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Abstract

Based on the three-dimensional Reynolds-averaged Navier-Stokes equation with the closure of renormalization group k-¢
turbulence model and volume of fluid method, a wave-breakwater interaction numerical flume was developed to examine
the wave-structure interaction of the porous I-type composite (PITC) breakwater. The transmission and reflection
coefficients of the breakwater at different wave steepness H/L are quantitatively analyzed, and the wave-dissipating
performance of the breakwater is compared. By changing the submerged depth of the breakwater, the velocity field, and
vorticity field in the wave propagation process are analyzed, and the optimal working water depth of the new breakwater is
explored. The results show that the vertical wave force on the PITC breakwater is greater than the horizontal wave force.
In addition, during the wave dissipation process, the transverse baffle provided by the new breakwater destroys the
trajectory of the water particle. In the interior of the wave-breaking chamber, the water that enters from the gap of the
permeable plate mixes with the water entering through the bottom hole. The turbulence created by this process further
dissipates the wave energy. The relative submergence depth of //d has a great influence on the hydrodynamic
characteristics. When the relative depth is large, most of the wave energy enters the breakwater, the wave energy
dissipation of the breakwater is large, and the wave-absorbing effect is good. These research results provide important
referential data for the study of permeable plate breakwaters.
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1 Introduction physical model tests. Compared with previous breakwa-
ters, perforated-plate breakwaters can prevent wave reflec-

Plate-type open breakwaters act as an energy dissipator ~ tion and scour at the toe of breakwaters with their flexible
to protect shoreline and harbor buildings (Li et al. 2021a). construction (Elbisy 2017). Jarlan (1961) introduced perfo-
Since the 1960s, scholars have been studying the energy  rated-plate breakwaters. The wave-dissipating chamber is
dissipation performance of permeable breakwaters through formed between a perforated vertical wall and a solid verti-
cal wall. Mani and Jayakumar (1995) studied the factors
affecting the transmission coefficient of a perforated cylin-
drical breakwater. Yan et al. (1998) found that pile-founda-
* A numerical model of PITC breakwater is proposed and compared tion tier-retainer breakwaters have a good wave-dissipat-

Article Highlights

with the results of physical tests. ing effect, and the arrangement of retainers and porosity
* The hydrodynamic characteristics and structural stress of PITC are the main factors affecting the transmission coefficient
breakwaters are further studied. of breakwaters. Neelamani and Rajendran (2002a, 2002b)

* The vorticity and velocity fields are studied, and the wave dissipa-

proposed inverted T-type and porous T-type breakwaters.
tion mechanism of PITC breakwaters is elaborated.

Guenaydin and Kabdasli (2004) conducted a physical mod-
54 Yongzhou Cheng el test of regular and irregular waves on a U-type perforat-
ed breakwater. The analysis of the wave dissipation perfor-
mance shows that the opening rate was the main factor af-
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University of Science & Technology, Changsha 410114, China studied the hydrodynamic performance of a free surface
2 Key Laboratory of Water-Sediment Sciences and Water Disaster semicircular perforated breakwater by analyzing the influ-
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Y. Z. Cheng et al.: Numerical Simulation of the Hydrodynamic Characteristics of the Porous I-type Composite Breakwater 141

Jarlan-type breakwater, which consists of a perforated
front wall and solid rear wall. They found that the wave-
dissipating performance of the submerged Jarlan-type
breakwater is better than that of double submerged vertical
plates, and the wave forces are lower. Cheng et al. (2016)
studied the wave-dissipating characteristics of a new-type
porous I-type composite (PITC) breakwater through physi-
cal model tests. The proposed permeable chamber break-
water with multiple open I-plates has a good performance
in linear wave dissipation. Fang et al. (2018) proposed and
studied a four-layer submerged horizontal porous plate
breakwater. They found that the breakwater has a good ef-
fect on the long-wave energy dissipation, and the dissipa-
tion performance can be improved by increasing the num-
ber and width of layers. Wang et al. (2016) proposed an
arc-plate breakwater and studied its hydrodynamic charac-
teristics. Based on physical model tests, Li et al. (2021b)
compared the hydrodynamic characteristics of twin-arc-
plate (TAP) and twin-flat plate (TFP) breakwaters. They
found that the transmission coefficient, reflection coeffi-
cient, and wave pressure of the TAP breakwater were bet-
ter than those of the TFP breakwater in the emerged and
still water states. Gerardo et al. (2021) proposed a horizon-
tal placement method for multiple plates in place of a sin-
gle long plate and traditional breakwaters. The research re-
sults of the above scholars show that the wave damping
structure of a plate breakwater is continuously being opti-
mized. Meanwhile, the open-porous, double-layer, and
multi-layer wave-absorbing structure makes the wave-
structure interaction highly complicated. With the improve-
ment of computational capacity, the numerical simulation
method is suitable for the analysis of the hydrodynamic
characteristics of complex structures, which provides a di-
rection for the accurate calculation of such breakwater
structures.

