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INTERACTION OF SEA GRAVITY WAVES WITH PORT
PROTECTION STRUCTURES IN NUMERICAL MODELS
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Moscow State University of Civil Engineering, Moscow, RUSSIA

Abstract. The paper is dedicated to numerical modeling of interaction of sea wind waves with port protective
structures. A classification of existing numerical wave models is presented depending on their accuracy and
demands on computing power. The main studied effect of the interaction of waves with port protective structures
is diffraction of waves in protected water area. In this paper is studied a test case with conservative wave
diffraction — two converging breakwaters on a flat bottom with varying of entrance width and approaching
waves period. The test case was physically modeled in a wave basin, as well as numerically modeled using the
Boussinesq wave model implemented in the MIKE 21 software. As part of setting up the numerical model, the
most correct way to model protective structures on the numerical model is proposed and justified — with rejection
of wall enclosing sponge layers from entrance section side and with gradual decrease of sponge coefficients
towards entrance section. Satisfactory agreement was obtained with a spread of values 10-15% as a result of
results comparing of numerical and physical modeling. This made it possible to conclude that the proposed
method for protective structures modeling allows to correctly calculate diffraction of waves in protected water
area, and the wave model used can be considered verified by results of physical experiments.
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YUCJEHHAS PEAJIM3ALIMA B3AUMO/JEVCTBUSA
I'PABUTALIMOHHBIX BOJIH C OTPAAUTEJIBHBIMU
COOPYXEHUSAMHU MOPCKOI'O ITOPTA

HU.I'. Kanmapocu, A.I'. I'ocun

HanwmonansHsli ncenenoBatenbeknii MOCKOBCKHIT rocyiapcTBeHHBIH cTponTenbHbli yHuBepeuter (HUY MI'CY),
r. Mocksa, POCCHA

AHHoOTanusi. PaboTa mocBsmeHa MeToqy YMCICHHOTO MOAEIHPOBAHUS B3aMMOJCHCTBHS MOPCKHX BETPOBBIX
BOJIH C OTPaJUTENILHBIMHA COOPYKEHUSIMH MOPCKOro mopra. IIpencraBieHa KiacCH(pUKAIMS CyIIECTBYIOMINX
YHCIEHHBIX BOJHOBBIX MOZEIEH B 3aBUCHMOCTH OT UX TOYHOCTH U TPEOOBAHMSM K BBIUMCIUTEILHON MOITHOCTH
KOMITbIOTEpa. B craTbe OCHOBHBIM HCClieyeMbIM AP (EeKTOM B3aMMOACHCTBUSI BOJH C TMAPOTEXHUYECKUMHU
COOpYKEHHSIMHU TIOpTa sBisieTcss Nudpakius BOJH Ha 3aliuinaeMoil akBaTopuu. J[Jisi ee KOHCEpBATHBHOTO
HCCIICIOBAHUS B PabOTe UCIONB3YeTCs TecTOBas 3aJada — ABa CXOIAIIMXCS OTPAIUTENbHBIX COOPYKCHHUS Ha
IUIOCKOM JIHE C BapbUPOBAaHHEM IIUPUHON BXOJHOTO CTBOPA M MEPUOJOM MOAXOIAMIMX BOJIH. TecToBas 3agaua
(u3MUecCKH CMOJENIUpPOBaHA B BOJIHOBOM OacceifHe, a TaK)Ke€ YHCICHHO C IIOMOIIBIO BOJIHOBOW MOZEIH
Byccunecka, peammsosanHoit B IIK MIKE 21. B pamkax HacTpoWKM UHCIEHHONH MOJAEIM MHpPEIJIONKEH U
00ocHOBaH Hambojee KOPPEKTHBIH CIOCOO BOCIPOM3BEICHUS OIPAJUTENbHBIX COOPYKCHHI Ha YHCICHHOU
MOJENT — C OTKa30M OT Orpa)kKAAIOIICH MOTJIONIAIONINE CIOM CTEHKH CO CTOPOHBI BXOJHOTO CTBOpA H
TIOCTETICHHBIM yYMEHBIICHNEM KO3((HIIMEHTOB IOTJIONIEHUS K BXOAHOMY CTBOpY. B pesynbprare cpaBHEHUS
pE3yJIbTaTOB YUCICHHOTO M (PU3MYECKOTO MOJEIUPOBAHMS IIOJyYCHO YJOBJIETBOPUTEIBHOE COBIIAZICHUE C
pa3opocom 3HaueHuit 10-15%. D10 mMo3BOIMIO cAenaTh BHIBOJ O TOM, YTO HPEIIOKEHHBIN CIOCO0 peann3aun
OrPaJINTEILHBIX COOPYKEHUH MMO3BOJISIET KOPPEKTHO PACCUUTATh MU(PaKIMIO BOJIH Ha 3alIMIIAEMOI akBaTOPUH,
a MCIOJIb3yEeMYIO BOJHOBYIO MOJIENIb CYMTATh BEPHUPUIIMPOBAHHON pe3yIbTaTaMi PU3NIECKUX IKCIIEPUMEHTOB.

