue of
two-dimensional physical wave flume, and carried out physical experiments to determine
the effects of wave height on the parameters of the system.

Generally speaking, most scholars designed, tested and optimized floating breakwa-
ters only from the wave transmission, reflection coefficient, motion response and mooring
dynamic response without comprehensively considering the key role of tidal current energy
and wave energy capture in the construction of offshore protection dike systems. Moreover,
the existing wave capture equipment and breakwater facilities are independent of each
other. In this paper, a double-pontoon Savonius paddle floating breakwater structure was
proposed. This structure not only has a wave-attenuating effect and stability of motion,
but also additionally considers the coupling effect of S-shaped blade on the hydrodynamic
performance of the breakwater. The motion response, wave diffraction radiation and
tension response of mooring system of this new floating breakwater were analyzed on the
basis of numerical calculations. Furthermore, its influence on the hydrodynamic results
were analyzed based on three key geometric parameters.

2. Numerical Model Design
2.1. Design of Breakwater Parameters

Figure 1 shows the model configuration of floating breakwater in terms of Cartesian
coordinates. This model is composed of double pontoons, S-shaped resistance blades and
mooring systems. The geometric parameters of the floating body of the breakwater system
are shown in Table 1. The second-order Savonius blade is a structure obtained by adding
another blade to the traditional Savonius blade. There is a 90° deflection angle between the
impellers, and the number of blades changes from two blades to four blades. The S-shaped
blades are mainly connected by two-stage blades through hollow tubes with universal
joints. In order to improve the rotation efficiency of the blades and reduce the moment of
inertia of the blades, HDPE materials are used. The density of HDPE materials is similar
to water and can rotate with a small moment of inertia in water. The Savonius blade has
a simple structure, low running speed, good starting performance, and can accept water
flow from any direction.
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Figure 1. Tidal current period velocity segmentation flowchart.
Table 1. Geometric features of breakwater.
Parameters Value

Pontoon diameter D/m 2.0
Pontoon spacing S;/m 4.0
Center distance between pontoon and blade S, /m 3.0
Floating breakwater length 1/m 10
Blade diameter d/m 4.0
Blade radius r/m 0.6
Blade height h/m 3.0

2.2. Design of Hydrodynamic Parameters

The hydrodynamic calculation parameters of breakwater floating body are shown
in Table 2. The global coordinate system of the whole system is set on the surface of free
water and basically coincides with the positions of the center of gravity and the center
of buoyancy of the floating body, which ensures the equilibrium stability of the floating
body and allows its positive metacentric height to meet the static equilibrium condition.
When studying the hydrodynamic performance of flexible breakwaters, it is necessary to
consider how to construct a mathematical model of flexible breakwaters. For fluid research,
in order to simplify the mathematical model and reduce the complexity of the equation, it
is necessary to set a fluid whose viscosity coefficient is constant and incompressible. The
calculation equations are mainly based on the Navier Stokes equation and the continuity
equation of fluid mechanics, plus the free surface equation. According to the law of
conservation of mass in fluid mechanics, it can be considered that the increase in fluid
mass per unit time is equal to the net mass inflow in this time period. It can be obtained as
shown in Equation (1) [10]:
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where p is fluid density; t is the time; p is fluid viscosity; S is boundary conditions; For the
study of flexible breakwaters with S-type blades, the wave height of the flexible breakwater
is used as the performance criterion, and the free surface tracking method is a crucial
method. The free surface tracking method is a method for studying the propagation and
fluctuation of numerical waves on the free surface of numerical water tanks. In the process
of numerical simulation, the interface between the water phase and the gas phase in the
Eulerian multiphase flow is constantly changing with time. The key to generating waves
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at the boundary is to calculate the shape of the wave on the free water surface and the
relationship between the corresponding position and time change. The water phase and the
gas phase are not mixed. The two main methods in the free surface solution are interface
tracking and interface computing.

Table 2. Hydrodynamic parameters of breakwater.

