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Abstract 

This study investigates experimentally the effect of impeller material on the generated vibration 

level from a centrifugal pump under various operating conditions, including normal operation, the 

onset of cavitation, and fully developed cavitation. Five different impeller materials—plastic, cast 

iron, brass, stainless steel, and aluminum—were experimentally tested. Cavitation was determined 

at the separation point on H-Q curve when the head dropped by 3% and by analyzing the vibration 

spectrum at a pump speed of 2850 rpm with varying suction pressures. The experimental setup 

included a centrifugal pump equipped with pressure transducers and a turbine flow meter to 

measure the suction pressure, outlet pressure and water volume flow rate. Vibration acceleration 

measurements were taken using an accelerometer with bandwidth of 20-20000 Hz, recorded via a 

data acquisition system using LabVIEW software. Results indicate that the plastic impeller 

generates the lowest vibration levels in both the normal and cavitation conditions. Furthermore, the 

vibration spectrum amplitude in the high-frequency range of the vibration spectrum varied 

significantly between different impeller materials during the normal pump operation. Cavitation 

can lead to an increase in the vibration amplitude in the high frequency range. This study provides 

quantitative insights into the vibration behavior of impeller material, suggesting plastic impellers 

as optimal for vibration reduction strategies. 
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Nomenclatures 

 

c1 Fluid absolute velocity at impeller inlet m/s 

cs Flow velocity at the pump suction m/s 

g Gravitational acceleration  m/s2 

H Pump head m H2O  

N Pump rotation speed RPM 

pd Absolute discharge pressure Bar 

ps Absolute pressure at the pump suction Bar 

pv Absolute vapor pressure at the fluid temperature Bar 

Q Pump discharge L/h 

RF Pump rotational speed frequency Hz 

z Potential elevation M 

ρ Density of fluid  kg/m3 

 

Abbreviations 

 

NPSHA         Available Net Positive Suction Head  

NPSHR         Required  Net Positive Suction Head  

PVC              Polyvinyl chloride  

PC Personal Computer 

FFT               Fast Fourier Transform 

 

1. Introduction  
 

Centrifugal pumps play a crucial role in a wide range of industrial applications, 

including water distribution systems and chemical processing plants. These pumps 

rely on impellers to transfer energy to the fluid, however under certain conditions, 

cavitation may occur. Cavitation—a phenomenon involving the formation and 

collapse of vapor bubbles within the pump—is a major concern as it can reduce pump 

efficiency, cause material damage, and produce excessive vibration. The study of 

cavitation, therefore, remains a critical area of research for improving pump 

reliability and performance [1-7]. Cavitation primarily occurs when the pressure 

within the pump drops below the vapor pressure of the fluid, causing vapor bubbles 

to form at the impeller's eye. These bubbles are swept along the impeller vanes and 

collapse in regions of higher pressure, causing noise, vibrations, and potentially 

damaging the impeller surface. Prolonged cavitation degrades pump performance, 
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leading to efficiency loss and, in severe cases, mechanical failure. One of the most 

distinct symptoms of cavitation is the distinctive vibration it produces [8-14]. 

While earlier studies, such as Albarik et al. [15] studied single-suction, single-stage, 

end/top discharge, closed impeller and closed-coupled centrifugal pump, which can 

deliver water at a rate of up to 30 m3/h at a head of up to 55 m. It is driven by a three-

phase electric motor running at 2900 rpm on 9.5A at 380 - 400 V (nominal 4 kW). 

The results showed that the vibration level increases with increased of flow rate and 

the pump faults may then be identified using these data/features. In addition, Suhane 

[16] used single-stage horizontal and diffuser type pump with impeller having eight 

blades and diffuser having seven blades. Radial clearances of the order 6.8 mm, 3.7 

mm, 1.5 mm has been used during the experimentation. It was found that; vibration 

is dominating at the fundamental frequency. The overall vibration level is minimal 

at low flow rates and elevated at higher flow rates. The larger radial clearance, the 

more erratic flow becomes, and the energy with which the fluid impacts the diffuser 

decreases. Consequently, the total vibration is lowest when the radial clearance is at 

its maximum.   

