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Abstract. The aim of the research is to identify the hydrodynamic
regularities in the improvement of operating modes in the water supply
structures of pumping stations with vertical vane pumps. The authors
studied the conditions for supplying water to the pumping station and the
flow path of the pumps of the OP2...OP10 type. The curvature of the flow
jets causes the swirl of the flow in front of the impellers, directed
counterclockwise for the units located to the left of the axis in the direction
of the flow and clockwise - located to the right. With such a flow structure,
in the most unfavorable hydraulic conditions there are pumps, the direction
of rotation of the impellers of which coincides with the direction of the
natural swirl of the flow. The nature of hydraulic losses in the impeller of
an axial pump in a wide range of feed changes within (0.1...0.4) Qо has
been established. When the direction of rotation of the vortex α coincides
with the direction of rotation of the pump, the decrease in flow reaches 0.5
Q0 for OPV 10 pumps, and (0.6 ... 0.7) Q0 for OP2...OP6 pumps. Impellers
of axial-flow pumps must be designed taking into account shear
phenomena.
Keywords: pumping stations, vane pumps, pumping units, water supply,
structures, water intakes.

1 Introduction
The system of the Ministry of Water Management of the Republic of Uzbekistan currently
operates more than 1600 pumping stations (PS), 5 thousand pumping units. Over 50% of
the irrigated lands of the republic are provided with machine water lifting. By reducing the
specific energy consumption, monitoring and increasing the average operating efficiency of
the PS elements, operating costs can be significantly reduced. Of particular importance in
modern conditions are recommendations for the reconstruction of PS to improve their
performance.
The experience of the PS operation shows that for the commissioned large machine
channels (Amukarakul, Amubukhara, Amuzang, Jizzakh, Karshi, Sherabad) a number of
significant drawbacks are inherent, caused by the lack of scientifically substantiated
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methods of design and operation of water supply elements [1-3]. The problem of energy
saving at water lifting facilities is defined as a major national economic problem that
requires urgent solutions. Saving electricity at the PS can be achieved by creating the
necessary back-up modes in the supply channels. At the same time, the level of the lower
pool of the PS increases and its geometric head decreases. This, in addition to saving
energy, also improves the cavitation conditions of the pumps [4, 5].
The introduction of devices that improve the hydraulic conditions for supplying water to
the pumps provides savings. So, for example, at the large Sherabad PS, the power of the
extreme pumps is 6900 and 7100 kW, and the average ones are 6200 and 6400 kW. The
difference between them is (6900 + 7100)/2-(6700 + 6400)/2 = 700 kW, with an average
operating time of 3000 hours, the overconsumption of energy is 700x3000 = more than
2100000 kW [6, 7].
Optimization tasks for improving the hydraulic conditions of water supply to the pumps
from the front chamber were solved in [8, 9]. The use of the principle of dissipation made it
possible to extend the regularities of dividing the flow into transit and vortex from
hydraulic structures to the flow path of pumps; in this case, the pump runs at reduced flow.
The design of the water supply structures is designed according to traditional layouts,
which do not take into account the peculiarities of the hydraulic operating conditions of the
water supply complex [10, 11, 12].

2 Materials and methods
For a hydraulically favorable pump mode, the authors have proposed new designs for the
water intake of an open watercourse, a water intake, and suction pipes, which significantly
improve the operating conditions of the main hydraulic elements coupled with the pump
unit [13, 14, 15]. The use of new energy-saving operating modes provides for the
improvement of the regime of the water supply structures of the PS, which gives significant
savings.
When developing measures that facilitate the operating conditions and increase the
stability of the operation of large PS, the following methods of analytical generalization of
laboratory and field research materials were used. The traditional hydrodynamic equations
were used in the theoretical substantiation of the choice of the kinematics of fluid
movement in the feed to the pump path of the PS, the permissible suction height, local
hydraulic resistances [16-28]. Experimental studies used a method based on the theory of
hydrodynamic similarity of flows and planning a scientific experiment with mathematical
modeling [28-34].

3 Results and discussion
The whole range of operational measures related to hydraulic, mechanical and electrical
processes should provide an improvement in the energy performance of the pumps, i.e.
maintain a high value of their efficiency. The experience of the PS operation has shown that
many of them operate with a flow significantly lower than the design ones. The main
reasons for this are the unsatisfactory hydraulic regime of the water supplying hydraulic
structures.
The hypothesis of an increase in the flow rate when the directions of rotation of the
vortex and the pump impeller do not coincide looks theoretically justified (Fig. 1). Fig. 1
shows the change in the conditions for water supply by pumps OP2-87 MK PS M-2-1 in the
Kashkadarya region, depending on the swirl angle of the flow.
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Fig 1. Plan of water supply to the pumping station and section of the flow path of the OP2 pumps.

