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This paper presents the results of wave regime hydrophysical characteristics calculations in the area of the
accumulative shore of the Tsimlyansky reservoir northwestern part. Wave hydrodynamics model based on 3D
mathematical model that includes three Navier-Stokes motion equations, the continuity equations for an
incompressible fluid was used. The discretization of the hydrodynamic equations was performed using the
pressure correction method. Numerical algorithms and the software package implementing them are used to
determine the pressure field, the water medium velocity vector field and to plot the pressure a given section of
the reservoir water area. The results of the study can be used in the study of hydrophysical processes,
assessment of the hydrodynamic impact on the formation of the coast-line and the bottom relief of large plain-
type reservoirs in the Southern Russia.
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Introduction. Reservoirs play an important role in the water management complex of Russia.
The creation of these water bodies is aimed at ensuring the regulation and redistribution of river flow
over time, guaranteed water supply to the population, meeting the needs of the population for energy
resources, protecting territories from floods, etc. Together with canals and other water supply
facilities, water storage facilities serve as the basis for the versatile and integrated use of water
resources [1-4].

In Southern Russia, where there is an acute shortage of water resources, especially in the
spring and summer period, the development and implementation of measures aimed at preserving and
improving the hydroecological state of water reserves is extremely important. One of the main
waterways of the Southern Russia is the Don River. The only reservoir on the Don River is the
Tsimlyansk reservoir, located in the Volgograd and Rostov regions. The reservoir was built in 1948-
1952, by creating a dam near the modern city of Tsimlyansk. The Tsimlyansk reservoir belongs to
the category of large ones. The total volume of the reservoir is 23.8 km3. The reservoir serves to meet
the needs of the population in fresh water, irrigation, energy resources, convenient transport routes,
is one of the attractive places for recreation and fishing.

The high economic development of the Tsimlyansky reservoir in recent decades contributes
to the growth of external load on it, the consequence of which is the complication of the hydrological
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situation and the deterioration of the state of ecosystems. Thus, the destruction of the banks has a
significant impact on the infrastructure of the reservoir. The rather large size of the Tsimlyansky
reservoir (the mirror area is 2702 km?) allows wind waves up to 4-5 m high to form, which conduct
their destructive work. In connection with the above, one can imagine how great scientific and
practical importance the objective study of this water body has.

The most effective research methods in this area are based on determining the parameters of
wave action, since they have a significant impact on all elements of the hydrological regime of
reservoirs. To date, limnology has already accumulated some experience in hydrodynamic modeling
of wave processes. When modeling, it is possible to take into account the features of natural processes
characteristic of large reservoirs, such as their significant spatial and temporal variability,
multidimensionality, non-linearity of processes and the different scale of dynamic phenomena [5-8].

In this paper, for the water area of the Tsimlyansky reservoir, the results of the study and
parallel numerical implementation of a nonlinear 3D model of wave hydrodynamic processes are
presented. The developed algorithms for solving model problems and their numerical implementation
in the form of a problem-oriented software package have a wide practical application for studying
wave processes of coastal systems of the same type of water bodies and their hydrodynamic impact
on the territory of the coast. A private object of modeling is the north-western coast of the Tsimlyansk
reservoir, located near Tsimlyansk, the territory of which includes the city beach. For the selected
local area, studies of the hydrodynamic characteristics of the wave effect on the coastal recreational
zone, such as the pressure field, the field of the velocity vector of the water medium, were carried out
and pressure plots were constructed for different phases of the wave.

