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Abstract. Investigations are aimed at revealing
the conditions for the generation of a Splash wave
phenomenon by a submerged breakwater, as hav-
ing a particularly effective form of wave energy
dissipation. On the basis of a wide range of well-
known theoretical studies of wave transformation
over bottom inhomogeneities, the expediency of
laboratory experiments on physical models is
shown as a method that allows taking into account
the peculiarities of the influence of targeted turb
lization of the water flow. Numerous experiments
on physical models have shown the possibility of
the occurrence of such a phenomenon over a sys-
tem of bottom inhomogeneities and the rationality
of further scientific search. However, the effext i
achieved when certain parameters of many inde-
pendent variables (significant and represented in a
wide range of factors) are combined. This circum-
stance makes a positive solution of the problem
rare in nature.

In view of the multifactority of the hydrody-
namic process under investigation, an analysis of
the theoretical premises was carried out, which
allowed us to concentrate on a new variant of the
solution of the problem posed — a single breakwa-
ter with a special crest design. The version of a
"box" type breakwater was taken.as a basis But
part of the wave energy quenched in it is directed
to quenching another part of the energy of the
wave flow passing over the top of the breakwater.
The task was to find the location, shape and dize o
the opening in the top. Two versions were investi-
gated: in the form of a perforation and in the form
of a slit located along the breakwater. The last
version showed its superiority and this result al-
lowed to proceed to the solution of the next prob-
lem, the search for the most effective of the ef th
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breakwater cavity cross-section.shape. The obvi-
ous direction of the search was the effect of a cur
vilinear wave-breaking wall of the embankment.
Instead of the vertical face under the "visor" {tha
is, under the horizontal plane of the top surface)
previously accepted in the studies, two schemes
for calculating the surface curves, differing from
each other in radius and length, are studied. The
size of the slit in the "visor" varied. The condits

and prospects for the development of Recommen-
dations for the design of the submerged breakwater
of this type are described.

The urgency of the solution of the problem lies
in the broad perspective of the use of submerged
breakwaters in recreational zones.

Key words recreational zone, breakwater,
wave transformation, energy dissipation, physical
modeling, hydrodynamic bench.

INTRODUCTION

Among the structures of coastal hydraulic
engineering, submerged submerged breakwa-
ter is of particular importance as an object of
environmental nature. |If the full-profile
breakwater is designed to completely Among
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the structures of coastal hydraulic engineering
submerged breakwater is of particular im-
portance as an object of environmental nature.
The full-profile breakwater is designed to
completely dampen the wave, for example,
allowing ships to be directly at the pier, but the
submerged breakwater is used mainly to pro-
tect the beach from erosion. Namely, the
beach of recreational areas, where it allows to
provide water exchange in the closed water
area [1 — 3]. This obvious requirement was
underestimated until recently, which led to
serious sanitary and epidemic problems [4].
An example of this is the existing system of
coast protection of famous resort areas, where
guarantine measures are systemic in nature.the
wave, for example, allowing ships to be direct-
ly at the pier, the flooded breakwater is used
mainly to protect the beach from erosion. It is
the beach of recreational areas, where it allows
to provide water exchange in the closed water
area. This obvious requirement was underes-
timated until recently, which led to serious
sanitary and epidemic problems. An example
of this is the existing system of coast protec-
tion of famous resort areas, where quarantine
measures are systemic in nature.

There are many types of designs of sub-
merged breakwaters, both in the form of pro-
jects and built, and even more developments in
the form of inventions, information about
which abounds in the Internet. The matter
boils down to the choice of compatibility of
performance and cost of construction [5 — 7].

The experimental studies previously con-
ducted in the laboratory Of the Institute of
hydromechanics of NAS of Ukraine were
aimed at identifying the possibility of certain
designs of submerged breakwater to give the
structure the function of not only passive but
also active wave annihilation. That is, by
means of a certain design solution, to turbolize
the wave flow over the structure. Mainly,
combinations of free-standing breakwaters
with a large variation of the parameters of the
structural elements and the planned location
relative to each other were studied. Special
attention was paid to the systems of two and
three breakwaters. The search for the compati-
bility of the studied parameters led to the pos-
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sibility of production of the Splash phenome-
non in the interference of the incoming and
reflected waves.

