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Abstract 

The objective of this work is to develop methodology for identifying and detecting cavitation in centrifugal pumps, with a 

specific focus on the Lowara CEA 210/2 pump. This pump is widely used across various sectors, including agriculture, 

industry, and residential settings. Cavitation is a phenomenon where vapor bubbles form in a liquid due to pressure drops and 

then collapse, causing shockwaves that can damage the pump components and degrade its performance. This often occurs 

under turbulent flow conditions and can severely affect the efficiency and longevity of the pump. Accurate detection and 

assessment of cavitation are essential for maintaining pump reliability, minimizing maintenance costs, and prolonging its 

operational lifespan. In this study, four distinct levels of cavitation were identified, each associated with different flow rates. 

These levels impact efficiency of pump and overall performance, highlighting the need for precise monitoring to prevent 

significant operational issues. To monitor and analyze cavitation, the study employed a hydrophone for capturing acoustic 

signals and utilized time-domain analysis techniques. The Cavitation Detection Index (CDI) was found to be an effective tool 

for detecting and estimating cavitation, especially at its early stages. The CDI measures acoustic signals to provide insights 

into cavitation severity, enabling early intervention. Experimental results indicated that the low frequency range of acoustic 

signals is particularly effective for early cavitation detection. By focusing on these low-frequency components, the CDI 

allows for timely identification of cavitation, which can significantly enhance the pump's longevity and operational 

efficiency. This proactive approach not only helps in extending the pump's service life but also optimizes its performance by 

addressing cavitation issues before they lead to more severe damage. 

© 2025 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved 
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1. Introduction 

The centrifugal pump is a mechanical device used to 

raise liquids from one level to another using low pressure 

at the pump's inlet and high pressure at its exit[1], [2]. It 

has various applications in industries such as 

infrastructure, agriculture, civil engineering, and water and 

sewage transmission networks[3], [4]. Pumps have a wide 

range of uses in the industry, including infrastructure, 

agriculture, civil engineering, and water and sewage 

transmission networks. For example, in a petrochemical 

unit, centrifugal pumps make up about 80% to 90% of all 

the pumps[4], [5]. In a petrochemical unit, centrifugal 

pumps are predominantly utilized for fluid transfer, 

supplying feedstock to processes, circulating cooling 

fluids, managing wastewater, and loading finished 

products. These applications are essential for ensuring the 

efficiency and continuity of operations within the 

facility.[6] However, two significant issues persist: flow 

instability caused by pressure pulsations and cavitation 

erosion[7], [8]. Cavitation occurs when the internal 

absolute static pressure drops below the water's saturation 

vapor pressure at the designated temperature[9], [10]. 

Shock waves are responsible for cavitation erosion, which 

can seriously erode the surface[11] Solving these problems 

has become more important as centrifugal pump design 

has grown[12], [13]. The most significant problem is 

cavitation, when the pressure drops, vapor bubbles form 

within the liquid. As these bubbles travel through the 

pump and enter regions of higher pressure, [14]they 

collapse violently, generating shock waves. This 

phenomenon can lead to significant damage, including 

pitting and erosion of the pump components, particularly 

the impeller and casing. Valve cavities typically appear at 

the leading edge of the blades[15], near the suction of the 

impeller. Cavitation is a detrimental phenomenon that 

negatively impacts the performance of centrifugal pumps, 

leading to accelerated wear of internal components, 

increased noise levels, and a reduction in hydraulic 

efficiency[16]. The hydrophone has emerged as an 

effective tool for early cavitation detection due to its 
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ability to capture the distinctive acoustic signals generated 

by the collapse of vapor bubbles within the fluid. This 

approach offers the dual advantage of mitigating 

cavitation-related damage and preserving operational 

efficiency. By detecting cavitation in its initial stages, 

corrective actions can be implemented to minimize 

potential damage and reduce maintenance costs[17], 

[18].Jiaxing Lu et al. (2021)[19]the study combines 

numerical and experimental methods to detect the inner 

flow state of a centrifugal pump. It found that blade inlet 

attack angles significantly influence flow instabilities. The 

mechanism of rotating stalls in the impeller channel was 

explained. Flow state identification with vibration (FSIV) 

was proposed to identify flow instabilities, ensuring safe 

and steady system conditions.Xiaohui Liu et al. (2023) 

