
EFF&CT OF PRIME-MOVER ON TJAl3 VIBHXTION 
OF NILE I l U I G A T I O &  PUMPS. 

This work deals  w i t h  the  inves t iga t ion  of vibrat ion f o r  

the  low pressure b i l e  i r r i y a t i d n  pumps. We used i n  t h i s  work 

two type8 of prime-movers ( e l e c t r i c  and d i e a e l ) .  Tne vibrat- - 
ion i t e m s  was measured a t  d i f f e r e n t  speeds e y  using a system 

of conical  pulleys. Measurements were done a t  s h a f t  ~ 0 a r i n g 3 ,  

suct ion and del ivery  sidea and comparison between the  previous 

two cases was done. 

The v ibra t ion  i n  cent r i fuyal  pumps depends on two major 

sources t 

a. Mechanical unbalance I* 
b. Hydraulic force3 from impellers and in te rac t ion  between 

impellers and vaned d i f f u s e r s  2* 

Mechanical ranbalrrnce is a d i f f i c u l t  a problem i n  c e n t r i f -  

uqai pumps because the assembled of the  ro to r  parts a r e  nor- 

mally subjected t o  th& dynamic balancing. 1.. The dynamic 

forces were analyeed when using e l e c t r i c  motor only, its ana- 

lysed i n t o  frequency components. Major components were found 

a t  s h a f t  and bladet frequenciea 3*. H.U. BROWN a l s o  presented 

f o r  non-atationarp'forces as the eccen t r i c  impeller frequencies 

a t  l o w  flow. 

From the previotm work w e  must take i n  considerat ion the 

e f f e c t  of the d i f f e r a n t  typeb of prime-movero on the parts 
laying under dynamic Porcea from the  mechanical of the  aystem 

and the hydraulic  forces rasult from the high capac i t i e s ,  its 

take a l a rge  e f f e c t  (a8 an example on tne auction and delivery 
s i d e )  a l l  thia parts nrsntioned i n  paper I .  
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The s t a t i o n  used f o r  these irivestiyations is designed and 

constructed a t  the  Faculty of lingineerinq and Technology 
Shebin El-Kom Menoufia University, as showen i n  f igures  (1,2). 

3.1. Experimental Procedure: 

To cadry out  t h e  main inves t iya t ions  of t h i s  work the  

following procedures may be followed: 

a. kiydraulic procedure: 
1 - The pressure gauges, col lec ted  tank and o r i f i c e  meter 

must be ca l ibra ted .  

2 - N o ,  sea l ing  o r  losses  o r  leakage i n  any p a r t  of the 
a ye tern. 

3 - The suct ion  valve must be c m p l e t l y  open a d  dol ivery  - 
valve may be closed. Then turn  the  pump and record 

each of s - Suction head Ha (Cm.Hy). - Uelivery head kid(mt.HZO). 
2 - Up and down etream pressure of o r i f i c e  meter,Kg/m . - By uaing a s t o p  watch, detezmine the  required thp 

(t) i n  eec. t h a t  necessary t o  c o l l e c t  299 Cm. h ight  

of water (9.t the  de l ivery  tank). 
3 Its equal 6.1952 rn . 

- Torque of s h a f t  was obtained by recording the  torque 

bridge reading and compare the  r e s u l t s  values with 

t h e  ca l ib ra t ion  chart .  

- Hecord H.P.M. and the  previous s t e p  may be done. - Bridge of fo rce  transducer may be recorded and then 

take the  value from t h e  ca l ib ra t ion  char t .  

- Vibration measuring system reading f o r  Amplitude, 
ve loc i ty  and accelera t ion  must be recorded, f o r  a l l  

point  of measuring. - Change the  del ivery  valve opening gradually and 

repeat  a l l  the previour, s t eps  t o  completety opend 
of de l ivery  valve. 



- Change the del ivery  valve c los iny gradually and 

repeat  a l l  t he  previous steps t o  completely closed 
of de l ive ry  valve. 

- Repeat a l l  t h e  previous steps using diesel motor. 

4. W E R I W H T A L  RESULTS : 

4.1. Vibration Results  f o r  Bearing Ivo. une (Bl)t 

From the  experimental work, Table (1)  gives t h e  v ibra t ion  
values f o r  diesel motor with respect t o  electric motor, these  

hor izonta l  and v e r t i c a l  v ibra t ion  values takes a t ;  various 
3 

values of capaci ty  (110, 1 5 0  m /hr.) and d i f f e r e n t  speed@. In  
t h e  same t a b l e  we represents  t h e  mean value of s h a f t  horse-powqr 
f o r  t h e  8-chosen capaci t ies .  

Table ( I )  

* E.M. - Pump driven E lec t r i ca l ly .  
** D.M. - Pump driven by diesel motor. 
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4.2. Vibration Results  f o r  Bearing ho. 2 (B2): 

'me vibra t ion  r e s u l t s  obtained from the experi  e n t a l  * F 
results is  shown i n  Table ( 2 ) ,  this  t a b l e  gives t h e  v ibra t ion  
hor izonta l  and v e r t i c a l  measurements using d i e s e l  motor with 
respect  t o  electric motor a t ,  various capac i t i e s  (110 and 150 

3 rn / h r )  and d i f f e r e n t  speeds. 

