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ABSTRACT

Cavitation in centrifugal pumps is a critical phenomenon that affects pump performance, longevity,
and operational reliability. It occurs when the local pressure in the pump falls below the vapor pressure
of the liquid, leading to the formation and subsequent collapse of vapor bubbles. This study investigates
cavitation characteristics in centrifugal pumps through experimental analysis and numerical
simulation, using technologies and methodologies available up to 2020. The research evaluates the effect
of inlet pressure, flow rate, and impeller geometry on cavitation inception and intensity. The findings
highlight the impact of cavitation on pump efficiency and vibration levels. Recommendations for
cavitation mitigation based on design and operational parameters are discussed. This work aims to
enhance understanding of cavitation dynamics to improve centrifugal pump design and operational

strategies in industrial applications.
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INTRODUCTION

Centrifugal pumps are widely used in industries such as water treatment, oil and gas, chemical processing,
and power generation due to their ability to handle large volumes of fluids efficiently. However, one major
challenge faced by these pumps is cavitation, a phenomenon characterized by the formation and collapse of
vapor bubbles in the liquid. Cavitation can cause severe damage to pump components, reduce efficiency,

increase noise and vibration, and ultimately lead to premature failure.

Cavitation occurs when the local pressure within the pump drops below the vapor pressure of the fluid, causing
vapor bubbles to form. These bubbles collapse violently when they move to higher pressure regions,
generating shock waves that erode pump surfaces and disturb fluid flow. Understanding and controlling

cavitation is crucial for improving pump reliability and performance.
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This investigation focuses on identifying the factors influencing cavitation in centrifugal pumps, studying its
effects on pump performance, and exploring methods to mitigate cavitation based on the engineering
principles and technologies available up to 2020. Both experimental and computational methods are employed

to provide a comprehensive understanding of cavitation dynamics.
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Fig: Understanding Cavitation in Centrifugal Pumps
LITERATURE REVIEW

Cavitation in centrifugal pumps has been the subject of extensive research over the past decades, with

significant progress in understanding its mechanisms and consequences.

Fundamental Studies: Early works by Brennen (1995) established the physical mechanisms of cavitation,
emphasizing bubble dynamics and the impact of pressure variations in fluid flow. The inception of cavitation

is linked to the Net Positive Suction Head (NPSH), a key parameter in pump design and operation.

Experimental Investigations: Many studies have focused on experimental detection and measurement of

cavitation. Arndt (1981) conducted detailed observations of vapor bubble formation and collapse using high-
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speed photography. Researchers have also used vibration and acoustic emission techniques to detect cavitation

onset non-invasively.

Numerical Simulation: With advancements in computational fluid dynamics (CFD), numerical modeling has
become a powerful tool for studying cavitation. Singhal et al. (2002) introduced cavitation models
incorporating mass transfer between liquid and vapor phases. Up to 2020, many researchers applied these
models to simulate cavitation in pumps, considering factors such as impeller design, inlet pressure, and flow

rate.

Effects on Pump Performance: Cavitation leads to efficiency losses due to flow disturbances and increased
hydraulic losses. It also causes mechanical damage through pitting and erosion on impeller blades and pump

casings, reducing service life.

Mitigation Techniques: Various strategies have been explored to mitigate cavitation, including optimizing
impeller geometry (blade angles, number of blades), improving suction conditions (increasing inlet pressure,

reducing flow turbulence), and using materials resistant to cavitation erosion.

In summary, previous literature emphasizes the criticality of cavitation control in centrifugal pumps,
highlighting the importance of combined experimental and simulation approaches to better understand and

mitigate its effects.
METHODOLOGY

This investigation employs a dual approach comprising experimental analysis and numerical simulation to

study cavitation phenomena in a centrifugal pump.
Experimental Setup

A closed-loop test rig was designed to evaluate cavitation characteristics under controlled conditions. The test

pump is a single-stage centrifugal pump with a standard backward-curved impeller.

o Pump Specifications:
o Flow rate range: 0.02 to 0.12 m3/s
o Rated head: 15 m
o Impeller diameter: 150 mm

o Rotational speed: 2900 rpm
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o Instrumentation:

Pressure transducers at pump inlet and outlet
Vibration sensors mounted on the pump casing
Flow meters for measuring discharge flow

Acoustic sensors to capture cavitation noise

The test procedure involved varying the inlet pressure to approach cavitation inception while maintaining

different flow rates. Pressure, vibration, and acoustic signals were recorded continuously.

Numerical Simulation

CFD simulations were conducted using ANSYS Fluent (version 19.0), employing the Schnerr-Sauer

cavitation model, which is widely accepted for its accuracy and computational efficiency.

e Model Setup:

e}

e}

e}

e}

3D geometry of the centrifugal pump impeller and volute was created.

Meshing was performed with a hybrid approach, combining structured mesh near the impeller
blades and unstructured mesh in the volute.

Boundary conditions matched experimental flow rates and inlet pressures.

Turbulence was modeled using the k-¢ turbulence model.

o Cavitation Modeling:

e}

e}

Data Analysis

The vapor-liquid phase change was modeled based on local pressure and vapor pressure.

Vapor volume fraction contours were generated to visualize cavitation zones.

o NPSH available (NPSHa) and NPSH required (NPSHr) were calculated.

e Pump performance curves (head vs. flow rate) were plotted.

e Vibration and acoustic data were analyzed to detect cavitation onset.

e CFD results were validated against experimental measurements.

RESULTS

Experimental Observations
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Cavitation inception was detected when NPSHa approached NPSHr, confirmed by a sudden increase in
vibration amplitude and noise levels. The cavitation intensity increased with decreasing inlet pressure and

increasing flow rate beyond the design point.

e The pump head decreased by approximately 8% near cavitation inception.
e Vibration amplitude increased by up to 150% in certain frequency bands associated with bubble
collapse.

e Acoustic signals showed broadband noise increase indicating cavitation activity.

Vibration Noise Level Pump Head Acoustic
Increase Increase Decrease Signals
Sudden rise in Elevated noise levels Reduction in pump Detection of
vibration amplitude indicating cavitation head performance cavitation through

acoustic signals

Fig: Cavitation Process in Pumps
Numerical Simulation Results

CFD analysis revealed cavitation zones primarily near the impeller leading edge and the eye region, consistent

with experimental observations.

e Vapor volume fraction contours showed bubble formation intensifying as inlet pressure decreased.
e Simulated head drop corresponded closely with experimental data, validating the cavitation model.

o Flow separation and pressure fluctuations were identified as contributors to cavitation development.

Comparative Analysis
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The experimental and numerical results demonstrated strong agreement in predicting cavitation inception and

performance degradation.

e The NPSHr curve obtained from experiments matched the CFD predictions within a 5% margin.

e Both methods confirmed that impeller geometry plays a significant role in cavitation susceptibility.
CONCLUSION

This investigation successfully examined cavitation phenomena in centrifugal pumps using experimental and

numerical approaches available up to 2020. Key findings include:

o Cavitation onset correlates closely with the relationship between NPSHa and NPSHTr, affecting pump
head and efficiency.

e Vibration and acoustic measurements are effective in detecting cavitation inception.

e CFD simulations using the Schnerr-Sauer model provide accurate visualization and prediction of
cavitation zones.

o Impeller design optimization and operational adjustments, such as maintaining adequate inlet pressure,

are vital for mitigating cavitation.

The study underscores the importance of integrating experimental data with CFD modeling to enhance the
understanding and control of cavitation in centrifugal pumps. Future research could explore advanced

materials and real-time monitoring techniques to further improve pump reliability.
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