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1. Abstract: 

This research is the second one of a s e t  aims t o  have some 

informations about the hydraulic and vibration performance of 

centrifugal pumps under the  d i f fe ren t  operating conditions. 

This research w a s  planned t o  investigate the vibration 
character is t ics  of the  pump performance and the e f f e c t  of the 
Pumped water temperature on it 's level .  

2. fntroduction: 

'he vibration of moving or  rota t ing par t s  of any machine has 

8oBlda hullPful1 effects .  One of these e f fec t s  is the f a i l u r e  of 
machine parts. Another e f f ec t  i s  the  noiee leading t o  discorafort. 

It is a matter of importance t h a t  the pump may operate a t  

diff.~~~-k wakex temperatures according t o  the water supply ru ture  
( w i d t h ,  depth, water velocity ... em). 

This work is carr ied out to invest igate  the  vibration charac- 
teristics of a pump and its performance under water t~~1pera tUre  
variation. 

The f l u i d  used i n  the experimental work is the drinking water 
a t  20' C 45' and 60. degree centigrade. 
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3. Nomenclature: 

&an amplitude of vibration ().4 .m- PK-PK ) , 
Mean amplitude i n  X-direction, 
Mean amplitude i n  Y-direction, 
Spring balance force  (gm). 
Total head (m.H20), 

Delivery head (m-H20),  

Suction head (an-Hg), 
Torque arm (0.18 m.), 

Motor horse p e r ,  - 
* Water horse power, Nw - 

n : Revolutions per minute (K .P .M) ,  

Q : Rate of flow ( l i t / sec . ) ,  

: Specif ic  weight ( ~ g / m ~  ) , 
2 : Efficiency. 

Subscribts: 

)s : Suction side. 
)d : Delivery side. 

4. Sources of Vibration i n  Centrifugal Pumps Insta l la t ions:  

In  addition t o  the  mechanical sources of vibration and noise 
i n  centr i fugal  p m p  a6 dynamically, operated machine, there are 
other sources of noise and vibration. These sources may be one 
o r  more of the  following: 

a) Cavitation 1 a2 a3 

b) Separation 4 

c) Turbulence 5 

d )  Pumping sys tem 6 

Each of all the  above mentioned parameters a f fec t s  the reso 
' u l tant  pump's vibratinn. 

But the  var ia t ion of the  pumped water temperature is of 
a great  importance i n  determining its physical properties,  which 



d i r ec t l y  a f fec t  the hydraulic performance of the pump. Theorit- 
ical ca.Lcu1ations of the hydraulic performance curves for cen- 
t r i f  ugal pumps are  still far away from the actual  ones. The 

sof i s t i ca ted  flow charecter i n  centr i fugal  pumps led t o  the wei4 
known approach of the experimental hydraulic performance. 

I n  the same t i m e  the vibration of such a complicated system 
is very d i f f i c u l t  t o  study theor i t i ca l ly ,  No attemp was done, 

except (61, t o  give such information. So, the approach t o  this 

problem is, by necessity, experimental f o r  both the  hydraulic 
and vibrational performance of pumps. 

This work is devoted to c l a r i f y  the vibrational performance 

under d i f fe ren t  water temperature. 

5. Experimental Work: 

The arrangement of the system used f o r  these investigations 
is shown on Pig. (1). It consista of the tes ted model pump, Main 
suppLy tank, three e l e c t r i c  heaters w i t h  thermostats, col lect ing 
tank, and measuring instruments. 

The epecifications of the t es ted  pump aze: 
Power : 1.36 M.P, Revolutions per minute : 3000, Suction diam- 

1 * eter: 13 , and delivery diameter 4'. 
The water temperature was controlled b y  the  thermostats a d  

was measured by a mercury i n  glass  thennometer w i t h  0.5 degree 
centigrade accuracy. 

The flow r a t e  was measured through the col lect ing tan2c using 
a s top  watch. The allowable time error ,  f o r  the human response 
is 0.3 sec. 

The suction head waa measured by a cal ibrated vacuum meter 
w i t h  accuracy fi 0.5 centimeter mercury. 

A cal ibrated gauge with accuracy 2 0.25  meter of water w a s  

used for m e a u r h g  the delivery head. 



