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of Tip Vortex Cavitation

along Blade Edge due to Reduction of Flow
Rate in an Axial Pump
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Abstract—Tip vortex cavitation is one of well known patteiwfs
cavitation phenomenon which occurs in axial punijiss pattern of
cavitation occurs due to pressure difference betvie pressure and
suction sides of blades of an axial pump. Sincepttessure in the
pressure side of the blade is higher than the press its suction
side, thus a very small portion of liquid flow flewback from
pressure side to the suction side. This fact isseanf tip vortex
cavitation and gap cavitation that may occur irmbpumps. In this
paper the results of our experimental investigaibout movement
of tip vortex cavitation along blade edge due tduation of pump
flow rate in an axial pump is reported. Resultsvslttwat reduction of
pump flow rate in conjunction with increasing oftleti pressure
causes movement of tip vortex cavitation along éladge towards
the blade tip. Results also show that by approachip vortex
cavitation to the blade tip, vortex tip patternaaivitation replaces
with a cavitation phenomenon on the blade tip. lkemhore by
further reduction of pump flow rate and increasifigutlet pressure,
an unstable cavitation phenomenon occurs betweeh étade
leading edge and the next blade trailing edge.

Keywords—Axial Flow Pump, Cavitation, Gap Cavitation, Tip
Vortex Cavitation.

|. INTRODUCTION

phenomenon may occur in

hydraulic

Mitchell, in his novel work has classified cavitatipatterns
in an axial flow pump into two main types [3]; tfiest type is
blade surface cavitation which is affected by teeomdary
flows, and the second type is the cavitation tteucs in the
clearance between the rotor blade tip and the poaging.
This type of cavitation is because of the flow froine high
pressure surface of the rotor blade to the lowguressurface.

Improvements in hydraulic machines design have tted
much better control of cavitation effects. Consediye
different kinds of cavitation phenomena which weog much
considered in the past are attracting more attentfonong
these, tip clearance and tip vortex cavitation laeeoming
prominent topics. Delaying or eliminating these ttypes of
cavitation (entirely or partially) is a major goal design of
axial flow pumps, due to their undesirable conseqgase such
as noise, vibrations, mechanical damage and passi{4].

Shervani-Tabar and Poursharifi in their experimenark
concluded that tip vortex cavitation can directpd to losses
in efficiency, especially for flow rates inside tlavitation
zone [5]. They also stated that tip vortex cawtatoccurs at
maximum flow point and by approaching the cavitatimne,
the effect of cavitation on decreasing of pump heaeévealed

AVITATION -eL Y - S
Cmachineries. Vapor bubbles are produced in anywhef&re significantly. Finally they concluded thatdgjusting the

which liquid flow is subjected to a pressure lésmtthe liquid
saturated vapor pressure. These bubbles moveigitid flow

and collapse in high pressure regions where pressuabove
the liquid saturation vapor pressure. Productiod eollapse
of vapor bubbles is called cavitation which is amportant
phenomenon in industry, science and medicine. &@wit is

an undesirable phenomenon in pumps and turbinesubedt
causes Vvibration, noise, efficiency drop and meidahn
damage. Cavitation is well recognized as a phenoméat
may cause serious pump malfunction due to imprepenp

inlet conditions [1].

flow rate out of the critical region, tip vortex \dation is
avoidable to a great extent.

Tsujimoto in his brilliant paper classified flowsi@abilities
in a pump into two cavitating and non cavitatingtébilities.
He expressed that a certain quantity of air trappedpipeline
serves as a capacitance and a surge may occurifetlen
pipeline does not include external capacitance B&. also
mentioned that cavitation instabilities called twitg cavitation
and cavitation surge may occur even at the dekgnrate.

In this paper experimental investigations are edrout by
using a closed circuit axial pump setup for inwging

The development of high speed and high performanéjémamic behavior of tip vortex cavitation under feliént

pumps for liquids and their inclusion in increasingomplex
hydraulic systems have created a need for impromemeur
understanding of these flows [2].
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circumstances. A stroboscopic light is employed Fagh
speed photography from the cavitation phenomenam iaxial
pump. Three series of experimental investigatioescarried
out in three different blade angle of the pumpedch series of
experimental investigation a manual valve is used f
reduction of pump flow rate. Since a closed cirdws been
used in the experimental setup, therefore reduaiopump
flow rate is in conjunction with increasing of aftlpressure.
Experimental visualization of the liquid flow by ing a
stroboscopic light reveals that by reduction ofrMloate and
increasing of outlet pressure, tip vortex cavitatinoves along
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bade edge towards the blade tip and finally an alohest
cavitation occurs between leading edge of eachebkaod
trailing edge of the next blade.