Parameter Value
Water depth/m 8.5
Draft/m 5.0
Water discharge/kg 5.012 x 10*

Inertial radius of rolling Ryy/m 3.09

Inertial radius of pitching Ry, /m 1.63

Inertial radius of yawing R,y /m 1.76
Inertia moment (662,189; 196,785, 201,796)

Center of gravity position (0.019, 0.05, 0)
Center of buoyancy position (0.0025, 0.0036, —1.0048)

2.3. Design of Mooring System

As shown in Figure 1, the breakwater system adopts the symmetrical mooring of
four anchor lines. The safety of flexible breakwaters is largely determined by the stability
and reliability of the mooring system. The coordinates of the four mooring points are
connected to pontoons. The mooring lines are anchored on the submarine plane at a
horizontal distance from each mooring point. The anchor point is perpendicular to the
water surface. The cross-arrangement of the anchor chains can relatively reduce the space
occupied by the anchor chains, but there are also shortcomings, such as the need to avoid
mutual interference between the anchor chains during the arrangement. In complex and
changeable sea conditions, in order to avoid the mutual interference of anchor chains
and the safety of installation and dismantling, a symmetrical arrangement of anchoring
methods is adopted. The material of mooring lines is standard marine twelve-strand nylon
rope. Therefore, only the axial stiffness of mooring lines is considered, and its bending and
torsional stiffness can be ignored. Moreover, the axial stress—strain relation satisfies Hooke’s
Law for Linear Ductile Materials. Since the sections of mooring lines are continuous, only
axial stresses are applied. Other key geometric, hydrodynamic and stiffness data are shown
in Table 3.

Table 3. Mooring system parameters.

Parameter Value
Length of mooring line/m 22
Diameter of mooring line/m 0.05
Mass per unit length/ (kg»m_l) 1.145
Equivalent cross — sectional area/m? 0.00236
Axial stiffness EA/N 3.46 x 108
Maximum breaking force/N 423 x 10°
Diameter of drag force/m 0.04
Coefficient of drag force 1.2
Additional quality factor 1.0
Coefficient of axial drag force 0.4

2.4. Wave-Eliminating Computing Methods

The wave velocity potential solution domain of breakwater shown in Figure 2 can be
established on the basis of the three-dimensional potential wave theory and the surface
element integration method. The incident wave in the x direction passes through the
diffraction on the surface of the breakwater and the radiation disturbance caused by the
movement of the breakwater, and finally forms a linear superposition of the velocity
potential of the three ¢; + ¢p + @r behind the breakwater. The computational wet surfaces
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are divided into: free water surface S r seabed boundary S;, wet surface of pontoon S,
wet surface of blade S;, and far field boundary S,,. Since the Morison element S, is a
two-point element, its influence on the wave potential is ignored in the three-dimensional
potential wave theory. Each computational wet surface should satisfy the corresponding
velocity potential boundary conditions and governing equations:

Figure 2. Computational domain of breakwater.

The flexible breakwater makes simple harmonic motion under the action of waves,
and the velocity potential of the flow field is [10]:

¢y, 2,t) = ¢1(x%,y, 2, 1) + Pa(x, Y, 2, 1) + Pr(x, Y, 2, 1) )

where ¢; is the incident wave velocity potential of the wave; ¢; is the diffraction potential
caused by incident waves passing through the breakwater. ¢ is the radiation potential
generated by swaying motion in still water of breakwater.

Waves will interact with ocean structures and will vibrate to a certain extent. Therefore,
when choosing a turbulence model, choose the RNG model. It is a mathematical method
using the renormalization group and can be derived from the Navier Stokes equation It is
concluded that due to the influence of the rotation of the blade and the size of the blade, the
calculation mainly focuses on the turbulence that occurs in most of the flexible breakwater
and the blade under the action of waves. Therefore, using STAR-CCM+ software for nu-
merical simulation, choose RNG k-e model for research in the physical model. Equation (3)
is dissipation rate of RNG model ¢ [11]:
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where u; is the turbulent viscosity, C, is the empirical parameters, k and ¢; are two
unknown parameters, the transport equation of RNG can be expressed as follows:
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By setting the physical model, grid model and solver of the flexible breakwater, it
is mainly to calculate the position of the free liquid surface at the initial moment, the
distribution of the velocity field, the initial velocity and damping of the blade, etc.
Through studying the state of flexible breakwaters and blades under the motion re-
sponse of regular waves, the initial conditions generally do not affect the wave propagation
and the calculation results after the blade motion is stabilized, but there will be certain fluc-



Energies 2021, 14, 8316

6 of 15

tuations in the initial calculation results and subsequent results influence, the Equation (5)
is the situation when ¢ = 0.

