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1 - ABSTKACT 

This research is the  f i r s t  one of a s e t  aims t o  have some 

inf  omat ion  about the  v ibra t ion  performance of low head c e n t r i f  - 
ugal pumps under- the  d i f f e r e n t  operatiny conditions. . 

The objec t ive  of t h i s  research is  t o  inves t iga te  the  pulnp's 

v ibra t ion  performance and the  e f f e c t  of t h e  suct ion  system type 
on i ts  level .  

2 - Ih4PROIIUCT1Oh 
8 

Vibration of moving o r  r o t a t i n g  p a r t s  of machines has a harm- 

f u l l  e f fec t s .  One of these  e f f e c t s  i s  the  f a i l e r  of machine 
p a r t s ,  bu t  another, i f  f a i l e r  is s t i l l f a r  enough, as the  n o u e  

leading t o  discomfort. 

Studies of f a i l e r  of machine p a r t s  due t o  v ibra t ion  belongs 

t o  machine design, meanwhile t h e  condit ions leading t o  discomfort 
a re  s tudied under t h e  t i t l e  of noise  o r  accust ics .  

The wide spread of cen t r i fuga l  pumps i n  p r a c t i c a l  l i f e  urges 

optimization of design and performance of cen t r i fuga l  pumps. 

T h i s  work is devoted t o  s tudy of v ibra t ion  of cen t r i fuga l  
pumps unsing th ree  d i f f e r e n t - t y p e s  of suction.system, namely 

s t e e l  piping, f l e x i b l e  hose, and p l a s t i c  pipe. 

The f l u i d  used is  drinking water a t  normal temperature.. 
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lYem amplitude of vibration ( ln .m. Pk-Pk.). 

&an amplitude in X-direction when using the 
flexible hose. 
~vlean amplitude in X-direction when usiny the 

pl as tic pipe. 

dean amplitude in X-direction when usiny the 
sted pipe. 

Mean amplitude in Y-direction wrien using the 
flexible hose. 

&+lean amplitude in Y-direction when using the 
plastic pipe. 

rwan amplitude in Y-direction when usiny the 
steel pipe. 

L 
Acceleration of vibration (in rdsec . y-Pk). 

~cceleration in X-ciirectron wnen using the f lrx- 
ible hose. 
Acceleration in X-direction when using the pidstic 

pipe 
~cceleration in A-direction when using tne steel 

pipe 
~cceleration in Y-direction wnel~ usiny the tlex- 
ible hose. 

Acceleration in Y-direction when using the pldstic 

pipe 
Acceleration in Y-direction when using the steel 

pipe 
Oelivery head (m.H2U). 

Suction head (Cm.iiy). 

Total head (m.H20). 

&tor horsepower (HP). 
Pressure upstream (m.H20). 

Pressure down-stream (Cm.Hg). 
Rate of flow (lit./sec.). 

3 Specific weiynt. ( ~ g / m  1. 
subscribts : 
( )s : Suction side. 
( )d : Delivery side. 



4 - $OURCtES OP VIBRATION I N  CENTRIFUGAL PUMP IWTALLATI(31JS: 

In addition to  the mechanical sources of vibration irnd 

his& in centrifugal pump8 ire dynamically operated machine, 
ithe& are other sources of noise and vibration. 

The term cavitation refers t o  the'dsnditions within the 
farPrpwhere, o w i n g  t o  a local pressure drep, cavities f i l l e d  
w&I& water vapaur are fonned. These cavi t ies  collapse aa 
b o d  ;rs the vapour bubbles reaches regions o i  higher pressure 
sa their  way through the pup. 

I 

*1 P#enonenon d cavitation i a  w e l l  known long time ago . 
I n  &.he lasf time a deep study of mechiraiem and mech*aico of 
cavkation established and experipsentally approved favourate 
t o  p ~ a i c a t e  caviiation*'. 

