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 The industry is becoming more interested in peripheral pumps because they are 

inexpensive, have low specific speeds, and are small. One of the more serious problems 

that may occur with any pump is cavitation. That has a significant impact on pump 

components, particularly the impeller. This work presents a detailed experimental study on 

prolonging impeller lifespan under cavitation conditions by studying the effect of impeller 

surface finishing and coatings on its lifetime. For this purpose, seven impellers, in addition 

to the original one of the peripheral pump, had prepared and treated. Three impellers with 

three different levels of arithmetic surface roughness (Ra) were produced using a low-cost 

and customizable hand grinding procedure. And four impellers have been coated thermally 

with four different erosion-resistant composite materials. All of the impellers were 

cavitated for 300 minutes at normal and one at high water temperatures. The result showed 

that the mass loss percentages with the smallest (Ra) of 0.35µm, and coated with yellow 

epoxy were 84.86% and 48.50% lower than the original impeller, respectively. Thus, 

improving the quality of impeller surface finishing, and thermal coatings are excellent 

method for increasing the impeller's cavitation erosion resistance and thereby extending its 

lifetime. 
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1. INTRODUCTION 

 

The peripheral or regenerative pump is a kind of dynamic 

centrifugal pump. The core uses of peripheral pumps have 

been in the domains of liquid pumping and, in particular, water 

supply [1]. But significant modifications have occurred and 

applications have diversified, where its suction and discharge 

regions are separated by a stripper on the casing. This type of 

pump is now used for a variety of tasks. They are gaining 

popularity in the industry due to their inexpensive cost, low 

specific speed, compact size, and ability to deliver high heads 

[2]. However, during service, they sometimes failed due to 

operationally induced problems, which led to a shortcut in the 

continued operation. Therefore, controlling the state of the 

pumps is vital to avoid unexpected stoppages, which may lead 

to the failure of the entire system [3], and one of these 

problems is cavitation.  

Cavitation has a major influence on pump efficiency in 

centrifugal pumps (CP)s. It reduces pump efficiency, causing 

a fluctuation in flow rate and discharge pressure [4]. It may 

also be harmful to the other internal parts of the pumps. 

Cavitation is caused by two factors. First, high-velocity 

internal circulation (from high-pressure zone to low-pressure 

zone) is forced through the clearance between the impeller and 

the pump casing, resulting in the formation of a low-pressure 

region in which cavitation can occur. Second, the liquid 

circulates within the casing of the pump, rapidly heating up. 

This type is called discharge cavitation [1]. Cavitation has 

similar effects in both situations. The collapse of bubbles that 

generates from cavitation occurrence causing a powerful 

shockwave, making impeller tips and pump casing to wear 

prematurely. Discharge cavitation can cause the impeller shaft 

to break in extreme cases.  

The main symptoms of occurring cavitation are; blocking 

[5], noise and vibration [6], acoustic emission [7], degradation, 

reduction in performance, and bubble formation [8], and 

finally erosion damage and instability [9]. However, the 

different symptoms of cavitation were studied and noticed by 

researchers, but the vast studies focused on noise and vibration 

as the dominant visualized symptoms.  

Several methodologies and approaches were used to 

examine and investigate the prediction, formation, occurrence, 

and prevention of cavitation in CPs. Experimental, analytical, 

and numerical studies were conducted to discover the different 

aspects of cavitation in pumps. The superiority of the studies 

was applied experimentally over those who applied analytical 

or numerical methods. The review of available literature 

showed that the analytical approaches were applied in the 

earlier stages of the present field. While technologies, devices, 

mathematical programs, and abilities have advanced, 

experimental and numerical [10] methods (e.g., computational 

flow analysis (CFA) and computational fluid dynamics 

(CFD)) have been used in recent studies. 

In the experimental approaches, different aspects are 

studied to ensure that the CP will operate optimally under a 

range of operating conditions like different fluid types and 

properties [11], nanofluids [12], and viscoelastic fluid [13], 

pump rotational speed [14], design optimization by studying 
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the impact of blade geometry [15], blade angle, and its 

numbers [16]. 