KiroueBblie cji0Ba: YHCIEHHOE MOJIEIUPOBAHNUE, BETPOBBIE BOIHBI, MOPCKUE BOJIHBL, TPABUTAIL[IOHHBIE BOJIHEI,
Jmudpaknus, orpasuTeIbHbBIE COOpYKeHus, Mopckoit mopt, MIKE 21
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INTRODUCTION

A large-scale work on the reconstruction and
construction of maritime transport
infrastructure is going in Russia. According to
the development program of the Ministry of
Transport of Russia, the total capacity of
seaports should increase by 25% [1,2] in
2035. One of the important tasks that arises in
the implementation of a seaport project is
forecasting the development of wind waves in
a water area. The height marks of port's
hydraulic structures, the possibility and safety
of ship processing and servicing, as well as

the stability of individual elements of
hydraulic structures or, less often, the
supporting  structures, depend on the

parameters of wind waves. Overestimation of
the parameters of wind waves can lead to
unjustified construction costs.
Underestimation causes difficulties in the
operation of port for its intended purpose [3].
To protect against storm wind waves,
protective structures are installed along port
water area perimeter. In gaps between these
structures, navigation routes are laid for ships.
At the same time, protective structures often
become the most expensive objects of seaport
due to the need to install them at great depths.
Therefore, a top priority is to finding the
optimal balance between the length of
protective structures and the allowable
downtime in the work of port due to excessive
wind waves in the water area when
performing a feasibility study of the project
[4]. Wind waves arise at great depths under
action of wind. They propagate to hydraulic
structures, near which waves experience
transformation processes such as diffraction
behind the gap between protective structures,
reflection from structures, refraction with
decreasing depths in the water area. The final
wave regime in port water area is the
interference of coming, diffracted and
reflected waves, which is schematically
presented in Figure 1.

56

Izmail G. Kantarzhi, Aleksandr G. Gogin

reflection

Secondary wave N
refection 7]
P

o LN
N

7
Figure 1. Transformation of wind waves and
formation of a wave regime in the water area of
seaport

The main process of wave transformation
studied in this paper 1is diffraction. The
diffraction means the phenomenon of wave
rounding around obstacles, which occurs
behind a gap between protective structures and
is accompanied by a change in wave heights
both up and down. The first methods for
calculating diffraction in the water area of
seaport were based on the linear theory of
waves using the Young principles (energy
transfer along the wave front) and Huygens-
Fresnel principles (determining the shape of
wave fronts). In the Russian scientific
literature, the main attention was paid to the
method for wave amplitude diffusion. This
method was proposed by Malyuzhinets [5] for
sea waves on the basis of studies on the
diffraction of electromagnetic waves by
Leontovich and Fock [6-8]. Further, it was
developed by Zagryadskaya [9,10], Krylov et
al [11]. In the works of Penny and Price [12],
similar transformations were obtained based on
the Sommerfeld method for calculating the
diffraction of electromagnetic waves [13]. In
the middle of the 20th century, the main
attention was paid to the energy method for
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calculating diffraction, which was developed
by Karaushev [14], Galenin [15], Krylov et al.
[11], Zavyalov [16] and etc. This method
subsequently became the basis of the
normative calculation method. Besides, some
problems of wave field diffraction allowed to
solve the problem using methods based on the
mild-slope equations [17, 18].