Wave reflection is a major problem in numerical wave
simulations. Therefore, wave dissipation is the first prob-
lem to be solved in numerical simulations. At present, the
Sommerfeld radiation condition in the radiation boundary
is widely used in numerical wave dissipation applications.
This method was first proposed and applied by Orlanski
(1976). This method is suitable for dissipating small-am-
plitude linear waves, but it has little effect on nonlinear
and random waves.

Lynett et al. (2000) used a numerical simulation to ex-
amine the dissipating performance of porous breakwaters
under the action of solitary waves. Twu et al. (2002) found
that the relative width and porosity are the main factors af-
fecting the wave damping characteristics of vertically strat-
ified porous structures under oblique waves. Aristodemo et
al. (2015) proposed and developed a two-dimensional
weakly compressible smoothed-particle hydrodynamics
(SPH) model, and Meringolo et al. (2015) used this SPH
model method to simulate the wave load and hydraulic
characteristics at perforated breakwaters. Li and Lan
(2018) proposed a horizontal-inclined-plate open breakwa-

ter model and studied the influence of the structure on the
wave transmission coefficient. The vertical plates can ef-
fectively improve the eliminating performance of the
breakwater. Based on the Reynolds-averaged Navier-
Stokes (RANS) equation and volume of fluid (VOF) meth-
od, Zang et al. (2018) studied the force characteristics of a
comb-type breakwater and found that the opening design
at the bottom of the upper structure can effectively reduce
wave pressure. Qin et al. (2019) studied the interaction be-
tween a twin-plate breakwater and freak waves. Based on
the physical model and numerical simulation, Vijay et al.
(2019) studied the influence of wave height, wave period,
and other parameters on multiple slotted barriers. Moham-
madbagheri et al. (2019) used a finite difference method
to simulate the performance of a perforated breakwater
under regular waves. Based on nonlinear multiple regres-
sion analysis, Binumol et al. (2020) studied the stability
of a non-overtopping perforated quarter-circle breakwater.
Poguluri and Cho (2021) used analytical and numerical
methods to study the hydrodynamic characteristics of verti-
cal slotted barriers in regular waves. Fu et al. (2021) con-
ducted a numerical simulation study of the wave-dissipat-
ing performance of a submerged heaving-plate breakwater
based on vortex kinematics and found that this kind of
breakwater has a good effect on short and medium waves.
Deng et al. (2019) studied the hydrodynamic characteris-
tics of an oscillating-water-column breakwater through nu-
merical methods and physical experiments. They found
that the lengthening of the bottom plate and the smaller
draught of the back plate can increase the energy dissipa-
tion. Other researchers, such as Gomes et al. (2020), Ama-
ro et al. (2019), and Duan et al. (2020), also used the nu-
merical simulation method to study the hydrodynamic
characteristics of breakwaters. The above-mentioned stud-
ies have fully proved that the numerical simulation method
is a powerful means to accurately characterize the wave-
structure interaction.

Some achievements have been made in the numerical
simulation of the permeable breakwater structure, but the
research direction is mainly focused on the wave-breaking
performance. Therefore, it is necessary to further study
this structure. This paper presents a study on the hydrody-
namic characteristics, structural stress, and wave dissipa-
tion mechanism of PITC breakwaters using a numerical
simulation.

2 Model description and verification
2.1 PITC breakwater model

The PITC breakwater is a new structure type. This struc-
ture is composed of a plurality of I-type prefabricated
plates, and the webs of the I-shaped prefabricated plates
are perforated. Waves can be reflected multiple times in
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the wave-breaking chamber between adjacent I-shaped
panels to dissipate energy. The design of the open hole can
reduce the transmission and reflection effectively, shield
coastal waters, and ensure the safety of ships. In addition,
this breakwater is light, which saves the cost. It is especial-
ly suitable for areas with poor seabed conditions. The
wave-dissipating chamber of the breakwater combines the
advantages of a horizontal plate breakwater and a vertical
plate breakwater. The I-type plates are staggered, with a
uniform gap arrangement, and combined into an indepen-
dent wave-dissipating unit. Each of the two I-type prefabri-
cated plates forms an independent wave-dissipating sub-
unit. Multiple sub-units are combined into a multi-cham-
ber, multi-layer wave-dissipating structure. A reasonable
arrangement of the gap between the I-type prefabricated
plates can effectively reduce the wave reflection in front of
the breakwater. If medium- and long-period waves can be
dealt with effectively and the transmission and reflection
of waves can be reduced, favorable berthing conditions
can be provided for ships.

