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Abstract

The work is devoted to the construction and study of a numerical method for solving the Saint-Venant equation. These
equations are of great practical importance in modern hydraulic engineering and are suitable for describing natural
processes in the atmosphere, rivers, and oceans, as well as for modeling tides. Questions of formulation of mixed problems
for the two-dimensional system of Saint-Venant equations, are studied. A new upwind difference scheme of splitting in
spatial directions is constructed for solving the mixed problem of the two-dimensional Saint-Venant equation, which
describes flows without turbulent diffusion components. The stability of the difference scheme concerning energy norms
is established. The results of numerical experiments for model problems are presented, including a numerical simulation
of water flow in the Ugam River. The numerical calculation is based on the use of the two-point sweep method.

Keywords: two-dimensional system of Saint-Venant equations, upwind difference scheme of splitting on directions,
stability.

Axoamna
A.C. Bepovues *?, PJI. Anoes 3, A.A. Axbapoéa 3, XK.A. Aboupamanos *?
L Abaii amvinoaser Kazax yimmolx nedazozuxanvi yHusepcumeni, Anmamol, Kazaxcman
2 Axnapammuix dicane ecenmeyiu mexnono2usnap uncmumymst, Aimamol, Kazaxcman
3 Mupso Ynye6ex amvinoasu Oz6excman ynmmuolx ynusepcumemi, Tawxenm, Oz6excman
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Kymeic Cent-Benan TeHeyiH MmNy IiH CaHIBIK dMICIH KYpyFa *KOHE 3epTTeyre apHaiaraH. bys Tenaeynep Kasipri
THJPOTEXHHUKAJa YJKSH IMPaKTUKAJIBIK MaHbI3Fa He JKoHe aTMoc(epaiarbl, ©3€HIep MEH MYXHUTTapAarbl TaOUFH
NpoLECTepi CUNATTay VINiH, COHIAW-aK TONKBIHAAPABI MOAENbJACY YIUiH Konainel. CeH-BeHaH TeHueynepiHiH eki
eIIeM/Ii KyHeciHe apajac ecenTepii IIbIFapy CYpakTapsl 3eprrenei. TypOyneHTTI Tuddy3usIblK KYpayibLiapchi3
aFpIHIAPIBl CUNATTANTHIH eki enmemnai CeH-BeHaH TeHzeyiHiH apanac eceOiH IIenTly YIIiH KeHICTIKTIK OaFBITTaFbl
OenyiH >kaHa JKeJire Kapchl albIPBIMBI CXEMAChl KYPACTBHIPBUFaH. DHEPrus HOpMallapblHa KATBICTHI albIpMAaIbUIBIK
CXEMACBHIHBIH TYPaKTBUIBIFBI OeirifieHei. YraM e3eHiH/eri cy aFbIHBbIH CaHIBIK MOJCIBACY/ KOca allFaH/a, MOJCIBIIK
ecentep OOWBIHIIA CAHMABIK TIKIpHOENEpiH HOTHXKeIepi YChHbUFaH. CaHABIK eCenTey eKiHYKTeIK MPOTOHKa 9JIICiH
KOJIIaHyFa HET13/IeITeH.

Tyiiin ce3nep: Cen-Benan TtenieynepiHiH eki enmemai xyiteci, OarbiTTap OolibIHIIA OOJY/AIH arblHFA KapcChl
aflBIPBIMABIK CYJI0aChl, OPHBIKTHLIBIK.
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YUCJIEHHOE PEIIEHUE CMEIIAHHOM 3AJTAYX
JIJIS1 ABYMEPHOM CUCTEMbI YPABHEHUM CEH-BEHAHA