[20]: This study investigates the use of pressure pulsation, 

vibration, noise, and acoustic emission signals as 

cavitation defect detection techniques. It is discovered that 

cavitation is more sensitive to low frequencies, and the 

most precise method is time-frequency analysis. Although 

the acoustic emission approach has shortcomings, it is not 

as commonly employed as other methods to identify 

cavitation beginning. For a quick and simple way to show 

cavitation data, the study recommends characterizing 

cavitation intensity using the acoustic approach.Wentao 

Su et al. (2023) [21]:The energy distribution of initial 

cavitation noise and its fluctuation with the cavitation 

coefficient are investigated in this work. It offers a method 

based on sound energy and bubbles produced by cavitation 

for determining the early stages of cavitation in the runner 

blades of hydraulic gear. The cavitation noise qualities are 

analyzed using the energy distribution analysis approach, 

which also suggests a mathematical model for the time-

frequency features. The study discovers that when the 

cavitation coefficient rises, the high- and low-frequency 

energy distributions change significantly close to 

cavitation, with decreasing slopes and ratios.Mina L. 

Kerellouset al. (2024) [22]:The study investigated 

cavitation in a centrifugal pump with a semi-open impeller 

under different operating conditions. It found a direct 

correlation between cavitation levels, rotating speed, and 

pump flow rate. Vapor bubbles formed along the impeller 

blades and near the impeller's eye. Suction pressure 

increased with speed reduction, with 8% and 21% increase 

for 6% and 12% speed reductions, respectively. José 

Fernandeset al. (2024)[23]: The study explores the 

impact of ultrasonic waves at 20 kHz on acoustic 

cavitation in a water-filled chamber. It examines the 

influence of different radiator geometries on cavitation 

production at different electrical energy levels. The study 

uses a piezoelectric sensor to measure cavitation at 

different power settings. Results show that solid geometric 

shapes primarily affect the cavity axially, while perforated 

shapes increase cavity density at low energy levels. The 

piezoelectric sensor's efficiency in sensing sonic cavitation 

is demonstrated. Calvin Stephenet al. (2024)[24]: In 

micro-hydropower applications, a study has created a new 

technique for detecting cavitation in Pumps-as-Turbines 

(PATs). Researchers employed probability density 

functions to calculate the Deviation from Normal 

Distribution (DND) from vibration signals that they had 

captured. The procedure enhanced the ability to detect 

cavitation and gave PAT condition monitoring users 

unambiguous alarm limits. The technique proved to be 

responsive, reliable, and independent of operating speed at 

different cavitation levels and operating speeds. Reliable 

micro-hydropower system operation and maintenance 

depend on this improved DND-based technique. The aim 

of this study is to provide a practical and straightforward 

solution with significant benefits for industrial applications 

by investigating the behavior and distribution of bubbles at 

the impeller inlet of a centrifugal pump, identifying the 

onset of cavitation, and evaluating the pump's cavitation 

performance. The study focuses on a methodology that 

utilizes a single hydrophone for effective cavitation 

detection and prevention. By analyzing how cavitation 

interacts with various operational parameters, such as 

pressure, impeller speed, and flow rate, this study seeks to 

enhance understanding of cavitation dynamics, ultimately 

contributing to improved pump performance and 

longevity. This approach offers a clear and professional 

summary of the study’s objectives and scope, emphasizing 

its industrial relevance and application potential. 

2. Experimental Test rig  

The experimental test rig, depicted in Figure (1),the 

experimental setup components are displayed in Table (1) 

is designed to assess cavitation in centrifugal pumps and is 

composed of several key components: 

1. Variable-Frequency Drive Motor: This motor 

controls the rotational speed of the pump by adjusting 

the frequency of the electrical supply. It allows for 

precise control of pump speed and flow conditions, 

essential for simulating various operational scenarios. 

2. Centrifugal pump type(CEA 210/2): The centrifugal 

pump used in this experimental study is shown in 

Figure (1). This kind of pump has a closed-type, single-

stage impeller. It is driven by a 3.phase, 0.75 kW, 1.1 

HP motor. 2.17A is the current. This pump has eight  

impeller blades, a design rotational speed of 2850 rpm, 

a head of approximately 17.5 m at the intended flow 

rate, and a maximum flow rate of 300 (L/min) [25].  

