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Flow in rivers and channels under non-stationary increasing runoff from the reservoir or the zone of
precipitation was modeled in [1-3]. In this case, the phenomenon is accompanied by a sharp change in the
shape of the leading edge at considerable distances from the source.

A similar conclusion in the use of various computer models was madein [4, 5].

Problem Satement. Let consider the process of increasing the level of the river. Under sudden dis-
charge of water define the time for which a sudden discharged volume of water will reach the ship.

Let we divide the river basin between the place of discharge of water and the vessel on theriver into in-
tervals with the lengths |, and widths b, using the longitudinal lines of the HEC RAS program (figure 1).

We choose the partition interval so that within each interval the angle of inclination of the river bed to
the horizon a;, does not change. In view of the strong turbidity of the river water due to the presence of silt
and various inclusions, we will consider water as viscous and incompressible fluid.

Following [1], we adopt a laminar two-layer flow model. We assume that in the case of a two-layer
flow the lower first layer is the steady flow of liquid of height z,, and velocity vy, .

The velocity of propagation of the upper second layer of water in the p-th section of the river of the
given height z,, and the thickness Az, = z, — 7y, of the rectangular cross section of the river will be denoted
by vy AZ, can be determined by the volume of water discharged in the first interval Az, = Q/ Igb, . The
velocity at the boundary of the two layers is assumed to be equal to the velocity on the surface of the first
layer (figure 2).
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Figure 1 — Splitting the river bed Figure 2 — Two-layer flow in a channel

into intervals of rectangular cross-section

In [1] the mathematical formulation of the problem is given in the form of the Poisson equation
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where AH /| = sina. is the sinus of the slope of the straight line connecting the beginning and the end of the
section of theriver, v isthe coefficient of kinematic viscosity of the liquid, g isthe acceleration of freefall.
The boundary conditions are taken as follows:
=0.

7=7,

Vo (Y2 Z0p) = Vopr Vi (0,2) =V, (D,,2) =0, 0v,,(Y,2)/ 0z

Here vo, Was set as the mean 0 <y < b, value over the width of the river of water flow rate in the lower
layer. In contrast to thiswork, we take a dightly different formulation.
Asisknown, the velocity profile of aviscous liquid has a parabolic form

Vo (V:%,) =0,y(y—Db,). (2
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An unknown parameter o, can be determined if we take into account that

(Vi (9:200)) = Vo = - [V (9,20 ).
b

Substituting (2) in (3) and integrating, we find the value of the parameter o ,:

Thus, we obtain the boundary condition for equation (1) intheform: v

c, =6V, /bz.

Vo (Y25, )— b2 2y(b-y).
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The method of the solution. We seek the solution of the problem in the form of a sum of two functions

D v(b —
Vo (¥, 2) =U(y,z)+w
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points z, =z, + j—=, Y, =i—, 0 <i<m, 0 <j<M weobtaintherelation for v
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Here mand M are, respectively, the number of partitions of the intervals (0, b,) and (zOp z,)-

Results. The results of calculations using formula (4) for
the first sector of the selected section of the river are shown
in the table below. Figure 3 shows the diagram of velocity
distribution in the second layer of theriver.

Knowing the size of the sections of the partition |, and

the value of (v,(z,y)), we can determine the time of passage
of the liquid particles through each p-th section of the parti-
tion t, =1, /Kvxp(z, ).
The time t to reach the flow to the ship will be equal to
q
t= th , Where g isthe number of segments of the partitions.
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Figure 3 — Diagram of velocity distribution
in the second layer of theriver

, Where U(y, 2) is the solution of the Laplace equation
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To illustrate the profile of the dimensionless velocity in each p-th section between the dividing lines at the

(4)

if] i=0 i=1 i=2 i=3 i=4 i=5 i=6 i=7 i=8 i=9 i=10
j=0 0.00 054 0.96 1.26 1.44 1.50 1.44 1.26 0.96 054 0.00
=1 0.00 0.59 1.01 131 1.49 1.55 1.49 131 1.01 0.59 0.00
j=2 0.00 0.64 1.06 1.36 154 1.60 154 1.36 1.06 0.64 0.00
=3 0.00 0.68 1.10 1.40 1.58 1.64 1.58 1.40 1.10 0.68 0.00
j=4 0.00 0.72 1.14 1.44 1.62 1.55 1.62 1.44 1.14 0.72 0.00
=5 0.00 0.75 1.17 1.47 1.65 1.71 1.65 1.47 1.17 0.75 0.00
=6 0.00 0.77 1.19 1.49 1.67 1.73 1.67 1.49 1.19 0.77 0.00
=7 0.00 0.79 121 151 1.69 1.75 1.69 151 1.21 0.79 0.00
=8 0.00 0.81 1.23 1.53 1.71 1.77 1.71 1.53 1.23 0.81 0.00
=9 0.00 0.81 1.24 1.54 1.72 1.78 1.72 1.54 1.24 0.81 0.00
j=10 0.00 0.82 1.24 154 1.72 1.78 1.72 154 124 0.82 0.00
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YK 625.1.001.891.573
OIITUMM3ALUA ®OPMBLI HETJIN JJI51 PA3BBOPOTA BAI'OHOB