In the numerical simulation process, the hydrodynamic
characteristics and stress conditions of the PITC breakwa-
ter were studied by changing the opening rate of the break-
water model and adjusting the submerged depth and wave
parameters. The section with the wave baffle in the first
layer is permeable and is defined as section Y1. The wave
enters the wave baffle of the second layer, which is defined
as section Y2. The breakwater model is shown in Figure 1.

Figure 1 3D diagram of the PITC breakwater

2.2 Governing equations

2.2.1 Wave-governing equation
Continuity equation:
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where u, v, and w stand for the velocity components; 4 , 4,
and 4_, stand for the flowable-area fractions; V, is the vol-
ume fraction; p stands for the density; (G, Gy, G)) are the
acceleration; and (f,, f,, /) are the viscous accelerations.

2.2.2 Turbulence-governing equation
The expressions of the k£ and & equations, including the

volume fraction V. and flowable-area fractions A4, Ay, and
A_, are as follows:
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where P, is the velocity gradient; G, stands for the turbu-
lent kinetic energy; C, and C, are 1.42 and 0.2, respective-
ly; C, is calculated by K, and P,; and DiffK, and Diff, are
the turbulent diffusion terms corresponding to 4, and V,
respectively.

2.3 Boundary conditions

Wall boundary was applied at the bottom of the numeri-
cal flume. The boundaries between the side wall and test
area and the front and rear ends of the wave elimination ar-
ea were set as symmetric boundaries. The upper part of the
flume was set as the specified pressure boundary. The
boundary at the beginning of the numerical flume was set
as the wave-making boundary. The Sommerfeld radiation
conditions were used to dynamically estimate the condi-
tions of the outflow boundary. The diagram of the numeri-
cal flume is shown in Figure 2.

Based on the FLOW-3D FAVOR grid technology and
the TruVOF method, a numerical water flume was estab-
lished. The established numerical flume is 50.0 m in
length, 0.5 m in width, and 0.6 m in height. The water
depth is 0.4 m. To reduce the influence of wave reflection,
a variable-step mesh porous medium was used to dissipate
the wave. The uniform rectangular staggered mesh was
used to establish the model mesh. The different sections of
the flume were optimized using the mesh nesting tech-
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Figure2 3D diagram of the numerical flume

nique. The grid size in the front-wave elimination area was
set as 0.01 m. The grid size of the test area was set to
0.005 m, grid encryption was performed at the free sur-
face, and the grid size of the encryption area was 0.001 m.
The grid size of the back-end wave elimination area was
set to 0.01 m. The total number of numerical flume grids
was approximately 13 190 000, and a total of 144 working
conditions were tested.

2.4 Verification of the numerical model

2.4.1 Wave-making validation

Hu (2016) verified the repeatability of a wave maker. In
this study, the wave-making verification of the numerical
flume was conducted in the same wave conditions. The ad-
opted wave conditions are as follows: wave height H =
0.1 m and wave period 7 = 1.2 s. The computation is a
multi-threaded parallel computation with 48 parallelisms.
For each simulation, the simulation time was 30 s, and the
computation time was approximately 15 to 16 h.

Figure 3 shows the wave surface duration curve of the
physical test and numerical simulation. The comparison re-
sults of the two diachronic wave surface curves (f = 5 s)
show that the form of the regular wave surface generated
by the numerical wave flume is in good agreement with
that of the physical test. The agreement between the nu-
merical results and physical model results is more than
90%. The peak height and trough depth are the same as
those of the physical test, and the wave period is very

Figure4 Wave dissipation verification

Figure 3 Wave-making validation

close. Hence, the wave-making of the numerical flume is
verified.

2.4.2 Wave dissipation verification

In this study, the breakwater model was placed in the nu-
merical flume test area, and the position of the wave
height measurement point was the same as that arranged in
the physical test of Hu (2016).