 
Figure 1. Centrifugal pump type CEA 210/2. 

3. Inlet and Outlet Pipes: These pipes facilitate the flow 

of water into and out of the pump, ensuring that the 

system can be tested under different flow rates and 

conditions. 

4. Inlet and Outlet Valves: These valves regulate the 

flow of water into and out of the pump, enabling the 

adjustment of flow rates and pressure conditions during 

testing. 
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5. Water Tank: The tank provides a clear view of the 

water level and flow, allowing for visual inspection 

and monitoring of the pump’s performance and 

cavitation effects. 

6. Air Vent Valve: This valve is used to release trapped 

air from the system, which helps in maintaining proper 

pump operation and preventing airlocks. 

7. Mechanical Valve for Water Entry: This valve 

controls the entry of water into the system, ensuring 

accurate flow measurement and system operation. 

8. Cavitation Tank: A dedicated tank designed to 

simulate and monitor cavitation phenomena within the 

pump, crucial for assessing the impact of cavitation on 

pump performance. 

9. Safety Valve: This valve ensures the system operates 

within safe pressure limits, preventing over-

pressurization and potential damage to the equipment. 

10. Hydrophone (Model ASF-1MKII): cavitation in 

pumps causes noise levels to rise. As a result, a 

hydrophone was employed in this investigation to track 

and gather additional data on the cavitation. An 

accurate free-field hydrophone model ASF-1 MKII 

frequency response [26] (7Hz–90 kHz) as shown in 

Figure (2).The hydrophone is used to detect and 

measure acoustic signals associated with cavitation. It 

provides real-time data on cavitation intensity and 

helps in evaluating the effectiveness of cavitation 

detection methods. 

11. Pressure Sensor: These sensors monitor the pressure 

within the system, specifically near the pump’s inlet 

and outlet. By measuring the pressure at these critical 

points, the sensors help ensure safe operating 

conditions and provide valuable data to prevent 

cavitation by detecting any significant pressure drops 

that could lead to bubble formation. 

12. Temperature Sensor: This sensor measures the 

temperature of the fluid within the system. Temperature 

data is essential for maintaining operational efficiency 

and avoiding overheating, which could affect flow 

dynamics and increase cavitation risk. 

13. Motorized Electrical Ball Valve: This electrically 

controlled valve adjusts the flow of fluid in the system 

based on electronic signals, allowing automated flow 

control to achieve the desired flow rates or shut down 

the flow if needed for safety. 

14. Water Flow Meter Sensor: This sensor measures the 

rate of water flow through the system. It provides 

crucial data to ensure that the flow rate meets the 

system’s requirements, which is important for both 

efficiency and cavitation prevention. 

15. Foundation: A substantial foundation supports the test 

rig and minimizes interference from system vibrations, 

ensuring accurate and reliable measurements. 

By varying the settings of the variable-frequency drive 

motor and adjusting the degree of valve openings, the test 

rig can simulate various pump speeds and flow conditions. 

This setup allows for comprehensive testing and analysis 

of cavitation effects on the pump’s performance. 

 
Figure 2. hydrophone model of ASF-1 MKII 
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Figure 3. schematic Test rig  

Table 1. the experimental setup components 

N0. The parts 

1 Mechanical valve 

2 Pressure sensor 

3 Centrifugal pump  CEA 210/2 

4 AC drive   

5 Temperature  sensor 

6 Hydrophone 

7 Pressure sensor 

8 Mechanical valve 

9 Safety valve  

10 Motorized Valve Electrical Ball Valve 

11 Water flow meter sensor 

12 Mechanical valve 

13 Pressure sensor  

14 Safety valve, Mechanical valve for water entry 

15 water Tank 

16 Water Tank  

3. Equations for Determining Pump Efficiency, Total 

Head, and Cavitation Analysis Parameters 

The following equations (1),(2) are utilized to 

determine the pump's efficiency, η, and total head, 𝐻tot, 

respectively[27], [28]. 