Other factors that were extensively studied by the 

researchers to detect their influence on cavitation were, piping 

upstream of the pump suction flange [7], closed loop piping 

system [1], flow condition [17], and Net Positive Suction Head 

(NPSH) [18], the motion of ultrasonic cavitation bubble [19] 

The review of related studies provided that the effect of 

impeller surface roughness on impeller lifetime under 

cavitation and different operating conditions in peripheral 

pumps needed to be studied further, and coating the impeller 

surface with different cavitation erosion resistance materials 

before exposing cavitation had not been studied in previous 

works. The main objectives of this work to cover these gaps, 

therefore; significant portion of this study devoted to 

investigate these factors effect on extending peripheral pump 

impeller’s lifespan through measuring the mass losses rate of 

the prepared and tested impellers under cavitation conditions 

as an indicator for impeller operational lifetime. The finding 

of this project would contribute not only to enhance of lifetime 

of impeller but also can make the water pumping systems more 

efficient, by saving the cost of replacing of impeller and 

lowering the maintenance cost and frequent shutdown of the 

pump in general. 

This paper is organized into four sections: Section 2 

explains the experimental setup utilized in this study, and 

presents the mathematical models and equations used, 

followed by section 3 which disusing the results and the final 

section is about conclusions and recommendations for future 

work. 

 

 

2. EXPERIMENTAL SETUP 

 

A peripheral pump AP220, a 3-phase motor, 2.2 kW, 4.6 

Ampere, (380 to 415) Volts, with a capacity range of (0.3-5.5) 

m3/h, 2900 rpm, 25.4 mm inlet and outlet diameters 

respectively, and a maximum head of 100 m, with a brass 

impeller of 36 blades was utilized in this study, which is 

widely available in the market. An AC-Drive system is used 

for controlling and changing the rotational speed of pump 

motor. The built-up re-circulatory flow loop system consists 

of a pump, plastic water tank, PVC pipes, connectors, and 

fitting components. The working process of this built-up 

recirculation flow loop system is to provide water from the 

tank to the system and recirculated to the tank again, in order 

to allows better control over the water temperature and 

keeping the same level of water in the tank. In the meantime, 

the pump rotational speed is set at 2900 rpm, and the flow rate, 

suction and delivery pressure, and impeller weight will be 

measured before and after each test and each operation time 

interval while the pump is operating under cavitation 

conditions. To measure the water flow a turbine flow meter 

was connected to the pump delivery side, and two pressure 

transducers were used to measure pump inlet and outlet 

pressure. Temperature, voltage, and electrical current are 

among the other physical factors detected, monitored, and 

measured by various sensors and devices. These measurement 

sensors and devices helped to directly controlling the variables 

through holding them constant throughout the study (e.g., the 

rotational speed of the pump controlled by using AC drive 

system, the water temperature, and tank water level controlled 

by thermometers and using re-circulatory flow loop system, 

and by-pass line used for controlling the opening degree of the 

valve). Figure 1 shows the schematic diagram of the pump’s 

flow loop system. The measurement range and accuracy of 

various sensors used are given in Table 1.  

 

 
 

Figure 1. Schematic diagram of experimental setup 

 

Table 1. Measuring devices range and accuracy 

 
Measuring device Range Accuracy 

Thermometer 0…60℃ 0.5℃ 

Clamp meter 

AC/DC current up to 400 A 2% ± 5 digits 

AC/DC voltage up to 600 V 
1.5% ±5 

digits 

Weighing balance (0.0001-220) g 0.0001 g 

Pressure 

transducers 

(-100…300) kPa (suction 

side) 

(-100…3000) kPa (Delivery 

side) 

0.1 kPa 

Flowmeter (0 – 120) L/min ±1% 

 