The functional dependence of the degree of
wave annihilation on the parameters of local
conditions, the dimensions of structures and
their location at this stage of research was pre-
sented in a simplified form:

K, =f(dih.A.ZL), (1)

where: K., is wave transformation coefficient,

d is water depth at the breakwater (Const), i is
slope of the bottom surface of the water area
(Const), kv is wave height ("before", "above"
or "behind" the breakwater)d, is relative

wavelength (steep — 10 and somewhat gentle —
15), Z is deepening of the top of the breakwa-

ter (in 3 values for each option), L is distance

between the individual breakwaters in the sys-

tem (in 3 values).

Considering the theoretical assumptions,
the solution of the problem can be based on
the known provisions [8]. Thus, wave annihi-
lation and wave reflection are studied by the
extremal values of the wave surface shape on
the approaches to the structure, directly at the
structure and behind the structure. The shape
of the traveling wave can be described by the
following relation:

& =-acos(kx - at) 5 co$ fhx-at)]- @)
%’

5 cog Jkx-at)],

where: a is wave amplitudey is acceleration

of gravity, w is wave circular frequency,
k is wave number,X is wave length,
d is water depth at the structur& and z are
point coordinates{ is time coordinate{ is
profile shape.

Numerical evaluation of the importance of
the members of the right part of the present
relation shows that the refinements made to
the first member by the second one do not
exceed 5%, and by the third one do not exceed
1%. This allows us to exclude them from con-
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sideration as not essential for engineering
practice. Using the theory of plane potential
waves of finite amplitude at finite depth, we
have a relation for the potential velocities of
the initial wave:

_ agch[ k(d -2)]

sin(k<—at)
axhkd

3)

Interaction with the structure modifies the
waveform and its velocity potential. The ratio
of the amplitudes of the original and reflected
waves has a physical meaning of the reflection
coefficient "Ko". Due to the configuration of
its profile, the structure can reflect waves par-
tially to a certain extent. The magnitude of the
initial wave amplitude is denoted by di-
rectly at the structure byy1", behind the first
obstacle (breakwater) by2".

The velocity potential of such a wave is
equal to:

_agen[k(d-2)]
A= id
x[ sin(k¢—at) + K, sin(ke+at) | (4)

X

The structure of an incomplete profile passes
part of the wave energy through itself, due to
which a residual wave with an amplitudeq@f

is formed behind the structure. In this case, the
velocity potential is equal to:

_ a,gch| k(d -2z) ]

sin(kx<—at)
axhkd

()

The ratiog2/q characterizes the permeabil-
ity, and le2/q is called the annihilation coef-
ficient Ka.

Further consideration of the process should
be conducted according to the scheme, which
shows that the residual wave with amplitude

8, is the initial wave for the second underwa-

ter obstacle and repeats the effect of the first
obstacle.

The velocity potential of the interfered wave

between the obstacles will take the form:
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Using the energy approach to the consid-
eration of the process of interaction of waves
with the studied system of structures, we state
that a part of the wave energy is reflected)(E
a part is extinguished due to friction and is
spent on turbulence (E but a part passes

behind the structure (Eost). The balance equa-
tion is as follows:

sin | kxc— oot ) <% gin (foc+ ot ]—!

E=E,+E, +E_, (7)

The energy of the components of the equa-
tion is proportional to the corresponding am-
plitudes:

E=0.50g1a°, E,=0.0g4a’, E= 0.9gla’
(8)

This is how the proportion of wave energy
extinguished by the structure is quantified.

The idea of spectral representation of a
complex excited surface is known, which was
first expressed by Peterson [9] and found its
expression in the works of Longue-Higgins
[10]. Phillips [11] showed that in the high-
frequency range of the wind wave spectrum
there is an equilibrium region where the spec-
trum does not depend on wave-forming factors
and is determined by physical parameters reg-
ulating the continuity of the wave surface.
Such simplification would help to solve the
problem, but there are many assumptions. The
specificity of this work and the lack of neces-
sary technical capabilities determined a sim-
plified approach to the development of re-
search methods.