Other studies have examined investigated the cavitation detection using discrete 

wavelet transform by classifying the pump vibration signal [17]. Vibration signal 

acquired from centrifugal pump cavitation test rig carry more information about the 

cavitation classes. Two classes have been defined namely, no cavitation class and 

developed cavitation class. This method uses the deviation from zero mean value of 

detailed components of wavelet coefficients, obtained from five level decomposition 

of vibration signal to detect the signal belongs to normal class or cavitation class in 

centrifugal pump. The advantage of this proposed algorithm, more robust results 

show that this algorithm has better detection response. Furthermore, both the 

inception and development of cavitation in three different impellers of a laboratory 

centrifugal pump with a Plexiglas casing, using flow visualization, vibration and 

acoustic emission measurements have been investigated in [18]. The results showed 

that the geometrical characteristics of the impeller affect cavitation development and 

behaviour, while an acoustic emission sensor and an accelerometer can be applied 

for successfully detecting the onset of this mechanism. 
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Despite extensive research on cavitation in centrifugal pumps, the specific role of 

impeller material on vibrational behavior remains underexplored. In addition, a 

detailed understanding of how different impeller materials affect vibration emissions 

under both normal and cavitation conditions is still lacking. Therefore, the current 

study aims to fill this gap by investigating the vibration behavior of five different 

impeller materials—plastic, cast iron, brass, stainless steel, and aluminum—during 

centrifugal pump operation under normal and cavitation conditions. By analyzing the 

vibration emissions due to using plastic, cast iron, brass, stainless steel, and 

aluminum, a deep understanding of material selection will be explored in pump 

design and offer insights into vibration reduction strategies in centrifugal pumps. 

2. Pump Operation at the Cavitation Condition 

Applying Bernoulli’s equation (1) along a streamline inside the impeller shows that 

static pressure decreases as flow velocity increases:  

𝑝𝑠

𝜌𝑔
+

𝑐𝑠
2

2𝑔
+ 𝑧 + 𝐻𝑝 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡                                                     (1) 

Where 𝑝𝑠 is the absolute pressure at the pump suction, related to the pump centerline, 

𝜌 is the fluid density, 𝑐𝑠 is the absolute suction flow velocity, g is gravitational 

acceleration, z is the potential elevation, and Hp is pump head. Figure 1 case (a) 

illustrates how the pressure within the impeller path decreases to a minimum value 

at a certain location in the impeller eye and then increases near the impeller blades 

walls due to the pumping action. When the pressure falls below the fluid’s vapor 

pressure, as shown in Figure 1 case (b), cavitation bubbles form and collapse when 

exposed to a high pressure at certain location in the way out near the impeller blade 

walls, producing noise and vibration. 

The available net positive suction head (NPSHA) is defined as the available total 

suction head at the pump inlet above the head corresponding to the vapor pressure 

at a given liquid temperature.  

𝑁𝑃𝑆𝐻𝐴 =
𝑝𝑠 − 𝑝𝑣

𝜌𝑔
                                                                          (2) 

The cavitation occurs when the required net positive suction head (NPSHR) is 

greater than the available net positive suction head (NPSHA). 
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Fig. 1. Schematic distribution of the static pressure along the pump impeller: (a) 

Normal operating condition, (b) Operating at cavitation condition. [19]   
 

3. Methodology 

3.1. Experimental Setup 

The experimental test rig (Figure 2) was designed according to ISO 3555 and BS EN 

ISO 9906/2000 [20] standards to ensure precision and repeatability in performance 

and efficiency measurements. The system operates as a closed-loop water circuit 

consisting of a tank, pump, polyvinyl chloride (PVC) pipes, regulating valves, 

pressure transducers and a turbine flow meter. The water temperature was maintained 

at 27 oC using a temperature control unit. 