Under the same wave conditions as the physical test, the
wave dissipation of the model was verified: H = 0.08 m,
T=1.2s,D=0.4 m, and submerged depth / is 0 m.

Figure 4(a) shows the wave surface duration curves of
the physical test and numerical simulation at 2 m in front
of the breakwater. The results show that the wave duration
curve of the numerical simulation is in good agreement
with the physical test, and the waveform is stable.

Figure 4(b) shows the wave surface duration curves of
the physical test and numerical simulation at 2 m behind
the breakwater. The results show that the wave height
clearly decreased after the wave passed through the break-
water, the wave surface duration curve of the numerical
simulation is in good agreement with the physical test,
and the waveform is stable. Hence, the model selection
and parameters are close to those of the physical situation,
and the wave dissipation of the numerical model is veri-
fied.
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2.5 Test conditions

The main purpose of this study is to examine the hydro-
dynamic characteristics of the PITC breakwater under reg-
ular waves at different submerged depths. The model pa-
rameters are as follows: water depth d is 0.40 m, model
length L, is 0.59 m, I-plate spacing j is 0.01 m, and spac-
ing between the upper and lower wings of the I-plate S is
0.10 m. The model height of the breakwater is 0.12 m. The
scale of the numerical model is shown in Figure 5, and the
test parameters are shown in Table 1.

Figure 5 Schematic diagram of the breakwater model

Table 1 Numerical model test parameters
Wave Wave Submerged sutl){nilﬁ;art;\e/flce Opening
height H/m period 7/s  depth #/m depth 1/d rate A/A,
0.08 1.0
0.12 0.30
0.10 1.2
0.06 0.15 40
0.12 1.4
0 0
0.14 1.6

3 Results and discussions

The plate breakwater can dissipate the wave energy by
destroying water particle trajectories. The adaptability of
the breakwater to different wave steepness was quantified
according to the variation of reflection and transmission
coefficient of the breakwater under different wave steep-
ness. The correct handling of the relationship between the
breakwater elevation and free water surface is the key to
determining the breakwater elevation and breakwater de-

sign. By changing the submerged depth /4 of the breakwa-
ter (H=01m,7=10s,12s,1.4s, 1.6 s; 4/4, = 40%),
the flow process in the PITC breakwater was simulated.
The velocity field and vorticity field with different relative
submergence depths //d were analyzed quantitatively.

3.1 Wave force

Figure 6 shows the time process curve diagram of the
horizontal wave force and vertical wave force of the PITC
breakwater (d =04 m, H=0.10m, T=1.2 s, h/d = -0.15,
-0.10, 0, 0.10). Figure 6(a) shows the results of the physi-
cal test, and Figure 6(b) shows the results of the numerical
simulation. The comparison shows that the numerical re-
sults are basically consistent with the physical test results.

The wave force in the horizontal and vertical directions
of the breakwater periodically vmmaries, and there is a
phase difference between the extreme value of the wave
force in the horizontal and vertical directions.

In addition, the positive horizontal wave force is much
greater than the negative wave force, indicating that the
breakwater is mainly affected by the horizontal force
along the wave propagation direction. The trough value of
the wave force in the vertical direction is greater than the
peak value, indicating that the downward wave force is
greater than the upward floating force. Moreover, the
wave force on the breakwater is mainly vertical downward
wave force.

3.2 Influence of wave steepness

In the simulation, the Goda two-point method (Goda,
1976) was used to separate the height of the incident wave
and reflected wave in front of the breakwater, and the
wave surface-process measuring points were set behind
the breakwater. The reflection and transmission coeffi-
cients are respectively defined as follows:

K,=H/H, (5)
K,=H/H, (6)

where H, is the height of the reflected wave, H, is the
height of the transmitted wave, and H, is the height of the
incident wave.

The hydrodynamic performance of the new breakwater
under different wave steepness H/L was compared under
the following conditions: d = 0.4 m, A/4, = 40%, and /h =
0.12 m. By processing the data of the wave height, the
variation of the transmission and reflection coefficients of
the new-type breakwater were obtained. As shown in Fig-
ures 7 and 8, the effect of wave steepness H/L on the K,
and K of the breakwater is not obvious. X, increases with
the increase in wave steepness H/L under different relative
water depth d/L conditions, but the growth rate is low. The
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Figure 6 Horizontal and vert ical wa ve forces of the PITC breakwater

Figure 7 Influences of /L on the transmission coefficient K,

variation law of K, with the increase in the wave steepness
H/L is opposite to that of K.