To satisfy the main objective of this study, and investigating 

the effect of impeller surface roughness and surface coating on 

its performance, and lifetime under cavitation conditions, 

seven impellers, in addition to the original impeller, have been 

treated and prepared. Generally, the impellers used in this 

experiment had a diameter of 80 mm with a blade thickness of 

7 mm, with 36 blades, an outer impeller shaft diameter of 14 

mm, and both the pump case inlet and outlet diameter of 

25.4mm. The specifications of the eight impellers, including 

the original impeller, are presented in Table 1. The surface 

roughness of the radial flow pump impeller is the most 

important factor in determining the amount of hydraulic flow 

and friction losses [20]. As shown in the table three impellers 

with three different levels of arithmetic surface roughness (Ra) 

of 0.35µm, 1.38µm, and 3µm, in addition to the original one 

with an arithmetic surface roughness (Ra) of 3µm were 

produced using a low-cost and customizable hand grinding 

procedure. The surface roughness of the impellers was 

measured by using a Surface Roughness Measurement Tester. 

An additional four impellers have been prepared with four 

different surface erosion resistance coating composite 

materials (TiO2Al2O3, Yellow Epoxy, Transparent Epoxy, and 

NiAl) by using thermal spray coating. The seven modified 

impellers were installed on the peripheral pump with the 

original one and were operated under cavitation conditions for 

300 minutes in normal water temperature between (15.5-

17.5)℃, with only sample number 2 (as listed in Table 2) 

tested at a high-water temperature of 50℃. The weight of the 

impellers was measured at different time intervals by using the 

Sartorius sensitive weight scale to indicate the cavitation 
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erosion mass losses. The cavitation erosion is influenced by 

the sort of cavitation that forms on the impeller blades as well 

as the difference between the NPSH required and the NPSH 

available [21]. 

 

Table 2. The specification of the original and modified 

impellers 

 

# Impeller photo 
Original 

weight (g) 

Ra 

(µm) 

Coated 

composite 

material 

1 

 

178.9666 3 Original 

2 

 

178.087 3 -- 

3 

 

177.5813 1.38 -- 

4 

 

178.8619 0.35 -- 

5 

 

193.2038 -- TiO2Al2O3 

6 

 

178.3043 -- Yellow-Epoxy 

7 

 

181.4041 -- 
Transparent-

Epoxy 

8 

 

177.7631 -- NiAl 

 

The following formulas were used to compute the pump’s 

performance parameters, such as flow rate, pump head, Net 

Positive Suction Head available (NPSHa), hydraulic 

efficiency, and motor power. The flow rate is given as [21]: 

 

𝑄 = ∀/𝑡 (1) 

 

Or 
 

𝑄 = 𝑉 × 𝐴 (2) 

 

The pump head is computed using the energy equation as 

follows [12]. 

 

𝐻𝑝 = (
𝑃2

𝜌𝑔
+ 𝑍2 +

𝑣2
2

2 𝑔
) − (

𝑃1

𝜌𝑔
+ 𝑍1 +

𝑣1
2

2 𝑔
) − 𝐻𝐿 (3) 

 

and HL is the total head loss, which is given as [1]: 

 

𝐻𝐿 =  𝐻𝑓 + ∑𝐻𝐿𝑀 (4) 

 

where, Hf is friction head loss though the length of the piping 

system, and ∑𝐻𝐿𝑀 represent the total of minor losses in valves 

and fittings. Friction head loss Hf could be found from the 

Darcy-Weisbeck equation given as [1]: 
 

𝐻𝑓 = 𝑓 (
𝐿

𝐷
) (

𝑣2

2𝑔
) (5) 

 

The Net Positive Suction Head available (NPSHa) is 

calculated using the following [1]: 

 

𝑁𝑃𝑆𝐻𝑎 =
𝑃1 − 𝑃vap 

𝜌𝑔
+

𝑣1
2

2𝑔
 (6) 

 

The pump efficiency calculated as follows [22]: 

 