 𝐻tot = 𝐻tot_Dis −𝐻tot_Suc  

         = (
𝑝Dis −𝑝Suc 

𝜌𝑔
) + (

𝑣Dis 
2 −𝑣Suc 

2

2𝑔
) + 𝑍                               (1) 

𝜂 =
𝜌𝑔𝐻tot 𝑄

𝑃mech 

=
𝜌𝑔𝐻tot 𝑄

𝑃𝑒𝑙𝜂mot 

                                                       (2) 

Where the mean pipe velocity and static pressure 

during discharge and suction are denoted, respectively, by 

𝑣Dis, 
2 𝑣Suc

2 , 𝑝Dis, and 𝑝Suc. Z represents the vertical 

separation between the suction and discharge measurement 

locations𝜌: is the density of the fluid g: is the gravitational 

acceleration: is the total head achieved by the pump, Q 

denotes the flow rate, 𝑃mech stands for mechanical power, 

and 𝑃𝑒𝑙stands for electric power Extracted from the motor 

and ηmot the efficiency of the motor. The dimensionless 

Thomas’s cavitation number, σ, for the analysis of the two-

phase flow inside the pump is used to calculate the Net 

Positive Suction Head (NPSH), which is the difference 

between the vapor pressure, HV, and the total pressure in 

the suction side, 𝐻tot_Suc, both stated in head units. Lastly, 

equations (3), (4), (5), (6). Present the dimensionless 

parameters of the pump for the flow rate, Φ, head, Ψ, and 

power, N[28], [29]. 

𝜎 =
𝑁𝑃𝑆𝐻

𝐻tot 

=
𝐻tot_Suc −𝐻𝑉

𝐻tot 

                                                (3) 

Φ =
𝑐2𝑛

𝑢2
                                                                       (4) 

Ψ =
2𝑔𝐻𝑡𝑜𝑡

𝑢2
2                                                                   (5) 

𝑁 =
𝑃mech 

𝜌Ω3𝐷5                                                                  (6) 

Where D is the impeller diameter, u2 is the impeller's 

circumferential velocity, and c2n is the radial component 

of the absolute flow velocity at the impeller outlet. 

4. Conventional statistical analysis in the time domain  

Analysis of peak values: the peak signal calculation is 

an important statistical metric.  

RMS value : The RMS value is defined by the 

following equation (7) [30], [31]:  

RMS = √
1

𝑁
∑  𝑁
𝑖=1   𝑥𝑖

2,                                                   (7) 

Where N and 𝑥𝑖stand for the total number of elements 

and the element signal, respectively.  

Peak-to-peak value: This is the third statistical measure 

applied in this study. 

Value of variance Equation (8) can be used to compute 

the variance value[32], [33]: 

Variance =
∑ (𝑥𝑖−𝑥‾̅)

2

𝑁−1
                                                (8) 

Where N,𝑥𝑖 and the sum of the elements are the 

elements' mean values, the set of elements, and the total 

number of elements, respectively.  

Respectively: Analysis of mean value the following 

equation is used to compute the mean value[34], [35]:  

𝜇 =
1

𝑁
∑  𝑁−1
𝑖=0 𝑥𝑖 .                                                           (9) 
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5. Result and discussion 

The condition monitoring method finds significant 

patterns in auditory signals using statistical analysis. In 

order to predict and identify pump cavitation, this section 

of the study examines time-domain acoustic data. The 

study's main objective is to identify cavitation in 

centrifugal pumps by using acoustic analytic techniques. 

The results demonstrate that when the pump runs, internal 

recirculation at the discharge and suction zones generates 

extra hydraulic noise. When the pump operates at a flow 

rate higher than designed, flow turbulence, excess 

hydraulic noise, and cavitation all contribute to an increase 

in overall noise. If the flow rate is less than 240 (L/min), 

there is no discernible change in the peak and RMS 

features. However, when the flow rate is higher than 

240(L/min), the amplitude of the acoustic waves rapidly 

increases as. 

As shown in figure (4) The Time-Weighted Fourier 

Transform Analysis (TWFTA) is a powerful method used 

to study sound signals, particularly in dynamic 

environments where both time and frequency components 

need to be understood. This technique allows for a detailed 

examination of how sound waves evolve over time, 

revealing important frequency characteristics that might 

not be evident in traditional Fourier analysis. At lower 

flow rates, such as 120-210 L/min, sound signals tend to 

exhibit lower amplitudes and fewer high-frequency 

components. This is primarily because cavitation is 

minimal, and the fluid flow is more stable, leading to less 

turbulence. Consequently, the acoustic environment is 

quieter and more consistent, with fewer disturbances 

 Figure (5) shows that the flow rate increases to the 

240-260 L/min range, more noticeable variations in sound 

amplitude can be detected. This is when cavitation may 

start to form, which results in greater noise levels and 

more irregular acoustic behavior. The developing 

cavitation introduces additional energy into the system, 

causing fluctuations in sound intensity

 

Figure 4. the sound wave in TWFTA at N=2765 rpm, No cavitation. 

