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ABSTRACT

Cavitation is a common phenomenon in pump systems, negatively influencing their operating parameters and
components such as impellers and, thus, causing considerable financial losses. This paper explains the problem
of cavitation and cavitation erosion. The causes of cavitation in pump systems are analyzed. A selection of
centrifugal pump impellers damaged by cavitation erosion are presented and examined. The authors also discuss
ways of preventing cavitation and cavitation erosion in pump systems. Finally, relevant conclusions are drawn.
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ZUZYCIE KAWITACYJNE WIRNIKOW POMP

STRESZCZENIE

Kawitacja w uktadach pompowych jest zjawiskiem powszechnym, oddziatywujacym negatywnie na parametry
pracy oraz podzespoty pomp np. wirniki, przyczyniajgc sie do duzych strat finansowych. W pracy wyjasniono
pojecie kawitacji i erozji kawitacyjnej. Przedstawiono przyczyny wystepowania kawitacji w uktadach pompowych.
Scharakteryzowano przyktady uszkodzonych w wyniku dziatania erozji kawitacyjnej wirnikéw pomp wirowych.
Omodwiono sposoby zapobiegania kawitacji i erozji kawitacyjnej w uktadach pompowych, oraz sformutowano
adekwatne wnioski.

SEtOWA KLUCZOWE: pompa, wirnik, kawitacja, erozja kawitacyjna, zuzycie

1. Introduction

Cavitation often occurs in machines and flow equipment such as pumps, water turbines, gate
valves, nozzles, measuring constrictions and wherever there is liquid flow. The understanding of
cavitation enables implementation of effective measures to prevent this phenomenon and counteract
the effects of cavitation erosion, thereby contributing to the development of centrifugal pumps, water
turbines and marine propellers [1]—[3].

Cavitation exerts a negative effect on performance of hydraulic machines and can lead to their
faster wear or failure. Along with erosion and corrosion, it is one of the main factors causing wear in
pump system components such as impellers [4], [5]. The occurrence of cavitation in pump systems
leads to high speed fluid flow, low pressure throughout the flow system, rapid changes in value and
direction of fluid flow, flow detachment of the boundary layer, as well as other flow disturbances [6].

The purpose of this study is to describe the wear of pump impellers operated under cavitation
conditions and to offer a solution for reducing cavitation erosion in machine parts.

40


mailto:m.szala@pollub.pl
mailto:d.lukasik@pollub.pl

Journal of Technology and Exploitation in Mechanical Engineering Vol. 2,no. 1, 2016

2. Cavitation and cavitation erosion

Cavitation occurs in the area of a flowing liquid due to a local reduction of pressure below critical
value, close to evaporation pressure of a liquid at a given temperature, leading to the formation of
bubbles of steam (gas) in the lowest pressure and their rapid disappearance (implosion) in the area
of a higher pressure [1], [2], [7]-[11]. Cavitation erosion is mechanical destruction of material due to
implosion of cavitation bubbles in the vicinity of or directly on the wall, leading to material loss.
Cavitation damage is a somewhat broader concept which relates to both cavitation erosion and other
damage such as deformation of material, changes in surface layer stresses, structural changes, fatigue,
microcracks etc. [1], [10]. Cavitation erosion is affected by many parameters describing physical and
chemical properties of liquid and damaged material as well as cavitation intensity. Cavitation erosion
relates to two phenomena: the emission of a shock wave due to bubble implosion and cumulative
microjet formation directed towards the damaged solid wall. Cavitation erosion is a fatigue process
[1], [8], [10], [12].

3. Cavitation wear of pump impellers

Cavitation caused by the method for transferring liquid from suction to discharge occurs in both
displacement pumps and centrifugal pumps [6]. Impeller blades, the steering wheel and the inner
surfaces of walls restricting liquid flow inside the pump may be damaged by corrosion, erosion and
cavitation. These three types of damage can be easily distinguished from one another based on
observation of the affected areas and their location in the pump’s flow channels. Damage caused by
cavitation (Fig. 1) occurs not only on the blades, but also on the side walls of the rotor (a). The lowest
pressure areas are located on the rear wall of the blade near the edge of the inlet (b). If cavitation is
intense, the ends of the blades at the outlet, the steering wheel paddle, the thong in the spiral and the
stator blades can be damaged, too, consequently disturbing the flow of a liquid before its entering the
impeller [2], [6].

