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ABSTRACT

This thesis investigates methods for the detection of incipient cavitation in centrifugal
pumps.The thesis begins by describing the working of the centrifugal pump which
makes this type of pump particularprone to cavitation. The basic mechanisms of

cavitation are described, which explain why this phenomenon is so damaging.

The thesis reports the results of experiments to predict the onset cavitation using a
range of statistical parameters derived frotre wibrationsignal obtained from an
accelerometer on the pump casiige airborne acoustisignal from a microphone
close to the outlet of the punamd thewaterborneacoustic signal from a hydrophone in

the outlet pipe close to the pumfAn assessmerdf the relative merits of the three
methods for the detection of incipient cavitation is given based on a systematic
investigation of a range oftdistical parameters from time aritequencydomain

analysis of the signals.

It is shown thatis the trendsn the features extracted are more than their absolute
values in detecting the onset of cavitation. A number of recommendations are made as
to which features are most useful, and how future work incorporating these suggestions

could give a powerful methddr detecting incipient cavitation.

A major contribution of this research programme is the development of a novel
capacitivemethod for the detection of cavitation. Some basic theory is presented to
show the principles of the device and then the detiis construction and placement

in the test rig built for the purpose. The data for the tests usirgapaeitivesensor are
given and v can say definitely that it has been confirmed as a method of detecting
cavitation in a pipe system, and that itaigromising method for the detection of the

onset of cavitation.
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NOTATIONS

Area of capacitor plates @n
Capacitance of the capacii®)

The total capacitand§)

Crest Factor

Distancebetween capacitor plates (m)

Resonant frequency (Hz)

Random noise
Oscillator (CVCO55BE)
Acceleration due to gravity (9.81M)'s

A
s

Atmospherichead (m)

Safety factomt throat of the pump (m)
Friction head (m)

Static suction head (m)

Velocity headm)

Vapour pressure head (m)

Kurtosis

The median value of treamples

The total number of samples

Pump specific speed

Pressure produced by the pump (R/m
Pressure gauge head attached to the pump

suction(m)

7| ﬁ“ﬁﬁgﬁgfﬂz?ﬁsﬂ

A reference statibead, dependent on the
system (m)

Pump capacity (fifs)

Specific speed

Velocity of the tip of the impeller (m/s)
Flow velocity (m/s)

Cavitation Number

ﬂl—\ilﬂzé’)o

The mean of the samples
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The value of théllll sample
Time domain signal
Density of liquid (water = 100@/m°)

Dielectric constant of vacuunpf/m)

OQEEE

Relative dielectriconstant of the fluid betweer
the plates (pF/m)
» Void fraction

o | Standard deviation of the samples
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Chapter One Introduction and Background

CHAPTER ONE
1. INTRODUCTION AND BACKGROUND

The chapter provides an overview of centrifugal pump types and their applications. It also
gives an insight into the development of the centrifugal pump as a prime mover in modern
industry, and presents the motivation for the research, its aims and wbgeclhe final part

of the chapter outlines the content and structure of the thesis.
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Chaper One Introduction and Background

1.1 Applications of pumps and pump types

Nearly all industrial processes require the transfer of liquids from one place to assther
pumps are a fundamental component in industry (ISO/TC115, Xéekay, 2004; Girdhar,
2005). Pumps are used in many diédrfields, including agriculturemining; heavyduty
construction; electri@l and nuclear power generatiopgetroleum, phrmaceutical and
chemical plantsteel, pulp and paper mills, efthere are too many applications of pumps for
them all to be listethere, but a general idea of the new purgrket can be seen in Figure 1
1.

—

m Water 16% m Chemical 14%
Hydrocarbon Processing 16% M Power Generation 11%
B HVAC 16% Other 9%
Food & Drink 6% Mineral Processing 4%
Metals Manufacture 4% Pulp & Paper 4%

Figure 1-1 Distribution of the new pump market (ISO/TC115, 2004)
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Figure 1-2 Worl d-wide distributions of sales of new pumps (ISO/TC115, 2004)

In 2004 the International Organisation for Standardisation assessed the global market in

pumps at $18 billion, of which, approximately $13 billion was spent on new pumps,
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Chaper One Introduction and Background

including after sales arket service (ISO/TC115, 2004). In Europe more than 000
people were working in the pump industry, so we can estimate that abquitZbtb 300
000 people worldwide are employed in the manufacturing, marketing and afters sal
servicing of pumps. lgure 12 presents the ISO data on the wesldle sales of new pumps.

All pumps transform mechanical energy into hydraulic energy, usually to increase the
pressure in the liquid either to compress it or to move it from one place to another (Sahdev,
1987;Girdhar, 2005).

Centrifugal pumpgenerate pressure by accelerating and then decelerating the fluid through
the pump (Mackay, 2004; Girdhar, 2005). The process is straightforward, and it has the
capacity to create a moderately hgtessure ratio in a short axial distance. Centrifugal
pumps account for about 64% of the new pump markégure 13 shows a hierarchy of
centrifugal pumps classified according to their basic operating principles. In this thesis we are
concerned with centrifugal pumps because they account for such a largeipnopbthe

market.

Positive Displacement pumpscrease pressure by expanding and then compressing a cavity
or moveable boundary within the pump. Positive Displacement (PD) pumps account for 32%
of the new pump market, of which about 11% are recipnogatibout 12%, rotary and about

9% diaphragm.

Other pumpsnclude all other pumping mechanisms which, combined, account for about only
4% of new pumps (ISO/TC115, 2004).

1.2 Development of the centrifugal pump

The first design of the centrifugal impelles attributed to French physicist and inventor
Denis Papin, in 1689. Aentrifugal pumpis a rota-dynamic pump in which a rotating
impeller converts kinetic energy into fluid pressure or the force needed to move th&Hkiid.

first threestage centrifgal pump was constructed by W.H. Johnson in 1846 i