Il. EXPERIMENTAL SETUP

In order to study dynamic behavior of the tip varte

cavitation in an axial flow pump, a closed loop tsys
including an axial flow pump, a Kaplan turbine aadsurge
tank is used. The blades of the pump are adjustatlecan be
set at several different angles. For these sefiegmeriments,
the blade angles are set at different angles of225and 29
degrees respectively. The pump is driven by a D.
electromotor and it has nominal speed of 1440 rBut. the
rotational speed can be set at 980 rpm too. Fostefls of
these experimental tests, the rotational speedefrotor is

chosen to be 980 rpm. Pump’s casing is made ofi-glass
and this makes it possible to observe the patfroavitation
around the pump blades. A manual valve is utiliwedontrol
the flow rate.

Ill.  RESULTS AND DISCUSSION

Experimental tests have been carried out in theeeswith
different blade angle of 15, 22 and 29 degreesectigly. In
each series of experiments the flow rate of thalgimp is
reduced gradually by using a manual valve. Since
experimental setup is a closed circuit, then tliiceng of the
@ump flow rate by closing a manual valve is togetivih
increasing of outlet pressure. Operating conditiofithe axial
flow pump have been given in tables 1-3.

TABLE |
AXIAL FLOW PuMP OPERATING CONDITIONS IN THE FIRST SERIESOF EXPERIMENTS
Experiment INLET PRESSURE ~ OUTLET PRESSURE FLOW RATE BLADE ANGLE PUMP SPEED INPUT POWER OuTPUT
No (GAGE PRESSURE (GAGE PRESSURE (CuMECS) (DEGREB (RPM) W) POWER
i (Pa) (P) (w)
1-1 1765.¢ 9319.t 0.132¢ 15 98C 291¢ 1001
1-2 1765.¢ 1177: 0.127¢ 15 98C 305¢ 127¢
1-3 2060.: 20601 0.10% 15 98C 370: 1947
1-4 3139.: 35806.! 0.052 15 98C 452¢ 169¢
1-5 2158.2 47088 0.02 15 980 5594 899
@Units are: Pa = pascal, CUMECS = cubic meter peors#; RPM = revolutions per minute, W = watt.
TABLE Il
AXIAL FLOW PuMP OPERATING CONDITIONS IN THE SECOND SERIESOF EXPERIMENTS
Experiment INLET PRESSURE  OUTLET PRESSURE FLOW RATE BLADE ANGLE OuTPUT
PUMP SPEED INPUT POWER
No. (GAGE PRESSURE (GAGE PRESSURE (CuMECS) (DEGREB (RPM) (WATT) POWER
(Pa) (PA) (WATT)
2-1 196.2 16677 0.177 22 980 5131 2917
2-2 588.6 20601 0.167 22 980 5474 3342
2-3 1962 31882.5 0.117 22 980 6339 4997
2-4 2158.2 33354 0.056 22 980 6118 1747
2-5 1471.5 47088 0.025 22 980 8150 1140
@Units are: Pa = pascal, CUMECS = cubic meter peors; RPM = revolutions per minute, W = watt.
TABLE 11l
AXIAL FLOW PUMP OPERATING CONDITIONS IN THE THIRD SERIESOF EXPERIMENTS
Experiment  INLET PRESSURE ~ OUTLET PRESSURE FLOW RATE BLADE ANGLE QuTPUT
No (GAGE PRESSURE ~ (GAGE PRESSURE (CuMECS) (DEGREB RJ?";PSG)EED 'NP(WAF;?\)NER POWER
i (Pa) (PA) (WATT)
3-1 -981 23053.5 0.205 29 980 7788 4927
32 294 e 0.177 29 98C 837z -
33 2648.% 28939.! 0.087 29 98C 6842 2287
34 1863.¢ 36291 0.05( 29 98C 8372 172z
3-5 981 46597.5 0.023 29 980 10062 1049

@Units are: Pa = pascal, CUMECS = cubic meter peors®z RPM = revolutions per minute, W = watt.

