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ABSTRACT

The aim of this work (s 1o present experimenial results concerning erosion
in centrifugal pumps due to cavitation. in addiuon, cavitation nduced vibration
is also studied. The test locp is equipped with a centrifugal pump having five
blades aiuminium impeller. The resulis show that the cumulative weight loss-time
curve contirms the conventional’S" shape, and the weight loss rate Increases
rapudly with impeller speed. It is found that increasing cavitation intensity s
assoclated with increasing vibration level. The data obtained show thai it mignt
ue possible to correlate the weight loss cate as a tunCtion of the rominal wcu-
bation period.

INTRODUCTION

Erosin is one of the major concequences of cavitation. Cavitation erosive
wear is generally encountered in the operation of [luid flow devices iuch as pum-
ping machinery, water turbines and hydraulic structures. A vast amount of litc-
ratire has been oublished dealing with cavitation erosion phenomenon. A review
of the fluid induced erosion phenomenon is presented by Hammiti(l]. Most af the
existing research work has been carried out using laboratory cavitation rfest cev-
ices such as vibratory horn, €1Ci.

The experimental results from hydraulic machinery prototype cavilation expef-
yments are rare(2). At the present time, the major problem is the relative inab-
ity 1w predict the eroslon rate in fluid machinery {rom available laboratory

tests or theoretical models/il One of the major difficultics of the prediction of
erosion rate f{rom available lcboratory results is the corrosion. The damage n
the test devices is the result of the combined effect of erosion and cocrosion,
the laboratory test devices will emphasize the mechanical erosion.

Generally, it is now supposed that cavitation ercsive wear is a result of quid
impingement. A liquid microjer (s generated from bubbles collapse. Since the ero-
sion 15 ¢onnected to the jet impingement, the density and frequency ol the limoine-
gement are the most imporiant variables. This leads 1o the consideration of vior-
ation and noise emission in the study of cavitatlon erosion phenormencn. The expe-
rimental results presented in relerences[3,4) show that a correlation existes between
nolse intensity and erosive wear.

There are some parameters may be considered in the evaluation of wear such
4s ume, size scale effect, and suppression pressure NPSH. The cxperimental resu-
lts and fleld meesurements show that increasing NPSH reduces cavitation damage
[1). A survey of cavitation effects in hydraulic turbnes shows that the size scale
exponent nés not er to be a reliable predicaror af increasing ercsion rate
with increasing size[3). The time scale effect is strongly connected to the erosion
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The objective of this investigation s to present exporinial 15 CODCErMInE
the vibration level, cavitation lactor, running speed and efosion rate o view of
podsilile correlation beiween these [Bciors.

EXPERIMENTAL SET'UP AND TEST PROCEDURE

A fest rig has been designed ang consbructed 1o InvesTigats the cavitation
phefomencn in centrilugal pumps. The test rig 8 shown schemattically i (g,
The igog I3 eouipped with a centrifugal purmp having five hiades impeller. The impe-
ler is made from &luminium. The pump s driven a1 dilferent speeds by two mdtors
through & svsiem ol pilleys. Suctlon gnd dischirge pipes are made from  glads.
The cavitating llow condition s reached with décresding NPSH By the two following
e phaods:

I= closing ol the suction viha.

2 the imowiler yelooity.
Vitraton anaivus wai portformed in threr selorred point sach in three directiom.
Pond | and 7 are on the bearing of the % 1potd moior and poind 1 b om the
pumg Chsing: Yibrateon snalyrer B oused. If s connecisd 19 40 ScTeleTOMETEr LERIOF
af the bype plioslesiric. vibfation analyzer Had a bullt-m wnable {dves with

RESULTS AND DISCUSSIONS

Thoma cavitation factor (6 )kdoes not incluow the impelier weeed. Nhercfore, in
ratio 1o the suction specitic speed (alfa) will be conudersd as ane ol the domnating
parameters.

A= Cavitation erosion
|- Time scale elfect

In order 1@ Mudy the time ellect several runs wers corrred out for three diiferent

Thoma [actor. The parameters as rumhing speed and temperature wers kept cone
stant, Fig 1 llustrates the cumulative i loas (CWLlagainst the operating time

tor three different . It Is clesr that the CWL decreases with incressing Toma cavita~

tion lacror. The CWL wversus time relaton confirms the ronventional'S'shapa of

the curve as presented in iraoae ) 2L to Fig.3, the welght loss rate

(WLRhnCresses with dme wpioc & marimum snd decreases again for a speci-

fied . Since the relation between WLR and tme iv ol cyclic nawre, thus cembined

exponential and :ne curve function may exihibii the charactaristics of the relation.