The centrifugal pump tested (JET SJET-100B model) has a rotational speed of 2850 

rpm, with a maximum discharge of 55 L/min at a head of 7.5 m. The pump is powered 

by an electric motor with a maximum capacity of 0.75 kW.  The emitted vibration 

from the pump was tested using impellers made from five different materials: plastic, 

cast iron brass, stainless steel and aluminum. Each impeller featured six backward-

curved blades, with inlet and outlet diameters of 33 mm and 125 mm, respectively. 

3.2 Vibration Acceleration and Flow Measurements 

There are a set of measuring instruments inside the test rig. Water pressures were 

measured using both pre-calibrated dial gauges and pressure transducers, with 

accuracies of 0.5% and 0.25% for both the pump suction and discharge 

measurements, respectively. The inlet water pressure transducer is of 
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Holykell HPT200-H type ranging from -1 to 1 bar, while the outlet water pressure 

transducer is of HolyKeller Pa 21 SR type ranging from 0 to 28 bar. The transducers 

output signals are 4 to 20 mA to ensure noiseless signal. The water flow rate was 

measured by a turbine flow meter of accuracy ±2%, and its range is 0 - 60 L/min. A 

BK 4134 accelerometer with a frequency of 5–20 kHz and ±0.001 m/s2 attenuation 

in the range of 5 -10 kHz was used to measure generated vibration. This 

accelerometer was placed 35 cm from the pump to record vibration levels and ensure 

consistent measurements during the experiments. 

3.3. Data Acquisition 

All measured signals were recorded using NI 9234 data acquisition system (DAQ) 

with a 24-bits resolution and 102 dB dynamic range, with 2 mA signal stabilization, 

constant current accelerometer. The sampling rate per channel is 51.2 k-sample/s. 

Both the pump and accelerometer have the same level. 

 
 

Fig. 2 Experimental test rig. 
 

3.4. Experimental Data Analysis Procedure 

LabVIEW software was used to perform real-time data acquisition and produce 

graphs for all simultaneously measured parameters. The LabVIEW software was 
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used for recording both the upstream and the downstream pressures, the water mass 

flow rate and the vibration level continuously. The software performs Fast Fourier 

Transform (FFT) analysis of the vibration signals. The scheme of peak hold is applied 

for 10 second, and each measurement was repeated 10 times (one second at a time) 

to ensure accuracy. Meanwhile both the instantaneous volume flow rate and the 

downstream pressure were continuously acquired and averaged for the 30 second 

run. Both the raw and processed data were then stored in an Excel sheet file. Figure 

3 shows the LabVIEW block diagram of the whole program. It includes the DAQ 

Assistant toolbox which acquires four analog measurements channels each has 50 

kHz sampling rate. The second measurement (acceleration amplitude vs. time). 

Meanwhile, FFT subroutine was used to convert the pressure-time values to 

amplitude-frequency values in the range (5-20000 Hz). The process was repeated 10 

times and Peak hold scheme was used during FFT analysis. This can be seen from 

the 10 arrows shown at the left side of this figure. The third and fourth measurements 

were the vacuum inlet pressure and delivery pressure (pump head) in meters units, 

respectively. Both these pressures were averaged over a period of one second. 

 

 

Fig. 3 LabVIEW block diagram of the whole program  
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4. Results and Discussion 

4.1. Pump performance characteristics at variable suction pressures 

Figure 4 shows the experimentally measured pump performance characteristic 

curves (pump discharge versus the pump head). They are almost the same for the 

five impeller materials at the rotational pump speed of 2850 rpm (47.5 Hz). The 

absolute suction pressure varies from 0.18 to 0.92 bar absolute. At each suction 

pressure, there is a certain point where the performance curve breaks away from the 

normal profile where the head starts to degrade, while the flow is getting choked. 

The operating point at the beginning of the choked flow is defined as the separation 

point (practically when the head drops by 3%). These separation points at each 

suction pressure are indication for the commencement of cavitation. The required 

Net Positive Suction Head (NPSHR) is also shown to increase with increasing the 

pump flow rate. 

 

Fig. 4 Pump performance characteristics at variable suction pressures for N = 2850 rpm. 