PaboTa mocBsimeHa MOCTPOEHHIO M HCCIEAOBAHUIO YMCIIEHHOTO MeTojaa pemieHus ypaBHeHus CeH-Benana. Ot
YpaBHEHHMsI HMMEIOT Ba)XHOE IIPHUKIAJHOE 3HAYCHHWE B COBPEMEHHOW THAPOTEXHUKE M TIPHUTOTHBI IS OIUCAHUS
MIPUPOIHBIX IPOIECCOB B aTMocdepe, pekax M OKeaHax, a TaKke A MOJCIMPOBAHUS TPHIMBOB W OTJIHBOB.
HccnenyroTest BOIPOCH IOCTAHOBKM CMENIAHHBIX 3a/1a4 JJIs IBYMEpHOH cuctemsl ypaBHeHn CeH-Benana. Iloctpoena
HOBasi MPOTHUBOIIOTOYHAsI Pa3HOCTHAs CXE€Ma PpAaCUICIVIEHUS 10 IPOCTPAHCTBEHHBIM HANPAaBICHUSAM JUIS PELICHUS
CMelIaHHOH 3a1aun AByMepHOro ypaBHeHHs CeH-BeHaHa, onMchIBaromas Te4eHuss 03 KOMIIOHEHTOB TypOyJIeHTHOMH
muddysun. YcTaHOBIEHa YCTOWYMBOCTh PA3HOCTHOM CXEMBI 10 SHEPreTHYecKMM HopMam. [IpuBeneHbl pe3ysbTarhl
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YHNCJICHHBIX OKCIICPUMECHTOB AJId MOACJbHBIX 3aa4, B TOM YUCJIC NPOBCACHO YUCICHHOC MOJCIIUPOBAHNC TCUCHUSA BO/AbI
B pCKe VYraMm. UnucneHHbIH pacyeT OCHOBAH Ha UCIIOJB30BAHUU MECTOJa ,[[ByXTO‘-Ie‘-IHOﬁ MPOTrOHKH.

KiaioueBble ciioBa: ABYMCpHas CUCTEMa ypaBHeHI/Iﬁ CeH-BeHaHa, NPOTUBOINIOTOYHAA PA3HOCTHAsA CXEMa
pacUICIJICHUS 10 HAITPABJICHUAM, YCTOﬁqHBOCTL.

1. Introduction

For the numerical solution of various problems for the system of Saint-Venant equations, scientists have
proposed a number of methods [1] - [8]. In [9] approaches with separation of gaps and methods of end-to-end
counting are described pretty detailed. The authors of this book focus on Godunov-type methods based on
exact and approximate solutions to the Riemann problem of arbitrary gap decay. It is known that the essential
properties of difference schemes are their conservativeness [8], [10] - [12], well-balanced [7], [13], [14],
possibility of end-to-end calculation, choice of explicit/implicit scheme [15], approximation order,
convergence, stability. When choosing a difference scheme an important property is its stability. In the case of
conditionally stable schemes, a restriction is imposed on the choice of the integration step on time. A slight
violation of the stability condition can lead to an increase in error and non-physical solutions. For hyperbolic
systems, the time step is determined from the Courant condition.

2. Problem statement
The system of Saint-Venant equations describing flows without turbulent diffusion components has the
following form [16]:

oH

ou ou ou
SHuT v g =g,
ot OX oy OX
@+u@+v@+gﬁ=¢2, 1)
ot ox oy oy
oH oHu oJHv
—+—+—=0.
ot OX oy
where
2 2
4=l—g u2+v T, ah,
C:H pH  ox
u? +v? 7, oh
¢2:_IU—g 2 -

X,y — directions of orthogonal coordinate axes, t — time, u,v — speed components, H —water depth, o —
water density, g — acceleration of free fall, z,,z, — components of wind stress on the water surface, C, —
Shezi coefficient, | — Coriolis parameter.

