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Abstract. The aim of the research is to increase the efficiency of pumping stations operation 

by improving the methods of uniform spreading of the flow from the front chamber and the 

water intake of the pumping station and the development of constructive measures to improve 

the hydraulic conditions of the flow supply to the pumps. This goal is achieved by the fact that 

the device for supplying water to the water intake contains guiding elements. The improvement 

of the method of hydraulic calculation of the flow in the front chamber and the water intake 

chamber is carried out on the example of the head pumping station of the Jizzakh cascade. In 

the process of research, standard methods of full-scale and bench tests of pumps, methods of 

mathematical and hydraulic modeling, statistical processing of results and the creation of 

mathematical models based on the laws of hydromechanics were used. 
The project substantiates the choice of a technical solution to improve the hydraulic structure 

of the flow in front of the impeller of the pumps of the Jizzakh head pumping station. The 

authors have developed new technical solutions, including an element for influencing the flow, 

installed in the water intake chamber of the pumps. This makes it possible to expand the ranges 

of stable, cavitation-free operation of the pump, to ensure an increase in the reliability of water 

supply to the pumping station, without resorting to complex and expensive reconstruction 

measures. 

1. Introduction 

Uzbekistan is the most pumped republic of the CIS, more than half of the pumping capacities of the 

entire Central Asian region are concentrated here: 43 large pumping stations (PS), about 1400 medium 

and 30 thousand small PS are operated. The pumped water consumption is more than 60 billion m
3
 of 

water annually. About 7.5-8 billion kWh of electricity is consumed energy [1]. 

The largest pumping equipment is installed at the pump stations of the Amu-Bukhara machine 

channel (ABMС), Karshi main canal (KMC), Dzhizak and Amu-Zang. The study of ways to supply 

water to large pumps is necessary for the development and implementation of a new design of the 

water intake. In the world, special attention is paid to scientific research aimed at improving systems 
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for machine water lifting, designing water intake facilities and increasing the efficiency of their 

operation, developing constructive measures to ensure the saving of water, energy and material 

resources. 

Improving the efficiency of operation of PS irrigation systems is relevant for developed countries 

such as the USA, Canada, Germany, Russia, China and others [2-5]. Proposals that exist so far to 

improve the distribution of flow rates in the feed line to the pump have many positive aspects, but all 

of them involve the need to stop the pump during reconstruction, which is impossible in a year-round, 

round-the-clock cycle. The technical proposals made in this work presuppose work on the installation 

of devices for leveling the flow rates without disturbing the required rhythm of the water supply of the 

PS. 

The scientific hypothesis of this work was: the uneven distribution of the flow rates of the pump 

entering the suction pipe and remaining right up to the pump impeller itself, causes pump cavitation, 

which can be fought with the help of special devices installed in the water intake. The article 

substantiates the choice of a technical solution to improve the hydraulic structure of the flow in front 

of the impeller of the pumps of the Jizzakh head PS (DHPS). 

 

2. Methods  
In the process of research, the generally accepted standard methods of laboratory bench tests of 

pumps, methods of mathematical and hydraulic modeling, statistical processing of results and the 

creation of mathematical models based on the laws of hydromechanics were used. 

 

3. Results and Discussion 

The experience of operating large machine channels shows that up to 29% of failures in the operation 

of pumping units (PU) are caused by unfavorable hydraulic processes in water supply structures: 

whirlpools and funnels at the water intake, water level drops at trash holding structures. 

This is aggravated by the fact that the PS operates according to the schedule with a wide range of 

feeds and numerous combinations of PU lead to a change in the flow structure in all elements of the 

hydraulic unit. The operation of this complex is complicated by the multicriteria of the choice of water 

supply modes and the need to optimize several physical contradictory values. 

The currently operated water supply structures are designed only for limited ranges of modes. 

There is no classification and methods of their calculation taking into account regional and 

hydrological features. Structures have no flow control function. 

The main differences between natural objects are: free flow surface; often very elongated and 

asymmetrical, the shape and large dimensions of the cross-sections of the fore-chamber. 

Considering all these conditions, we outline two main types of device with an upper guide plane 

and a lower bottom guide wall in the anterior chamber. 

In this case, the relative position of individual elements can also vary. Guiding systems, 

representing a known resistance to fluid movement, which is used to overcome harmful hydraulic 

resistances (local vortices). 

It is necessary to theoretically check and substantiate the feasibility of the idea of pump flow 

equalization by performing a hydrodynamic study of the phenomena accompanying the flow. The 

theory of guiding systems and flow effects was developed in parallel with experimental research. 