Currently, to determine the protection of port
water area from wind waves, either simplified
calculation methods presented in regulatory
documents are wused. Traditional physical
modeling in specially equipped wave pools
[19,20], or numerical modeling [21-23] are
applied as well. Modern numerical wave models
allow predicting the parameters of wind regime
in port water area in various configurations and
for various wave formation conditions with
sufficient efficiency. The main disadvantages of
numerical models are the limited applicability
of some ones and the need to verify the model
for each individual object due to the large
number of calibration settings. Thus, although
numerical methods are attractive to researchers
due to their capabilities and relatively low labor
costs, they require accuracy in application and
at least partial verification of the results.

Today, there are a large number of numerical
wave models designed to simulate the
propagation of sea waves in certain conditions.
There are some approaches to the
systematization of wave models which are
presented mainly by foreign authors [24,25].
However, the classifications presented in these
papers contain gaps in the nomenclature of
existing numerical models. And they can hardly
be called final. This paper proposes a
classification of existing numerical wave
models. The classification is based on their
accuracy and resource intensity.

In this study, the main attention is paid to one of
the aspects of numerical modeling of the wind
waves development in port water area. It is the
reproduction of protective structures on a
numerical model. The motivation for the study
was the spread of the results of calculating wave
diffraction in protected water area of port,
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depending on the method of implementing the
head of a protective structure in a computational
finite element mesh. Such nuances of numerical
simulation strongly affect on the results of
diffraction calculation, on the basis of which
conclusions are drawn about the protection of
port water area and, accordingly, decisions are
made about the need for additional costs for the
development of the port's protective structures.
This makes such studies relevant.

MATERIALS AND METHODS

Classification of numerical waves models
Currently, various numerical wave models are
available to simulate the propagation of wind
waves both in extensive water areas of the
oceans and seas, and in small local water areas
of seaports. All of them have their advantages
and disadvantages, as well as some restrictions.
In the paper, several generalized classes of the
most common wave models have been
considered.

Spectral wave models based on the law of
conservation of wave action solve the wave
energy balance equations in the spectral
representation and describe the transfer of wave
energy in time and space. This class of models
is the least demanding on the computing power.
Therefore, that is often used to simulate the
development of wind waves in vast water areas.
Spectral models account all the features of wave
generation, their propagation and dissipation.
However, this do not consider the phases of
individual waves, which makes them
inapplicable for accurate calculation, for
example, diffraction or reflection of waves near
hydraulic structures. Recently, spectral wave
models began to include an approximate method
for calculating wave diffraction, based on the
mild-slope equation obtained at first in the paper
[26]. Nevertheless, the use of spectral models
has become established in modeling the
development of waves in extensive water areas
in order to determine the parameters of waves
on the way to port. After that, these results are
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used as boundary conditions for more accurate
models, in which the wave regime is modeled
already in port water area.

Wave models based on mild-slope equations are
often used directly to simulate the penetration of
waves into protected water areas. The use of
mild-slope equations, supplemented by the
principles of linear wave theory, allows
considering of this class of models as quite
economical in terms of computing power
requirements. The disadvantage of these models
is the regular approximation of the simulated
waves. As well as those do not allow simulation
of the nonlinear waves or the nonlinear
interactions between them.