4.2. Vibration levels generated from the pump. 

Figures 5–7 present the generated vibration levels from the pump during both the 

normal and cavitation conditions for the tested five impeller materials at different 

suction pressures of 0.82 bar, 0.62 bar and 0.38 bar- absolute. At the suction pressure 
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of 0.82 bar absolute, Figure 5-a, as the discharge increases in the no-cavitation range 

(200 - 1660 Liter/hour), the vibration level is almost constant at 1.6 m/s2 with a little 

fluctuation. As the discharge increases beyond 1660 Liter/hour, the vibration level 

drops abruptly to a minimum value of 0.645 m/s2, then it increases sharply to 4.7 

m/s2 at 1820 Liter/hour. This Figure also shows two points of minimum vibration 

level. The first point lies in the normal operation range while the second minimum 

occurs during the cavitation condition. Figure 5-b shows both the minimum and 

maximum vibration levels for the five impellers. It is clearly shown that the plastic 

impeller produces the lowest vibration level. Under normal pump operation (suction 

pressure of 0.82 bar absolute). 

 
(a) 

 
(b) 

Fig. 5 Vibration level at 0.  82 bar absolute suction pressure, (a) Variation with 

discharge, (b) Minimum and maximum values for different impeller materials. 
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However, at the other two suction pressures of 0.62 and 0.38 bar absolute, a big 

variation of the vibration level with the impeller material in the no-cavitation 

operation range, see Figure 6-a& 7-a. In the cavitation operation zone, the difference 

between the maximum and the minimum vibration levels increases as can be seen 

from both Figures 6-b& 7-b. As cavitation developed at 0.62 and 0.38 bar absolute, 

the differences in vibration levels between materials became more pronounced, with 

aluminum producing the highest vibration while the plastic material impeller still 

gives the lowest vibration level, as shown in these figures. 

 
(a) 

 
(b) 

Fig. 6 Vibration level at 0.62 bar absolute suction pressure, (a) variation with 

discharge, (b) minimum and maximum values for the five different impeller 

materials. 
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 (a) 

 
 (b) 

Fig.7 Vibration level at 0.38 bar absolute suction pressure, (a) variation with discharge, 

(b) minimum and maximum values for the five different impeller materials. 
 

4.3. Fast Fourier transform (FFT) analysis 
 

The Fast Fourier Transform (FFT) analysis of the generated vibration spectrum from 

the pump in the frequency range 20 - 20000 Hz is clearly presented in (Figures 8–

10) for the five different impeller materials at suction pressures of 0.82, 0.62 and 

0.38 bar-absolute. For each suction pressure, three operating cases are shown to 

represent (a) no-cavitation case, (b) starts of cavitation case and (c) cavitation case. 

FFT analysis (Figures 8–10) revealed a peak vibration amplitude around 3700 Hz, 
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be a good indication of cavitation diagnosis. Plastic impellers consistently showed 

lower peak amplitudes, confirming their vibration-reduction potential. 

  

(a)  no-cavitation (Q = 1450 Liter/hour) 

 

(b) start of cavitation (Q = 1665 Liter/hour) 

   

(c) cavitation (Q = 1820 Liter/hour) 

Fig. 8 Vibration level spectrums for three operating cases: (a), (b) and (c) at the 

suction pressure of 0.82 bar absolute for the five different impeller materials.  
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(a) no-cavitation (Q = 1205 Liter/hour) 

 

(b) start of cavitation (Q = 1390 Liter/hour) 

    

(c) cavitation (Q = 1480 Liter/hour) 

Fig. 9 Vibration level spectrums for three cases: (a), (b) and (c) at the suction 

pressure of 0.62 bar absolute for the five different impeller materials. 
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(a) no-cavitation (Q = 830 Liter/hour) 

 

(b) start of cavitation (Q = 910 Liter/hour) 

 

(c) cavitation (Q = 990 Liter/hour) 

Fig.10 Vibration level spectrums for three cases: (a), (b) and (c) at the suction 

pressure of 0.38 bar absolute for the five different impeller materials. 
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4.4. Root mean square (rms) of vibration amplitude level 