The study of the wave surface transfor-
mation process was carried out under the in-
fluence of bottom inhomogeneities in the form
of cylinders lying on the bottom of the reser-
voir. This was in line with the question of the
use of mobile structures, which in practice are
soft synthetic shells. The designs of such
structures are developed at the level of inven-
tions [12, 13]. Numerous series of experiments
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in the wave basin and tank showed the excep-
tional complexity of the studied hydrodynamic
processes. The pattern of interference between
the shells is complex, since the wave with en-
ergy losses (and a decrease in amplitude corre-
spondingly) is repeatedly reflected from the
next and previous shell. As it is predetermined
by the theory, at distance between shells mul-
tiple to a half of wavelength the resonance of
oscillations, and at non-multiple distances the
crush is observed. The phenomenon of crush
does not allow us to obtain a numerical solu-
tion of the problem.

With a certain combination of parameters
of independent variables, that is: the depth of
water before the first submerged breakwater;
the height of the initial incoming wave and its
relative length; the size and ratio of the diame-
ters of the shells, that is, the depth of the tbp o
the breakwaters, as well as their mutual dis-
tance from each other, the Splash effect was
obtained — the phenomenon of high dissipation
of wave energy.

However, in practice, a small probability of
a certain combination of wave parameters and
multicomponent structure is obvious [14].

The aim of this work was to find a design
of a single submerged breakwater that has the
ability to generate a Splash effect, which in
practice is more likely in a wider range of
wave parameters than for a system of sub-
merged breakwaters [15].

The solution of the problem was carried out
on the basis of the design of a single breakwa-
ter with a top resembling a box-type breakwa-
ter [16]. On an intuitive level, it is quite natu-
ral to solve the problem by means of a "visor"
on the top of the breakwater, which would
dissect the wave flow at the top of the break-
water. In this case, the crest of the wave will
pass over the breakwater, and the trough of the
wave will be under the "visor", where the
pressure will increase and the flow as a whole
can be turbolized.

The design of the upper part of the break-
water was presented in different versions. So,
the box-type chamber can vary in size, shape
of the back wall, and the upper plane with a
"visor" can have different lengths and perfora-
tions. It was adopted a gravitational type base
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of the breakwater with parameters in some
accordance with the current norms [17]. Thus,
a clear feature is the strtucture crowning the
top of the breakwater. In Fig.1 the initial ver-
sion (Scheme No.3) and the version having the
desired properties (Scheme No.2) are present-
ed.

In contrast to the previous stage of re-
search, the efficiency of the structure depends
mainly on the depth of the top of the breakwa-
ter, and practically — on the water level in the
reservoir.
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Fig. 1. The original and the desired version of the
construction of the top of the submerged
breakwater with a perforated visor

It should be assumed that the sea level may
change due to wave positive or negative surge
as well as a very real increase in the level of
the world ocean. The latter circumstance is
particularly important for the designs of tradi-
tional monolithic structures. The mode of the
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wave flow is less significant and this may be
considered as an advantage of the considered
design [18].

Since the studies were exploratory in nature,
the basic law of modeling was the inverse rela-
tionship between the wave period and the
square root of the scale of modeling [19, 20].
Thus, the wave produced on the hydrodynamic
stand in 0.8 s, 1.0 s and 1.2 s corresponded in
nature to the storm wave and two values of
slightly more gentle waves\d = 10 and 15).
The studies were carried out in a hydrodynam-
ic tank equipped with a shield-type wavepro-
ductor and a wave suppressor in the form of a
gentle slope. Video recording and capacitive
sensors with the output of information to the
PC [21] were used as sensors.

In Fig.2, a photo of a Splash above the top
of a single breakwater is presented, which is
achieved through a successful choice of shape
and location of the perforation.

Fig. 2. Splash effect over the top of a single
submerged breakwater with perforated
visor

Comparing the waveforms recorded in the
ports in front of the breakwater and behind the
breakwater, we clearly have the fact of signifi-
cant damping of the incoming wave, where the
transformation coefficient reaches 0,8. As
shown by a series of experiments, in the
framework of the studied parameters of the
wave and the structure, the studied design with
a perforated visor is the most effective one.