𝜂𝑝 =
𝜌𝑔𝑄𝐻

𝑏ℎ𝑝
 (7) 

 

where, bhp is the motor break horse power, which found by 

[22]; 

 

𝑏ℎ𝑝 = √3 × 𝑉 × 𝐼 × 𝑃𝐹 (8) 

 

(Ra) is calculated as the Roughness Average of a surfaces 

measured microscopic peaks and valleys, expressed in micro 

meters. The general mathematical expression for arithmetic 

surface roughness (Ra) is: 

 

𝑅𝑎 = (𝑀1 + 𝑀2 + 𝑀3 + ⋯ ⋅ 𝑀𝑛) ∕ 𝑛 (9) 

 

where, M is the surface roughness measured value and 1, 2, 

3, ... n are the number of measured values. 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Surface roughness (Ra) effect on the impeller lifetime 

prediction 

 

Statistical measures, such as arithmetic surface roughness 

(Ra), are commonly used to assess surface roughness. The 

control of erosion and material removal is known to be 

influenced by surface roughness [20]. For optimizing the 

impeller lifetime, three impellers with different surface 

roughness (Ra) (0.35, 1.38, and 3) µm and the original one 

with (3µm), were operated under cavitation conditions for 

(300) minutes at a pump rated speed of 2900 rpm. The 

cavitation test was stopped at various points, and the impellers 

were weighed with a sensitive balance. The original impeller 

with the other two impellers with Ra of (0.35 and 1.38) µm 

were operated under cavitation conditions at a normal water 

temperature of (15.5-17.5)℃, while the fourth impeller with 

Ra of 3µm, which has the same Ra of original impeller, was 

operated under the same cavitation condition but with a water 

temperature of 50℃. The result of accumulated mass loss of 

the four impellers as a function of cavitation time is presented 

in Figure 2. This figure reports that at normal water 

temperature, after 300 minutes operating under cavitation 

condition, the original impeller with Ra of 3µm has the 

greatest mass loss of 304.6 mg, and the impeller with smallest 

Ra of 0.35µm has the lowest mass loss of 46.1 mg, which is 

84.86% less than the original one, followed by the impeller 

with Ra of 1.38µm by mass loss of 62.1 mg which is 79.6% 

less. This means that cavitation erosion can be decreased by 

1260

file:///D:/Cavitation%20projects/Cavitation%20Thesis/Article/Sent%20to%20publication/Final%20Version%20after%20modification-single%20column.docx%23Wilson2006


 

improving impeller surface quality, thus extending the 

impeller lifetime with better performance. In other words, 

cavitation erosion increases by increasing surface roughness. 

Because surface roughness creates stress inhomogeneities, 

which promote cavitation, this result was also observed by 

other researchers [23].  

Also, the figure presented that, the temperature of the 

working fluid has a direct effect on the impeller mass loss, 

where the impeller with the Ra of 3µm (same as the original 

one) under water flow temperature of 50℃ has the highest 

mass loss of 448.8 mg compared to the mass loss of the 

original impeller with the same Ra but under normal water 

temperature of (15.5-17.5)℃, which is 304.6 mg. This is due 

to the fact that the cavitation erosion increased by raising the 

fluid temperature because of the formation of more bubbles 

and their collapse [24, 25].  

 

 
 

Figure 2. Mass loss for different surface roughness as a 

function of cavitation time 

 

Table 3. Surface polished impellers photo before and after 

cavitation 

 
Impeller (Ra) Before After 

3µm 

 
 

   

3µm @50℃ 

 
 

   

1.38µm 

 
 

0.35µm 

 

 

 

Moreover, it can be noticed from the figure that all of the 

impellers had an incubation stage followed by an accelerated 

erosion stage. The watershed between the incubation stage and 

the accelerated erosion stage can be determined depending on 

factors including surface roughness and grain size, and this 

conclusion was also found by others researchers [26, 27]. The 

original impeller, with a high Ra of (3µm) at normal and high-

water temperature, was subjected to corrosion and then surface 

erosion. This because, when an oxidized film scale forms on 

the impeller surface, it acts as a corrosion barrier [25, 28, 29]. 