Modern hydraulic engineering methods are based on the pattern of parallel-jet fluid motion, the 

velocities of which (averaged in the turbulent regime) are generally parallel to each other and to the 

flow axis, i.e. normal to flow cross-sections. 

In the water supply complex of the PS with local expansion, the flow is generally characterized by: 

 - local, curvature of streamlines and living sections; 

- the emergence of separation of the transit jet from the channel walls. 

The interface surface is not pronounced sharply, is of an unsteady nature, periodically receives 

additional curvatures, which progress and turn into powerful eddies, cause the appearance of a 

malfunctioning current. The constant occurrence of eddies entering the transit jet leads to a high 
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degree of flow irregularity. In the water supply complex of the PS, such phenomena are observed in 

the front chambers and inlets [6, 7]. The DHPS includes the following main structures: a supply canal 

from the South Golodnostepsky Canal to PK 396 + 30 with a length of 0.675 km in an earthen bed; 

bucket-type front chamber with jet-guiding devices (Figure 1). 

 
Figure 1. DHPS advance chamber with jet-guiding devices 

 

In the course of joint operation of the PS facilities, a number of requirements are imposed on the inlet 

and outlet channels: maintaining a sufficiently high water level in the downstream of the PS to ensure 

the conditions for launching the PU and energy-efficient modes; lowering the level is unacceptable 

due to the cavitation conditions of the PU; the upstream water level must be sufficient for normal and 

trouble-free operation. 

On the other hand, the maximum filling of the inlet channel is limited by the conditions of trouble-

free, non-clogging, evaporation and water filtration. Therefore, it is necessary to select such operating 

modes of the supply channels that would satisfy the safety requirements as fully as possible, but taking 

into account their own limitations. 

Depending on the physical processes occurring in the DHPS PU, causing technological sources of 

threats, the latter are divided into hydrodynamic, mechanical and electromagnetic. 

Hydrodynamic sources of vibration, accompanying the operation of the pump, are manifested in 

the non-stationarity of the field of velocities and pressure in the flow path of the pump. Vibration 

activity is a consequence of the hydraulic imbalance of the rotating water flow (hydraulic imbalance) 

and is associated with the finite number and identity of the rotation angles of the impeller blades, the 

concentricity of the working surfaces of the wheel, the provision of overcavitation support and the 

hydraulic conditions for water supply from the front chamber [8, 9]. 

A sharp reshaping of the average velocity diagram causes an increase in the pulsation components 

of the velocities and increases the likelihood of funnel formation in the receiving chambers. 

In the water intake chambers of the PS, surface funnels are constantly formed both in the central 

and in the side chambers. This is especially evident in the extreme chambers, where almost no water 

enters the extreme inlets. Were fixed permanent funnels in the receiving chamber PU 1 (Figure 2). 
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Figure 2. Whirlpool funnels in the PS water intake 

 
In order to improve the hydraulic conditions for supplying water to the pumps, on the basis of the 

laboratory studies performed, we have proposed an advance chamber design, characterized by the fact 

that a bottom transverse wall is arranged in front of the water intake. 

The required wall height can be determined by calculation, which was based on the following 

considerations: 

a) we consider the most common scheme of the advance chamber with symmetric two-sided 

expansion; 

b) the depths of the flow in the supply channel and in front of the water intake station are 

considered to be given. 

Applying the momentum equation to the selected sections, one can determine the depth of the flow 

in front of the wall, and then its height [10, 11]. 

To solve this problem, we transform the equation of momentum to the form: 

 cxoxx

k

RTG
QQ
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 (1) 

  -coefficient, which for the initial and final sections with the area x  and   can be taken equal to 

the unit of the distributed velocity diagram along the width; 

ox  - projection onto the axis, X of the external friction force applied to the considered compartment. 

Force is o  neglected due to its smallness in comparison with other forces; 

xG  - projection of the weight of water in the compartment on the X xG  = 0; 

Px is the projection onto the X-axis of the pressure forces acting on the considered compartment from 

the side of the surrounding water. 

 кk уу     (2) 

where у , ку  is the depth of the centers of gravity of the sections under the water level у , ку , 

Rс - side wall reaction force. 

Let us give the main provisions for deriving the relationship between the flow depths at the end of 

the supply channel h  and in the cross-wall section kh . 
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The horizontal component of the reaction of the side walls is defined as the pressure on the vertical 

projection of these walls. 
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Let us rewrite equation (I) taking into account dependencies (2), (3), (4) and the accepted 

assumptions: 
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Changing signs and making simplifications, we get: 
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If we substitute the values   and   in equation (7), then it is solved uniquely with respect to the 

Froude number. The derived dependencies for solving the steady-state non-uniform value in non-

prismatic channels are checked by the Hested method. A good match is obtained, and our method 

gives the desired values without the selection methods used in modern hydraulic calculations. 