(1) can be reduced to the following system of linear hyperbolic equations:

ov ov ov

DA B F, )
ot OX oy
where
A u 0 c v 00 f,
V=|v,|,A=|0 u 0|,B=|0 v c|, F=| 1, |
A c Owu 0 cv f

u, v, ¢ are given functions.
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2(u)? +V2 , uv V. , uu gr
f=(v,)du +1-g* ——F—— b +(V,)du, +1 - g ——— b+ 242c, + —2x
' (1){ g J 2C2(c)°U (v2))u, d 2C2(c)Uu | 2| J C2(c)® 4p(c)’

AN IR TR S | SN GV 2 2(v)" +(u)’ JValoe L W97
fz—(l){x I-g ZCZ(C)ZU} (z){y g—ZCSZ(C)ZU} 2{2y g i 4p(c)3},

S

fy=uy;/2+2cv,+V v,/ 2+2¢CV,.
U =4/(u)’ +(v)*

The matrix A depending on the value u is represented as the sum of two respectively A" non-negatively
defined and A" non-positively defined matrices:

A=A"+ A,
It should be noted that there are 5 possible cases for u:
u<-c; —-c<u<0; u=0; O<u<c; c<u.

Similarly, the matrix B, depending on the value .V . is represented as the sum of two respectively B* non-
negatively defined and B~ non-positively defined matrices:

B=B"+B,
There are also 5 possible cases for v :
V< —C; —-c<v<0; v=0, O<v<eg; c<v.
In this case, system (2) will take the following record form:
ﬂ+(A* +A*)ﬂ+(5+ + B*)ﬂ= F,
ot OX

Exactly this kind of matrix splitting A and B into the sum of two sign -defined matrices, respectively on
A", B" - non-negatively defined partand on A™, B~ - non-positively defined part gives us the opportunity to
build an upwind difference scheme.

It should be noted that in [17] a numerical calculation of Lyapunov-stable solutions of the one-dimensional
Saint-Venant equation was carried out using an upwind implicit difference scheme on the example of the Big
Almaty Canal.

In domain Q ={(t,x,y): 0<t<+o00, 0<x< X, 0<y<Y} letusbuild a difference grid with steps At on
direction t, Ax=X/J ondirection x and Ay=Y /L on direction y.Here [a] denotes the integer part of
a real number a. J, L- some integers. Difference grid steps Ax, Ay we select it in such a way that the
equalities are fulfilled JAx=X u LAx=Y . This means that the difference grid completely covers the areas
Q. Denote t* =xAt, x=0,K; x; = jAx, j=0,J and y, =lAy, I=0,L. The nodal points of the difference

grid (meaning the intersection of straight lines t=t*, x=x; and y =y,) we denote by (t*,x;,y, ). The set of
nodal points of the difference grid is denoted by Q, , where
Q, :{(t",x.,y,): xk=0,K; j=0,J; 1=0, L}.
And the values of the numerical solution at the nodal points are denoted by
Vi =V (t*.x,y,), £=0K; j=0,J; I=0,L.
To find a numerical solution to a mixed problem over a difference grid Q, , we propose the following
upwind implicit difference scheme

VARRYA < V=V Vi =V
L (pr) L2y (p) 2L L=, k=0,K-1 j=1,J-1 l=1L-1.
At Ay Ay
V_K+1 _\7_1( . V_K+1 —V-K+1 . V_K+1 _V_K+1
N, L—Ly(a) LI (A) 2L —Fp k=0,K-1 j=1,J-1 1=1,L-1.
At i AX i AX !
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In the difference scheme (I)-(1), the value of \7j’,‘ is an auxiliary intermediate value for determining the
value of V" through V. In the algorithm of finding a numerical solution, the values of Vi are first

determined from (1), and then substituted into (I1), thereby the values of VJ.,K+1 are determined.

3. Calculation experiment

The numerical experiment was carried out on a computer with the following technical characteristics:
Intel(R) Core(TM) i7-8700, 16Gb, Windows 10, and PTC Mathcad Prime 7.

The Ugam mountain river was chosen as a computational experiment. Ugam has a fast current, below the
Yugansk forestry its speed is 1.6 m/s. The width in the lower reaches (above the village of Charvak) is 23 m,
the depth is 70 cm, the bottom soil is viscous. The bed of the Ugam is empty.

