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Abstract. It has been determined that the reduction of siltation of the front
chamber is necessary because the deposited sediments seriously violate the
planned hydraulic structure of the flow when water is sucked up by pumps,
as a result of which their efficiency decreases. The method of calculating
the pipeline system of a new device designed to significantly reduce the
siltation of the front chamber of irrigation pumping stations by artificially
creating turbulence in the water flow in the bottom layer of the structure is
presented. This calculation methodology is based on the use of the theory
of flooded water jets, which makes it possible to determine the main
characteristics of the jet. The latter allows calculating the design
parameters of the pipeline system. The results of experimental studies are
presented to compare the calculated data with the results of experiments, as
well as to determine the effectiveness of the proposed device for a
significant reduction in siltation of the front chamber of irrigation pumping
stations.
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1 Introduction

Nowadays, the task of increasing the energy efficiency of pumping stations, ensuring their
reliability in terms of guaranteed water supply to consumers with minimal losses of
resources are the most important scientific and technical tasks [1, 2]. Many pumping
stations that operate in the irrigation system in agriculture of the Republic of Uzbekistan are
forced to pump suspended (turbid) water formed as a result of erosion processes in the
channels of supply canals and sources. As a result, in the front chamber of pumping
stations, where the water velocities are minimal, sediments are deposited in thick layers,
partly reaching a thickness of several meters, almost blocking the path to the extreme
suction pipelines. This circumstance in the front chamber negatively affects the operating
parameters of the pumps, their productivity decreases, the efficiency decreases, and the
energy consumption increases. Observations have established that excessive sediment
deposition in front of the suction pipelines leads to a decrease in the efficiency of the pump
to 3.0 % [3-20].
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The movement of suspended sediment particles in a flow is complex, and it occurs
under the influence of pulsation velocities that are variable in magnitude and direction, as
well as under the action of gravity. If the force of gravity prevails due to certain
circumstances, the particle can sink to the bottom, but when a sufficient vortex potential
appears in the bottom layer, it is captured by it and rises again into the flow [6-12].

Depending on the transporting capacity of the water supply facilities, the water velocity
may decrease to a value less than the non-lagging value (this is mainly in the front chamber
and water intake chambers), as a result of which suspended particles are deposited at the
bottom of the structures. This leads to a change in the design dimensions of the fore-
chamber, clogging of the water intake chambers, which negatively affects the operational
parameters of the pumping units [5, 21-34].

Under these circumstances, it becomes necessary to develop a device that allows
artificially changing the structure of the flow in its bottom layer by multi-jet supply of
pressurized water to prevent sediment deposition. Based on this, the main goal of the study
was formulated, which consists in determining the pressure-flow characteristics of the
device that provides a sufficient vortex state of the flow at the bottom of the fore-chamber
of the pumping station, which does not allow sedimentation of sediment particles.

2 Methods

In order to overcome this issue, we have proposed a new design of the intake structure,
which is equipped with an additional device that makes it possible significantly complicate
sedimentation at the bottom of the fore-chamber [13, 19].

An additional device consists of a pressure supply pipe, which is connected on one side
with the discharge pipeline of the pumping unit, and its other side has a special device in
the form of annular perforated pipes laid along the slopes or the bottom of the fore-chamber
in those places where sediments settle. Due to the hydrodynamic pressure created in the
perforated pipes, water flows out of the pipe openings in a stream, and this circumstance
creates a vortex flow in the medium that does not allow sedimentation. Thus, the flow in
front of the units always has a turbulent, restless character, and the sediments will be in a
suspended state and, together with water, are pumped through the suction pipe to the
headwater (Fig. 1).

The main task of the device is to create a turbulent environment in the bottom layer of
the flow, which does not allow sedimentation. This work must be performed by jets of
water flowing out of the holes of the perforated pipes under the action of the hydrodynamic
pressure created in them.

The issues of investigation of flooded water jets, which are used for different purposes,
for example, for stirring up deposited sediments, are considered in [14, 15]. The main
characteristics of the jet are determined, and the conditions for its interaction with the
environment are clarified.

When water flows out of the pipe with an increase in the longitudinal dimensions of the
jet, its transverse dimensions also increase. A turbulent jet boundary layer is formed at the
jet boundary and near it. In this case, the arising intense velocity pulsations and mixing lead
to the fact that between the jet and the surrounding flow there is an exchange of
momentum, due to which the jet carries with it a part of the surrounding liquid, and in the
zone of the jet outflow it is possible to observe a vortex (whirlpool) motion, which as an
increase in the distance from the hole is gradually attenuated by separate whirlpools caused
by transverse diffusion of mechanical energy [5, 16, 17].

Fig. 2. shows a diagram of the outflow of water from a pipe laid at the bottom of the
intake structure.

The main parameters characterizing the jets are as follows.
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a)
b)
c)

the value of the maximum jet velocity U, at a distance x.

the rate of flow of water from the hole, uy.
¢) diameter of the outflow hole, dj.

d) the radius of the jet R at a distance x.
The quantity #,, . and R G. N. Abramovich proposes to define by the formulas below
[18].
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Where a- flow structure coefficient, this value for a round jet is taken to be a ~0.08. [18].

Fig. 1. Device for reducing siltation of the
pumping station front chamber: 1 — pump; 2 —
suction pipe; 3 — avancamera; 4 — pipe for
supplying water to the device; 5 — suspended
sediment.

a=15°..16°( oY\ =

Fig. 2. Scheme of water flow from a perforated
pipe: 1 — perforated pipe; 2 — water jets.