 

Figure 5. The sound wave in TWFTA at N=2765 rpm, inception of cavitation. 
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Figure (6) shows that  at even higher flow rates, 

typically between 280-300 L/min, cavitation becomes 

much more severe. The sound waves grow in both 

intensity and variability, with significant increases in 

amplitude and the emergence of more pronounced high-

frequency noise. The turbulent fluid movement and 

aggressive cavitation activity lead to a more chaotic sound 

profile, which is reflected in the higher energy present in 

the upper frequency spectrum. 

Analysis of audio signals using a weighted time Fourier 

transform and evaluation of the characteristics (peak, peak-

to-peak, square root, and variance) of cavitation detection 

in pumps: a comprehensive study of the acoustic effects 

caused by increased flow and cavitation evolution using 

statistical analysis of acoustic indicators, aimed at 

determining the optimal conditions for pump operation and 

minimizing the effects of cavitation on efficiency and 

performance, as shown in figure below The study 

compared with Liu et al. (2023)[20] found that low 

frequencies are the most sensitive for early detection of 

cavitation. However, the study added a detailed analysis of 

audio signals at low frequencies to understand different 

stages of cavitation and accurately determine starting 

points. It also added a statistical methodology to study 

peak values, RMS, and sound changes. Unlike Su et al. 

(2023)[21], the study focused on the effect of changes in 

flow on the intensity of sound signals. It added an analysis 

methodology based on the sensitivity of the audio signal at 

specific flow speeds (240-260 L/min). 

 

Figure 6. The sound wave inTWFTA at N=2765 rpmCavitation Development 

 

a)                                                                               b) 

 
c)                                                                               d) 

Figure 7. characteristics the sound signal’s peak, RMS, peak to peak, and variance at 2765rpm with flow rates variation. 
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Based on the time-domain acoustic analysis, the study 