Wave models based on Boussinesq equation are
distinguished, first of all, by a more accurate
approximation of the distribution of orbital
velocities over depth, as well as the possibility
of calculating nonlinear effects of wave
formation on the free surface of water (for
example, wave breaking). The equations, on
which this class of models is based, allow to use
the frequency and angular distribution of waves
by introducing a higher-order dispersion term
into the equations. In addition, the Boussinesq
equations are also obtained in terms of velocity
near the free surface, near the bottom, and at an
arbitrary depth [27]. Due to this, models based
on the Boussinesq equations are considered as
the most flexible for simulation of various
specific port areas. Thus, they have become
most widespread in recent years.
Non-hydrostatic wave models account non-
hydrostatic pressure when simulate sea waves.
That allows to accurately simulate the
distribution of current velocities and orbital
velocities in depth. The basic equations of the
model are written in three-dimensional form.
That is, the vertical coordinate becomes part of
the solution, and is not approximated by some
conditions, as in models based on the mild-slope
equations or the Boussinesq equations. A
significant disadvantage of this class of models
is the impossibility of simulating wave
breaking. In addition, non-hydrostatic models
already have significantly higher requirements
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for computer processing power, which also
limits their application.

Free-surface wave models based on the Navier-
Stokes equations are the most expensive in
terms of resource consumption. However, they
allow accurate modeling of nonlinear wave
processes, including wave breaking. Today,
this class of models remains practically
inapplicable in engineering practice even for
the smallest port water areas. These models
assume the use of Reynolds-averaged Navier-
Stokes equations using turbulent flow models
to implement the convergence of the Navier-
Stokes equations. Theoretically, the Navier-
Stokes equations can also be solved explicitly,
considering the turbulence of the flow, but this
is still several orders of magnitude more
computationally expensive due to the very
small spatial and temporal discretization that
must be used in this case.

In this paper, the classification of the above and
some other classes of wave models according to
the criteria "accuracy / required computing
resources" was proposed. Figure 2 presents this
classification.

The accuracy of the results obtained, which
acts as the y-axis, is a debatable parameter in
this case. It is based primarily on the number
of wave formation and development factors
accounted by the model. It should also be
noted that some types of models (especially
models based on the Boussinesq equations)
include a fairly diverse subset of models. The
differences between which can also be
significant. Thus, the location of models on
the chart corresponds to a certain average
representation of the types of models relative
to other types.

In this paper, a study on the penetration of sea
wind waves into the protected water area of port
has been performed. The numerical simulation
presented in the paper is performed using a
numerical wave model based on Boussinesq
type equations and implemented in the software
MIKE 21, in the module "Boussinesq Waves
(BW)". Basic information about that is given in
[28].
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Figure 2. Classification of numerical wave models (models that consider only potential flow are
highlighted in red)

Diffraction coefficient

To describe the diffraction pattern in port water
area, a wave diffraction coefficient, kq, which is
a dimensionless parameter that characterizes the

are considered in the work. As well as five
periods of waves coming in the water area are as
follows 4.25; 5.65; 7.10; 8.50; and 9.90 s. Thus,
within the framework of the study, 10

ratio of the heights of diffracted and formulations of the wave diffraction problem
approaching waves, is used: were considered. A schematic representation of
the test area is shown in Figure 3.
_ha
ka =2, (M !

where h; is the height of the diffracted waves;
h is the height of the waves coming to seaport.

Formulation of the test problem

Studies of the diffraction of gravity waves in
protected water area were carried out in a
specially designed conditional port area, where
wave diffraction is of decisive importance, and
other effects of wave transformation can be
neglected. The conditional port consists of two
converging protective structures located on a
flat bottom with a depth of 10 m. In total, two
widths of the entrance section of 130 and 195 m
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Figure 3. Schematic representation of the test
area for wave diffraction studies

Numerical model settings

The first step in setting up a numerical wave
model is traditionally the choice of the spatial
and time step of the model. The spatial
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resolution (or linear dimensions of finite
elements) and the time step are chosen in
accordance with the so-called Courant number,
which means a dimensionless quantity that
determines the order of numerical convergence
(or sensitivity) of the model. The "physical"
meaning of the Courant number is that it
determines the number of finite elements that
the wave passes in one-time step, and the
expression for it is written as follows:

At
Cr=c, (2)

where ¢ = \/g_d is the wave propagation speed;

At is the time step;

Ax is the size of the finite element.