In order to ensure the free outflow and movement of the water jet, the side holes are made
at an angle of tangent equal to half the jet expansion angle, i.e. tga = 3.4 « a =0.272, hence

a=15%...16°

The flow rate of water from the hole is calculated by the formula

Uy = o 28H

A3)

Where (i, - consumption coefficient; H - the value of the excess pressure in the place of

water outflow from the pipe over the pressure h in the water intake (in the front chamber).

H=H, —h

4)

where H; is the pressure at the point where water flows out of the pipe.

In order for there to be no sedimentation in the front chamber, the value of the velocity
Umax at a distance x from the hole must be greater than the non-wading velocity u,.
The distance x from the hole at which umisx > u, is achieved can be determined in
accordance with (1) at a = 0.08. next addiction

X
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Based on the above formula for ¢~0,08 the diameter of an axisymmetric jet at a distance x
is determined by the following formula

d=d,+0.544-x 6)

3 Results and discussion

For maximum efficiency of creating a turbulent medium by water jets from perforated
pipes, it is proposed to take the distance between them equal to x, and the distance between
the holes is equal (Fig. 3).

With such an arrangement of perforated pipes and their holes, it becomes possible to
maximize the use of the hydrodynamic force of the jet for the formation of a turbulent state
of the flow.

The diameters of the supply and perforated pipes are selected based on the passage of
the maximum water flow through their cross-section while observing the economical value
of the water velocity.

Determination of the maximum water flow through the supply pipeline can be carried
out according to the following dependence

Q=n-ny-u, o ()
where n; is the number of perforated pipes: n, - number of holes in a perforated pipe: o is
the cross-sectional area of the holes.

The number of branches of perforated pipes is determined based on the possibility of
their placement within the area where flow turbulization is recommended, taking into
account the exclusion of the ingress of hydroabrasive particles into the water-conducting
path of the pumping unit (Figure 4.). The results of our research on this issue showed that
this section is located at a distance /; = (5 ... 6) D, from the inlet part of the suction pipes,
where there are usually no deposits of hydroabrasive particles.

i
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Fig. 3. Perforated pipe layout diagram: 1 — Fig. 4. The layout of the perforated pipes in the

supply pipe; 2 — perforated pipes; 3 — front chamber of the pumping station «Sputniky:
approximate areas of action of the water jet; 4 — 1— avancamera; 2 — suction pipe; 3 — perforated
holes in pipes. pipes; 4 — supply pipe.

In this regard, the number of branches of perforated pipes is calculated by the following
formula
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6-D,, 6-D,, 3.32-D,
n, = = = (®)
X 1.81-d -k d,-k
where, x = 1.81-dp'k, k=(3.31uop — Umax)/Umax, D1 - diameter of the inlet part of the suction

pipe.

The holes in the perforated pipe will be placed in the sections located at a distance d =
2R from each other. In this regard, and taking into account that there are two holes in each
section, their number in a perforated pipe can be determined by the following relationship

2‘1” 2.ltr
,+0.544-x  d,+0.985-d, -k

where, [ is the length of the perforated pipe. Thus, the water flow rate in the supply
pipeline is calculated using the formula below

2-332-D-l,-uy-0, 14.33-D-l -NH
Q=ny-ny-uy- 0 =—3 ; = ;
dy -k(1+0.985-k) k(1+0.985-k)
where, u, = ¢./2gH =2.75~H at ¢ = 0.62, the cross-sectional area of the hole is as

(10)

follows @, = 0.785- d02 , H - water pressure in the supply pipe.

The maximum water flow rate taken by each perforated pipe from the supply pipeline
based on (10) can be determined using the following formula

4321 -d,-NH
=N, U O = s (11)
Q=g @, 1+0.985-k

To assess the proposed methodology, we studied the results of observations of the silting
process in those areas of the front chamber where the perforated pipes were installed. The
results of measuring the flow rate of water in the supply and perforated pipes showed that
the deviation of the calculated data from the measured values does not exceed 7.0 ... 8.0%.
Along with this, studies were carried out in the front chamber of the Sputnik pumping
station in the Karshi main canal to determine the effectiveness of the proposed device (Fig.

5).
W /Oy
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device application

Fig. 5. Graphs of the dependence of ®fom / @av  Fig. 6. Testing of a device to reduce siltation of
on the operating time of the pumping station T. the front chamber of the pumping station
«Sputnik».

As the research results show, without the use of the device, the relative area of silting @gom /
04 (ofrom is the area occupied by sediments, m,y is the total area of the front chamber)
during the observation period increased to 25 %, and when using the device, the process of
silting slowed down very noticeably, its intensity 8 %.

Checking the effectiveness of the device for reducing siltation of the front chamber of
the pumping station «Sputnik», created on the basis of the results of calculations according
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to the above method, showed that, while ensuring the calculated pressure and flow
parameters of the supplied water, the zone of action of the jets covers 86% of the area
where the perforated pipes were laid (Figure 6). During the period of operation of the
device, the usual structure of the flow in the bottom layer changed, the turbidity of the
pumped water increased to 8.2 kg / m? (during the operation of three units before the
application of the above device, the turbidity value was within 2.8 ... 3.2 kg / m®).

4 Conclusions

1. A new device has been proposed to prevent siltation of the front chamber of the pumping
station, which, according to the results of experimental studies, has shown high efficiency,
determined by the fact that no sedimentation was observed on 83% of the area in the zone
of the device.

2. A method is proposed for determining the parameters of the flow rate of water
supplied to the pipeline system of the device to prevent siltation of the pumping station
advance chamber. Comparison of the results of calculations by this method with
experimental data showed that the discrepancy between them does not exceed 7.0 ... 8.0%.
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