The reiation may be written in the following lorm 1

WLR = B. € ' - (WLR)_ . un (% - 11':"!’
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wiere Fﬁandﬁm& constants determined experimentably, the above correlation
indlcares that the erosion is & result of fatigue type faiure.

2. Suppresslen Head “NPSHYE{fect

Fig.d 'shows the eflect of impeller speed and NPSH on the WLR [or the [rst six
howrs ‘ol operation. Generally, the WLE decreases as MPSH decreased, which s
acceptable as presented in [1} - On the other hand the WLRE. incresses sharply as
the impeller zpeed increases. The relation between the WLR and impeller speed
at constent NPSH is an exponential relation ol the [srm

_ 'ﬂ‘LR‘ﬂapudJ"
According to the obiained results (Fig,U) the exponent® equals |.8.approxumately.
I fact the exponential relation between the WLE and speed is soceptable ss pres-
ented in [1,3]
B- Cavitarion induced vibration

The wvibration level was rmessured at pormal and cavitating conditions. Analysis
of vibratlon was performed in the frequency rang &0o0-6000D0 Com. According
to Fig: § it can be deduced that the amplitude gnd velocity of the vibration mcrease
‘as MPSH ‘decreased. The mezsurement indecate that the amplitede, velooy and
acceleration of cavitation vibration decured at blade running freguencylB.R.F
and its multiplications.
Fig. & presents the relation between the flow discharge Qb and vibration measured
In terms of spike enérgy. The cavitatkon inception points are shown on Fig.s by
the dotted Line, The cavitation inceptwn is manifesied by the appearance ol the
bubbles in the discharge line goccompanied with approsimately 8% reduction in
the manomertric head. The advanage of using spike enefgy term imstead of relocity
term 5 thats the spike energy detects the pulse amplitude, rate ol occurance
af the pulses and the amplitude of the high frequency broad band vibratory energy
ausociated with bubbles collapse(7] In tact, the splke ensrgy mezsures the ulira-
sanic | microsecond range. pulses. ceused by microjet impengement dug o bubble
collapse( 7).Fig.6 | illustrates thar ingreasing cavitation |mtensity |8 associsted with
increasing vibration lavel

C- WLE and Nominal lncubation Period

Fig.? shows the relatlon between Thoma cavitation factor and the masimum
weight Igas rate period{MWLRPL On the same figure the variation ol nomns
incupdtion  parindiNIP} is also presented.t is clear thar MIF and MWLRFP increzse
with incregsing Thema cavitation factor which is physically acceptable.
The refation between the MWLRP and irs corresponding maximum weight loss
rate |8 shown on Fip.d for ¢onstont smpeller speed and constant temperature. TH
fgure Indicates that as the maximum weight lass rate perled lhcresses the lower
15 the wear raie, The same end was obeained by Sclimig)l From figuess 7 and
8 ihe WLR may ke predicted knowing either the NIP or MWLRP.

COMCLLUSIOMS
Based on theobrained resulrs and discusion the following conclusions are drawn:

The experiment conferms the"S shape of the cumclative weight loss Curve,

this cycle may be repeatable with different amplitude,

2. Increasing the net positive suction head reduces the rate of caviravon erosion.

3. For lxed net positive suction Besd the relatisn between the erosion rate and
impeller speed 15 exponential form. The mumerical valus of ihe exponent as
obtained equais 1.5,

4. Increasing cavitation intenarty Increasss the vibration level.The vibration [requen-
Cied equal 1he slade running fregueancy and its multiplicarson

3. A relation exists petween the weight loss rate and the nominal incubation period.
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NOMENCLATURE

CwL Cumulative weight loss _
BRF Blade running frequency (Nxnx¥)
i Gravitational acceleration

gS.E, Acceleration unit of spike energy
n Number ot blades

N Irnpeller speed,r.p.m.

NPSH Ner positive suction head

NIP Norminal incubation period,hr
WLR Weight loss rate mg/hr

WLR)m Maximum weight loss rate

Angular velocity

W
Discharge .
? Suciiongﬁpeﬁiﬁc speed WEI (NPSH.g) 3/4
€ Erosion period
& Thoma cavitation factor NPSH/Hm
Y Multiplication factor
5 Thoma cavitation factor to suction specific speed ratio
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