{ a¢|t=0 = fi(x,y),z=1n(x,y,0)

5
a*‘f\t:ozfz(x,yhz:ﬂ(x,yfo) ®
Since blade rotation is a planar motion relative to the breakwater coordinate system,
k only represents the three degrees of freedom of the blade. Therefore, the solution of the
radiation potential of breakwater ¢r can be obtained as follows by solving the three modes
and the substituting the conditional expression (5) into Equation (2):

6 3

or = Y (Cipei + ail@ui) + Y Okgox (6)
i1 k=1

According to the above, the total wave velocity potential around the breakwater under
linear regular waves ¢ = @; + @1p + @R is finally obtained. Next, the wave surface equa-
tions at each point around the breakwater are derived from the velocity potential function.
The wave height data of each point, including the wave height data of the transmitted
waves, represented by H;, and the wave height data of the reflected waves, represented by
Hy, are obtained from the wave surface equations. In this paper, the transmission coefficient
C:+=H;/H r was used to analyze the wave-attenuating performance of the breakwater.

2.5. Numerical Wave Elimination Solving Method

The purpose of numerical wave elimination is to reduce the influence of reflected
waves on wave height data collection. This order value simulation uses the method
of damping wave elimination. The fifth-order Stokes wave is generated at the velocity
entrance of the numerical water tank and propagates to the left to the exit of the water tank.

In order to eliminate the reflected waves in the numerical simulation calculation
process, it is necessary to add a damping term in the outlet fluid domain of the numerical
water tank, and set the numerical wave elimination zone near the outlet boundary and
away from the flexible breakwater. The setting area at the outlet is generally 1-2 wavelength
distance. The formula of the damping term used to absorb the energy of the transmitted
wave in the numerical wave elimination area is shown below:

Vin = [CMX)VC
By = [C](x)P: )
[C]xmin =0, [C]xrngx =1,

where [C](x) is the relaxation function related to space coordinates, using to eliminate
transmitted waves passing through the flexible breakwater, V; is the velocity vector before
the wave enters the wave-eliminating zone, P, is The pressure field before the wave enters
the wave-eliminating zone, V;, is the velocity vector of the wave after passing through
the wave-eliminating zone, P, is the pressure field after the wave passes through the
wave-eliminating zone.

I[o n
o g(lljppp) +V(¥popVp) | =0, 21 Pp =1 ®)
p=

where 1), is the volume fraction of p-phase fluid in the domain cell grid, p, is density of
p-phase fluid in the domain, V), is velocity vector of p-phase fluid in the domain.
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In the process of numerical iterative calculation, the volume fraction of the two-phase
fluid in the computational domain grid is further calculated based on the result of the
numerical iterative calculation in the previous step.:

n n_ mn—1 n—1
Vit ¥ Ve R (ertty oyt =0 ©)

where 7 is calculation time step, i, ¢ is the face value of p-phase fluid volume fraction, V' is
the cell volume of computational domain grid, Uy is volumetric flow rate of the grid area.

The radiation force is converted into a delay function by the convolution integral, and
the equation used to solve the hydrodynamic time domain of the breakwater (1-16) can
finally be obtained. In this equation, C = K + Kyor + Kyot:

. t
(M + AM) Xy + /O K(t — 1)dt 4+ CXpy = Ry (10)

The correction of the S-shaped blade exists in stiffness matrix C and delay function K.
The additional radiation damping from the rotating modes of the blade D, is calculated
using the damping formula (10), which represents the radiation damping of the rotational
motion K of the blade generated on the jth degree of freedom of the rigid body of the
breakwater; meanwhile, blade rotation changes the hydrostatic stiffness of the breakwater
system, so the hydrodynamic calculation can be approximated by the modified stiffness
Krot, as shown in Equation (11) [11].