Table ( 2 )  

4.3. Vibration Results  for Suction and Delivery Side: 

Table (3) represents  t h e  v ib ra t ion  values a t  using d i e s e l  . 
- motor with respect t o  electric motor f o r  suct ion  and de l ive ry  

s i d e  a t ;  d i f f e r e n t  speeds and various capaci ty  (110 and 150 
3 m /hr .) .  



Table ( 3 )  

5. ~ i b u s s i o n  and Conclusion: 
' b  

The r e l a t i o n  between the  capacity (u) and accelera t ion  (Acc) 
during hor izonta l  measuring f o r  bearing ho. 1 of t h e  pump under 

s tudy using electric and d i e s e l  motor is  shown i n  Fig. (3) .  This 

f igure  a l s o  shows t h a t  using the  d i e s e l  motor increases  t h e  vib- 

r a t i o n  accelera t ion  value a t  the  same s p e d  f o r  e i t h e r  cases: 

The increase of R.P.M. up t o  2350 increases the vibra t ion  acc- 

e l e r a t i o n  while it decreases when the  speed exceeds 2350 K.P.M. 

i n  e i t h e r  cases. 
I 

For speeds above 2350 the  f l w  r a t e  decreases and consequently 

the  v ibra t ion  decreases,  t h i s  is due t o  low chock8 of flow on 

impeller  blads. Figure (4, 5)  i l l u s t r a t e s  the  (U - Vh) and 
( Q  - Amq,) r e l a t i o n s  which have the  same behaviour of the  (Q-kc%) 

r e l a t ion .  



Fig ' s  ( 6 ,  7 ,  8) shows t h e  r e l a t i o n  of ( U  - HCC),  

(u - Vel) and (u - imp) f o r  hor izonta l  measuring of b1 

which takes the  same uehaviour. 

The d i e s e l  motor has a l a rye  e f f e c t  on the  v ib ra t ion ,  

as  the  amplititudes a r e  41 and 34 nun f o r  d i e s e l  motor and 

electric motor respect ive ly  a t  the  same speed of 2350 H.P.14. 

The vibra t ion  resulting i n  bearing ko. L is l e s s  than 

t h a t  of bearing No. 1 because bearing 2 Laying f a r  from the 

motor a s  the e f f e c t  of motor v ibra t ion  i s  decreased. There- 

f o r e  the  v ibra t ion  i n  B2 depend l a rge ly  on the  flow e f f e c t  

as shown i n  P ig ' s  (9 t o  14) .  

I n  the  case of suct ion  and del ivery  pipes,  tne  vib- 

r a t i o n  decreases because the e f f e c t  of motor v ibra t ion  is 
s o  small due t o  the  farness  of these pipes from the  motor. 

Therefore the  v ibra t ion  i n  these  p a r t s  is mainly due t o  the  

hammer e f f e c t  on the  impeller  blades and the flow r a t e e  i n  
the pipes. But i n  the suct ion  s i d e  tne v ib ra t ion  is laxger  

than t h a t  of the  de l ive ry  s i d e  because of the  prementioned 

- reasons i n  addi t ion  t o  t h e  hammer e f f e c t  on the  non-returne 

valve espec ia l ly  when the  system is of f .  
%b 

The vibra t ion  curves i n  t h i s  case ha le  the  same behay- 

iour  a s  shown i n  Pig ' s  (15 t o  20) which ind ica tes  t h a t  the  

v ibra t ion  resu l t ing  from using d i e s e l  motor is l a r g e r  than 

using electric. 

6. HECoMMENDATIoNS : 

The vibra t ion  values of low pressure i r r i g a t i o n  pumps 

va r i e s  accordipg t o  the  type of prime-mover. 
The or ig in  of higher v ibra t ion  when using d i f f e r e n t  

types of prime movers is the bearing beside the motor. 

For the  prototype pump-set a t  the  f i r s t  etaye of design 

we  must t r y  t o  millimaze the  v ib ra t ion  value8 of the  

system owing t o  increase  the  se rv ice  l i f e .  
Prom t h i s  study it is c l e a r  t h a t  using the  electric 
motor decreases the  v ibra t ion  i n  low preeeure i r r i g a t -  

ion  pumps. 



5. The shaft horse power decrease when using electric- 

motor as prime mover. 

In addition to the previous recommendations, the electric 

prime-mover easy operate and maintenance-lower price, safty on 

operation and respectively the irriqation cost decrease. 
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fig. ( 3 ) Effec t of Capacity (Q) on the Acceleration 
(Achl Using Drinkage Water at Diffrenf Speeds 
and Various Primern overs. 
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Fg. ( 4  ) Effect of Capacify(Q) on the ~e/ocity(Vv) 
Using Drinkage Water at Different Speeds 
and Various Primerno vers . 