Ttre induced by cavitsraian vibration m y  Lead t6 mechaniarl 
 or: se ropc~rua pitxa *3uQ or even corzcw~ort dw t o  the htt- * 5 ing egEect of c r v i t a t b n  . 

No valuable ef for t  wa6 dimcted fer studyAxq of iuagfituds 
of vibration due t o  cavitation. 

Cavitation may occur i n  the suction piping aystem or  i n  
"Ule impeller of the pump. The generated vibration spneads 
thr~ugh the mechanical system t o  sourrowding media and found- 
J U o n  pr@ducing noise and may lead t o  fai ler .  

b) %paration: 
.. 

Sbparatima of flow i e  tha t  hydrodynamic phenoplsnon occur- 
ing iWcirse of positive peasure  gradient flow, leading t o  asp. 
weeion of o t t e m  linep of flow and forming local zones Of 

unsteady character. The unsteadiq4m of flow i n  such &cwfbo C o n v  
another source of vibration. Separation of flow, arpikwhlly 



behind rear edge of blades of impellera, forms vortex way i n  
which the flow is turbulent. 

c) Intensity of Turbulence& 

It i a  w e L l  known tha t  f l o w  i n  the nmst of hydraulic mac- 
hines is turbulent. Turbulent f l o w  form a source of sound 
aid vibration. A high intensity of turbulence i n  most cases 

* 6 i e  due to mchurical vibration of machine eleraen+8 

8) Pum~ina System; 

In addition to nmchanical vibration of the p u p  it-self 
the pwnping system including piping and valves say  represent 
4 ~ O U ~ G Q  of vibration. The interaction oE flow, pipes and 
valves fraar one aide iurd or the interactioa between the pump 
and punkping system i n  addition of foundation as rigidly con- 
nected parka # froaa +he other side. fom car~,pound w i t h  autuaA 
influence vibrating system. 

The exLeteRce og all these vibration gonerating sources 
i n  the punrp,ia~ system irnd Weir mutual influenee, shews that 

t;btloreUeilJ etudy of  vslbtarioa per~unoulc& o f  cetrtrifugal 
puarp in purpping system i e  extensively diff icul t .  231% need fog 
vibration perfomancia of pump u g e e  the exprimsataL direct- 
ion to give soroe infornutione a b u t  the problem, which nay 
cleirrify the relative effect  of several parirr~eters. The resuLte 
obtained from such studies may be of a great virlue fo r  pump 
selection and pumping syetem design. 

The arrangement of the system ueed for  these investigationr, 
is shown in,Fig. (1). It consists of the tested centrifugal 
gup, with the following epecificatiansa 

Ahrse power 10 tIP., suction diameter 6.. delivery diameter ' 6 " ,  

Sd?dL 1450., maha supply tank, delivery tank, suction l ine  
wirrs of three kinds , etee l  pipe, f lexible hose, and plas t ic  
urd the measuring inrrtrwaetxte. 



The m&e d flow was measured by a cal ibrated orificemeter. 
Eacb of s w t b  head, pressure down stream was aea@ured by two 
calibtAted vacuum meters. Another two cal ibrated prerraure gauges 
w e r e  used f o r  measwing both delivery head and pressure upsteam. 

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

Tke mean vahue of the amplitude of the vibration wave was 

measured i n  two perpendicular directions a t  each suction and del- 

ivery s ides  by a id  of the portable v i b r k i o n  analyeer model 2100 
w i t h  AV 100 P accelercnneter. The amplitude waves w e r e  recorded 
by a chart-recorder connected with the malyser. A l l  the measured 
amplitude values w e r e  in  the wide band frequency of 10-100 Hz. 

Also, using the vibration amLy8er, the  acce1eraP;bn of the 
vibration was measured i n  each direction. 

All me experbenti l l  da ta  were colLected f o r  three caseer 
a) Stee l  auction pipe of gY. di;urrrater, 
b) Flexible hose of 6*. diameter, 
C )  P las t ic  pi@ of 6* diameter. 