Satisfactory convergence of the numerical
solution is achieved at Cr<l. Based on this
condition and taking into account the initial
waves, the mesh size was adopted of 2 m, and
the time step was 0.14 s. The total simulation
time in all models is assumed to be 30 min or
12860 steps. The maximum value of the
Courant number was 0.69.

Another feature of numerical simulation is the
assignment of boundary conditions on the
contour of the model, as well as on some
internal elements. For the numerical absorption
of energy and wave height in the MIKE 21 BW
model, the so-called "sponge" (or absorbing)
layers (Sponge layers) proposed in [29] are
implemented in the MIKE 21 BW model. They
can be installed, for example, along the
absorbing elements of the model (beaches) or
along the boundaries of the model in order to
prevent waves that go beyond the model from
returning to the computational domain.
Absorbing layers are selected cells of the
computational mesh of finite elements, in which
the conditions for the sponge coefficient are set,
varying from 1 (no absorption) to 10 (maximum
absorption). In this case, the numerical
implementation of absorption is such that as the
wave moves deeper into the absorbing layers,
the sponge coefficients should gradually
increase exponentially.
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The main setting of the numerical model, which
became the motivation for this study, was the
choice of a method for implementing protective
structures on the numerical model. The fact is
that the recommendations given by the
developers of the software used give dubious
results. We mean the head of the protective
structure, which was previously recommended
to be reproduced, as shown in Figure 4.
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Figure 4. Scheme of the interaction of coming
waves with an auxiliary wall enclosing
absorbing layers

This option provides for the installation of a
certain number of absorbing layers before the
construction, which adsorb the energy of
coming waves to prevent the development of
secondary waves in the water area in front of the
construction and in the entrance gate. From the
side of the entrance gate, the absorbing layers
are covered by a vertical wall, similar to the
wall of the protective structure itself. Thus, a
kind of channel is formed on the model in the
entrance gate, bounded on two sides by walls.
This way of implementing protective structures
is proposed for use by the developers of the DHI
MIKE 21 BW software package. However, it
encounters several objections in terms of the
correspondence of such a model to real
conditions, which is discussed in more detail by
the results of a test run of a series of
experiments below.

As an alternative to the recommended option,
the paper considered three additional options for
the implementation of protective structures,
shown in Figure 5. Here, option a) is
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recommended. The second option (option b))
provides for the implementation of absorbing
layers in front of the structure similar to option
a), but without the construction of a wall
perpendicular to the wall of the protective
structure. The third option (option c)) was
proposed rather to confirm the fundamental
solution on the obligatory arrangement of
absorbing layers in front of the structure and is a
model of protective structures as close as
possible to real conditions. The last option
(option d)), as well as option b), provides for the
rejection of the wall enclosing the sponge layers
from the side of the entrance section, but with a
different idea for the implementation of the
absorbing layers themselves. It is proposed to
gradually reduce the sponge coefficient as it
approaches the head of the protective structure.
Thus, it allows to avoid the interaction of waves
passing through the alignment with layers of
"rough" absorption of wave energy, as in the
second variant.

b)

Waves

d)

Waves

<)

Waves

a)

Waves

& o
@ ©
° o
3 @
2 S
s 2
£ £
fimi =
w

Entrance gate
Entrance gate

min sponge coefficient
may spange coefficient
min sponge coefficient
max sponge coefficient
Vertical wall of protective structure

max sponge

Vertical wall of p
Vertical wall of protective structure

Absorbing layers Absorbing layers Absorbing layers

Figure 5. Schemes for the implementation of
protective structures and absorbing layers in a
numerical experiment

RESULTS

To validate the numerical simulation results, the
wave regime was tested in the experimental
water areas for all four expected options.
Simulation results in the form of isofields of
dimensionless diffraction coefficients are
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presented in Figure 6. The comparison of the
results indicates a significant loss of diffraction
coefficients and their dependence on a good
specification of degree observations. The first
considered variant with the formation of a
certain entrance channel at the out-of-the-way
section gives dubious results. High diffraction
coefficients are found near the walls that protect
the sponge layers from the inlet section, and a
beating is detected in the inlet section itself. The
physical meaning of that remains unclear. Most
likely, this is the occurrence of behavior under
the wave when it hits the auxiliary wall. The
wave first diffracts on a single cell of the

auxiliary  tissue, and then  develops,
simultaneously being reflected from them and
propagating towards the entrance target.