The search for the design of the top for the
Splash effect was based on versions of perfo-
ration of the upper plane of the top of the

62

breakwater in combination with a certain wa-
ter level and wave parameters. Special atten-
tion was paid to the cavity under the visor. The
name of the breakwater type "box" suggests
the shape of a rectangular parallelepiped.
However, the principle of design of the
breakwater wall should be considered in the
present design.

The main feature of the study is the testing
of models with a curved wall. Two versions
are accepted for the test: with a radius of 3.8
h; (Fig.3) and 4.9 (Fig.4). At the same time,

the version of perforation in the top in the
form of a transverse slit was studied.

Fig. 3. A version of the design of the submerged
breakwater with a steeply curved back
wall of chamber that blocks the wave

Fig. 4. A version of the design of the submerged
breakwater with a gently curved rear wall
of the chamber that blocks the wave
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Fig.5. Splash of the significant magnitude over
the submerged breakwater with a steeply
curved wall

Fig.6. Splash of the less significant magnitude
over the submerged breakwater with a
gently curved wall

Fig. 7. An example of fixing the height of the
wave by the method of photography
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According to the results of the experiments, the
steep curvature of the wall and the small size of
the slit were found to be more effective. (Figs.5
and 6).

Fixing the height of the transformed wave by
the method of photography (as an example) is
shown in Fig.7.

The numerical value of the damping energy
of the incoming wave, as well as its trans-
formed height, can be accurately determined
through a large series of time-consuming ex-
periments with proper technical support of the
instrumentation, which will allow to develop
Recommendations for design and implementa-
tion in practice [22, 23].

The author expresses gratitude for the assis-
tance in the preparation and conduct of exper-
iments, processing of research materials and
participation in the design of the article to the
members of staff of the Institute: Abramova
L.P., Bratasyuk I.P., Kudybin I.B., Nikitin
I.LA., Tereshchenko L.N., Khomitsky V.V.,
Khizha I.A.

RESULT OF WORK

It is confirmed that in conditions were
complex hydrodynamic processes cannot be
subject to accurate theoretical assessment, a
physical simulation allows us to assess the
performance of the studied design of the sub-
merged breakwater.

It is shown that it is possible to effectively
turbolize the wave flow over the top of the
breakwater in the form of a Splash phenome-
non, which corresponds to a high dissipation
of wave energy.

A single submerged breakwater with a per-
forated visor, unlike a system of submerged
breakwaters, is able to work effectively in a
wider range of wave flow parameters.

To develop Recommendations for the de-
sign and use of the studied structure of the
submerged breakwater, it is necessary to con-
duct a series of experiments with additional
proper equipment of the hydrostand and the
use of more modern instrumentation.
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IIpoayuupoBaHue siBJIeHUsI BCIJIECKA,
KAaK CN0Cc00 JUCCUIIALINU IHEPTrUM
rPABUTALMOHHOI BOJIHBI

Yevhen Horbatenko

Abstract. HccenoBanusi UMEIOT CBOCH IENBIO
BBISIBUTH YCJIOBHUSI T€HEPAIMH ITOJIBOJTHBIM BOJHO-
JoMoM sBieHUs Bceruecka, Kak 00iamaromero
0c000 3¢ dexTrBHOI PopMoii AMCCUIALUN SHEp-
rud BONHBL. Ha 06a3e mMMPOKOTro Kpyra M3BECTHBIX
TEOPETUYECKUX HCCIeN0BaHUN TpaHchopMayuu
BOJIHBI HaJl JOHHBIMU HEOJHOPOJHOCTSIMH TIOKa3a-
Ha I1e7eCO00pa3HOCTh POBEICHHUS Ta00PATOPHBIX
ONBITOB Ha (PMU3UYECKUX MOJENSIX, KaK METoJa,
MO3BOJISIONIETO  yYeCTh OCOOCHHOCTH BIIMSHUS
LeJICHANPABICHHON  TypOoJyie3allii  BOJIHOBOTO
notoka. MHOTOYHCIICHHBIE ONBITH HA PU3MYECKUX
MOJIEJISAX TIOKA3aId BO3MOXKHOCTh BOSHUKHOBEHUS
TAKOro SIBJICHHS HaJ CUCTEMOW JOHHBIX HEOIHO-
pOMHOCTEH ©  PaIlMOHAIBHOCTH JalIbHEUIIero
HayyHOro mnoucka. OmHako 3PQEKT ITOCTHraeTcs
MPU COYCTAHWUU ONPEICIEHHBIX MTAPaMETPOB MHO-
IMX HE3aBUCUMBIX [EPEMEHHBIX (3HAYMMBIX |
MPE/ICTABICHHBIX B ITUPOKOM CIIEKTpe (HaKTOpPOB).
3T0 00CTOSATENBCTBO JENAeT MOJOKHUTEIBHOE pe-
IICHHUE 33]]a41 PEJKUM B HAType.

