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1 - ABSTRACT

This research is the first one of a set aims to have some
information about the vibration performance of low head centrif-
ugal pumps under, the different operating cénd;tions.‘

The objective of this research is to investigate the puap's
vibration pgrformance’and the effect of -the suction system type

on its level.

2 = INTRODUCTION

_ Vibration of moving or rotating parts of machineszhas a harm-
full effects. One of these effects is the failer of machine
parts, but another, if failer is stillfar enough, is the noise
leading to discomfort.

Studies of failer of machine parts due to vibration belongs
to machine design, meanwhile the conditiqns leading to-discomfort
are studied under the title of noise or accustics.

The wide spread of centrifugal pumps in practical life urges
optimization of design and performance of centrifugal pumps.

This work is devoted to- study of vibration of centrifugal
pumps unsing three different- types of suction system, namely
steel piping, flexible hose, and plastic pipe.

The fluid used is drinking water at-hormél temperature.‘
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3 = NOTATIONS
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4 - SOURCLHES OF VIBRATION IN CENTRIFUGAL PUMP INSTALLATIONS:

, In addition to the mechanical sources of vibration and
foisé in centrifugal pumps as dynamically operated machine,
ther® are other sources of noise and vibration.

El Cavitation;

The term cavitation refers to the conditions within the
pump'where, owing to a local pressure drep, cavities filled
Wit water vapour are formed. These cavities collapse as
¥ood as the vapour bubbles reaches regions of higher pressure
on their way through the pump. ,

Phenomenon of cavitation is well known long time ago'l.
In the last time a deep study of mechanism and mechanics of
cavitation established and experimentally approved favourate

to predicate-cavihatioutz.

The induced by cavitation vibration may lead to mechanical
failex of machine parts 3’4 or even corrosicn due to the bett=
ing effect of cavitation “. o

No valuable effort Qas ditgcted for studying of amplitude
of vibration due to cavitation. ‘

Cavitation may occur in the suction piping gsystem or in
*the impeller of the pump. The generated vibration spieads
through the mechanical system to sourrounding media and found-
sation preducing noise and may lead to failer.

b) Separation:

Shparéiion of flow is that hydrodynamic phenomenon occur=-
ing i case of positive pressure gradient flow, leading to sep~-
azation of atream lines of flow and forming local zones of
unsteady character. The unsteadines of flow in such zoues formé
another source of vibration. Separation of flow, especially
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behind rear edge of blades of impellexs, forms vortex way in
which the flow is turbulent.

c) Intensity of Turxbulence;

It is well known that flow in the most of hydraulic mac=
hines is turbulent. Turbulent flow forms a source of sound
and vibration. A high intensity of turbulence in most cases
is due to mechanical vibration of machine elements'ef

4) Pumping System:

In addition to mechanical vibration of the pump it~self
the pumping system including piping and valves may represent
a source of vibration. The interaction of flow, pipes and
valves from one side and or the interaction between the pump
and pumping system in addition of foundation as rigidly con-
nected parts, from the other side, form & compound with mutual
influence vibrating system.

The existence of all these vibration generating sources
in the pumping system and their mutual influence, shows that
the theoretical study of vibration performance of centrifugal
pump in pumping system is extensively difficult. The need for
vibration performance of pumps urges the experimental direct-
ion to give szome informations about the problem, which may
clearify the relative effect of several parameters. The results
obtained from such studies may be of a great value for pump
selection and pumping system design.

5 - EXPERIMENTAL WORK

The arrangement of the system used for these investigations
is shown in Fig. (1). It consists of the tested centrifugal
pump, with the following specifications:

Morse power 10 HP., suction diameter 6%, delivery diameter - 6%,
ReilPaM. 1450., main supply tank, delivery tank, suction line
ahich was of three kinds, steel pipe, flexible hose, and plastic
+phpe, aitd the measuring instruments.



~75=

The ¥wte of flow was measured by a calibrated orificemeter.
Each of suction head, pressure down stream was measured by two
calibrated vacuum meters. Another two calibrated pressure gauges
were used for measuring both delivery head and pressure up-stean.

Using a wattmeter: the motor power was obtained in (Kw.).

The mean value of the amplitude of the vibration wave was
measured in two perpendicular directions at each suction and del-
ivery sides by aid of the portable vibration analyser model 2100
with AV 100 P accelerometer. The amplitude waves were recorded
by a chart-recorder connected with the analyser. All the measured
amplitude values were in the wide band frequency of 10-100 Hz.

