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Abstract

This article analyzes methods for improving the performance of centrifugal
pumps and measures for their enhancement. The main issues arising during pump
operation, including abrasive wear, erosion, hydraulic losses, and structural
deficiencies, are examined. In addition, possibilities for increasing pump
efficiency are studied, such as improving impeller design, using wear-resistant
materials, optimizing hydrodynamic processes, and implementing vibration
monitoring and diagnostic systems. The results of this study contribute to
improving the reliability and energy efficiency of centrifugal pumps.
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Introduction

In industrial enterprises, especially in the oil and gas sector, pumps are important
technological devices used for transporting fluids from one point to another. The
efficient operation of pumps ensures the stability of production processes and
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energy efficiency. Therefore, improving the performance of pumps is considered
one of the important scientific and technical issues.

Pump performance refers to the ability of a pump to operate stably under specified
technological conditions over a long period of time, to provide the required
pressure and flow rate, and to maintain energy efficiency. Several key indicators
are used to evaluate pump performance.

The main operating parameters of pumps include pump capacity (flow rate),
pressure generation capability, efficiency coefficient, energy consumption,
service life, and reliability level.

The main hydraulic characteristics of a pump are determined through its
performance curve. The pump characteristic represents the relationship between
flow rate, head (pressure), and efficiency.

Main Problems Occurring in Pumps

During pump operation, various mechanical and hydraulic problems may arise.
These issues reduce pump efficiency and shorten its service life.

The main problems encountered in pumps include abrasive wear, erosion
processes, cavitation, corrosion, vibration, and hydraulic losses.

Abrasive wear occurs due to the presence of solid particles in the fluid. These
particles gradually erode the surfaces of the impeller and pump casing, resulting
in reduced pump efficiency.

The erosion process occurs as a result of high-velocity fluid flow. This
phenomenon is particularly pronounced when transporting heavy hydrocarbons.
Cavitation occurs due to the formation of vapor bubbles inside the fluid. When
these bubbles collapse, they generate strong impacts on pump components.

As a result of cavitation:

o the impeller surface is damaged,

« pump vibration increases,

« noise intensifies,

« pump efficiency decreases.

Therefore, in improving the performance of pumps, it is essential to reduce the
influence of these negative factors.
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Figure 1. Schematic diagram of the impeller and spiral casing of a centrifugal
pump

One of the most important directions for improving the performance of pumps is
the enhancement of their design. Modern pump constructions are developed
based on an in-depth study of hydrodynamic processes.

The improvement of pump design is carried out in the following directions:

« optimization of the impeller geometry,

« selection of the number and angle of blades,

« improvement of the spiral casing geometry,

« streamlining of the flow direction.

The impeller is considered the main working component of the pump. The
geometry of the impeller blades has a significant influence on the direction and
behavior of the fluid flow.

Hydrodynamic studies show that blades positioned at an optimal angle can
significantly increase pump efficiency.

In addition, a smooth internal surface of the pump casing reduces hydraulic
resistance and energy losses.

Abrasive wear and erosion processes are among the most common problems in
pumps. These processes lead to rapid deterioration of pump components. The
main cause of abrasive wear is the presence of solid particles in the fluid. These
particles move at high velocity and continuously impact the internal surfaces of
the pump.
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Figure 3. Damage caused by abrasive wear and erosion on the impeller of a
pump

The figure illustrates severe wear and erosion marks formed on the impeller of a
centrifugal pump due to the influence of abrasive particles. Solid particles
contained in the fluid continuously impact the surface of the impeller blades,
leading to gradual material degradation. As a result, the geometry of the blades
changes, which causes a reduction in the hydraulic efficiency of the pump. Such
wear has a negative impact on the service life and reliability of the pump.
Therefore, the use of wear-resistant materials is of great importance for pumps
operating in abrasive environments.

The following figure presents the distribution of fluid velocity in the channels of
a centrifugal pump impeller. The color scale indicates the magnitude of the fluid
velocity, where blue represents low velocity, while green and yellow indicate
higher velocity regions. The cases (a), (b), (c), and (d) allow comparison of flow
behavior under different operating conditions of the pump. Streamlines clearly
illustrate hydrodynamic processes between the impeller blades as well as the
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formation of vortex zones. Analysis of velocity distribution plays an important
role in improving pump hydraulic efficiency and reducing energy losses.

In improving pump performance, reducing hydraulic losses plays a crucial role.
Hydraulic losses occur due to resistance along the flow path.

Hydraulic losses are classified into the following types:

« friction losses

« local resistance losses

« turbulence-induced losses

To reduce losses in pump systems, it is necessary to:

« design pipeline systems optimally,

« reduce sharp bends,

« properly select pipe diameter,

o regularly clean filters.
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Figure 4. “Velocity distribution field of fluid in the impeller of a centrifugal
pump,9

Conclusion

Improving the operating efficiency of pumps plays a crucial role in enhancing
energy efficiency in industrial enterprises and ensuring the stability of production
processes.

Research shows that pump performance can be improved in the following main
directions:

100|Page

r————



Ideal Journal of Multidisciplinary Research
ISSN (E): 3054-3339
Volume 01, Issue 05, May, 2026

Licensed under a Creative Commons Attribution 4.0 International License.

« improvement of pump design;

« reduction of abrasive wear and erosion;

« reduction of hydraulic losses;

« implementation of modern monitoring systems.

These measures make it possible to extend the service life of pumps, reduce
energy consumption, and improve overall production efficiency.
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