d
Dyot :plm{ﬂ@(pejds} (11)
¢ oan
do - ap - =
ppit—kv(at%—v'(pv)) =pF+V-T (12)

Finally, the dynamic equation is solved through the iterative calculation by means
of the Newmark-f time-advancement scheme. It can be obtained from the micro-wave

as follows:
Hzg cosh[K(2+d)]

2T cosh(kd)
where K is wave number, K = 27t/ L; o is the circular frequency, o = 27t/ T; H is the wave

height at coordinate x, g is the acceleration of gravity, d is the water depth, T is the wave
cycle, L is the wavelength.

Uyz(x,z) = -sin(Kx — ot) (13)

2.6. Solving Method for Mooring Load

The mooring system usually uses a divergent multi-chain mooring system with
distributed symmetry, which can ensure the stability of the flexible breakwater and the
safety of the flexible breakwater. When the flexible breakwater is in the middle position of
the anchor chain distribution, the restoring force of the entire mooring system is zero, and
the force received by each anchor chain is called pretension.

As shown in Figure 3 the mooring line is divided into N elements. In order to facilitate
the calculation of the force analysis of the system and simplify the structure, it is assumed
that each anchor chain in the entire anchoring positioning system converges at one point.
The following formula can be derived by the geometric relationship:

Li —1/S; — (6 x sin(180° — ay + = (L—S)p— 6 x cos(180° — ay + (14)
\/8i = (6 x sin(180° — a1 + 9)) = (L — ) (180° — a; + )

where «; is the suspended length of the cable chain after the floating body is offset, S; is
cable and chain horizontal distance after floating body offset, L is hanging length of anchor
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chain during pretensioning, Sy is transverse distance during anchor chain pre-tensioning,
¢ is deviation angle of system.

Figure 3. Mooring load solution.

According to the obtained horizontal component force Q of the anchor chain, the hori-
zontal restoring force R of the entire system is obtained by the method of vector summation:

N N
R=,|((}_Q) xsina;)2+ (() Qi) x cosa;)? (15)
i1 i1

After the floating body is offset, the direction angle of the anchor chain changes
as follows: [12]:
21.111 Q X sing;
Zf‘i 1 Q X cosa;
B is the direction angle of the anchor chain, Q is the horizontal component of anchor
chain, R is the horizontal resilience of the entire system,

B = tan"!( (16)

2.7. Finite Element Analysis of Breakwater Model

The physical model settings mainly include the following points: selecting the fifth-
order Stokes wave and three-dimensional model in the VOF wave and using Eulerian
multiphase flow in the turbulence model to calculate the volume distribution of air and
water, and calculate the blade position by iterative calculation. In the six-degree-of-freedom
motion model, the free surface function obtains the value of the set function according to
the set monitoring point.

Grid division is very important for the discrete calculation of the computer. The
overlapping grid technology used in this article divides the entire computational basin
into a random grid part and a background grid part. The background grid divides the
computational domain into a fixed grid according to the basic size, extension method, and
expansion ratio of the grid parameters. The body grid is in motion, and it moves with the
flexible breakwater and Savonius-type blades without deformation, and is connected to the
background grid at all times to ensure that the calculation equation can be solved. In the
calculation process of the fluid domain, the grids of the floating body, the blades and the
grid of the watershed are overlapped together, and no new grids will be generated during
the calculation process, so the processing efficiency of dynamic grids is greatly enhanced.
when the Savonius-type blade has a relatively large motion range, the quality of the grid
will not decrease. The setting of grid parameters mainly includes the setting of basic grid
size and grid type. The mesh model of the numerical simulation in this paper chooses to
use the cut volume grid generator and the prism layer grid generator.
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In order to ensure the accuracy of the calculation results of the fluid domain and the
flatness of the liquid surface waves, mesh refinement is performed within the range where
the free liquid surface can fluctuate and near the rotation domain of the Savonius blade.
Generally, three to four are guaranteed at the dense edge. The smooth transition of the
mesh of the layer can not only reduce the number of meshes, but also ensure the beauty
of the mesh. The mesh gradually increases as the distance from the free liquid surface
and the center of rotation of the inner blade increase. It should also be noted that the
number of grids along the wave propagation direction will affect the attenuation of wave
propagation energy, so the setting of specific parameters of the grid near the wave surface
is also very important for numerical simulation. Close to the free liquid surface, due to the
large gradient of variables such as speed and pressure, it is necessary to refine the grid in
the wave height direction, which not only helps to improve the accuracy, but also facilitates
the accurate capture of the free liquid surface. Meshing result