Also, using the vibration analyser, thé acceleration of the
vibration was measured in each direction.

All the experimental data were collécted for three cases:
a) Steel suction pipe of 6". diamster,

b) Flexible hose of 6". diameter,

¢) Plastic pipe of 6% diameter.

The performance of the pump was controlled by the delivery
valve. The measured quantities were: H, (Cm.Hg.), Ha(m H,0),

f—’é-( H,0) 2 (ca N (K 2
¥ (mHy .-3-( Hge), N, (Kw.), &, (fhm), and a, ( w/sec”).

The calculation procedure was as shown belows

Rate of flow Q = 16.907v/ (%%) + 0.13595 (3?) (Lit/sec.).

The motor power Nﬁ - Nm(Kw.) x 1.36 msesesssssanansssses HPe
A + A .

The mean amplitude A = nax. ) min. secesccsencens(Am).
* a . + a .
Max. min.
am" 3 ..............y‘.m/secz).

The obtained hydraulic characteristic curves are shown in
Fig. {(2).
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The accuracy of the cellected data were calculated and found
tobe: H=H 5%,
N=N 5%,
A= 3 " 343%,
a=a 8%.

I+

I+ 1+ 14+

6 ~ DISCUSSION

It must be here imphasised that the minimum pressure achieved
was 22 Cm.Hg. vacuum. The temperature of water was ranging from
20~23°*C. The vapour pressure at the working temperature is about
72 Cm.Hg. vacuum. Thexefore; there is no doupt that cavitation was
impossible to occur. In oxrdér to achieve the cavitational regime,
it is recommended to use a special deep vacuum pump.

The results of the experimental work treated as mentioned
befoxe, show that the amplitude of vibration existing in different
positions on the pumping system widely varies.

The main tendency is that amplitude (A,), in case of flexible
hose 18 about 2 times of that in case of steel pipes (Fig. 3).
Meanwhile the amplitude of the plastic pipes is about 3 times of
that of the steel pipe.

Although it was expected that the amplitude level in case of
the flexible hose is less than that in case of the steel pipe owing
to the work flexability of the hose; the experimental results
showed the inverse, the amplitude (Ax.f)8 is abocut 2 times of that
(A This can be refered to the surface irregularity of the

x.a8t’s’
flexible hose, which represents an additional source of vibration.

The high amplitude in case of plastic pipe may be explained
on the basis of its specific weight. The most light material of
pipes used, “is the plastic, hense, the amplitude is the maximum.

The (Ax.st)s behaviour differs from the (Ax.f)s in region of
8mall flow rates. At small Q, the (Ax st)8 is high and have nearly

Aive Same value as (Ax.f)a‘ Increasing Q the amplitude (Ax.st)s
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decreases sharply nmeanwhile (A f) tends to increase. The min~
imum recorded amplitude (A st) lays against a peak for (A £'s
at Q = 24 lit./sec. For hxgher flow rates, the tendency -of both
kinds of piping is the same, keeping a difference about 100%.of

(Ax.st s

Concerning the (A ) « the level is nearly constant at'low
flow rates, with increasxng tendency with increasing discharge.

The (Ay.st)s behaviour has the same features, except for:
small flow rate, the first ;ecorded peak in (Ay.at)s referas to
the firstvminimnm value for (Ay.f)s which occurs at lower rate
of flow (15 lit/sec.). The lvel of (Ay.f)s is highexr than

(Ay.st)a by about 30% as can be seen from ﬁlg; (4).

The amplitude (Ay.p)a is somewhat lower than that (AY g

It is noticed that the (A, ), is more bigger than (Ay)s. This
is connected with the direction of flow in the foot valve, which
was noticed to opén sbout an axis parallel to (y) axis,

Measurments on the delivery side shown on Figs(5,6) indicates
that the level of the amplitude is lower than that on the suction
side. This was expected since the strong source of vibration is
the foot valve, which is mounted on the far end of the suction line.
The induced by the foot valve vibration reaching the measuring
point on the delivery side, suffers from damping effect of the
pump, casing, and foundation more than the point on the suction
side do. '

It is noticed, for vibration in both directions (x,y) on the
delivery side, that the level of (A )d is higher than (Af)d.
This may means that the damping effect of the system in case of
flexible has is more than that in case of steel pipe. =

The amplitude of vibration on the delivery side in y-diréetién
in case of the plastic pipe (A )d is nearly copstant at a leved
lower than that for the other two cases.
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Comparison between the vibration in the X~direction on
suction and delivery sides shows that the ‘Ax.f)s is about
7 times its value on the delivery side, which means that the
damping effect of the system in this case is very big. For
the steel pipe, the (Ax.st’s is about 2 times its value on
the delivery, which means that the damping effect of the syst-

em in this case is less than the previous one.