Analysis of design solutions shows that for most pumping stations  = 1.2 + 2, and the calculated 

Froude numbers Fг<1 at    1.25, which indicates a quiet movement. 

In PS of block type, the main functions of water inlets are performed by water inlets of pumps that 

supply water to the pumps. Optimal shapes of pump inlets are created based on ensuring maximum 

efficiency values, minimum allowable cavitation reserves and low levels of dynamic disturbing effects 

of the flow with minimum dimensions of inlets in plan and in height, taking into account special 

operational requirements. Depending on the type, design and conditions of their operation, various 

forms of inlets are used for large pumps [12, 13]. 

The presence of increased turbulence of the flow or hydraulic vortex funnels at the inlet openings 

of the intake, caused by an uneven field of velocities, flow on the way, can significantly affect the 

operation of the pumps, increasing their vibration and changing the flow. So, when the flow at the 

pump inlet swirls in the same direction as the rotor of the unit rotates, the head developed by the pump 

decreases, respectively, the flow decreases, and when the flow swirls in the direction opposite to the 

direction of rotation of the rotor, the head increases. 

The purpose of the new design is to increase the efficiency of the water intake due to the combined 

effect on the flow of a number of interacting flow-forming elements [14 – 22]. This goal is solved by 

installing flow-forming elements, one of which is located at the top of the initial section, preventing air 

from sucking through the vortex funnels (Figure 3). 
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Figure 3. Surface guide of flow forming elements 

 

The second element is located at the end of the confuser, forming, due to the vertical compression of 

the flow, an improved picture of the velocity distribution in front of the pump impeller (PI). 

Experimental testing of the manufactured structures included testing of the guide elements, the flow 

path of the pumps, taking into account the influence of the flow distribution in the front chamber [22 – 

26]. 

The study of the flow structure under the PI pump included the measurement of the components of 

the flow velocities: axial а , radial r , circumferential u ; calculation based on measurement of 

pump flow rates; assessment of the uniformity of speeds. 

According to the graphs of the distribution of velocities (axial) in the flow in front of the pump, 

velocity distribution diagrams were built (one diagram is the velocity distribution along the axes of the 

section in which the velocities were measured; the second diagram is the velocity distribution over the 

section) [26 – 29]. The first diagram represents the distribution of absolute velocities, the second 

diagram represents the distribution of relative velocities, Figure 4. The choice of data for plotting the 

diagrams from all available ones was determined by the following conditions [29 – 33]: 

 

— Diagram of the distribution of absolute velocities along the cross-sectional axis perpendicular to the 

axis of the suction pipe; --- the same coincides with the axis of the suction pipe 

I   α=-2º; 2. Q=40.9 m
3
/s; 3. Н=18.6 m;  4. Hs=-3.5 m;  5. Vср=7.9 m/s. 

II  α=-2º; 2. Q=40.4 m
3
/s; 3. Н=18.0 m;  4. Hs=-4.1 m;  5. Vср=7.8 m/s. 

Figure 4. Diagrams of absolute flow rates in the PS-1 KMC water intake 

 

The effectiveness of the developed new ways of supplying the flow predetermines their widespread 

use. 
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4. Conclusions. 

 Modern research of water intakes of large vertical pumps is a complex task of significant 

technical complexity, requiring a large number of experiments. Improvement of the operating modes 

of large pumps can be achieved by changing the characteristics of their structures and flow path. 

 Analysis of publications in periodical technical literature, in favor of such a way of developing a 

system of methods for improving the safety and sustainability of PS operation, is confirmed by the 

technical policy in the USA, Holland and other developed countries. 

 Installation of new flow-forming elements of the water intake does not lead to an increase in 

head losses. However, in other operating modes of the pump, caused by the need to change the head, 

the head loss increases. The methodology for their accounting is the use of methods for analyzing 

operational information on operational and economic characteristics coming from the PS and analyzed 

according to the forms developed in the laboratory of pumping stations and hydropower RIIIVP. 

 Modernization of water intakes complies with modern standards for design of PS and 

calculation of water supply structures. The specified methods were approved when considering the 

advanced principles of operating pumps on irrigation systems by specialists of training on advanced 

training of specialists of the PS, taking into account the requirements of stability and safety of work in 

the regional conditions of the Republic of Uzbekistan. 
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