The calculation procedure was  as shown below: .... Total head % 9 as (Qh.Hg.) x 0.13595 + &d(m.kIZo) (3 %O). - '2 Rate of flow P - 16.9071' (2) + 0.13595 (-) (Lit/aec. ). x ................... The motor power Elrn= Nm(Kw.) x 1-36 XP. 

The obtained hydrauJ.ic charac te r i s t i c  curves are  ahawn in  
Pig. (2 ) .  



The accuracy of the cellected data were calculated irnd found 

to ber ii = H 2 5%, 

bl - N f 5% 

A - A 2 3.376, 
Q Q f: 8%r 

6 - DISCUSSION 
It must be here imphrsisd a r t  the minisnun pressure achieved 

was 22 Cm.Hg. vacuum. The temperature of water w l s  ranging from 
20-23.C- The vapur pressure at the working temperature is about 

72 Cm.tlg, vacuum. Theretore; there is no doupt that cavitation was 

impossible to occur, In ordet to achieve the cavitational regime, 

it is reccuanended to use a epecial deep vacuum pump. 

The results of the experimental work treated a8 mentioned 

before, show that the ampZitude of vibration existing in different 
positions on the gwmphg syatem widely varies. 

The main teadancy is that amplitude ( A ~ ) ~  i n  ca8e of flWble 
hose is &out 2 tines of that i n  case of steel pipes (Fig. 3) .  

manwhile the a@itUbe of -8 plaatic pipe8 L I i  about 3 tiares of 
that of the steel pipe. 

A1though it wea expected that the amplitude level in case of 
the flexible hose is less khan that in case of tke steel pipe owing 
to the work flexability of the hose; the experinrsatd reaulta 
ahowed the inverse, the amplitude (Axof), is &ut 2 times of that 

(Ax.st)s. This can be refered to the surface irregulaxity of the 

flexible hose, which represents an additional source of vibration. 

The high amplitude in case of plastic pipe may be explained 
on the bmio of it8 apecific weight. The most light material 62 
pipes used,.ie the plastic, 

The behaviour 

small flow rates. At small 

PWII) VQ~U(P a (AXafIS- 

hense, the amplitude is the maximuan. 

differs from the (AX.f)s i n  region of 
) is high and have nearly 

Q ,  the s 
Increasing Q the amplitude (Axast), 



decreases sharply meanwhile (Axof), tends t o  increirse. The U'I- 

imwn recorded amplitude (AX,St)s lays agLinst a pe* for (Axef l a  
a t  Q = 24 lit./sec. For higher flow rates,  the teadacy of both 

kinds of piping is the same, keeping a difference about 10oSL,nf 

( A X . s t ) s *  

Concerning the (Axep)s, the level rs n e u l y  constant a t  la 
flow rates,  with increasing tendency w i t h  ;Fac~easbg dischirrge- 

The (Aymst)s b e h i o w  has the same Leatures. except f o r  
small flow rate ,  the first recorded peak in (Ayeat)@ refers t o  
the f i r s t  minimum value for  (Ayef)s  which occurs a t  lower ra te  
of flow (15 li t/sec , ) . The l v e l  of (Ay- ) i e  higher than 

) by about 30% as can bs seen from qig. (4). (*yost . 
The amplitude (Ayep). is somewhat lower than a t  f 

It is noticed tha t  the (AX)e is more bigger than (Ay)@. This 
i e  connected w i t h  the dimetion of flow in t9ie foot VPILv8, which 
w a s  noaced t o  open &auk an axis p a n l % e l  %o ( y )  utLa. 

Irleasurments oh the delivery aide sham en Figs(5,6) indicates 
tha t  the level of We mp;1ftude i s  lowear than that orr tbe auction 
side. This was e r x p ~ ~ : t e < P  since tlae etrong souroe of vibration is 
the foot valve, wWch is nountad on khe flrr end of the auction line. 
The induced by the goo+ valve vibration reaching the meimuring 
point on the delivery side, suffer0 froar danaping ef fec t  of the 
pump, cu ing ,  and foundation more than the point on the suction 
side do. 