The ratio of the amplitude in X-direction on the suction
side to that on the delivexry in case of the plastic pipe is
about 13 times. '

In Y-direction, the (Ay_f)s is about 6 times of (Ay.f)d'
:‘anuhile (Ay.at)a reaches only 1.7 times of (Ay..t)d' and the

), about 3 times of (Ay.p’d‘

A
YeP v
The variation of the amplitude as a function of the sucte~
ion head, (Figs. 7,8,9,10) is the same as the relation (A ~ Q),
drawn with a different scale. This scale is the relation bet-

ween H“ and Q.

Concerning the acceleration in the measuring points, it is
noticed that its variation is nearly straight line with the rate
of flow variation. The shut off acceleration was noticed to be
the same as in steady condition, but decaying with time.

The acceleration ('x.f)s is about 1.2 times of the (ax.st)e'
Meganwhile the (ax_p)B is about 1.6 times of the same (ax.st)s‘
(Fig. 11).

';‘he'(ay..f)s is nearly the same of the (ay.st)s‘ but the

is about 1.3 times of the (‘y.st)s' (Fig. 12).

-

(

'y.p s
It is §ety clear that‘(ax)s for the three kinds is more

biﬁgcr than those (ay)..

Measurments on the delivery side (Fig. 13, 14) show that

(8 .0t)a and (a, 00y are ) »
'x ysst d axe somewhat higher than (Qx-f)d'(‘y.f)do
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(ax.p)d and (ay.p)d'
Comparison between the acceleration in the X-direction on
suction and delivery sides shows that the (& st) is about 1.9

times of the (ax st)d’ For the flexible hose, the (ax.f)s i
about 3 times of the (s, )d' meanwhile the (a a,. p)s equal nearly
3.9 times of the (a )

X.p'a
In Y-dixection, the (ay st)s has nearly the same level of
the (ay.st)d' But the (ay.f) is abovt 1.5 times of the (ay f)d

meanwhile the (ay‘P)3 reaches 2 times of the (ay.p)d

1 -~ The level of the vibration at entrance of centrifujal pumps
varies in accordance with the piping system material. The
plastic pipes showed the highest level and the steel pipes
showed the lowest.

2 - The origin of the high level of vibration on suction side is
the usually used foot valve. It is reccmmended, for purpose
of reducing vibration at entrance of the centrifugal pumps,
to find a new construction for the foot valves.

3 - Inspite of the wide use of the flexible hose with centrifugal
pumps used for irrigation, it is not the suitable form of
piping frxom vibration point of view because of the high level
of amplitude.

4 = The recorded in this paper vibration is mainly dues to, sep-
aration, turbulence, and mechanical vibratiocn of the mechan~
ical parts, but not due to cavitation, since the minimum ach-.
ieved suction pressure is still faraway from Vapour pressure.
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CENTRIFUGAL PUMPS USED FOR IRRIGATION

bidll 15 551 W e i o ehlRa Y
CUSLI 5, sl shall sXobul ehlraYl ol digpmdl om
PSP, § X 1 190 Y DT R | Y WU ) I I W

Sy and b 55l SR el chlral sul @ ol Lin &y

. LD‘)"I"-.%\}‘ ¢ dn Sgime QJ:— t._,.:\..“

sl e gl sl Lk Jyaadl o N Selenad ! old) oyl Sy
PJUNE | INEL-WOPECN | PP\ 0 IRV IECH PNERS WS Y L (RPN SN TIRREL R e Y
gt e Lot Y1 oLl olay oY) Ganh aa (i By oo L W
Lo Bl ety 316 2l e BIRAYI S iy oo Sl
e 3 e cdall gkl st Wl L e LG gt ST
el gl sl e bReYE Gyt 5 B 0k @l cous)

- pbbloe Yo

ol el A e AN s 2] ) Ll 2| iy 5
s bmduidl e e hlREY Gytes i S age