Let us introduce the parameters of the difference grid: time t=5s, time step At=0.03, length of the river

X =200 m, length step Ax = 0.5, width of the river Y =23 m, width step Ay=0.5.
Let us calculate the | Coriolis parameter by the formula

| =2Qsing

where Q is an angular velocity of the Earth's rotation around the axis; ¢ — is a geographical latitude of the

location. When crossing the equator, the Coriolis parameter and, accordingly, the Coriolis force change the
sign.
The angular velocity of the Earth's rotation is:

Q= 2_|_—” =7.2921-10° s

where T — sidereal period of the Earth rotation around the axis, equal to one sidereal day (23 hours 56 minutes,
4,0905 seconds).

Ugam is located at geographical latitude 41°37'46", respectively
@=41°37"'46" ~ 41,629444°

Then I is Coriolis parameter for the Ugam river:
| =2Qsing =2-7.2921-10" -sin(41.629444) = —10.3469869-10°

Resistance coefficient C, — can be determined by the formula of N.N. Pavlovsky:
C, = 1 R™
n

Where n is the roughness coefficient characterizing the condition of the channel surface for the case of
sewer pipes is taken in the range (0,012...0,015); for other cases, information is given in the literature [18].
R is a hydraulic radius. The value of the hydraulic radius varies depending on the size and shape of the cross-

section of the channel, for open channels of large width it is assumed to be equal to the average depth of the
stream. Accordingly, the hydraulic radius for the Ugam River is 0.6 m.

m is an indicator of the degree depending on the value of the roughness coefficient and the hydraulic
radius:

m=2.5Jn-0.13-0.75JR(~n - 0.1)

This formula is recommended for values R e(3,..,5). With large hydraulic radii or other values of
roughness coefficients, the use of Pavlovsky's formula in hydraulic calculations of riverbeds leads to
significant errors. At the value m=1/6 the Shezi formula is reduced to the Manning formula.

The roughness coefficient for the Ugam River is equal to n=0.025 Accordingly, the exponent for the
Ugam river will be equal to

m = 2.5y/0.025 —0.13-0.75+0.6(+/0.025 — 0.1) = 0.23152359236

76



Abaii amvinoaser Kaz¥I1Y-uiny XABAPIIBICHI, « Duszuka-mamemamura sviivimoapsly cepuscol, M3(79), 2022

Shezi coefficient for the Ugam River
c -t L
n 0.025

Normal wind pressure 7,7, the obstacle in the first approximation is determined by the formula

-0.6°215%%59% — 35 5383100387

7=05-p-V?

where Vv is a wind speed m/s, p is an air density kg/m?, depending on its humidity, temperature and
atmospheric pressure, 0,5 is a coefficient of resistance (flow). The Anglo-Saxons use a coefficient equal to
0,75, i.e. they receive data 1,5 times higher, but the order of magnitude, of course, is the same.

In table 1, wind pressure depending on the speed and wind strength on the obstacle. Calculation for air
density 1,2 kg/m?

Table 1. Wind load (in the first approximation)

Wind speed in m/s
Im/s | 5m/s | 10m/s | 15m/s|20m/s | 25m/s | 30m/s | 40m/s | 50 m/s
Pressure, Pa = N/m? 0.60 15 60 135 | 240 375 540 960 1500
object ImxIm |forceper Lm?, N | 060 | 15.00 | 60.00 | 135.00 | 240.00 | 375.00 | 540.00 | 960.00 | 1500.00
object 2m>2m | force per4m?, N | 240 | 60.00 | 240.00 | 540.00 | 960.00 | 1500.00 | 2160.00 | 3840.00 | 6000.00
object ImxIm |forceper 1Lm? N | 006 | 1.53 | 6.12 | 13.78 | 24.49 | 3827 | 55.10 | 97.96 | 153.06
object 2m=2m |forceper4m?, N | 024 | 6.12 | 24.49 | 55.10 | 97.96 | 153.06 | 220.41 | 391.84 | 612.24

Ugam has a fast flow, which corresponds to the inequality ¢ <u. Then the matrix is representable as the
sum of two matrices of the form:

u
A=A"+A, A" =0 , A =0
c

o © O
C O O

We decompose the matrices A", A~ as follows:
A= PZANZ*P, A = PZAA,Z*P,
A,. =diag(u, u+c, u—c), A, =diag(0, 0, 0),
then
A=A"+A = PZANZ*P + PZAA,Z*P =PZA,Z"P,
A, =AA+ +AA, =diag(u, u+c, u—c).