reveals that acoustic signal analysis is an effective method 

for detecting and predicting cavitation in centrifugal 

pumps. The results indicate that additional hydraulic noise 

generated by internal recirculation at the discharge and 

suction zones leads to an increase in overall noise when 

the pump operates at flow rates higher than its designed 

capacity. When the flow rate is below 240 liters per minute 

(L/min), there is no significant change in the peak and 

RMS features of the acoustic signals as shown in figure (5- 

a, b). However, at flow rates exceeding 240 L/min, there is 

a rapid increase in acoustic wave amplitude. This suggests 

that cavitation conditions within the pump cause amplified 

and erratic trends in acoustic amplitude. Acoustic signals 

become effective predictors of cavitation effects, with peak 

values showing a more immediate increase compared to 

RMS characteristics. Among the time-domain features 

analyzed, peak-to-peak values exhibit greater sensitivity to 

cavitation than variance values. The study underscores the 

importance of peak and RMS features in predicting 

cavitation within the pump. Time-domain acoustic signal 

analysis enables the determination of both the pump's 

condition and the timing of cavitation events, providing 

valuable insights into pump performance and potential 

maintenance needs.An irregular trend (erratic trend) was 

observed at Flow rates ranging from 220 to 260 l/min, 

which was interpreted as a consequence of the onset of 

cavitation. When increasing the flow rate to the range 240-

260 l / min, acoustic fluctuations become more 

pronounced, since the appearance of cavities leads to 

increased noise levels and irregular acoustic behavior. This 

behavior is caused by the introduction of additional energy 

into the system due to the collapse of the bubbles 

generated by the cavities figure (7.d) show (variation) of 

the sound intensity at each flow point. The diagram shows 

that the variability increases significantly at Flow rates 

between 240-260 l/min, reflecting the oscillations caused 

by the onset of the formation of cavities. This reinforces 

the hypothesis that cavities directly affect the behavior of 

the acoustic system 

Figure (8) explains the compares the statistical 

properties of acoustic signals at different flow rates and 

pump rotational speeds. It was found that at a rotational 

speed of N=2765 rpm, the pump exhibited higher 

maximum peak values, increased RMS values, and larger 

minimum peak, RMS, peak-to-peak, and variance 

measurements compared to lower speeds of N=2625 rpm, 

2335 rpm, and 2045 rpm. These results suggest that as the 

pumps rotational speed increases, so does the sound 

amplitude. This is due to intensified cavitation and 

impeller-volute interactions at higher speeds. The 

statistical features corresponding to various flow rates and 

rotational speeds are illustrated in the Figures provided,the 

study compares the findings of Mina L. Kellis et al. (2024) 

[22]and Xiaohui Liu et al. (2023)[20], who used vibration 

and noise signals to detect cavitation and analyze the 

effects of different speeds. The study found that an 

increase in rotation speed leads to a higher intensity of 

cavitation due to increased kinetic energy of bubbles and 

violent collapse. The study also used a hydrophone sensor 

to evaluate acoustic signals at different speeds (2045-2765 

rpm), providing a more accurate understanding of 

cavitation dynamic changes. The study also compared with 

Calvin Stephen et al. (2024)[24], who focused on cavity 

detection using vibration techniques at different speeds in 

small pumps. The study expanded the analysis to the 

specifics of sound dynamics and determined cavitation 

levels based on changes in sound signals at specific 

speeds. 

 
Figure 8. the peak,RMS,peak-to-peak, and variance of the acoustic signal at various rotational speeds. 
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Higher Rotational Speed (N=2765 rpm): data indicates 

that at higher speeds, the pump exhibits increased 

maximum peak features, RMS values, and larger minimum 

peaks, RMS, peak-to-peak, and variance values. This 

suggests a significant escalation in sound amplitude with 

rotational speed, reflecting greater cavitation activity. 

Lower speeds (N=2625 rpm, 2335 rpm, 2045 rpm) show 

reduced statistical metrics. This disparity underscores how 

increasing speed amplifies the acoustic signals associated 

with cavitation. The correlation between higher sound 

amplitude and increased rotational speed aligns with the 

phenomenon of cavitation. At elevated speeds, the 

interaction between the impeller and volute becomes more 

pronounced, leading to enhanced cavitation effects. As 

speed rises, the formation and collapse of vapor bubbles 

become more severe. The bubbles disrupt the fluid flow, 

leading to increased hydraulic losses and reduced 

efficiency. The collapse of these bubbles can cause 

significant damage to pump components, including erosion 

and pitting. The disruption in fluid flow and the increase in 

hydraulic losses result in decreased pump efficiency. This 

is a direct consequence of intensified cavitation, which 

hampers the pump's ability to operate optimally. The 

physical damage to the impeller and volute due to repeated 

cavitation can lead to long-term operational issues. This 

includes erosion, pitting, and potential failure of critical 

components. 

6. Conclusions  

The study revealed that acoustic signals can effectively 

predict cavitation within a pump. Various statistical 

features in the time domain, such as peak, root mean 

square (RMS), peak-to-peak, and variance values, were 

identified as useful metrics for assessing and detecting 

cavitation from acoustic signals.Extensive testing was 

conducted to understand the impact of different flow rates 

on pump cavitation. The study categorized cavitation into 

four distinct levels based on flow rates: 

1. No Cavitation: Observed at flow rates between 120 

and 210 liters per minute (L/min). 

2. Gradual Cavitation: Detected at flow rates between 

240 and 260 L/min. 

3. Developing Cavitation: Present at flow rates between 

260 and 280 L/min. 

4. Full Cavitation Development: Occurred at flow rates 

exceeding 280 L/min. 

High vapor volume fractions near the impeller inlet 

were found to cause significant performance degradation. 

These high vapor volumes obstructed water flow, leading 

to reduced pump efficiency. The alteration in acoustic 

waves was attributed to the cavitation process and the 

intense interaction between the impeller and volute. 

Furthermore, the study established a direct correlation 

between acoustic amplitude and pump flow rate. As the 

flow rate increased, the acoustic amplitude also increased, 

reflecting the intensity of cavitation and its impact on the 

pump’s operation. 
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