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Abstract. The article analyzes the hydraulic regime of water flow and the
processes of motion and sedimentation of slurry (suspended) particles in the forebays
of pumping stations within water management systems. Based on scientific studies
and practical experiments, the influence of forebay geometry, flow velocity, the
number of operating pumps, and the hydraulic size of slurry particles on sediment
formation is examined. It is shown that slurry deposits negatively affect the
operational efficiency of pump units, with sediments predominantly accumulating in
the downstream part of the forebay and along the side slopes. The obtained results
substantiate the necessity of improving forebay design and rationally organizing
sediment removal measures to ensure reliable and efficient operation of pumping
stations.
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AnHOTauus. B cratbe aHANM3UPYETCS TUAPABIMYSCKUN PEKUM TCUCHUS BOIBI
W TIPOIECCHl JIBIDKCHUS M OCAXKICHUS YaCTHI[ IiaMa (B3BEUIEHHBIX BEIIECTB) B
MOJIBOJAIINX KaMepaxX HACOCHBIX CTAaHIMK BOJIOXO3SIMCTBEHHBIX cucTeM. Ha ocHOBe
HAyYHBIX HCCIEAOBAHUN ¥ TPAKTHYECKHX OKCIIEPUMEHTOB M3Y4YCHO BIUSHUC
Te€OMETPUU TOJIBOJAIICH KaMephl, CKOPOCTH MOTOKA, YUCIa PadOTAIOIIMX HACOCOB U

TUAPABIMYECKON KPYMHOCTH YacTHI[ IUIaMa Ha IMPOIECC O0caaKooOpa3oBaHUS.
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[TokazaHo, 4TO OTJIOKEHHSI IIJIJaMa HETaTUBHO BIUSIOT Ha 3(G(HEKTUBHOCTH pabOTHI
HAaCOCHBIX arperaTtoB, IMPU H3TOM OCAJKHA MPEUMYIIECTBEHHO HAKAIUIMBAIOTCS B
HIDKHEW YacTU TMOJBOJAIICH KamMepbl M BAOJb OOKOBBIX OTKOCOB. [lomyueHHble
pe3ynbTaThl OOOCHOBBIBAIOT HEOOXOIUMOCTH COBEPIICHCTBOBAHUS KOHCTPYKIIHH
MOABOAAIIMX KaMep M PallMOHAJIBHOIO IJIAHUPOBAHUS MEPONPUSITHH MO yAAUICHUIO
0CaJIKOB JIJIs1 o0ecrieueHus: Haa&KHoU U 3 (HEKTUBHON pabOThl HACOCHBIX CTAHIUH.
KiroueBrblie cjioBa: HacOCHasi CTaHIIMs, MOABOJSIIAS Kamepa, BOJ03a00opHOE
COOpYKEHHE, YaCTHUIbl IIJlJaMa, OCAXJACHUE, PEKHUM TEUCHHS, TUJpaBiIdyecKas

CKOPOCTh, 3((HEKTUBHOCTH HAcoca.

INTRODUCTION. In water management systems, the structures located
between the end of the water supply canal and the suction pipes of the pumps at
pumping stations are called water intake structures. These structures include the
forebay (advance chamber) and the intake chamber (Figure 1). At some small
pumping stations, the intake chamber may be absent, and in such cases the pumps
draw water directly from the forebay through the suction pipes.

In water management systems, the forebays of pumping stations are usually
constructed with a conical angle of 30-45°. Their bottom slope, directed from the
canal toward the intake chamber, typically has an average gradient of i = 0.2 [1].

In these forebays, under almost all operating modes of the pumping station, a
transit flow forms in the central part, while water circulation zones appear along the
sides. In some cases, eddies develop in these circulation zones, causing air to be

drawn in, which negatively affects the operation of the pumps [1].
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Figure 1. Water intake structure of a pumping station
1 — Water supply canal; 2 — Forebay; 3 — Intake chamber; 4 — Water gate; 5 — Trash rack;

6 — Chamber central walls; 7 — Suction pipes.