The curvature of the flow jets causes the flow swirling in front of the impellers, directed
counterclockwise for the units located to the left of the axis along the flow direction and
clockwise - located to the right [11, 20]. With such a flow structure, in the most unfavorable
hydraulic conditions there are pumps, the direction of rotation of the impellers of which
coincides with the direction of the natural swirl of the flow, which leads to intense vortex
formation.
In the method proposed by the authors, which consists in changing the structure of the
flow in front of the impellers of the units, the rotation of the impellers located to the left of
the axis along the flow direction is directed clockwise, and to the right of the axis,
counterclockwise.
An example of the method is illustrated in Fig. 1, which shows a plan of the pumping
station. At a pumping station containing axial units 1...4, suction pipes 5...8, water intake
chambers 9...12 and an advance chamber 13, before starting, the connection diagram of the
windings of the electric drive of the units is changed so that the rotation of the impellers of
the units 1, 2 is directed clockwise, and units 3, 4 - counterclockwise, while using impellers
with a mirror design.
As a result, the intensity of funnel formation at units 1, 2 decreases, the supply of the
units is leveled, and the hydraulic efficiency increases (Fig. 2).

Fig 2. Change in the hydraulic efficiency of the OP2 pumps during model tests.

Change in the hydraulic efficiency of the OP2 pumps taking into account the scale effect
(curve 2) during the transition from the model pump impeller Dpi = 0.3 m to the nature. The
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implementation of the described proposal will make it possible to dramatically expand the
use of axial pumps in reclamation systems.
The fact of a decrease in flow due to vortex formation can be weakened by the
introduction of methods for regulating the units by changing the direction of their rotation.
It was found that when the direction of flow deviates from the ideal at the inlet to the
impeller, the pump flow varies within (0.1 ... 0.4) Q0. When the direction of rotation of the
vortex α coincides with the direction of rotation of the pump, the decrease in flow for OPV
10 pumps reaches 0.5 Q0, for pumps OP2...OP6 - (0.6 ... 0.7) Q0 (Fig. 3 ).

Fig. 3. Change in pump flow when the direction of flow deviates at the inlet to the impeller.

Reverse vortex flows are associated with the phenomena of increased non-stationarity of
the flow, which cause increased noise and vibration of the pump. Low-frequency
oscillations increase especially strongly [21]. As a result, in a number of cases, the zone of
operating modes of a vertical pump is limited in the area of underloading by the flow rate,
at which reverse flows occur from the impeller to the suction pipe.
The secondary flows arising in the space between the blades under the influence of the
«relative vortex» lead to a change in the conditions of the flow on the blades. This effect is
most pronounced in axial impellers.
Flow studies show that at reduced feeds, before the onset of reverse flows at the inlet of
the impellers, a stall flow around the inlet edges is observed. The abrupt nature of the
appearance of reverse flows and the intensity of the swirling of the flow caused by them in
the flow path of the pump give reason to believe that the mechanism of the occurrence of
reverse flows is associated with the development of vortex zones and their stability in the
front chamber [34-39].
A system of vortices «suspended» from the trailing edges of the blades arises, rotating
together with the impeller. The transition from the state of a vortex localized at the entrance
edge to a vortex propagating from the water intake occurs abruptly and determines a
qualitative change in the flow structure. The vortices are accompanied by water moving in
the opposite direction and form a certain ring-shaped reverse flow area.
The flow pattern in the flow path 15 is determined by the following conditions: on the
circle of radius R <1 of the impeller 14 there are p vortices of intensity (Fig. 1). The
direction of their rotation is positive, i.e. counterclockwise, and coincides with the direction
of rotation of the impeller. The outer boundary is a circle of unit radius. Outside of it, there
are also p vortices of equal intensity, but with reverse rotation. These vortices are located
on a circle of radius 1/ܴ.
We use the method for solving plane problems of the potential flow of an inviscid
incompressible fluid using complex flow functions [16]. By assigning different values to
this value (n = 0, 1, 2 ...), we obtain a series of streamlines covering the system of p
vortices and depicting the circular motion of the fluid. Equal increments of the index n
4