B Bumy MHOro(hakTOpHOCTH HCCIIETYyEMOTO
THIPOANHAMUYECKOTO Mpolecca MpoBeIEH aHaIN3
TEOPETUYECKUX TPEANOCHIIOK, YTO IO3BOJIMIO
COCPEJIOTOYHMTLCS HAa HOBOM BapHaHTE PpEIICHHUS
MOCTABJICHHOH 337]a4ll — OJIMHOYHOM BOJTHOJIOME C
0co00ii KOHCTpyKuueil rpeGHs. 3a OCHOBY OBLI
B3ST BapHUaHT BOJIHOJIOMA <IIIEYHOro» Thma. Ho
norarmaeMasi B HEM 4acTh SHEPTHH BOJIHBI HATIPAB-
JICHa Ha TalleHHWe JPYroW YacTH SHEPTUU BOJIHO-
BOT0 MOTOKA, MPOXOAAIIETO Haj IpeOHEM BOJHO-
JoMa.
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3amaya cocTosyla B TIOMCKE MECTa PacroyioiKe-
Hus, GOpMBI B pa3Mepa MpoéMa Ha TTOBEPXHOCTH
rpebHs. MccnenoBaHo JBa BapuaHTa: B BUJAE IEp-
(oparuu U B BHJIE IIENH, PACMOI0KEHHON BIIONH
BoJiHOJIoMa. IlocnenHuil BapuaHT mMoKazal CBOE
MPEBOCXOJICTBO M 3TOT PE3YJbTAT TO3BOIII TIE-
pEeUTH K pENIEHUI0 OYEePEIHOW 3ajlaud — TOHUCKY
HauOosee APPeKTUBHOW (OPMBI IOMEPEUHOTO
CCYCHHUS IUIOCKOCTH BOJHOJOMA. (O4YeBHIHBIM
HampaBlIeHUEM TIOMCKa TMpeacTaBuwics 3¢ ekt
KPHUBOJMHEHHOW BOJHOOTOOWHOW CTeHKH Habe-
pexHoil. BMecTo paHee npuHATOM B MCCIEIOBAHU-
X BEPTUKAIBHOW TPaHU TMOJ <KO3BIPHKOM» (TO
€CTh IO/ TOPH3OHTATBHON IJIOCKOCTHIO TOBEPX-
HOCTH TPeOHs) MCCICIOBAHO BE CXEMbI pacyéra
KPUBBIX TOBEPXHOCTH, OTJIMYAIOIIHAECS APYT OT
JpyTa pajinycoM U MPOTSHKEHHOCTHIO.

[Ipu sToM BapbupoOBaics pa3Mmep HIETH B KO-
3bIpbKe. B cTaThe M3JI0KEHBI YCIIOBUS U MEPCIICK-
ThBa pa3paboTku PekoMeHmanuii 1mo mpoeKTUpO-
BaHUIO MOJBOJAHOTO BOJHOJIOMAa PaccCMaTPHBAaEMO-
ro TUNa. AKTYaJIbHOCTh PEIIEHHUs] BOIPOCa COCTO-
UT B IIMPOKOW MEPCIEKTUBE UCIOIb30BAHUS TTO/-
BOJIHBIX BOJTHOJIOMOB B PEKPEAI[MOHHBIX 30HAX.

KuloueBble ciioBa: pekpearioHHasi 30Ha, BOJI-
HOJIOM, TpaHchopMaIysi BOJIHBI, JUCCUIAIHS
SHEpruu, (U3MUecKoe MOACITUPOBAHUE, THIPOIH-
HaMHYECKHUU CTEHJ.
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