To obtain the motor horse power; the mechanical arrangement 

shown on Fig. (1) wa8 used. It consists of a calibrated spring 

balance, and mechanical tachometer. Tbe accuracy of the spring 

is 2 20 grams, meanwhile the tachaaeter's accuracy is 225 RrPoM- 

A portable vibration analyser model 2190, was used w i t h  AV 
100 P accelerometer to detsmine the mean amplitude of the vib- 
ration in the two perpendicular directions on each suction and 
delivery sides. 

The amplitude waves were recorded by a chart-recorder conn- 
eckd with the analyser. 

All the measured amplitude values were in tbe wide band freq- 
uency of 10-1000 HZ. 

The calculafiona procedure was as follows: 

Where t is the required time in seconds for collecting 
a lpure height equal 30 centimeter of water in the collecting tank 
which has an inner area equal 0.30566 squared Xiet8tr 

* water power N~ = ' X  IlgX 7 

Since 1 kg/Lit. 
L a x  1 * Motor power &&, = F(g) x L (-.tsar) x 60 75990 

l.3 ....... * Over all efficiency ............-( 5 )  

* man m&.tua~ A~ = 2 f in )  .....*........( 6) 

The accuracy of the collected data were calcu.lated and found 

to be: 



6. Uiscussion: 

Figure (2) shows the  (H-S) ewes for the investigated cen- 
t r i fuga l  pump (tke model) a t  20,45 and 60 degree centigrade. It 

can be seen that the increase of water temperature, leads t o  dec- 

rease of the nmximm achieved discharge. This is connected w i t h  

the f a c t  t ha t  viscosity of water decreases with the temperature 
increarre. A t  higher temperature, leakage increases, since vis- 
cosicy cJecrease, meanwhile the  f r i c t i o n  l o h o  decrease. The vol- 
umetric efficiency decreases and even the achieved t o t a l  head 
decreilses . 

A t  l o w  flow rates, it was noticed an increase of the t o t a l  
head a t  higher temperature&. The deviation is within the accur- 
acy of the experiments. 

The (N-Q) curves f o r  the pump are  shown i n  Fig. (3 ) .  The pow- 
er is a l inear  function of Q. This feature  is kept within t;ke 
experiments accuracy. 

Pig. (4) shows ( 2  4) curve8. The drop of efficiency a t  high 
flow ratee f o r  the case of high temperature is connected with the  
drop i n  the volumetric efficiency due t o  the  decrease of viecooity. 
A t  Bower flow ra tes ,  the increase of efficiency a t  higher temper- 
ature is connected with the deviation i n  motor power (Pig. 3) .  

The main tendency of (A-Q) curves ( fo r  example, Pig. 5) 18 tha t  
the axnplitude around the nominal flow rate has an i n i t i a l  value. 
Departure frm the n d n a l  flow ra te ,  i n  di rect ion of higher o r  
lower values, leads to increase of the amplitude. A t  higher flow 

ra tes ,  the amplitude is fluctuating. The leve l  of the amplitudes 



f o r  t h i s  region is higher than its nominal. value. 

Decreasing the flow r a t e  from the nominal value, the  amplit- 
ude increases, not reaching s o  high values as on the other side 
of the nominal regime. Further decrease of r a t e  of flow leads 
t o  decrease of the amplitude with a limited number of peaka. 

Figure (5) shows ( A d )  curves a t  suction s ide  of the pwxlp i n  
X-direction (refering t o  Fig. 1). 

It is noticed tha t  the noise i n  the system i n  condition of 
test is below 0.2/4.m. Operating the pump a t  no discharge, the 
anplitude r i s e s  up t o  ( 5 h m . ) .  A s  soon as the  delivery begins, 
the amplitude decreases sharply reaching a minimum value, a f t e r  
which it begins t o  increase. This is connected with the f a c t  
tAat a t  very small flow ra tes ,  the attack angle is Large. Sep- 
aration oZ f l ~ w  i n  t h i s  condition is probable. Beginning from 
zero, a s m a l l  increase of flow ra tes  d ic ta tes  bettea: conditions 
Bor ~ L Q w ,  hence, amplitude decreases. The k ine t ic  energy of the 
vibrating mils8  is still decreasing, since the mass i a  small, till 

0 
a cer ta in  point a t  which the k ine t ic  energy begine t o  increase on 
account of the increasing mass. 

The amplitude continue increasing, with a d i f fe ren t  ra tes ,  
w i t h  the flow r a t e  increase. Approachring t o  the n0mina.L operation 
conditions, m e  amplitude tends t o  decrease, owing t o  the  fact 
t ha t  i n  nominal operating conditions, the attack angle is almost 
zero os  its nominal value, where separation in tens i ty  is minknum. 