Figure 1 illustrates the cavitation pattern arotinel pump
blades under operating condition of No. 1-1. Asiseen in
this figure tip vortex cavitation occurs under tltisndition.
Tip vortex cavitation occurs because of the faeit th very
small portion of the liquid flows back from the psere side of
the blade to its suction side due to the pressifferehce
between the pressure and suction sides of the .bladan be
seen from fugures 2-5 that by grdually reducing ftbe rate
of the pump and cosequently increasing the outketqure, at

the first step the tip vortex cavitation disappedrhen the
cavitation phenomenon moves along the blade edgearts
the blade tip. Disappearance of the tip vortex tesiein in
figure 2 and appearance of a weak tip vortex cteitain
figure 3 may be because of the fact that intensftyhe tip
vortex cavitation phenomenon during its movementatols
the blade tip reduces at the first stages and byefurther
movement of the tip vortex cavitation towards thedie tip the
cavitation intensity increases again. By furthetugng of the

th
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pump flow rate and increasing of the outlet pressan
unstable cavitation phenomenon occurs between ehdirlg
edge of each blade and the trailing edge of thé lrlexe.

Fig. 5 Gavitation pattern under operating condition of Neo.
5

Figure 6 illustrates the cavitation pattern arothe axial
flow pump blades under operating condition of Nel. As it
is seen in figure 6 the cavitation pattern under ¢ondition is
a tip vortex cavitation phenomenon. Figures 7-8asttmat by
reducing the pump flow rate and consequently byeiasing
the outlet pressure, the tip vortex cavitation nso=éong the
blade edge towards the blade tip. As it is seefigure 8,
under condition of this figure, gap cavitation oectogether
with tip vortex cavitation. Gap cavitation occura the
clearance between the blade and the pump casiggreFd
shows that by further reducing of the pump flowerand
increasing of the outlet pressure, tip vortex caioh
. transforms to a cavitation phenomenon on the tithefblade
Fig. 2 Disappearance of cavitation under operatomglition of ~ Which is followed by occurrence of an unstable tion
No. 1-2 between the leading edge of each blade tip andréikng
' edge of the next blade. This kind of unstable etigih can be
seen in figure 10. A comparison between figure§ &nd 8
shows that under these conditions the intensithetip vortex
cavitation by its movement towards the blade tiprdases at
the first stages and then by further movement eftigh vortex
cavitation towards the blade tip the cavitationentity
increases again.. This fact is previously obsemveder the
conditions of figures 1-3.

Fig. 1 Cavitation pattern under operating conditsdiNo. 1-1
-

Fig. 3 Cavitation pattern under operating conditsdiNo. 1-3

Fig. 6 Cavitation pattern under operating condittéMNo. 2-1

Fig. 4 Cavitation pattern under operating conditdiNo. 1-4
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Figure 11 illustrates the cavitation pattern arotirelblades
of the axial flow pump under operating conditionNd. 3-1. A
comparison between this figure and figure 6 showat by
increasing angle of the pump blade, the intensftyhe tip
vortex cavitation increases and the tip vortex tediin occurs
close to the blade tip. Figure 12 shows that byicady the
flow rate of the pump and consequently by increpadimne
outlet pressure, the tip vortex cavitation movewatals the
blade tip. This figure also shows that under thuadition the
gap cavitation occurs in the clearance betweerbtage and
the pump casing together with the tip vortex caidta

— : Fig. 11 Cavitation pattern under operating conditié No. 3-1
Fig. 8 Cavitation pattern under operating conditiéiNo. 2-3

Fig. 9 Cavitation pattern under operating conditibiNo. 2-4 Fig. 12 Cavitation pattern under operating conditdé No. 3-2

Figures 13-15 show that by further reducing of guenp
flow rate and consequently by further increasinghef outlet
pressure the tip vortex cavitation transforms tgeazitation
phenomenon on the blade tip which is followed bgusence
of an unstable cavitation between the leading emfgeach
blade and the trailing edge of the next blade.

Fig. 10 Cavitation pattern under operating conditdd No. 2-5
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Fig. 13 Cavitation pattern under operating conditdd No. 3-3

Fig. 15 Cavitation pattern under operating conditid No. 3-5

IV. CONCLUDING REMARKS

In this paper an experimental investigation haszzeried
out for better understanding of dynamic behaviorttaf tip
vortex cavitation in an axial flow pump.

The experimental setup consists of a closed cimitft an
axial pump, a Kaplan turbine and a surge tank. dfoee
reduction of pump flow rate by closing a manualveatauses
increasing of the outlet pressure.

by occurrence of an unstable cavitation betweenlehding
edge of each blade and the trailing edge of thé mlexle.
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Results show that by reducing the pump flow rate an

consequently increasing the outlet pressure, tpevdirtex
cavitation moves along the blade edge towards ldeltip.
Results also show that by further reducing of thep flow
rate and consequently by further increasing of thalet
pressure, the tip vortex cavitation transforms toaaitation
phenomenon on the tip of the pump blades whiclolisvied
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