CAPACITY .- 
~ i g . ( 5 )  Effect of Capacity(Q) on the 4n)olitude 

(Amp) Using Drinkage Water at Dtkent 
spe;ds and Various Primemovers. 
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fig. ( 6 1 Effec l of Capacity (Q) on the Acceleration 
(AcY ) using Drnkage Water at Difkrent Speeds 
and various Primemovers. 
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fig, ( 7 1 Effect of Capacity (Q) on the ~elocity(Lf, ) 
Using Drink age Water at. Different Speeds 
and Various prime mover^^ 
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~ i g .  (8 ) Effect of Capacity (Q) on the Amplitude 
(Amp) , Using Orinkap. Water at Different 
~ ~ e d s  and Various Pr@emovers. 



- CAPACITY 



CAPACITY - - 7 

Fig.(tO) Effect of Capacity (Q) on the Velocity 
(bj$ Using Drin kage Water at Differmt Speed 
&nd Various Primemovers. 



0.0 0.015 0.030 0.045 - m3/sec. 

0 5 4  108 162 - m3/ hr 
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fig, ( 1  ) Effit of Capacity (Q) on the Amplitude 

Mmp) Using Drinkage Water at Difkrent 
sp&S and Various Primemoverso 
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Fig. (12) Effect of Cvacity (Q) on the Acc ekration 
(Acv) Using Driinkqe Water i t  Di/krent Speeds 
and Various . Primemovers. 
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Fig (13) E f f W  of Capacity (Q) on the Velociiy(vi) 
Using Drinkage Water at Different Speeds 
and Various Primemovers. 



Fig. (14 ) -Effect of Capacity (Q) on th e Arnplitu de 
14mplz 'using Drinkage Water at Ojffernf 
spe;ds and Various Primemovers- 
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Fig. ffS) Effect of Capacity (Q) on the Acceleration 

(Ac,,) Using Dnnkage Water at Different Speeds 
and Vanbus Primemovers. 
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Fig. (I6 ) Effect of C apacity (Q) on the V d o  city (Vv) 
Using Drinkage Water at Different Speeds 
and Various Primemovers. 
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Fig. (1 7) Effect of Capacity (Q) on the Amplitude 
( ~ m ~ )  Using Drinkage Water at Different 
s pe;ds and Various Primemovers. 
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Fig.fl8) Effect. of Capacity fQ) on the Acceleration 
(Ach ) Using Drinkage Water at Different Speeds 
and various P r h ~ m o  vers. 
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Fig.(l9) ~ f fec f '  of Capacity (Q) on the Velocity (V )  4 , 

Using Drinkage Water at ~ifh&nt Speeds 
and- . Varidus l?rimemover~--.- 
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system i n  which t h e  wa te r  is d i s t r i t c l t e d  by  scheme of s h i f t s .  

By t h i s  sys tem,  wa te r  level i n  channe l s  and branches i a  sub- 

j ec ted  t o  be  r a i s e d  o r  downed. L o g i c a l l y ,  f o r  low water  

l e v e l  i n  channe l ,  t h e  pureneas of water  is changed i n  addit- 

i o n  t o  p l a n t  r i s t r i c t i o n  and seasonal c l e a r i n g  of  the channe l  

..... etc. So, t h e  N i l e  i r r i g a t i o n  is con t inuous ly  subjected 

t o  changes i n  i t s  pureness  epec iaLly  d u r i n g  pump o p e r a t i c n .  

There fore ,  t h e  e f f e c t  04 wa te r  pureness  on t h e  dynarnics 

of t h e  pump system is  cons idered  major f a c t o r  i n  s e r v i c e  

l i f e  of t h e  i r r i g a t i o n  pump. The s e r v i c e  l i f e  of the system 

is an economical i n d i c a t o r  which must be cons idered  i n  t h e  

e l e c t r i f i c a t i o n  of i r r i g a t i o n  meanu. 

This  r e s e a r c h  aims a t  f i n d i n g  o u t  t h e  e f f e c t  of water 

pureneea on t h e  v i b r a t i o n  phenomena of low p r e s s u r e  pump. 
The fo l lowing  types of wa te r  w i l l  be used i n  this study: 

1. Urinkage Water,  
' b 

2. Mud Water: 

mud r a t i o ,  

mud r a t i o .  b - -  2 0 

2 .  INTRODUCTION: 

The v i b r a t i o n  response of c e n t r i f u g a l  pumps (low prees-  

u r e  pumps) is l a r g e l y  dependent on t h e  dynamic f o r c e s  a r i s -  
i n g  from hydrodynamic b e a r i n g  and the f low at: s u c t i o n  and 

d e l i v e r y  aides l*. It was d i f f i c u l t  t o  o b t a i n  q u a n t i t i v e  

v a l u e s  f o r  t h e  dynamic f o r c e s  a r i s i n g  from i m p e l l e r  and 

i m p l l e r / d i f f u e e r  becauee t h i e  combination ate more cornplex 
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