The vibration amplitude calculated used root mean square (rms) where its value is 

used to compare the generated vibration from each impeller. A comparison of the 

root mean square (rms) of vibration between the five impeller materials during the 

three modes of operation (no-cavitation, start of cavitation and cavitation) for 0.82, 

0.62 and 0.38 bar-absolute suction pressures are shown in Figures 11-13. It is clearly 

noticed that the plastic impeller has the lowest rms of vibration level among the other 

brass, cast-iron, stainless-steel, and aluminum impellers. Moreover, the highest rms 

of vibration level is produced by the aluminum impeller material. 

 
Fig. 11 The average vibration level at 0.82 bar absolute suction pressure for three cases: (a) 

no-cavitation (Q = 1450 Liter/hour), (b) start of cavitation (Q = 1665 Liter/hour) and 

(c) cavitation (Q = 1820 Liter/hour) 

 

Fig. 12 The average vibration level at 0.62 bar absolute suction pressure for three 

cases: (a) no-cavitation (Q = 1205 Liter/hour), (b) start of cavitation (Q = 

1390 Liter/hour) and (c) cavitation (Q = 1480 Liter/hour) 

0.0318 0.0319 0.0337 0.0356
0.04310.04 0.0403

0.0479

0.0614
0.0705

0.0563 0.0567 0.0568

0.0682

0.0821

0

0.02

0.04

0.06

0.08

0.1

plastic cast-Iron brass stainless alumium

rm
s 

o
f 

vi
b

ra
ti

o
n

 le
ve

l,
 m

/s
2

no cavitation at Q=1450 Liter/hour start of cavitation at Q=1665 Liter/hour cavitation at Q=1820 Liter/hour

0.0359 0.036 0.0383 0.0391

0.0528

0.0368 0.0378
0.0418 0.042

0.0555
0.0508 0.0531 0.0561

0.0708

0.0924

0

0.02

0.04

0.06

0.08

0.1

plastic cast-Iron brass stainless alumium

rm
s 

o
f 

vi
b

ra
ti

o
n

 le
ve

l,
 m

/s
2

no cavitation at Q=1205 Liter/hour start of cavitation at Q=1390 Liter/hour cavitation at Q=1480 Liter/hour



Elashery et al./ Engineering Research Journal (2025) 184(2) 

MD16 

 

Fig.13 The average vibration level at 0.38 bar absolute suction pressure for three 

cases: (a) no-cavitation (Q = 830 Liter/hour), (b) start of cavitation (Q = 

910 Liter/hour) and (c) cavitation (Q = 990 Liter/hour) 

5. Conclusions and Future Recommendations  

The current study analyzed the vibration behavior of five impeller materials —

plastic, cast iron, brass, stainless steel, and aluminum— of a centrifugal pump under 

normal and cavitation conditions. Both the start and progression of cavitation were 

discussed for these impeller materials at fixed rotational speed of 2850 rpm and 

variable absolute suction pressures (0.08 to 0.92 bar-absolute). From the 

experimental analysis of the vibration emissions and vibration level, the following 

conclusions were drawn: 

1. Plastic impeller generated the lowest vibration level making it ideal for 

applications as compared to the cast-iron, brass, stainless-steel and aluminum 

impellers.  

2. Aluminum impeller produced the highest vibration level as compared to 

plastic, cast-iron, brass, and stainless-steel impellers. 

3. Cavitation increased vibration levels across all impeller materials, with peak 

frequencies around 3700 Hz serving as reliable indicators of cavitation onset. 

4. The average vibration level, computed from Fast Fourier Transform (FFT) 

analysis, increases due to cavitation for all impeller materials. 

Future work will involve using computational fluid dynamics (CFD) models along 

with the vibration model based on different impeller material to further explore and 

understand the relationship between flow dynamics and vibration behavior. 
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Investigating the effects of varying pump rotational speeds and additional materials 

will also enhance the understanding of vibration mitigation strategies in centrifugal 

pumps. 
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