Mathematical model of three-dimensional wave hydrodynamics. The developed model
for calculating 3D velocity vector of the aquatic environment movement based on is hydrodynamics
mathematical model of shallow water bodies [9, 10]:

— the equation of motion in three coordinate directions (system of Navier-Stokes equations)

Uy + U, + VU, + WU, =—%PX' vt(;zu'x)'X +(uu'y)'y +(VUIZ)‘Z , (1)
V; + UV, + WV, + WV, =—%P§ +(/,zv'x)'X +(,uv'y)'y +(vv'z)'Z , (2)
W, + UW, + VW, +WW, =—%PZ'+(IUW;()IX +(/JWIy)Iy +(vw'z)'Z +g, (3)

— continuity equation (mass conservation law)
o+ (pu), +(pv), +(pw), =0, 4)
where V = {u,v, W} is the water flow of shallow water body velocity vector; P is the hydrodynamic
pressure; p is the aquatic environment density; u, v are turbulent exchange coefficients in the
horizontal and vertical directions; g is the gravity acceleration.
The system of equations for the movement of the aquatic environment in mouth areas (1) - (4)
is considered under the following initial condition
V=V, 5)

and boundary conditions:
—entrance (incoming streams from the sea and in the riverbed)
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V=V, P/ =0, (6)
— lateral and lower water-bottom boundary
pu(V,), =1, V,=0, P/=0, (7)
— lateral “water-water” boundary
(V). =0, V=0, P/ =0, (8)
— water surface (“water-air” boundary)
,ovy(VT)'n =-1, w=-P'/ pg, P/ =0, (9)

where V,,V, are the velocity vector normal and tangential component; n is the normal vector;
T= {TX,Ty,TZ} is the tangential stress vector; p, is suspension density.
On the free surface of a water body, the tangential stress is calculated as follows
T =p,Cd,|w|w (10)
where w is the wind velocity relative to water; p, is the atmosphere density; Cd, = 0.0026 is the

dimensionless surface resistance coefficient, which depends on wind speed [11].
At the water body’s bottom, the tangential stress has the form

t=pCd, |V|V ,
where Cd, = gk?/h"®, k =0.025 is the group roughness coefficient in Manning's formula; h is the

distance from free surface to bottom.

To discretize the model (1)-(10), we apply the pressure correction method, according to which
the solution process is divided into three problems [15-16]. Discrete analogs are solved by an adaptive
modified alternating-triangular method of variational type [21, 22].

Numerical experiments. After the development of the software package, a series of
numerical experiments was performed. The selected site for conducting numerical experiments is
located in the northwestern part of the Tsimlyansk reservoir near the city of Tsimlyansk. The local
modeling area has a size of 5x10% x 5x10° m and a maximum depth of 18 m, the peak point rises 2
m above sea level. The source of the disturbances is set at a certain distance from the shore line. At
the initial moment of time, the liquid is at rest.

In order to prepare the input data, digital model area is constructed that displays depths map
of the calculated area and the contour of the bottom surface and the coastline depths (Fig. 1, 2). The
model area is characterized by geometrically complex coastline configuration.

For the calculated area, a uniform grid with dimensions of 100 x 100 x 40 is constructed, which
corresponds to the size of cells of the order of 50 m in horizontal directions and 0.2 m in vertical directions.
The input data on the depth readings of the water body were interpolated to this grid.

In order to be able to talk about the adequacy of the hydrodynamic wave model, an initial set of
information is required, including information about the pressure field and the velocity vector field of the
aqueous medium. Fig. 2 shows the calculations results of these characteristics.
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Fig. 1. Isolines and depth map of the calculated area
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Fig. 2. The pressure field and the velocity vector field of the water medium

The geometric heterogeneity of the site significantly affects the kinematic structure of the
water flow. The change in the patterns of the velocity vector field when the wave rolls onto the
coastline is clearly visible.