E3S Web of Conferences 274, 03008 (2021)
STCCE – 2021

https://doi.org/10.1051/e3sconf/202127403008

correspond to equal flow rates between adjacent streamlines.
For n – 0, we obtain the streamline equation in the form of a circle of unit radius, which
coincides with the outer boundary of the flow region. The vortex system moves at the same
angular velocity as the impeller.
Taking into account the influence of secondary flows, assumptions were made based on
the results of an experimental study of the flow in hydraulic structures of the PS and pumps
[11, 12]:
- the greatest additional tangential flow velocities are concentrated on the surfaces of the
sleeve and the impeller chamber;
- in the transit flow, hydraulic losses are mainly determined by profile and stall losses.
For each elementary crown, the theoretical head, hydraulic losses, and the diffuser
coefficient of the flow are calculated, where the usual notation from the velocity triangles at
the inlet and outlet of the impeller is used [18].
By analogy with the well-known classifications of cavitation phenomena, we will divide
losses into 4 types: profile (on blades, streamlined by the flow), stall (after flow), slotted (at
the end of the blade) and induced from the suction pipe.
For axial-flow pumps of the OPV type, the mode of the beginning of the stall flow
around the blades corresponds to the efficiency = 75 ... 85 %, when the diffuser coefficient
of the flow reaches a value of 0.55 ... 0.6 [3, 9].
The flow at the dip boundary of the characteristics of axial pumps with a developed stall
along the entire blade height is 70 ... 80% of the flow corresponding to the beginning of the
stall flow around the root sections of the impeller blades.
The authors have expanded the possibility of using this method when creating an
invention, which relates to hydraulic structures and can be used mainly in the front
chambers of PS, HPP and PSP.
Devices for changing the flow structure were analyzed, including diffusers, consisting
of transverse walls located in the expansion section in the front chambers, made in the form
of a partition structure [13, 14]. These devices cover part of the cross-section of structures
up to 1/4 of the flow depth from below or 0.1 ... 0.3 from above.
However, given the great depths and dimensions of the fore-chambers of modern large
stations, these devices are not able to actively influence the distribution of the vortex
branches over the entire depth of the flow, which leads to an intensification of the exchange
of velocity impulses and pressures between the transit and vortex layers with the opposite
direction of velocities. In addition, with a large number of units at the stations, the devices
cannot be designed with the ability to provide optimal hydraulic conditions for supplying
water to all units with various combinations of their operation. So, during the operation of
only part of the units against non-operating units, developed vortex and stagnant zones are
formed, leading to siltation and distortion of the conditions for supplying water to the units.
To create a parallel-stream flow, the forechambers of large stations are made with side
vertical walls in front of the station building, however, the objective need for a bottom
slope in front of the suction pipes leads to an increase in the free cross-section of the
forechambers, powerful whirlpools, silting up to 30-40% of the design volume, vortex
zones and funnels in front of 2 water intake.
The funnels formed in the water intake chambers with periodic air suction adversely
affect the pump parameters. On the basis of research by Research Institute of Irrigation and
Water Problems, it was found that when up to 3 % of air enters the suction pipe, the pump
flow decreases by 16 %, and the efficiency decreases by 9 %. The instability of the funnels
leads to additional alternating loads on the working bodies of the pumps.
With the introduction of the new invention of the authors, a decrease in the intensity of
funnel formation in the water intake chambers of pumping stations, prevention of air
leakage into the suction pipes of hydraulic units is achieved [22]. The task is achieved by
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the fact that the water intake chambers of the units, the axes of which are located at an
angle to the axis of the water flow, are equipped with a conical regulating vortex damper
with curvilinear inclined blades facing the convex side in the direction opposite to the
rotation of the funnel.
The essence of the invention is illustrated by a drawing (Fig. 4), which shows a diagram
of a device for regulating the supply of the PS, a plan of the PS and a regulating vortex
arrester on a scale of 20: 1 are presented.

Fig 4. Device for regulating the PS supply.