Also, water is one of the worst performers in terms of impeller 

damage under cavitation conditions, for two main reasons: 

relatively high density, and phase change behavior. Table 3 

shows the effect of cavitation erosion on impellers. In 

conclusion the impeller lifetime under cavitation can be 

improved by improving the impeller surface roughness, better 

finishing surface, longer impeller operation time. 

 

3.2 Surface coating effect on the impeller lifetime 

prediction 

 

Four impellers with four different erosion resistance 

composite materials (TiO2Al2O3, NiAl, Transparent epoxy, 

and yellow epoxy) were coated and prepared by the method of 

thermal spray coatings in order to test their resistance to 

cavitation erosion in this study, and compare the result with 

the uncoated original impeller. The test was carried out to see 

if coatings were a viable alternative for extending the life of 

pump impellers. Each impeller was run for 300 minutes at a 

rated pump speed of 2900 rpm in normal water temperature 

under cavitation conditions. Figure 3 shows that TiO2Al2O3 

coated impeller has the highest mass loss value of 697.1 mg, 

then followed by (259.5, 240, and 156.8) mg for NiAl, 

transparent epoxy, and yellow epoxy, respectively. 

Considering these results with the original impeller result, we 

figured out that only the TiO2Al2O3 coated impeller has a mass 

loss value greater than the original uncoated impeller. 

Otherwise, all of the others have lower values. The mass loss 

percentages for NiAl, Yellow Epoxy, and Transparent Epoxy 

as compared to the original impeller are lower by 14.77%, 

48.50%, and 21.20%, respectively. These results show that 

thermally sprayed coatings are an effective technique to 

improve the cavitation erosion resistance of components, and 

extending pump impeller lifespan under cavitation condition. 

Because no substantial changes to the microstructure of 

substrates and excessive deformation are promoted during the 

deposition process [30]. The cavitation erosion resistance of 

TiO2Al2O3 was lower than that of an uncoated original 

impeller because the nature of the procedure and the 

processing parameters influence the quality of the coatings 

produced by thermal spray techniques. Table 4 presents the 

photos of coated impellers before and after submitting to 

cavitation. 

 

 
 

Figure 3. Mass loss for different surface coating as a 

function of cavitation time 
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Table 4. The surface coated impellers photo before and after 

cavitation 

 
Impeller 

coated 
Before After 

TiO2Al2O3 

 

 

   

NiAl 

 

 

Transparent 

Epoxy 

 
 

   

Yellow 

Epoxy 

 

 

 

 
(a) Flowrate versus cavitation time 

 
(b) Pressure change versus cavitation time 

 

Figure 4. Performance reduction of the pump with the eight 

impellers during submitting to cavitation 

 

3.3 Pump performance analysis before, after, and during 

cavitation 

 