Besides, a bending of the wave train is observed
on the model of the nearby auxiliary wall in the
direction of slowing down the motion of the
wave fronts of the walls. Figure 4 presents the
exemplary scheme of this mechanism.

Diffraction coefficient
Bl Above 1.4
13-14
12-13
1.1-12
1.0-11
09-10

BERRROC0O0 T0m

B Below 0.0

[ undefined Value

250 300 350

Figure 6. Isofields of diffraction coefficients
obtained for different schemes for the
implementation of protective structures in the
numerical model (top left - option a), top right -
b); bottom left - c); bottom right - d))

The above factors of interaction of waves with
structures in option a) are the cause of the
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appearance of a beat in the entrance section and
can be considered a reason for abandoning such a
scheme for the execution of protective structures.
Calculations according to option c) showed the
instability of the model, which did not allow to
complete the calculation correctly. At the same
time, the obtained results on the distribution of
diffraction coefficients in the enclosed water area
are close to the accepted assumptions. Despite the
high similarity of such a model with the real
scheme of experiments, it is difficult to implement
such a scheme with stable finding of solutions at
each time step in practice.

The results of simulation for options b) and d)
showed qualitatively similar results of the
distribution of diffraction coefficients in the
enclosed water area. The same positions of the
extrema of the diffraction coefficients that
propagate from the heads of the protective
structures to the axis of the entrance section, and
the field of large diffraction coefficients at some
distance from the entrance section strictly in
zone of light. In this case, the maximum
diffraction coefficients observed in option b) are
about 1.4; in option d) are about 1.2. That is, the
quantitative difference in the results is more
noticeable. The results obtained on the model in
option b) are obviously subject to the influence
of secondary waves reflected from layers with
"coarse" sponge coefficients, which are
considered as a structure with partial absorption
/ reflection of energy. Thus, at the contact
surface of waves with cells with large sponge
coefficients, which here, in contrast to option a),
are not covered by an auxiliary wall, an
interaction mechanism is observed similar to
that considered in option a) and shown in Figure
4. In option d), this mechanism also takes place.
However, its effect and, consequently, the
degree of development of the secondary wave,
is significantly less due to the contact of the
transmitted waves with the cells with the lowest
sponge coefficients. It should also be noted that
the results obtained according to variant d) are
similar to the results obtained according to
variant c), where there are no sponge layers in
front of the structures at all.
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Thus, the modeling of protective structures
presented in Figure 6 (d)), can be recommended
as the best in terms of a compromise between
the correctness of the results obtained and the
stability of the numerical solution.

To verify the results that were obtained by
numerical simulation with the accepted option of
reproducing protective structures on a numerical
model, the same test problem was performed in a
wave basin. Physical experiments were carried out
at the Research Center "Sea Coast" in Sochi on a
scale of 1:50 for 10 statements of the test problem.
Figure 7 shows a diagram of a physical
experiment, as well as a photograph taken during
the experiments.

The experimental data were obtained for all
formulations of the test problem at 16 control
points. The diffraction coefficients at the points
were obtained by the ratio of the recorded wave
height at the point to the wave height at control
point No. 1 (the closest point to the wave
generator).

Comparison of the simulation results and
experimental data is provided in figure 7. The
line closest to the protective structures is
conventionally called "linel", the farthest -
"line2". A visual comparison of the results is
shown in Figure 8.