On the section of the calculated area corresponding to the territory of the city beach, the
function of the elevation of the level changes dynamically, flooding and shallowing zones are formed.
To the left of the beach area, a vortex formation is emerging against the background of wave
microturbulent exchange. In order to fully represent the picture of the velocity field, the calculated
profiles of the horizontal velocity of the water medium in various sections of the calculated region by
the Oxz plane passing through the beginning of the cut are given. Fig. 4. shows pressure diagrams for
different phases of oncoming waves.
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Fig. 3. Pressure diagrams for different phases of oncoming waves

Conclusion. The problem of assessing the hydrodynamic characteristics of wave processes is
important in solving many economic problems. Calculations of these characteristics are one of the
most important elements that determine the safety of the coastal infrastructure. In addition, their
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consideration is necessary when predicting the state of the surface of a water object and for compiling
its regime and climatic characteristics. A lot of attention is currently being paid to the disturbance
regime of the Tsimlyansky reservoir. However, despite this, the available material is not complete
and sufficient to solve various practical problems, including the problems of calculating the
transformation of the shores. The model of three-dimensional hydrodynamic wave processes
developed by the authors takes into account, along with generally accepted factors, such as wind
stress on a free surface, friction on the bottom, etc., also evaporation and precipitation not only in the
continuity equation, but also in the equations of motion of the aquatic environment, which is essential
for the waters of large reservoirs. Numerical algorithms and a set of programs that implement them
have been developed for the proposed model, which made it possible to calculate the hydrodynamic
characteristics of wave processes in natural conditions in the coastal recreational zone of the reservoir.
The results of numerical experiments are presented.
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B nacrosmeil paboTe mnpencTaBlieHbl PE3yNbTaThl PacueTOB T'UAPOPUIUUYECKHX XapaKTEPUCTHUK
BOJIHOBOTO pE&XHMMa B pailoHe akKyMYJIATHBHOrO Oepera ceBepo-3amagHoi yacTu LlumistHckoro
BOJIOXpaHmWIMIa. [l TpoBeleHHs] pacueToB MCIOJIb30Balach, pa3paboTaHHas B aBTOPCKOM
KOJUIEKTUBE, TUIPOJAMHAMUYECKash MOJENb BOJHOBBIX IIpoIeccoB, Oasupyromasics Ha 3D
MaTeMaTHYE€CKOM MOJENH, BKJIIOYAIOIIEeld TpW ypaBHEHHs nBwxkeHHs HaBbe-Crokca, ypaBHEHMS
HEpa3pbIBHOCTH JJISi HEC)KUMAaeMOM KUAKOCTU. Jluckperuszauusi ypaBHEHMM THIpOIUHAMHKU
BBINIOJIHEHA TPU HCIIOJIb30BAHMM METOJa MOMPaBKH K JaBieHHUI0. YUHUCIIEHHBIE aNropuUTMbl U
pean3yonui UX KOMIUIEKC IMPOrPAMM HCIOJIB30BAHBI AJI ONPENCICHUS IMOJIA JABJICHHUS, IOJIA
BEKTOPA CKOPOCTH BOJHOMN CpeJibl U MOCTPOEHUS SMIOPHI JABJIECHHS IPU Pa3HbIX (pazax BOJIHEHUS IS
3aJJaHHOTO y4yacTKa aKBAaTOPUHM BOJOXPAaHWIMIIA. Pe3ynbraTsl HcCIEIOBaHHA MOTYT OBITh
UCIOJb30BaHbl MIPU UCCIEA0BAHUM T'MIPO(PU3NYECKUX MPOLECCOB, OLEHKH I'MAPOJUHAMUYECKOTO
BO3/IeHCTBUS Ha (hopMUpPOBaHHE OeperoBoi JIMHUM U penbeda JHa KpynHbIX BojoxpaHwiui HOra
Poccuun paBHUHHOTO THIIA.

KiaroueBble cjioBa. MOACIIMPOBAHUEC THAPOAMHAMHUYECCKHUX ITPOLUECCOB, BOJTHOBBIC ITPOLECCEI,
KPYIIHBIC BOJOXPAaHUJIMIIIA, BOJAHAsA 3KOCUCTEMA, HpI/I6pC}KHaH PEKpCainOHHasd 30Ha, I1apalJICJIbHbIC
AJIrOPUTMbIL
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