If i a  noticed, fog vibration i n  both directions (x,y) on the 
delivery side, tha t  the level of ( A ~ ~ ) ~  i~ higher than 
This may meas tha t  khe d i ~ p h g  effect  of the systetu in $xwe of 
flexible has is more than that  in case of s t e e l  p&pe. 

' 

The amplitude of vibration on the delivery side in y-dire@#- 
i n  case of the p las t ic  pipe (A 

Y - P ) ~  
is nearly c o a ~ t a n t  a t  a leva& 

lower khan tha t  fox the other two cases. 



Comparison between the vibration i n  the X-direction on 
suction and delivery sides shows that the (Axef)e is about 
7 time8 it8 value on the delivery side, which means U u t  the 
daqing effect  of the system in th i s  case is very big. For 
the steel pipe. the (2&s t ) s  is about 2 t h e  its value on 
the delivery, which means tha t  the damping ef fec t  of the syst-  
em in thie case is leas than the previous one. 

The ra t io  of the amplitude i n  X-direction on the suction 
aide t o  that on the delivery i n  case of the p las t ic  pipe is 

In Y-direction, the (A y.f ) s is about 6 times of (A y.f ) d' 
m i l e  (Ayest). reaches only 1.7 t ines of (Ayast)d, and Uu 
(A ) &Out 3 t-8 of (Ayap)da 

Y*P 8 

The variation of the, aaplitude as r function of the suct- 
ion head, (Pigs. 9,0,9,3Q) i e  the sm aa the relation (A - U), 
drawn with a different scale. This scale is the relation bet- 
ween lie and Q. 

Concerning the acceletation i n  the r~euruing points, it is 
noticed that its variation is nearly etraight line w i t h  the ra te  
of flow variation. The shut off acceleration wlce noticed t o  be 

the same rs i n  steady condition, but decaying w i t h  t i m e .  

It is very clear  that (ax), for  the three kinds is more 
bigger than theme (ay),,. 



Comparison between the acceleration i n  the X-direction on 
suction and delivery sides sbws that the is  about 1.9 

) ie times of the (ax.st)d* For tBe f lex ib le  hose, the (axef 

about 3 times of the (ax . f ) d a ~ ~ h i 2 . e  the (a x.p 1 s equal nearly 
3-53 times of the  (a ) x.p d' 

m Y-direction. the (4.st)s hw nearly &he 8- leveL of 
the (ay.st)de But the (a ) ia zburt 1.5 times of the (ayefId y-f 8 
meanwhile the (a ) reaches 2 times of the 

Y * P  a 

i - The Zevel of the vibrakion a t  entrance O f  c e n t t i i f ~ ~ a l  pumps 
v a i e s  has accordace with the piping system material. The 

p1aati.c p i p s  showed the highest &eve1 aiaal the s t e e l  pipes 
showed Che howeat, 

2 - Tne origin of t;he high leveZ of vibration on suction side i s  

the usuia;bly used too t  valve, 1Ct i s  recor~ntended, f o r  purpose 
~f reducing vibration at entrance of the centrifugal p u p s ,  
t o  e.ind. a m w  construction fox the foot vllvee. 

3 - Inspite oi Ebro wide w e  sf Lhe Kbd.ble  host3 wieh centrifugal 
pumps used &cz irrrigst$;isn, Ii$ is net the ouitcab%e F o ~  of 
piping £ram vibration point of view because of the high leve l  
~f amplitude. 

4 - The recorded i n  t h i s  p a p x  vibration i s  mainly due to ,  sep- 
aration,  turbulence. and mechimica& vibration of the mechan- 
i c a l  parts, but not due t o  cavitat ion,  since the IPhnicpum ach- 
ieved suction pressure i a  s t i l l  faraway from vapour pressure. 
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Fig.( 7 ) *  H,. cm.Hg.(vacuum). 



4 8 I 2  16 24 
Fig.( 8 1. Hg, cm.Hg (vacuum). 
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