The three-dimensional (3D) grid for hydrodynamic calculation of breakwater is shown
in Figure 4 and the grid parameters in Table 4.

Figure 4. Three-dimensional Meshing of Breakwater.

Table 4. Grid parameters.

Number of Grid Nodes 2936
Coordinates of centroid node (0.019, 0.05, 0)
Number of grid cells 2912
Quadrilateral surface elements 2683
Quadrilateral surface elements 46
Morrison pipe element 512
Diffraction/radiation computing elements 2468

3. Analysis of Numerical Simulation Results
3.1. Analysis of Motion Response

For the breakwater, the influence of its frontal waves on its hydrodynamic response
is mainly analyzed. Therefore, only the motion response, wave-attenuating property and
mooring dynamic response with an incident wave direction of 0° to the breakwater are
considered in this paper. Under the wave condition of the 0° direction, the motion in the
rolling and pitching directions is particularly important, and affects whether the breakwater
can work properly under the wave condition. If the rolling and pitching are too large,
the flexible connection of the whole floating breakwater will be destroyed, resulting in
functional failure. Figure 5 shows the additional mass curve of the breakwater pitching.
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Figure 5. Additional mass curve for pitching.

The additional mass of pitching at the natural period of the breakwater is 7.29 x 10° kg-m?.
The pitching viscous damping correction of the breakwater is calculated by added to the
hydrodynamic calculation file. The amplitude response at the natural period is reasonable
in the pitching response modified curve of the breakwater. The pitching motion response
reaches a reasonable state and the curve is smoother.

As shown in Figure 6, the configuration of the hydrodynamic model of the flexible
breakwater is based on a Cartesian coordinate system. The three-dimensional model is
composed of double floating tubes and two sets of Savonius-type blades. In order to
meet the requirements of the hydrodynamic calculation of the floating body and simplify
the solution process, the length of the HDPE floating pipe and the number of blades are
shortened in the model. After the physical model and mesh model are set, the mathematical
model can be meshed and initialized. Figure 6a,b show the vector scene diagram of
calculation operation and numerical simulation.

Solution Time 0 (s) Solution Time 0 (s)

(a) (b)

Figure 6. Hydrodynamic model of S-shaped blade (a) Hydrodynamic model of vertical blade
arrangement; (b) Hydrodynamic model of parallel blade arrangement.

3.2. Analysis of Results of Time Domain Mooring Tension

Figure 7 shows the tension time domain response of four mooring lines under the
action of a regular wave with a period of 6 s, a wave height of 1.2 m and a wave direction
of 0°. Line 1 and Line 4 are on the down-wave side of the breakwater, while Line 2
and Line 2 and Line 3 are on the up-wave side of the breakwater. This can be obtained
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by selecting the time domain to calculate the tension time history curve within a stable
interval of 16 s, in which the tension response trend of the mooring lines on the up-wave
side and the down-wave side is basically the same. Furthermore, the second-order low
frequency tension load of both shows periodic response; the response period is close to

the wave period of 2 s; the phase of the tension response of the four mooring lines is
basically consistent.

6
%10
24
——— Up-wave side of the breakwater
— — — -Down-wave side of the breakwater
22
2 (—
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1.6 |
£
c
S 14
2 /\/\ /\/\
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Figure 7. Stress histories of the mooring line at a fairlead point in a regular wave.

3.3. Description of Key Geometric Parameters of Breakwater

Figure 8 shows a 3D diagram of the Savonius blade. The S-type (Savonius-type) blade
is a resistance-type blade, named after its invention by the Finnish engineer Savonius. The
S-type blade has the advantages of simple structure, low working speed, easy start-up, low
manufacturing cost, and the ability to capture wave energy in all directions. In this study,
the advantages of the S-shaped blades were applied to absorb wave energy, and the energy
could be converted into electricity. The floating breakwaters with suspended Savonius
blades can not only eliminate waves but also generate electricity.