According to the research conducted by M. Mukhamadiev, B. Urishev, and F.
Nosirov, in the water circulation zones of forebays, the flow velocity is in most cases
lower than the critical settling velocity of the slurry particles. As a result, thick
sediment deposits form along the two side walls at the downstream end of the forebay
[2]. The studies also showed that the number of simultaneously operating pumps has
a significant effect on sedimentation. In some cases, sediment deposits can occupy
46-52% of the forebay volume [2].

MAIN BODY. The movement of slurry particles in a water flow is considered
complex. Particles transported by the flow are influenced by pulsating velocities with
varying directions, while simultaneously moving toward the bottom of the structure
under their own weight. If the flow velocity drops below the critical settling velocity,
the particles begin to settle collectively [3]. As a result, the inflow into the intake
chambers becomes more difficult, a complex flow hydraulic structure forms, and the
pump’s efficiency and water delivery capacity can decrease by 5-6% [4,5]. In
particular, sedimentation can significantly reduce the water supply to pumps located
at the edges of the forebay. Research by Prof. M. Mamadzhonov showed that, due to
the pressure of sediment in the intake chambers, the pump water delivery capacity
can decrease by 4.0% [5]. In such cases, the hydraulic resistance coefficient at the

suction pipe inlet can increase from 0.51-0.55 to 0.62—-0.67.
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In the pumping stations of our republic, the sediment particles in the water
flow mainly consist of silt and sand particles, which are grouped according to their
sizes. The main parameters of these particles include their size, hydraulic diameter,
settling velocity, and degree of contamination (the number of particles per unit
volume).

In this regard, it is advisable to use data from Waterman, a company
specializing in water purification [6] (Table 1).

Main characteristics of settling particles

Table 1

o | TOPCOTSUNE | g | drasie | Time o

1 Coarse sand 1.0 100 10s

2 Medium sand 0.5 53 20's

3 Fine sand 0.1 6.9 2.5 min

4 Coarse mud 0.050-0.027 1.7-0.5 10-30 min

5 Coarse mud 0.010-0.005 0.070-0.017 4-18 h

6 Hard mud 0.0027 0.005 2 days

7 Soft mud 0.0010-0.0005 0.00070-0.00017 0.5-2 months

8 Colloidal particles | 0.0002—0.000001 0.000007 4 years

The main portion of particles settling to the bottom of the forebay consists of
particles in groups 14 [5].

Research on sedimentation in the forebays of pumping stations related to water
management has shown that sediments mainly accumulate at the end section of the
forebay along the two side slopes and the bottom, and sometimes their thickness can
exceed 1.0 meter. Therefore, it is advisable to carry out sediment cleaning works
precisely in these locations.

Studies conducted with the participation of the author at the Yoldosh Pumping
Station in the Qashqadaryo region showed that the flow velocity in the forebay arises
depending on the values of water discharge and the number of pumps operating.
Figure 2 depicts the directions and distribution of flow velocity in the pumping

station forebay. At the end of the forebay, in almost all operating modes, circulating
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zones with velocity values of 0.15-0.2 m/s appear along both sides, and the main
sediment deposits mainly correspond to these zones.

Analysis of the literature and sources shows that the process of sediment
particles settling to the bottom of structures depends on the particles’ hydraulic size,
density, and the flow velocity [2,8]. When the flow velocity is lower than the critical
velocity that causes sedimentation, particles with a density greater than that of water
begin to settle to the bottom of the forebay, provided that there are no pulsating

movements in different directions at that location.
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Figure 2. Flow pattern and velocity distribution in the forebay

of the Yoldosh pumping station
Prof. I.I. Levi also links particle movement in a flow to many other factors [7].
According to him, the turbulence intensity of the flow plays a significant role, and
particles with the same hydraulic size can settle at different locations. He proposes
expressing their maximum settling distance using the following function [7].

Lua =18, d. 1, ps V) (1)
where U — flow velocity; d — particle size; ¢ — kinematic viscosity coefficient; p,, —
sediment particle density; V, — particle hydraulic diameter.

