
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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The water pureness has a l a rge  e f f e c t  011 the forces 

a r i s ing  from the flow and conpequently increases the  

forces re'sultixq from hydrodynamic bearing*. 

For t h i s  reasons, the  measuring of v ibra t ion  must be 
done on the  s h a f t  bearings i n  order t o  ye t  out  a r e l a t l o n  

becween water type (drinkaye water and mud water) and vib- 

r a t ion  (Amp., Vel.,Acc.) and it wau noted t h a t  a l l  these 

measures must  be made a t  normal temperature. 

3 .  SYMBOLS: 

: Amplitude of v ibra t ion  i n P m  pk-pk., 

A : Horizontal measuring of vibrat ion amplitude i n  

pm Pk-Pk., 

A : Vert ica l  measuring of v ibra t ion  amplitude i n  

Pk-Pk. , m 
Am : Acceleration of vibra t ion  i n  g u n i t s ,  

A : Horizontal measuring of accelera t ion  in g unitxs. 
CCh 

ACCv: Ver t ica l  measuring of accelera t ion  i n  g un i t s .  

V : Velocity of vibrat ion i n  nun/mc. ,  
Horizontal measuring of ve loc i ty  i n  mm/sec., 

vh ' 
' Vv : Vert ica l  measuring of ve loci ty  i n  mm/sec. , 

3 u : Hate of flow 4Capacity) i n  m /hr. ,  

lit ; Total  head i n  m t .  H 2 0 . ,  

turn 2 mtor horsepower i n  HP., 

S.HP : Shaf t  horsepower i n  HP., 
3 "(r : Spec i f i c  weight i n  Kg/m . 

4, EXPERIMENTAL WOW: 

The arrangement of the  s t a t i o n  used i n  t h i e  s tudy is 
designed and constructed a t  the  Faculty of Engineering and 

Technology a t  Shebin ELXom, Menoufia Univereity. This 

arrangement and the proceduxe used a r e  represented i n  the 

f i r s t  paper. 

5. EXPEHI@h'J?AL USULTS : 
The e f f e c t . o f  diecharge (Q) on the  v ib ra t ion  for d i f f -  

e ren t  typesbof watex and a t  t h e  prementioned three p a r t s  of . 

the pump were i l l u s t r a t e d  graphica l ly  i n  Pig ' s  (1 to 52). 



The pump performance was cont ro l led  by the  del ivery  

and suct ion  valves, t h e  measured q u a n t i t i e s  of pump char- 

a c t e r i s t i c e s  were :  

The ca lcu la t ion  procedure was as follows: 

Total  head (Ht)  = Hs(Cm.H ) x 0.13595 + Hd(mt.H20) ... mt.H20,  
9 

Cd 4% Hate of flow = ,- 1 19 $ 
The motor power (Nrn) = MI (Kw) x 1.36 

The pump performance f o r  d i f f e r e n t  types of water is presen- 

ted  i n  the  hydraulic  part .  

The hydraulic  measurements accuracy are: 

+ 5% Head 2 5 % ~ ~  Nmotor - 
The accuracy of v ibra t ion  readings is: + 3%. 

5.1. Vibration Results  f o r  Bearing No. ONE: 

Table (1)  represents  t h e  magnitudes of t h e  v e r t i c a l  
(Amp., V. and Acc.) with respect  t o  the hor izonta l  a t  d i f f -  

e r e n t  speeds, drinkage water and average capaci ty  
!Q = 110 m3/hr. ) . 

'. Table (1 ) 

Table ( 2 )  represents  the  values of hor izonta l  and ver- 

t i c a l  (Amp) f o r  bearing No. 1 for  d i f f e r e n t  types of water, 
3 mean discharge (110 m /hr.) and different speeds f o r  bearing 1. 

ITEMS 

1350 

1550 

2350 

2708 

3 300 

Velocity 

mm/sec. 

1.16 

1.28 

1 .05 
1.12 

1.19 

Acceleration 

i n  g u n i t s  

1.75 

2 .05 

1.20 

2 .09. 

1.77 

~ m p l i t u d e  

.PII~~ 

1.19 

1.10 

1.16 

1.19 

1.04 



' ~ J L -  

Table ( 2 )  

Table ( 3 )  represents the shaft  horse power a t  d i f f erent  - 
speeds, dif ferent  mud ratioes and mean capacity of 110 m3/hr. 

Table ( 3 )  

5 . 2 .  Vibration Results for  Bearing No. IWO: 

Table (4) shows a comparsion between vibration veloci t -  
ies for di f ferent  types of water and various speeds. For bearing 



The r e s u l t s  obtained f o r  (mp) and ( A c c )  have nearly 

the  same trend a s  velocity. 

5.3. Vibration Results  f o r  

Table (5 )  compares 

and del ivery  pipes f o r  the  

Tab 

suct ion  and del ivery  pipes: 

between the  (Amp) Eof the  suct ion  

previous conditions. 

The r e s u l t s  obtained f o r  (V )  and ( ~ c c )  nave nearly the  

same trend a s  (Amp). 

6 .  DISCUSSION: 

The r e s u l t s  of the  experimental work t r ea ted  as  follows: 

The temperature of water was ranging from 2 0  t o  23'C, 
1 1 

t h e  mud r a t i o  i n  water takes d i f f e r e n t  r a t i o e s  and 20. The 

cav i t a t ion  was impossible t o  occur and to achieve the  cavitation- 
a 1  regme,  a s p e c i a l  deep vaccum pump must be used. 