Figure 8. The physical model of the Savonius blade.
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The double-buoy-type floating structure is of a combined wave-eliminating type.
Its main advantage is that the buoy can reflect and eliminate the waves. At the same
time, the mutual coupling between the two buoys will also have the effect of friction and
dissipation on the waves, which further improves the wave elimination of the breakwater.
Performance can play a role in safety protection. The double-buoy float structure includes a
wide range of materials, requires simple processing and manufacturing, and its installation
is convenient. The double-buoy floating breakwater is used in the open sea area where the
random wave period is relatively evenly distributed, and it has a good wave-eliminating
effect on the waves of long and short periods.

Figure 9 is the S-shaped blade and double-buoy structure. The new type of double-
pontoon floating breakwater is an integrated device system for wave elimination with
vertical arrangement of double buoys of blades.

Figure 9. Key geometric parameters of breakwater.

3.4. Result Analysis

Figure 10 shows the influence of geometric parameters on the wave-attenuating trans-
mission coefficient of breakwater under the same calculation procedure and hydrodynamic
calculation parameters. The same transmission coefficient calculation locations are se-
lected and the periodic response curves of transmission coefficients corresponding to each
parameter value are compared, leading to the following conclusion:
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Figure 10. Impact of geometric parameters on transmission coefficient.

When the relative spacing between pontoons Si/L is less than 1, the transmission
coefficient of the breakwater, as a whole, shows a decreasing trend as the spacing increases.
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That is, the closer the spacing between pontoons are to the wavelength, the better the wave-
attenuating effect, which reaches its optimum around the wave period 2.5 s. However,
the transmission coefficient of the curve in the period below 2.5 s increases, while the
wave-absorbing decreases. When the relative spacing between pontoons Si/L is greater
than 1, with the increasing of the spacing between pontoons, the transmission coefficient of
the breakwater increases, but for the part of low wave period below 2.5 s, the adaptability
of the breakwater is stronger, and its wave-attenuating effect is better.

In the experiment, the structural parameters of the flexible breakwater with Savonius-
type blades were optimized, and the wave-eliminating performance of the flexible break-
water was studied from three aspects: relative spacing, relative depth and wave height.
The results show that when the wave period is close to the S-shaped blade period, it has
a good wave-eliminating effect. With the increase of the wave height and the relative
spacing of the buoys, the transmission coefficient of the flexible breakwater also increases
correspondingly, and the wave suppression performance decreases.

4. Conclusions

Figure 11 shows the traditional double-buoy breakwater, and in Figure 12, the new
double-pontoon floating breakwater can be seen. Experimental tests were performed
to compare the new double-pontoon floating breakwater and traditional double-buoy
breakwater.

Figure 12. Flexible breakwater with Savonius blade.

Figure 13 shows the transmission coefficients of the two models with different relative
spacing of the pontoons; model represents the new double-pontoon floating breakwater,
and mode?2 represents the traditional double-buoy breakwater. The experimental results
show that at two different wave heights, the wave attenuation performance of the new
double-pontoon floating breakwater was better than that of the traditional double-buoy
breakwater.
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Figure 13. Transmission coefficient of the two models.

The hydrodynamic property of floating breakwater and the influence of some geo-
metric parameters on its hydrodynamic performance were studied by means of numerical
calculations and comparative experimental tests, with the following major conclusions
being reached: under the same environmental conditions, the pontoon S; was closer to the
wavelength, the wave-attenuating performance of the breakwater was better, Choosing the
appropriate Savonius-type blades and blade installation form can effectively improve the
wave absorbing performance of the flexible breakwater. When the flexible breakwater can
self-supply and capture energy, the flexible breakwater with the parallel blades has better
wave absorbing performance. The main reason is that the arrangement of the blades has
changed the flow structure of the water body, and better achieves the purpose of energy
consumption and wave elimination.
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