However, a deeper study of the settling of solid particles in a liquid flow has
shown that this process can be influenced by many other factors [7].
These studies have shown that the settling process of solid particles in a liquid

medium also depends on the following factors.
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1. In addition to the forces acting on particles — drag, gravity, and buoyancy
(Archimedes force) — it is also necessary to account for the Magnus force, which
causes lateral (transverse) migration of small-sized particles [4,7].

2. It is known that during particle motion, an energy field is generated that
depends on the particle’s size, density, and velocity. In cases with a high
concentration of sediment, this field affects the particle’s settling velocity. When
particles are close to each other, hydrodynamic and gravitational interactions arise,
causing them to move collectively; for example, they may settle as a group. In this
process, depending on the flow velocity and the energy dissipation, particles can even
combine to form a larger single particle [4,7].

3. If there is any stimulating factor affecting particle motion (such as pulsating
velocities in vertical or radial directions), it is necessary to account for the diffusion
of the particles [4,7].

4. Stochastic nature of particle settling — When studying the settling process of
particles, it is necessary to consider its stochastic (random) character. In the forebay,
particles vary in shape and size, settle at different speeds in the gravitational field,
and in some cases experience pulsating movements in various directions. As a result,
the deposit layer is non-uniform and heterogeneous, which must be taken into
account in analyses.

The velocity V, of a single particle moving in a mud flow at low speed, taking
into account the resistance and gravitational forces, can be determined using the
following basic equation. The total settling velocity of this particle, considering its
mass, density, gravitational force, Archimedes force, and resistance forces, is

expressed by the following equation [4,7].

dt  2p,tp,; 4(2p,+p, )

dVS Apg _3'CD'pw.f

\v.—ul|(v,—Y] )
where V; - particle settling velocity, 4p = p,— pws, where p, is the particle density

and, p., is the density of the water flow, Cp — drag coefficient, g water flow
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velocity.

The equation recommended in [7] accounts for the dependence of particle

settling velocity in a sediment-laden flow on the Reynolds number.

2
_g-d [Py 1
v=99 |54 3
’ 18-vc(p )1+0,15-§R°’687 (3)

v. — kinematic viscosity coefficient.
Another empirical formula for determining the settling velocity of a sediment

particle is given in [7].

VSZE

2
\/(36dv‘f)+7,25(;Pf—1)d.g_36dvc) 4)

According to the authors, this formula is considered a universal one, providing
results close to experimental data.

The settling velocity of solid particles in slowly moving sediment-laden flow
given above was obtained for spherical particles. To determine the settling trajectory
of such particles in the flow along the x and y coordinates, [7] proposes the

following relation based on equation (2).

14 X3 XZ
yzas(A§+BE+(x)1X) (5)

where, A and B are constant values determined from the geometric dimensions of the
forebay, O is the water flow rate through the forebay, w; is the cross-sectional area
of the flow in the water supply channel, and V; is the settling velocity, determined
using formula (4).

The flow particles in the forebay are not perfectly spherical, so the forces
acting on them also vary. In this case, in formula (5), it is necessary to introduce a
coefficient K; that accounts for the particle shape, as well as a coefficient K, that
accounts for the sediment concentration. Taking this into account, in [4,7] these
coefficients are considered in the form K. = KK, and formula (5) is written in the

following form.

VoK, [ ¥ &
y= SQ Z(AXE+BX?+(»1X) (6)
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When the results obtained using this equation are compared with experimental
data, it was found that the difference does not exceed 12%. Based on this, it was
concluded that equation (6) can be used to determine the settling trajectories of
sediment particles in the forebay of pumping stations in water management systems
[4,7].

CONCLUSION. The above scientific research results on the hydraulic regime
of water flow in the forebay of pumping stations, as well as the movement and
settling process of sediment particles, provide important conclusions for improving
the efficiency of pumping stations:

1. The conventional forebays currently used in pumping stations of water
management systems, which widen and slope at the bottom, cannot distribute the

water flow evenly to all suction chambers and pipelines.

2. According to studies on the settling process of sediment particles in forebays,
sediment deposits are mainly observed along both sides of the transit flow, settling on
the forebay bottom and slopes, with the main deposits concentrated at the rear part of

the forebay.
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