C.II. HOBUKOB, A. K. 'OJIOBHUY, I1. U. KAIIUTAHOB
benopycckuii cocyoapcmeennbiii yHueepcumem mpauncnopma, 2. I omens

[Ipu BEIMOTHEHNN HEKOTOPBIX TEXHOJOTHUYECKHUX ONepanrii mo 00cayKMBaHUIO BarOHOB pabovero
NapKa U UCHBITAHUIO HOBBIX BarOHOB TpeOyeTcsl pa3BOPOT MOABMKHOTO cocTaBa. OCHOBHBIC KOHCTPYKLIUU
JAHHBIX YCTPOHCTB CBSA3aHBI C COOPYKEHHEM Pa3BOPOTHBIX TPEYTOJIbHUKOB U IETIEBbIX X00B. PacueTHas
cXeMa IEeTIEBOro pa3BopoTa MpeCTaBlIeHa Ha pUCyHKe 1.

Pucynok 1 — Cxema metsieBoro pa3Bopora
BaroHOB

JnuHa MapipyTa nepeMenieHns Barona L ¢ J0KoMOTHBOM 1O NETIEBOMY XOAY ONpenesieTcs OT TOY-
ku G (Hayasia KpUBOil IIpH IBMKEHUH 110 IPSMOMY IIyTH 32 CTPEJIKY) IO KPYTOBOH KPUBOH depe3 TOUKH E
u D 1o Touku P (3aHEro cThIKa KPeCTOBUHBI CTPEIOUHOTO TepeBoia). PopMyIIbl Il BEIYHCICHUS IITHHbI
myTy npeacTasiieHsl B [1]. CoracHo MpUBEIEHHBIM pacdeTaM

_Rcosa + (b+ f)sina .

= arccos
b 2R
. 2
(b+f +2RsmB_bj R
coso.  COosu R
R = , ¥ =arccos] —2— |.
2R R+R

Jlnuna uckomoro Mapuipytra L =yR + YR+ 7R+ (o +B)R+ PR+ f.

snele ; ' ' - g Takum oOpa3om, 3agada ONpEAETICHUS OMNTH-
MaJbHON TPAEKTOPHH METIHN CBOJUTCS K HaXOXKIe-
st - HHIO KCTpeMyMa (YHKIMH OIHOM TepeMeHHoH f,

KOTOpasi JIETKO PelIaeTcs ¢ MOMOIIBIO MTaKkeTa MpH-
KIagebix  mporpamy, Hampumep MATHCAD.
B xauecTBe WIUTIOCTpalMM HalJeM, HpH Kakoi
JUIIMHE TPSIMOM BCTaBKU JJIMHA MyTH MO METIE
Oyner HamMmeHblIeH, ecan paguyc Rl nmyru, mo
KOTOPOW BaroH BIMCBHIBAETCS B MPSIMON y4acTOK
nyTtH, Oynaer He menbme 180 M, b = 15,64 M,

L(f)

2 Fe e < Lt tga=1/9, R= 200 M. 3aBHCHUMOCTb JJTMHBI ITyTH
f- OT BEJMYHMHBI NPSIMOI BCTaBKM INPUBEJCHA Ha
Pucynok 2 — I'paduk 3aBUCHMOCTH [UTUHEI ITyTH OT BCTAaBKH pHCYHKe 2.

Beuny Bospacranus ¢yukiuu L(f) oueBHaHO, UTO AMMHA MyTH MO METie OYACT MUHHUMAJIBHON TpH
HaMMEHBIIIEH BO3MOYKHOM JUTHHE MPAMOM BCTaBKH. 3aBUCHUMOCTD paxnyca R1 ot mmuws! f mpsMoii BcTaBku
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