Thus, a satisfactory qualitative agreement
between the results of numerical and physical
modeling is visually noted, with some
reservations. First, lower diffraction coefficients
are observed everywhere in the zone of light
compared to those that were obtained by
calculation. On average, the error in the zone of
light between experiments and calculations was
18% for all experiments. Secondly, the excess
of the "experimental" diffraction coefficients
over the "calculated" ones is noted in the zones
of the wave shadow. Here the average error was
about 10%. According to the comparison, the
coincidence of the diffraction coefficients at
points located on the boundary of the wave
shadow is also noted. On average, for all
considered cases, the diffraction coefficients
along the wave shadow boundary take values
from 0.5 to 0.7.
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Regression analysis was performed for
quantitative comparison of the obtained results.
The results presented above were subjected to
statistical processing separately for the narrow
gate (NG) and wide gate (WQ). As a result of
which the regression lines between the
“experimental” and “calculated” diffraction
coefficients were obtained, shown in Figure 9.

In the zone of deep wave shadow, the diffraction
coefficients obtained on the physical model
exceed those obtained by simulation. This, first of
all, is evidenced by the position of the lower point
of the lines of regression relationships, which for
all models is above the reference line y=x.
Apparently, there was a weak secondary wave in
the physical basin due to wave reflection from the
model boundaries. Analyzing the results obtained,
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the height of the waves formed by the secondary
wave was limited to a few millimeters, which
gave a significant error at points where the height
of the original waves was small (in the zone of
deep wave shadow). But it gave a negligible error
at points where the height of the original model
waves was of the order of centimeters. On the
contrary, there is an excess of the diffraction
coefficients obtained on the numerical model over
those obtained on the physical one at points close
to unity of the diffraction coefficients (mainly in
the light zone).

The table below presents the results of
calculating a set of basic statistical parameters
that are commonly used to evaluate the
predictive capabilities of wave models, based on
the results of comparing the calculated and
measured diffraction coefficients.

Table. The main statistical indicators
characterizing the degree of coincidence of the

results
Regression Equation
gate Coefficients R | R? |[MSD
a b
narrow| 0,606 0,126 10,93]0,86| 0,21
wide 0,727 0,089 10,95/0,89] 0,16

Thus, the numerical model gives an average
error of 10—15% in comparison with the results
of physical experiments. Taking into account
that the main contribution to the fluctuations of
statistical indicators is made by control points in
a deep wave shadow, where the influence of the
secondary waves is significant, that developed
on the physical model. The obtained
coincidence of the data allows to recognize the
numerical wave model with the chosen method
of implementing protective structures applicable
for such studies.

CONCLUSION

The analysis presented in the paper allows to
build an original classification of numerical
wave models depending on their accuracy and

Izmail G. Kantarzhi, Aleksandr G. Gogin

the requirements for computer processing
power. The proposed classification combines
both the most common spectral wave models
and modern models that implement the Navier-
Stokes equations with a free surface. The
resulting classification is presented graphically
in Figure 2.

The experiments presented in the paper allows
to choose and justify the most correct way to
model the seaport protective structures on a
numerical model to simulate the diffraction of
sea waves in port water area. The proposed
option provides for the rejection of the auxiliary
wall enclosing the sponge layers from the side
of the entrance section, with a gradual decrease
in the sponge coefficient towards the head of the
protective structure. For substantiation, physical
experiments were carried out. The diffraction of
waves was studied conservatively for different
parameters of the width of the entrance gate and
the period of the approaching waves.
Comparison of the simulation results and
experimental data led to the conclusion that the
method proposed in the paper for the modeling
of protective structures on the numerical model
is justified.

In addition, the obtained satisfactory agreement
of the results allows to consider the numerical
wave model used in the work, based on the
Boussinesq equations and implemented in the
MIKE 21 software package, verified by the data
of physical experiments. It should be
highlighted that both numerical wave models
and physical experiments are not ideal in terms
of the results obtained, and an error exists in
each method. For a physical experiment, the
error is primarily due to the accuracy of the
measuring equipment and the development of
secondary waves in the basin. When performing
numerical simulations, the error most strongly
depends on the spatial resolution of the finite
element mesh. Nevertheless, the diffraction
problem considered in the paper, the results for
which were obtained by such different methods
and coincide with satisfactory accuracy, allows
to state with confidence that the numerical
model used with the proposed settings is
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applicable for modeling waves in water areas
where the effects of wave diffraction are strong.
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