Further increase of f l o w  rate more than its nominal value, 
leads t o  increase of attack angle i n  opposite direction. !Chi8 
leads t o  bad flow conditioner on the f ron t  surf aces of blades and 

bet te r  flowing conditions on the  rear surfaces of the blades. 
Possibi l i ty  of separation on the back surface is  always more. SO# 

a small deviation from the nominal conditions leads t o  a greater 
increase of separation intensi ty ,  which means a higher levels  for 
Uae amplitudes. Further increase of flow ra tes  leads t o  fluc- 
tuation of the amplitude. This may be connected w i t h  the natural  



frequencies of the system. 

Amplitude-suction head curves on Fig. (6) are the same ae 

on Pig. (5), buf instead of Q, it was plotted the measured suc- 

tion head- Since, the suction head is an increasing function 
of (Q) the form of ( bus )  curves is the same as ( A 4 )  with 
scale modification. 

The amplitude of vibration on the suction side in the Y-dir- 

ection is shown in Figs. (7 & 8). The main tendencies are the 

same for the X-direction vibration. The levels of both are of 

approximately the same amplitude. The number of peaks is also 

the same. 

The performance of vibrations amplitude on the delivery side 

is some what different (Figs, 9, 10, 11, l.2). In Xdrectiont 
the amlpritude, at lwer than the nominal flow rate, is higher than 

that on tAe suction side in the same? working conditions. 

* 
As can be seen from F Q B .  (5 ) , (7 )  and (&A), the main tend-" 

ency is that increaeing tmperature, the amplitude &eve1 tend6 
to decrease. The minimum level w a s  noticed to be at 45OC. Elurther 
increildle of temperature leads to increase the amplitude. This 
rule is holding true for all masuremsnts except for the case of 
the X-direction amplitude on the delivery side Fig. ( 9 ) ,  in which 
the level of 20% is the highest. 

From general position, increase of temperature leads to change 
of physical properties of waker. More exactly, viscosity decreases 
and specific volume increases. 

We believe that the energy of vibration is in opposite prop- 
ortion with the specific volume. Damping effect is also in oppos- 
ite proportion with the temperature. It can be assumed that -the 
rate of damping is high enough at lower temperature. So beginning 
with an initial level at 20°C,, with the increase of temperature, 

the damping rate is greater than the decrease of the kinetic ene- 

rgy Qf vibration* This means a lower level of the amplitude, 



Further increase of temperature leads to more decrease of tire 

damping effect meanwhile the change in energy is nearly the same, 

so the amplitude of vibration, reaching minimum, begins to in- 

crease with increase of temperature. 

The unusual case of X-direction on the delivery side, laying 

off of the previous imagination, needs ari explanation, which we 

can' t give in this work. 

7. Conclusions: 

1. The effect of temperature of fluid on the aaplifude of vib- 

ration is different acoording to the temperature difference. 

fncreasing the temperature to a certain limit, lea- to 

decrease of the amplitude reaching a minimum value. Further 
increase of temperature leads to increase of the ampIitude. 

2. fa l-his work, the recorded vibration ie mainly due to sep- 
aration, turbulence, and mechanical vibration of the system 
elements, but not due to cavitation, since the minimum 
achieved suetion pressure is still faraway from the vapgur 
pxessure carresponding to the prevailfing temgerature. 
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Q. l i t loec. 
~ i g .  (S)' A-Q resu l t ;  in x-directiox or! suc i ion  aide. 





F L ~ . ( ~ ) ,  A-Q reeultr in p B d r e c t i o n  on a u c t i o n  side, 



4 8 12 16 20 24 2 8  32 
& c m. Hg.(wum) 

( 8 ) .  A-?is results in y-directs03 on auc t ion  aide .  



Q. lit./sec, 
~ i ~ . ( g ) ,  A -2 resu l t s  In x-direction oa d e l i v e r y  $id@, 



I 

HS. cm. H ~ v a c u u m ~  



Q. IitJsec. 
Fig. (11). A-Q rmcl l ta  F n  p d i r e c t b n  o.? delivery s ide .  



b. cm. Hg(vacuum) 
!*'ii.(12). - 1  r esu l t u  in y-direction on delivery aide. 
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