Also for the speed of the river corresponds to the inequality 0 <v <c. Then the matrix B is representable
as the sum of two matrices

v 0 0 O 0
B—B'+B B'=|0 V+C V+C S V-C C-V :
2 2 2 2
o Ve v+c o &7V v-¢

N
N
N‘
N‘

We decompose the matrices B", B~ as follows:

B*=PZA_Z'P, B =PZA_ ZP,
A,. =diag(v, v+c, 0), A, =diag(0, 0, v—c),

77




BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(79), 2022 2.

then
B=B"+B = PZAB+Z*P + PZAB,Z*P =PZA,Z'P,
Ag =A, +A, =diag(v, v+c, v—c).

Let us consider in more detail the difference scheme of splitting in directions for this case:
Splitting by direction y:

If (0<vj <c}), then as the first step of splitting, consider the difference scheme

Vr=Vy-r, (B*)“ (Vi =Vi,)-r, (B‘)jl (Vii-Vi), x=0K-1 j=13-1 1=1L-1.

We substitute the matrix B* expansions into and multiply the resulting equality on the left by the matrix

Z'P. As a result, scheme will have the following form:

K K

(z'P) v =(Z*P);ij—ry(AB+Z*P) (Vi-vi,)-r, (AB,Z*P) (Vira-Vy).

il il
Let us rewrite this scheme in terms of vector functions T Z(Z*P); Vi and T_jf =(Z*P)';I \7j’,‘ :
jl

fjf =Ty =1, (AB+ ) (lek _TJIK—l) -y (Asf ); (T,-'f+1 _Tif)'

The component notation of this schema looks like this:

(0, =0, =3 (), ;) -1
(©, =} -5 (i +6)((0; - ()5) 11T
(B = () + 1, (v =< ()}~ (), 1=0.02

As boundary conditions, consider the following conditions:
On the left boundary for 1 =0, it is required to set two boundary conditions,

(Vl )’;o = 0’ (V2 )’j(o + (V3 )l;o =0= (tl)’jco = O’ (t2 )’;0 = O’
And on the right boundary for | =L it is required to set one boundary condition
(v, )’;L — (V5 )TL =0=(t, )TL =0.

Note that from the equalities:

V =PW = PZT;

Wy =Vy, Wy =V;, Wy =V,

L=W,, :i(wl-'-WS)’ tazi(wl_wa)
2 2

for 1 =0, taking into account the boundary conditions, the validity of the following inequality for the boundary
guadratic form follows:

=(—|v|t12 —|v+c|ty +|v—c]|t] )’;O >0.

~((As); T;,T;;)Izo

Similarly, on the right boundary in y for I =L, taking into account the boundary conditions, it follows that
the following inequality holds true for the boundary quadratic form:

((Aa)y o)

K
iL

) = ([V[t] +v+cft; —jv -]t ) >0.

Splitting by direction x:
If (c; < u; ) , then as the second step of splitting, consider the difference scheme
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ij*1=\7jf—r(A+) (Vi =vii), x=0K -1 j=13; 1=1L-1

j-u

We substitute the matrix A* expansions into and multiply the resulting equality on the left by the matrix
Z'P. As a result, scheme will have the following form:

(Z'P) Vit =(Z'P) Vi =1 (A, 2 P) (Vi -vid).
Let's rewrite this scheme in terms of vector functions T =(2'P)_ Vi and Tj =(Z'P)’ Vi

Tr=Tror, (A ) (Tm_Tﬂl)
The component notation of this schema looks like this:
(6)y" =0, —run (L), - () ) i=13;
(&), = (@), —nluy +en)((L)y = (L))
(1), =), (v —ci () - (L)}

As boundary conditions, consider the following conditions:
On the left boundary for j=0, itis required to set three boundary conditions,