3.3 Influence of the relative submergence depth
on the velocity field

Figure 9 shows the velocity field distribution of section

Figure 8 Influences of H/L on the reflection coefficient K

Y1 of the breakwater at different relative submergence
depths A/d at typical moments. When 4/d = 0.30, the break-
water was a completely submerged flat-topped breakwater.
As shown in Figure 9(a), the wave rises to the top of the
breakwater, and the wave velocity is faster. During the
wave movement on the top of the breakwater, part of the
water enters the wave dissipation chamber through the gap
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Figure 9 Contour of the velocity under various relative depths (Y1)

between the I-plates and flows out from the gap between
the I-plates at the bottom of the breakwater.

When A/d = 0.15, the breakwater was a semi-submerged
breakwater. As shown in Figure 9(b), a small part of the
waves pass over the top of the breakwater, and most of the
wave enters the wave-dissipating chamber through the per-
meable area. Waves collide in the wave-dissipating
chamber.

As shown in Figure 9(c), when //d = 0, the wave propa-
gation is blocked by the transverse baffle of section Y1, re-
sulting in a severe wave reflection. Most of the waves pass
through the bottom of the breakwater, and a small amount
of water enters the wave-dissipating chamber from the gap
between the I-plates at the bottom of the breakwater.
Hence, the absorbing effect is poor.

Figure 10 shows the velocity field cloud map of section
Y2 under different relative submergence depths 4/d at typi-
cal moments. As shown in Figure 10(a), most of the waves
pass over the top of the breakwater and move toward the
back of the breakwater. The water enters the wave-dissipat-

Figure 10 Contour of the velocity under various relative depths (¥2)

ing chamber through the porous area and interacts with the
water entering the breakwater at the gap of the I-plate on
the top of the breakwater. The two parts of the water move
in opposite directions, and the energy of the wave
dissipates.

Most of the waves enter the breakwater through the po-
rous area, and a few waves pass over the top of the break-
water, as shown in Figure 10(b). Waves entering the break-
water through the gap at the bottom mix with the water
flowing out of the breakwater and dissipate the wave ener-
gy. As shown in Figure 10(c), the waves mainly pass
through the bottom of the breakwater and move toward the
back of the breakwater. With a large velocity, a small
amount of water enters the breakwater through the porous
area and the bottom gap.

A comparison of Figures 9 and 10 shows that when A/d
is 0.15, most of the wave energy enters the wave dissipa-
tion chamber, the wave energy dissipation of the breakwa-
ter is the largest, and the wave-dissipating effect is good.
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As a result, the relative submergence depth has a signifi-
cant influence on the velocity field. In the wave movement
process, the transverse baffle destroys the water particle
movement, producing pressure difference and affecting the
flow velocity. With the PITC breakwater located under the
still water surface, the dissipation performance is better
than that produced from the PITC breakwater located
above the still water surface, and more water enters the
wave chamber to mix and dissipate energy.

3.4 Influence of the relative submergence depth
on the vorticity field

Figure 11 shows the vorticity contour of section Y1 at
different h/d of the breakwater at typical moments. As
shown in Figure 11(a), when A/d = 0.30, the top of the
breakwater is flushed with the water surface, and the
breakwater is submerged. Most of the waves pass over the
top and propagate to the end of the breakwater. The vortici-
ty was concentrated in the wave dissipation chamber.

Figure 11 Contour of the vorticity under various relative depths (Y1)

When #/d = 0.15, the top of the breakwater exceeds the
water, and the breakwater is half out of the water, as
shown in Figure 11(b). The vorticity is mainly concentrat-
ed at the bottom of the I-plate gap and the vorticity value
decreases in the horizontal direction. Due to the action of
gravity, the water body through the bottom gap into the
wave dissipation chamber moves back and forth, resulting
in turbulence and vortex.

In Figure 11(c), when A/d = 0, the bottom of the break-
water is flushed with the water surface, and the breakwater
is all out of water. The waves mainly pass through the bot-
tom of the breakwater, and a small part enters the breakwa-
ter. The vorticity is mainly generated by the part of the wa-
ter that enters the breakwater through the bottom gap after
the interaction between the surface water and the bottom
of the breakwater. Because the surface velocity of the
wave is the maximum, the vorticity value in Figure 11(c)
is generally larger than that in Figure 11(b).