The device for regulating the PS supply contains vane pumping units 1-4, suction pipes 5-8
and water intake chambers 9-12. The water intake chambers 9 and 12, the axes of which are
located at an angle to the axis of the water flow, are equipped with regulating vortex
arresters 13 and 14.
The regulating vortex damper consists of a body 15 made in the form of a cone, the top
of which is directed towards the water intake opening of the suction pipes. At the top of the
cone, coaxially to it, there is a light turbine wheel 16 with curved blades 17 facing the
convex side towards the rotation of the funnel.
The method of operation of the device includes damping the intensity of the funnel in
the suction pipes and changing the amount of swirling flow in front of the impellers of
pumps 1-4.
To increase the flow, a regulating vortex damper 13 is installed in front of the unit 1, the
direction of rotation of which coincides with the direction of rotation of the flow swirl, and
to reduce the flow, the regulating vortex damper 14 can be installed in front of the unit 4
with opposite rotation. If the direction of rotation of the impeller and the direction of
swirling are opposite, then this leads to an increase in the pump head, if their directions of
rotation coincide, then to a decrease in the head. Thus, swirling the flow in front of the
pump changes its pressure characteristic. A change in the pressure characteristic of the
pump with a constant characteristic of the network leads to a change in its flow.
The regulating vortex damper must be made sealed to maintain the buoyancy of the
device and is placed in the water intake chamber of the hydraulic unit subject to
spontaneous funnel formation. The presence of a backwater of the surface layers of the flow
in front of the water intake prevents the regulating vortex damper from «drifting» beyond
the limits of the water intake chamber limited on three sides by abutments.
When a spontaneous funnel occurs due to the oblique approach of the flow, the
regulating vortex arrester is included in the circular motion of the surface layers of water
around the funnel axis, which is characterized by a change in the peripheral velocity. Under
the influence of the difference in flow velocities around the conical body 15 in the radial
6
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section, the regulating vortex damper moves to the center of the funnel and takes a stable
position along its axis. Due to the friction of the rotating water on the side surface of the
housing, a torque is generated directed towards the rotation of the funnel. The rotation of
the regulating vortex damper itself is prevented by the moment from the reaction of the
device, which arises when the downward vortex flows around the curved blades 17 of the
wheel 16, which are convex in the direction opposite to the rotation of the funnel.
The execution of the profile of the blades curvilinear with an angle of inclination to the
vertical axis of the regulating vortex damper guarantees the direction of the reaction of the
wheel 16 towards the funnel.
In the conditions of spontaneous formation of unstable funnels, which include water
intakes of hydraulic units, the regulating vortex arrester of the proposed design is constantly
in a state of complex hydrodynamic equilibrium with the surrounding flow. The complexity
of such hydrodynamic equilibrium lies in the fact that, depending on the ratio of the
parameters of the body 15 and the wheel 16, as well as the changing situation (the flow rate
of the hydraulic unit, the water level in the intake chamber, the combination of the
operating units), the regulating vortex arrester differentially reacts to all phases of
occurrence and decay of the funnels. In two stages, the control vortex damper is at rest or
rotates towards the funnel if the moment from the reaction of the impeller exceeds the main
torque, or rotates with the funnel, but at a lower angular velocity, when the main torque
exceeds the moment from the reaction of the wheel 16. In any case the regulating vortex
damper has a braking effect on the surface layers, reducing the intensity of vortex formation
and eliminating the penetration of air into the suction pipe of the hydraulic unit.
The regulating vortex arrester of the proposed design is advisable to use in structures
with large fluctuations in the water level, as well as in the intake chambers of those
operating hydraulic units where it is structurally impossible to increase the pump head to
eliminate cavitation modes or change the hydraulic conditions of the flow supply.
A significant difference of this solution from the known ones is that when the wheel
interacts with the downward flow of water, a reactive torque appears in the funnel, which
prevents the development of the funnel. Thus, a double effect of eliminating local vortex
zones, funnels and vortex formation and regulation of the PS supply is created.
At the same time, the regulation of the multi-unit PS flow and the swirling of the flow
in front of the pump changes its operating characteristic. A change in the pump
characteristic with a constant characteristic of the hydraulic parameters of the water supply
structures leads to a calculated change in the PS supply.

4 Conclusions
1. A review of works devoted to improving the operating modes of the PS with vertical
vane pumps showed that the developed mathematical models describe individual processes
occurring in the water supply structures of the PS and most of them are not suitable for the
development of the most profitable modes of operation of the irrigation PS. The problem of
unsteady water movement in the flow path of hydraulic units has not been resolved.
2. A change in the pump characteristic with a constant characteristic of the hydraulic
parameters of the water supply structures leads to a calculated change in the PS supply. The
authors studied the conditions for supplying water to the pumping station and the flow path
of the pumps of the OP2 ... OP10 type. The curvature of the flow jets causes the swirl of the
flow in front of the impellers, directed counterclockwise for the units located to the left of
the axis in the direction of the flow and clockwise - located to the right. With such a flow
structure, in the most unfavorable hydraulic conditions there are pumps, the direction of
rotation of the impellers of which coincides with the direction of the natural swirl of the
flow, which leads to intense vortex formation.
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3. Hydraulic losses in the impeller of an axial pump vary considerably over a wide
range of flow rates. It was found that when the direction of flow deviates from the ideal at
the inlet to the impeller, the pump flow varies within (0.1 ... 0.4) Q0. When the direction of
rotation of the vortex α coincides with the direction of rotation of the pump, the decrease in
flow reaches 0.5 Q0 for OPV 10 pumps, and (0.6 ... 0.7) Q0 for OP2 ... ... OP6 pumps.
Impellers of axial-flow pumps must be designed taking into account shear fact.
4. The authors have expanded the possibility of using the method of supplying water to
hydraulic structures and can be used mainly in the front chambers of PS, HPP and PSP
when creating a device for regulating the supply of PS, which regulates vane pumping
units, and water intake chambers. A double effect of eliminating local vortex zones, funnels
and vortex formation and regulating the characteristics of the units is created.
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