(VZ )gl =0, (Vl)gl +(V3); =0, (Vl)gl _(VS); =0:>(t1); =0, ('[2 )gl =0, ('[2 )gl =0.
and on the right boundary for j=J there is no need to set boundary conditions.
Note that from the equalities:
V =PW = PZT;
W, =V, W, ==V,, W, =V,;

(W, + W, ), ty=—=(W,—W,)

L=W,, t, = i i

2 J2

for j =0, taking into account the boundary conditions, the validity of the following inequality for the boundary
guadratic form follows:

= (~Jult? ~[u+c|t} ~ju—cltf) 0.

_(( )]lTJI T )

Similarly, on the right boundary in y for | =L, taking into account the boundary conditions, it follows
that the following inequality holds true for the boundary quadratic form:

(A TETH)

During the computational experiment, the following result was obtained:

= ]tz +[u ]t +u—c|iz)" =o0.

a) b)
Figure 1. U — velocity in the x direction at a fixed y
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Table 2. Numerical solution U — velocity in the x direction at a fixed y

Ne j=1 j=2 j=4 j=6 j=8 j=10

k=1 | 1.7993659589 | 1.7673311277 | 15982297381 | 1.4307559192 | 1.4188843276 | 1.57352965
k=2 | 1.7993658153 | 1.7673309631 | 15982295543 | 1.4307557151 | 1.4188841207 | 15735294606
k=3 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=4 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=5 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=6 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=7 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=8 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=9 | 1.7993658154 | 1.767330964 | 15982295561 | 1.4307557163 | 1.4188841198 | 15735294587
k=10 | 1.7993658154 | 1.767330964 | 1.5982295561 | 1.4307557163 | 1.4188841198 | 1.5735294587

a)

10y

v

10
b)

20

Figure 2. vV — velocity in the y direction at a fixed x

Table 3. Numerical value V — is a velocity in the y direction

No ji=1 j=2 j=4 j=6 j=8 j=10
k=1 | 0.5645359964 | 0.6970959796 0.796807474 | 0.6236355456 | 0.3367936667 | 0.200002938
k=2 | 0.5645359964 | 0.6970959796 0.796807474 | 0.6236355456 | 0.3367936667 | 0.200002938
k=3 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=4 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=5 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=6 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=7 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=8 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=9 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378
k=10 | 0.5645359977 | 0.6970959808 | 0.7968074738 | 0.623635544 0.336793665 | 0.2000029378

W 1 .
AP ZPE 5 5sd |HT:I{4§ 0 ]
- |
200 _A |
= 1 ] 1 ]
5 10 20 30 40 50
a) b)

80

Figure 3. H — is a water depth in the x direction at a fixed y
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Table 4. Numerical value H — is a water depth

Ne ji=1 j=2 j=4 j=6 j=8 j=10

k=1 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=2 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=3 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=4 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=5 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=6 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=7 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=8 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=9 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287
k=10 0.6478523293 0.6707570423 0.6882481578 0.658014842 0.6094303071 0.5869171287

For the experiment, a plot of 200 meters long and 23 meters wide was taken. Figure 1 shows a graph of the
speed change in the direction of the river length. Figure 2 shows a graph of the speed change in the direction
of the river width. Figure 3 shows a graph of changes in the water height level in the direction of the Ugam
River length.

4. Conclusion

In this manuscript we have considered a two-dimensional system of Saint-Venant equations. The two-
dimensional system of equations takes into account many parameters affecting the flow behavior, for instance
such parameters as p — water density, g — acceleration of free fall, ¢ — geographical latitude of the location,

n — the roughness coefficient of the bed bottom, v — speed of wind, p,, — air density kg/m?, which in turn
depends on its humidity, temperature and atmospheric pressure, R — hydraulic radius. For the numerical

solution of a mixed problem for a two-dimensional system of Saint-Venant equations, an upwind difference
splitting scheme in directions was proposed. A computational experiment for the Ugam River was also carried
out and described in detail.
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