Figure 12 is the vorticity contour of section Y2 at differ-

Figure 12 Contour of the vorticity under various relative depths (¥2)
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ent A/d of the breakwater at typical moments. Compared
with Figure 11, the vorticity position in Figure 12 has not
changed, but the vorticity value has increased. This is be-
cause section Y2 is the permeable area of the breakwater,
with water moving in the horizontal direction, which inten-
sifies the turbulence and increases the vorticity.

The vorticity value in Figure 12(c) is generally larger
than that in Figure 12(b). This is because the velocity of
the surface wave is faster, and there is a sudden change.

As a result, when the wave passes through the breakwa-
ter, the vorticity is mainly concentrated at the I-plate gap,

Figure 13 3D contour of the velocity in the wave-absorbing process

As shown in Figure 13(a), when waves pass through the
breakwater, the flow velocity is large at the gap between
the first I-plate transverse baffle and the bottom I-plate in
the direction of the wave facing, and some water passes
through the gap between the I-plates.

Figure 13(b) shows that the flow velocity in the perme-
able area of the breakwater is large, and the velocity is
slow when it is closer to the position behind the
breakwater.

As shown in Figure 13(c), the velocity of the wave sig-
nificantly increases after it enters the breakwater, but it
gradually slows down inside the breakwater.

Figure 13(d) shows a contour of the flow velocity after
passing through the whole breakwater. The water in the
front of the breakwater flows back to the front of the
breakwater due to gravity, and the velocity is relatively
large. The water behind the breakwater and the gap be-

especially at the bottom of the breakwater. The vorticity is
mostly concentrated below the I-plate gap, and there are
more vorticities in the wave-absorbing chamber.

3.5 Analysis of the wave dissipation process

Figure 13 shows a 3D flow velocity contour of the inter-
action between waves and breakwaters within one period
under the following conditions: water depth d = 0.4 m,
opening rate A/4A, = 40%, relative submergence depth
h/d = 0.15, wave height H = 0.10 m, and wave period 7 =
1.2s.

tween the I-plates at the bottom also appears as a backflow
phenomenon and flows to the front of the breakwater.

4 Conclusions

In this study, the RANS equation and VOF free surface
tracking method were used to establish a numerical wave
flume. The hydrodynamic characteristics of the PITC
breakwater under different wave steepness H/L and differ-
ent relative submergence depths A/d were examined and
analyzed. The flow velocity and vorticity distribution
when the wave interacts with the breakwater structure is
discussed, and the 3D analysis of the wave dissipation pro-
cess is performed to reveal the wave dissipation mecha-
nism of the breakwater. The main conclusions are as
follows:



Y. Z. Cheng et al.: Numerical Simulation of the Hydrodynamic Characteristics of the Porous I-type Composite Breakwater 149

The wave force of the PITC breakwater periodically
changes. Wave forces on the breakwater are mainly posi-
tive horizontal wave forces and vertical downward wave
forces. The effect of the vertical wave force is greater than
that of the horizontal wave force.

The wave dissipation mechanism of the PITC breakwa-
ter is mainly energy dissipation. The vorticity of waves
passing through the breakwater is mainly concentrated at
the gap of I-plates, especially at the bottom gap of the
breakwater.

The relative submergence depth 4/d has a great influ-
ence on the hydrodynamic characteristics around the
breakwater. When the relative submergence depth is large,
most of the wave energy enters the breakwater, the wave
energy dissipation of the breakwater is great, and the wave
dissipation performance is good.

The velocity of the wave increases after it enters the
breakwater and gradually decreases in the wave propaga-
tion process inside the breakwater. When waves pass
through the breakwater, the water in the front of the break-
water appears backflow, and the flow velocity is large. Af-
ter the wave passes through the whole breakwater, the wa-
ter in front of the breakwater, behind the breakwater, and
at the gap between the I-plates at the bottom, all appears
backflow and flows to the front of the breakwater. The
variation trend of the velocity and vorticity i s consistent—
the greater the velocity, the greater the vorticity. Inside the
breakwater, the greater the velocity of water, the greater
the vorticity.

The PITC breakwater has good adaptability to complex
terrain and is conducive to water exchange. The structure
is light and the cost is low, which can play a good shield-
ing effect. Moreover, it can be used in projects with poor
terrain conditions and water exchange demand. However,
the long-period wave dissipation effect of the PITC break-
water proposed at present is not good, and it needs to be
further optimized, particularly the layout of the transverse
baffle, to improve its long-period wave dissipation effect.
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