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Abstract. Design dependencies to determine the velocity and
concentration of suspended matter in the swirling zone beyond the
transverse dam in the presence of the initial section of the jet are proposed
in the article, using the main provisions of the theory of turbulent jets, the
scheme of dividing the flow into hydraulic homogeneous zones: a weakly
perturbed core, intense turbulent mixing and reverse currents. The
distribution of velocities and concentration of suspended matter (turbidity)
in the zone of intense turbulent mixing are affine and obey the theoretical
Schlichting-Abramovich relationships; this was substantiated by laboratory
and field studies. The equations of continuity and conservation of solid
matter along the flow were used to solve the problem. To establish the
adequacy of the dependencies obtained, a test problem was implemented in
which the velocities in the core and the depth along the flow were assumed
constant. The problem was implemented for the following contraction
ratios of flown, =0,1; 0.2; 0.3; 04; 0.5. Tabular and graphic

dependencies obtained show that with all contraction ratios of flow, the
relative backflow velocities first increase, and at the end of the swirling
zone, they sharply decrease. The maximum is observed at the intersection
of the outer boundary of the zone of intense turbulent mixing with the
protected coast and reaches m = 0.317. Comparison of the calculation
results with the experimental ones shows their qualitative and quantitative
agreement. The relative concentration of suspended matter in reverse
currents remains practically constant along the entire length of the swirling
zone. It is close to unity for all contraction ratios of flow.

1 Introduction

The acute shortage of water and land resources in Uzbekistan and other republics of Central
Asia raised the question of the development of fertile floodplain lands [1, 2]. The formation
of solid runoff in the river basin, transportation, and channel processes, sedimentation of
suspended matters on the floodplains and deltaic parts of rivers is of great interest to
scientists worldwide [3-7]. On the other hand, the population growth in these countries
required expanding cities and settlements located close to the coastal parts of the rivers. All
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of the above issues could be solved using regulatory structures [8, 9, 10]. The construction
of large channel reservoir waterworks facilitates the solution to the problem due to the
cutting the river hydrograph.

For the first time in world practice, bilateral regulation of the Amu Darya river bed
below the Tuyamuyun hydroelectric complex was realised at a length of 185 km.
Transverse dams contracting the river channel were used as regulatory structures [11, 12].
Methods for calculating the velocity field, the distance between the dams, the marks of the
dam's crest and their stability were developed in [13-15]. In the process of interaction with
the flow beyond the dams, intensive siltation of the space between the dams occurs [16-18].
The forecast of sedimentation in the inter-dam space remains poorly understood.

2 Methods

In the theoretical solution, the basic provisions of the theory of turbulent jets propagating in
a limited space [19, 20] were used to divide the flow into homogeneous zones: a weakly
perturbed core, intense turbulent mixing, and reverse currents. Experimental studies were
conducted in a chute with dimensions of 40x60x800 cm, a bottom slope i = 0.0002, with
the following characteristics of the flow and the blind dam: Froude number less than 0.35,
Reynolds number more than 10000, the water flow rate from 5 to 25 1/s, contraction ratio of
flow n, = 0.1; 0.2; 0.3; 0.5, dam erection angle from 30° to 90°. Water velocity was
measured with a micro-spinner (manufactured in the SANIIRI) at five points along the
depth.

3 Results and discussion

The studies conducted earlier have established the affinity of the velocity field in the zone
of intense turbulent mixing (Fig. 1), which obeys the theoretical Schlichting-Abramovich
dependence [19, 20], and has the following form for the initial section of the jet (Fig. 1)

Ug—U
Ug—Uy

= (1-7'5)? (1)

where Uy, U, U, are the velocities in the core, in the zone of turbulent mixing and
reverse currents;

= % = yzb_—y ; here y,, y; are the outer and inner boundaries of the intensive mixing
-

zone of width b, which at the initial section is b = 0,27 X.
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Fig. 1. Design scheme for one-way contraction of the flow by a blind dam.

Since lowland rivers carry a large amount of suspended sediment, as shown by field
observations conducted on the Amu Darya River [18], a certain part of the suspended
sediment settles in the swirling zone between the dams (Fig. 1)

When solving the problem, the distribution of the suspension concentration in the zone
of intense turbulent mixing for the initial section of the jet was taken as (see Fig. 2) [19]:

Ha=B _ 1
Lok — (1 - ) @)

where u,, u,, u are the concentrations of suspended matter in the core, in reverse
currents and the zone of turbulent mixing; we assume that u,;, = uy; n = yzb—y_

Field studies in the dam No. 30 [18] confirmed the acceptability of dependence (2)

It is necessary to establish the patterns of changes in the relative velocities in the
swirling zone and the relative concentration of suspended matter.

To solve the problem, the equations of continuity and conservation of solid matter along
the flow were used for the O-O contraction sections and the X-X section [5]

Uybohy = Usbyh + h fyyf Udy + Uyb,h (3)
Uobohott = Usbyhito + h [* Updy + Uybyhu, 4)

We divide equation (3) by Uybgh, and equation (4) by Uybghouto

ho _ Uyby y (Y2 Udy  Uyby

—= 5
h Ug bg Y1 Ug by Ug bg ( )
ho _ Usbs v2U pdy | Unbubu (6)

h Uo bo Y1 Ug o bo ~ Uo bo Ho

From equations (1) and (2), we obtain

L =1-(1—m)(1—n')? (7

Uo
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c=1-(1-m-n) ®)

0

H

Uy . . .
where m = o s the relative velocity of reverse currents;
0

n= ui is the relative concentration of suspended matter.