Fig. 1. Damage due to cavitation in the impeller of a centrifugal pump [2], [6]

In pumps, the damage of impellers and flow duct is primarily caused by three factors [13]-[15]:

- erosion (mainly caused by flowing liquid particles),

- corrosion (due to physicochemical properties of the material and liquid being transported),

- cavitation erosion.

The impact of erosion, corrosion and cavitation on pump impellers can be synergetic. In operating
conditions one of the above phenomena may dominate. Different stages of damage of centrifugal
pumps subjected to cavitation wear are shown in Figs. 2-4. The cavitation-worn areas of the impellers
correspond to the cavitation damage shown in Fig. 1. The cavitation-worn areas are characterized by
the presence of a rough surface as well as pitting and considerable material losses.
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Fig. 2. Centrifugal impeller with a single curvature of the blades.
Cavitation damage: rear wall of the blade near the edge of the inlet, cast iron [3]

Ty

Fig. 3. Cavitation damage of the rotor disk located near the intake edge of the blades.
The magnified area shows a typical, rough surface area of cavitation erosion [16]

Fig. 4. Centrifugal impeller with a single curvature of the blades.
Cavitation wear of the inlet edges of the impeller blades, silicon bronze [17]
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4, Methods for preventing cavitation wear of pump system components

Many researchers propose methods for preventing cavitation of hydraulic systems, including the
application of design modifications, different installation and movement solutions, selection of
material grade or the application of coating [3]—[7], [13]-[16], [18].

The design solutions are mainly based on applying a specified geometry of the turbine, i.e., the
use of rotors with an increased width of the outlet, avoiding sharp bends in front of the impeller, the
use of small angles of the inlet blades, the use of rotors with a smooth curvature of the front disc.
Equally important is the selection of an appropriate amount of impeller blades; speed pumps require
the highest number of blades, whereas in other cases, their number is reduced at the expense of
applying a symmetrical variations in blade lengths.

Another method for optimization of pump system components exposed to cavitation wear is to
use a different installation and movement solution through operation under nominal conditions
corresponding to the highest efficiency. The aim of this process is to ensure the pump installation, so
that suction height is as low as possible.

Higher cavitation resistance of machines and flow devices can be achieved by the use of materials
resistant to cavitation erosion such as alloys or coatings [3], [4], [19]—-[21]. Magnesium- and aluminium-
based alloys have a low cavitation erosion resistance [10], [21]-[23]. Due to its excellent casting
properties and relatively low cost, cast iron is the most widely used material in the production of
impellers. Most exposed to cavitation, impellers are made of cast stainless steel, bronze, aluminum
and nickel-based alloys, despite the high price of these materials [4], [14]. Higher cavitation resistance
can be achieved by the use of adequate technologies for producing and shaping rotor properties.
Increased cavitation erosion resistance can also be ensured by means of hardening by rolling, forging,
grinding, etc., as well as by the use of surface treatment such as nitriding, carburizing, hardening or
the manufacture of rotors in the form of a set of stamped parts [6]. In order to prolong the life of
a rotor, polymer, metal or composite surface coating can be used. The use of coatings also increases
the resistance of the rotor and pump components not only to cavitation but also corrosion and erosion
wear [20], [24]-[26]. Regeneration by the use of metal or composite coating should be applied after
an analysis of costs and expected quality and durability [5].

5. Conclusions

The destruction of flow elements and flow ducts in pumps is predominantly caused by erosion,
corrosion and cavitation. Cavitation has a negative effect on the performance of pumps; it disturbs
their operation and shortens their life. Cavitation is undesirable in pumping systems, and technology
seeks to eliminate or reduce its negative effects.

Cavitation wear widely occurs in impeller blades, discs and casings. Cavitation resistance is
a unique feature of material. The cavitation wear of impellers can be prevented by observing the
recommended parameters of pump operation. It can also be prevented by the use of materials
exhibiting high cavitation resistance or the application of polymer, metallic and composite coatings.
Such coatings prevent cavitation as well as other types of wear.
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