1 19.4 2:.4 25.1 1 1 19.6 J 2 6 . 0  30 .3  19.0 18.6 
-4 

2350 

25.6 

( Water 

C 
0 
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1 

2700 
1 

14.2 9.8 

The main tendency is t h a t  the  values of (Am), ( V )  and 

(Amp) f o r  v e r t i c a l  measurement (using drinkage water) is l a r g e r  

than that of hor izonta l  measurement. Figures (1, 2 )  shows t h a t  

t h e  v e r t i c a l  (imp) is 1.136 t i m e s  than t h a t  of the  hor izonta l  

(Amp) 

14.5 

1 . 6  

When the  R.P.M. increases the  (Acc) ,  ( V )  and (Amp) increas- 
es, but f o r  values of H.Y.M. l a r g e r  than 2350, these  values 

decreases a s  shown i n  Pig. (1t12 ) . 

+, 
0 
P 
~ t l  

1 

12.2 

17.6 

13%) 

1 . 2  

15.6 1 9.4 17.0 121.3 ' 2 5 . 6  

1550 

21.8 

19.4 , 22.7 127.0 

19.6 23.2 27.6 



Xn case of mud water,  the values of v ibra t ion  i t e m  

have tne  same trend but  there  values a r e  larger than t h a t  

obtained usiny drinkage water. This trend w i l l  have the  sc...+= 

bchaviour for H.P.M. u p  t o  2350. 

With the  increase i n  mud r a t i o  (which operates as 

a  hummer on the  impeller blades)  the  values of ( A c c ) ,  (V, and 

(tmp) w i l l  increase.  This increase  JA viura t ion  1s due tc 
the  new s p e c i f i c  weight of water which r e s u l t s  from increa3.ng 

the  mud r a t i o .  

F ig ' s  (1, 2 ,  7 ,  8) i l l u s t r a t e s  yrapnical ly the  v ibra t -  

ion ( ~ m p )  f o r  bearing 1 and 2 f o r  d i f f e r e n t  types of water and 

various speeds. 

The (V-L!) r e l a t ions  f o r  drinkage water shows t h a t  i f  

t he  %.P.M. increases  the  v ib ra t ion  ve loc i t i e s  increases.  I n  
1 case of mud r a t i o ,  the  v ib ra t ion  v e l o c i t i e s  become l a r g e r  

1 than the  f i r s t  case and take the  sane behaviour. In case of 

mud r a t i o ,  the values become more l a rge r  and have the  same trend. 

Fig ' s  (3 ,  4, 9, lo) i l l u s t r a t e s  graphica l ly  the  v ibra t ion  vela 

o c i t i e s  tor  bear ing .1  and 2 f o r  d i f f e r e n t  speeds and d i f f e r e n t  

types of water. 

P ig ' s  (5 ,  6, &, 1 2 )  i l l u s t r a t e s  graphica l ly  the  v ib ra t -  

ion ( ~ c c ) ' f o r  bearing 1 and 2 f o r  d i f f e r e n t  types of water and 

d i f f e r e n t  speeds. 

It was noted that, increasiny t h e  H.P.M. up t o  2350 w i l l  

increase  the  v ib ra t ion-  But a t  high speeds (above 2350 H.P.~) 

t he  v ibra t ion  decreases due t o  tne  decrease i n  discharge which 

Leads t o  decreasing the  chocks of water on the  impeller  blades. 

Also f o r  a11 the  previous cases ,  the  v e r t i c a l  v ibra t ion  

was l a r g e r  than t h e  hor izonta l  v ibra t ion  because the  motion i n  

the  v e r t i c a l  d i r e c t i o n  is l a r g e r  than t h a t  i n  the  hor izonta l  d i r -  

ect ion.  



7. CONCLUSIONS AND RECOMMENDATIONS: 

The v ibra t ion  (Amp, V and Acc) of t h e  i r r i g a t i o n  pump 

(cen t r i fuga l  pumps) a t  the  s h a f t  bearings va r i e s  according t o  

the  mud r a t i o ,  

The v ibra t ion  Amp. proporionally increases with d i s -  

charge of t h e  pump, till 2350 K.P.M. and with the  mud r a t i o ,  

while it  decreases with the  increase  of H.P.M. above 2350. 

I n  order  t o  decrease the  operating c o s t s  of the pump, 
the  pump must operate a t  low vibra t ions  a s  poss ib le  t h a t  leads 

t o  increase the  se rv ice  l i f e  of the  pumps. 
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Fig ( 1 ) Effxt of Capacity (Q) on the Amplitude 
(Amp) h Using Different Mud Ratioes atJ2iffer- 

ent Speeds. [ Herizontal Measurement 1 
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Fig(2 ) Effect of Capacify(~) on the Amplitude 
(Amp) Using Different Mud Rafioes at Differe 



- CAPACITY- 

Fig(3 ) Effect of CapacityfQ) on the .Velocity 
f VI, ) Using ~ i f f e r  en t Mud Ra tioes at Lliferenl 
Speeds. 



CAPACITY- 

Fig ( 4 ) Effect of Capacity (Q) on the Veio c i  ty 
(VY ) using Different Mud Ratioes at D#ermf 
Speeds. 
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fig.,(8) Efkct d CapacityfQ) on the Amplitude 
f ~ r n ~ )  Using .Different Mud Ratioes at Diff- 
erent Speeds. I Vertical Measurement 1 



Fig. .( 9 Effect of Capacity (Q) on the Velocity 
(V,, ) &/sing Different Mud Ra tioes at Dflerent 
Speeds. 
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. CAPACITY - 
~ i g .  (1 1 ) Effect of Capacity (Q on the Acceleration 

A, ) Using Differ en t Mud Ratbps at Differen t 
Speeds.  
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(A, I Using Different Mud Ratbes at Differen t 
S p ~ e  ds. 