Cavitation is a phenomenon that can arise in any pump and 

significantly decline the pump's performance [29]. For 

studying the impact of cavitation on pump performance, after 

monitoring and gathering extensive data on the pump's 

performance experimentally, a comparison between the pump 

performance curve and pump efficiency curve for the eight 

impellers, including the original one, was made before the 

pump impeller was exposed to cavitation, after exposing to 

cavitation and during cavitation for 300 minutes at high 

rotational speed of 2900 rpm. In Figure 4(a), it is clear that the 

flowrate of the pump decreased when the pump with eight 

impellers is subjected to cavitation, this due to the bubbles 

formed during the cavitation [31]. Also Figure 4(b) shows 

change in pressure between suction and delivery sides will 

generally decrease when the pump with eight impellers is 

exposed to cavitation except for the yellow epoxy coated 

impellers, which results in a drop in pump performance. Figure 

5 presents the pump head versus flowrate (H-Q) and efficiency 

curves for the eight impellers before and after submitting to 

cavitation. It can be seen from this figure that the head and 

efficiency curves of the pump for all the impellers after being 

exposed to cavitation conditions are degraded except for the 

yellow epoxy surface coated impeller. This is because the 

pump was operated with low net positive suction head 

available, and caused cavitation occurrence especially when 

the pumping liquid is water. The collapsing cavitation bubbles 

damaged the impeller surface, and the hollow areas partially 

clogged the impeller passageways. As a result, reduced pump 

performance. The performance of the yellow epoxy surface 

coating has been improved because of a decrease in surface 

roughness after exposure to cavitation conditions. 

 

 
(a) Head versus flowrate curve for impellers with varying 

surface roughness 

 
(b) Efficiency curve for impellers with varying surface 

roughness 

 
(c) Head versus flowrate curve for impellers with varying 

surface coatings 
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(d) Efficiency curve for impellers with varying surface

coatings 

Figure 5. Performance curves for the eight impellers before 

and after submitting to cavitation 

4. CONCLUSIONS

A comprehensive experimental investigation was carried 

out regarding prolonging the impeller lifetime and hence 

improving peripheral pump performance by enhancing the 

quality of the impeller surface under cavitation conditions. 

Also, to provide and enhance the current understanding of the 

influence of cavitation on the performance of the pump. The 

following are the significant conclusions from each aspect of 

the current study: 

(1) At normal water temperature the impeller with

smallest value of Ra (0.35µm) has better cavitation erosion 

resistance, thus longer impeller lifetime, and in all of the 

impellers an incubation stage was followed by an accelerated 

erosion stage. Impellers with higher surface roughness (Ra=3 

and 1.38µm) had a longer corrosion incubation stage in normal 

water temperature than impellers with a low surface finish (Ra 

= 0.35µm). Also, the quantity of mass loss increased for the 

same surface finish as the water temperature rose due to the 

production of additional bubbles and their collapse. 

(2) For coating process tests under cavitation conditions,

it was discovered that only the TiO2Al2O3 coated impeller has 

a mass loss value greater than the original impeller; otherwise, 

all of the others have lower values. This is because the quality 

of the coatings generated by thermal spray techniques is 

influenced by the nature of the operation and the processing 

conditions. These findings suggest that thermally sprayed 

coatings are an excellent method for increasing the impeller's 

cavitation erosion resistance and thereby extending its lifespan. 

(3) The performance of the pump with the seven different

surfaces finished and coated impellers after submitting to 

cavitation had decreased, except for the yellow epoxy surface 

coated impeller. The performance of the yellow epoxy surface 

coated has been improved because of a decrease in surface 

roughness after exposure to cavitation conditions. 

(4) The restrictions and directions for future research as

an expansion of the current research: other different erosion 

resistance materials with different surface coating techniques, 

different impeller types, geometries, and changing the angle of 

the impeller can be investigated. Also, different fluids and by 

adding various nanoparticles to the water at different water 

temperatures can be used. 
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NOMENCLATURE 

 

A pipe cross sectional area, m2 

bhp break horse power  

CFA computational flow analysis 

CFD computational fluid dynamics 

Hp pump head, m 

CP centrifugal pump 

g gravitational acceleration, m.s-2 

I current, amp 

L litter 

min minute 

M measured value 

n number of measured values 

NPSH net positive suction head, m 

Q water flow rate, m3.s-1 

Ra arithmetic surface roughness, µm 

t time, s 

v fluid velocity, m.s-1 

V voltage, V 

P pressure, kg. m-1. s-2 

PF power factor 

Z elevation, m 

 

Greek symbols 

 

∀ volume of fluid passed, m3 

𝜌 density, kg.m-3 

η efficiency, dimensionless 

 

Subscripts 

 

1 suction side of the pump 

2 delivery side of the pump 

a available 

f Darcy friction factor 

L loss 

vap vapor  

LM minor losses 

p pump 
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