0
Performing the integration in (5) and (6) with (7) and (8), after some transformations,
we obtain

ho = Usb, + b(0,55 + 0,45m) + mbu ©

ho = U,b, + b(—0,52 + 1,07n + 1.02m — 0,57mn) + mn b, (10)

we obtain

)

From (10) hy — U,b, + b(0,52 — 1,02m) = n(1,07b — 0,57b m + mb,;) we obtain

_ ho=Ugb,+ b(0,52—1,02m)
= 1,076—(0,57b—bu )m

(12)

To check the adequacy of the theoretical dependencies obtained, a test problem was
implemented, where (formulas (11) and (12)) it was assumed that the velocities in the core
and the depth remain constant and equal to the velocity and depth at the initial section. In
this case, we come to the following dependencies:

The relative backflow velocities are determined as

U, 1-8,-0,55

U, 045 +8,

(13)

The relative concentration of suspended matter (turbidity) in reverse currents is

_1-8,+8(0,52-1,02m)
1,076 — (0,576 —& ,)m

(14)

where 6 =0,27x; 6 =0,27¢ ;here { =x/6, The core widthis 6, =6, —0,1 1x;
6,=1-0,11&
The calculation is performed for the contraction ratios 7, = 0,1;0,2;0,3;04;0,5.

The test problem results are shown in Table 1 for the contraction ratio n. = 0.1 and in
Table 2 - for all considered contraction ratios.
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Table 1. Relative backflow velocities and concentration of suspended matter beyond the blind dam at

n=0.1
5 L, a, X 6, | {=x/s, B
40 4 90° 5 36 0.139 1.11
40 4 90° 10 36 0.278 1.11
40 4 90° 15 36 0.417 1.11
40 4 90° 20 36 0.556 1.11
40 4 90° 25 36 0.694 1.11
40 4 90° 28 36 0.778 1.11
40 4 90° 36 36 1.000 1.11
Table 1 continued
6}1 8 6;1 m n
0.985 0.0375 0.0875 -0.0511 0.998
0.969 0.075 0.066 -0.1077 0.991
0.954 0.1125 0.043 -0.1707 1
0.939 0.15 0.021 -0.2414 0.997
0.924 0.1875 0.000 -0.3169 1
0.914 0.197 0.000 -0.2555 1
0.890 0.221 0.000 -0.1167 1

Table 2. Relative backflow velocities along the length of the swirling zone at various contraction

ratios 7,

n=0.1, { =x/8, n=02; £ =x/s, n=0.3; { =x/8,

m m m

0 0 0 0 0 0
0.139 -0.051 0.313 -0.051 1.071 -0.107
0.278 -0.108 0.625 -1.07 1.429 -0.147
0.417 -0.171 0.938 -0.169 1.786 -0.191
0.556 -0.241 1.250 -0.238 2.143 -0.238
0.694 -0.317 1.563 -0.317 2.679 -0.317
0.778 -0.255 1.875 -0.218 3.214 -0.218
1.0 -0.117 2.188 -0.132 3.571 -0.159

Table 2 continued

n=0.4; é’:x/go n=0.5 é’:x/g(J

m m

0 0 0 0
1.667 -0.107 2.0 -0.083
2.5 -0.169 3.0 -0.131
3.333 -0.238 4.0 -0.182
3.750 -.0276 5.0 -0.238
4.167 -0.317 6.25 -0.317
5.208 -0.195 7.0 -0.255
5.417 -0.173 8.0 -0.182
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Fig. 2. Graphs of dependence of the relative backflow velocities on the relative length of the swirling
zone at various contraction ratios
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Fig. 3. Graphs of dependence of the relative concentration of suspended matter (turbidity) on the
relative length of the swirling zone at various contraction ratios

As seen from the tables and graphs, the relative backflow velocities first increase and then
drop sharply towards the end of the swirling zone. This tendency is observed at all
contraction ratios.

The results of solving the test problem were compared (with a satisfactory agreement)
with the experimental results for the case n. = 0.3 (Fig. 3).

The relative maximum backflow velocities were observed at the intersection of the outer
boundary of the zone of intense turbulent mixing with the protected coast.

The relative concentration of suspended matter along the length of the swirling zone
remains practically constant and is equal to unity.



E3S Web of Conferences 264, 03044 (2021) https://doi.org/10.1051/e3sconf/202126403044
CONMECHYDRO - 2021

4 Conclusions

The theoretical dependencies obtained make it possible to calculate the velocities (11) and
establish the patterns of changes in the concentration of suspended matter (12) in reverse
currents.

The relative maximum velocities at all contraction ratios are 0.317, and in the absolute
value, they increase with an increase in the contraction ratio of the flow by a blind dam.

Comparing the calculated values of the backflow velocities of the test problem with the
experimental values shows their qualitative and quantitative agreement.

The value of suspension concentration along the length remains constant and equal to
unity.

Using the dependencies obtained (and knowing the hydraulic size of the particles), it is
possible to calculate the siltation in the swirling zone in the presence of the initial section of
the jet.
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