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1. ABSTRACT: 

The N i l e  i r r i g a t i o n  f o l l o w s  t h e  c a n n a 1  i r r i g a t i o n  System 

i n  which t h e  wa te r  i s  d i s t r i b u t e d  by scheme o f  s h i f t s , l o g i c -  

a l l y ,  f o r  low wa te r  l e v e l  i n  t h e  c h a n n e l ,  t h e  p u r e n e s s  o f  

wa t e r  is changed ,  i n  a d d i t i o n  t o  p l a n t  r i s t r i c t i o n  and  seas- 
o n a l  c l e a r i n g  o f  c h a n n e l  ..... etc. So,  t h e  Nile i r r i g a t i o n  

is c o n t i n u o u s l y  s u b j e c t e d  to c h a n g e s  i n  i ts  p u r e n e s s  s p e c i a l l y  

d u r i n g  pump o p e r a t i o n .  

T h e r e f o r e ,  t h e  e f f e c t  o f  v a t e r  p u r e n e s s  o n  t h e  pump p e r -  

formance  and  c h a r a c t e r i s t i c s  i s  c o n s i d e r e d  major  f a c t o r  i n  s e r -  

v i c e  l i f e  o f  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  o f  t h e  

sy s t em is an  economica l  i n d i c a t o r  which must  b e  c o n s i d e r e d  i n  

t h e  e l e c t r i f i c a t i o n  o f  i r r i g a t i o n  means. 

T h i s  r e s e a r c h  a i m s  a t  f i n d i n g  o u t  t h e  e f f e c t  o f  w a t e r  p u r -  

e n e s s , p r i m e  mover and  t y p e  o f  s u c t i o n  p i p e  o n  t h e  pump p e r f o r -  

mance. 
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2. INTRODUCTION: 

The performance of the pump (discharge, manometric head 

and efficiency) depends on nemerous factors that affect either 

positively or negatively the pump efficiency. Not only the 

type of pumped fluid (I), but also the pumping system and 

suction systems can decrease the pump efficiency due to the 

occurence of cavitation phenomena. 

In the case of centrifugal pumps the additional effects 

of the pumped fluid can render critical speed calculations . 
meaningless (2). 

The prime-mover type has a large effects on the pump charact- 

eristics and performance. 

3. EXPERIMENTAL WORK AND PROCEDURE: 

In order to have a clear picture of the effect of diff- 

erent parameters on the performance characteristics of cent- 

rifugal pump, an experimental station was designed and const- 

ructed in the Faculty of Engineering and Technology, Shebin 

El-Kom, Henoufia University. 

The experimetnal set up provides the facility of studying the 

effect of: 

i - Fluid property, 
ii - Suction conditions, 
iii- Type of prime-mover. 

on the performance of the centrifugal pump. 

The basic components of the experimental station are; 

pumping set, delivery tank, suction tank and measuring devices. 

The pumping set consists of, pump, prime mover, suction pipel 

delivery pipe, control valves and filters. 

The pump used is a low head centrifugal puap of the follow- 
ing specifications; head 8 mt. water, R.P.H. 1450 and the 

3 capacity 250 in /hc. 



Two types of prime-mover were used: 

i- An electric motor of the following specifications; speed 

1450 r.p.m and out put power = 10 HP. 

ii- Diesel engine specifications are; speed 1450 r.p.m by using 

a conical pulleys system and power = 10 horse power. 

The suction and delivery pipes have the same diameter 

(15 cm.) and same length (4.5 mt.). 

Two different materials was used for suction pipe, rubber 

and steel, the suction pipe ends with a filter and non-return 

valve. 

The valves used in the pumping see are: 

i- Non-return valve in the suction pipe, and two regulating 

valves, one in the delivery pipe to regulate the discharge 

and the other on the suction side to study the effects Of 

manometric suction head. 

The suction tank dimensions are; width 1.8 mt, length 8 mt 

and dept 4 mt. 

The delivery tank dimensions are; height Zmt, length 1.76 

mt, and width 1.76 mt. 

3.1 Measuring Devices: 

The suction and delivery manometric heads were measured by 

two calibrated pressure gauges of Bourden type. 

The orifice upstream and down-stream pressures were meas- 

ured by two calibrated pressure gauages of the previous type. 

The pump speeds was measured by a calibrated speed trans- 

ducer PHILIPS type (PR 9373). The pump speed was changed using 

a system of pullies as shown in Pig. (1). To calculate the 

shaft horse-power of the punp, it is necessary to measure the 

torque on the shaft. A calibrated torque transducer PHILIPS 

type (PR 9380 R/50) was used. 



3.2 Experimental Procedure: 

1. Before runs were made the pumping station was checked th- 

roughly for leaks. 

2. To draw the performance curves of the pump (H-Q, S.W -Q and 

7 -Q), the following procedure was carried out at certain 
speed. 

a- Suction valve was open while the delivery valve was 

closed., 

b- Start the pump, 

c- Open gradually the delivery valve. 

d- Record the following reading: 

= - manometric suction head, 

= - manometric delivery head, 

= - orifice up-stream pressure, 

HZ orifice down-scream pressure, 

N r.p.m., 

T Torque. 

To have another set of performance curves, change the speed 

by the pullies system and repeat the previous procedure. 

For the performance of the pump using muddy water, the mud 
1 1 was added to the water in the ratio - by weight. 

To find out the effects of prime mover on the pump perfor- 

mance, the diesel engine replaces the electric motor and the 

previous steps was repeated. 

The tests were repeated at variable r.p.m, namelly at 1350. 

1550, 2350, 2700 and 3000 r.p.m. 

4. DISCUSSION AND CONCLUSIONS 

4.1 Punp Performance Using Drinkage Water and Electric Motor: 

The relation between the capacity ( 0 )  and the total head(H1 
at different speeds (1350, 1550, 2350, 2700 and 3300 r.p.m.l is 

presented graphically in figures (Ib & 2 ) .  It is clear from the 



figure that the capacity (Q) decreases with the increase of 

total head and speed up to 1550. The capacity (Q) reached its 

maximum value when the pump operates at the main speed Of 1550 

r.p.m while the total head takes a small value compared with 

that at higher speeds. The total head increases with the in- 

crease of R.P.M. The capacity (Q) is considered to be the most 

important element in calculating the cost of irrigation per/ 
feddan (time required to irrigate one feddan depends on the 

capacity of the pump). 

The effect of the capacity (0) on the shaft horse power is 

illustrated in figures ( 3  a m  4 ) .  It is clear from the figures 

that the snaft horse power increases with the increase of the 

capacity (Q). This increase in shaft horse power is due to the 

increase of the water delivered and consequently increasing the 

load on the impeller blades. The shaft horse power also in- 

creases with the increase in the R.P.M. The maximum shaft horse 

power occurs at the speed of 3300 R.P.M. The following table 

gives the values of: the shaft horse power at different speeds 
3 

and at average capacity of 150 mt / h r .  

The relation between the capacity (Q) and the pump effic- 

iency ( 7 )  at different speeds is shown in figures ( 5 and 6 1 .  

From this figures it is clear that the efficiency increases 
Lith the increase of the capacity (Q) at the same speed while 

it decreases with the increase of the speed at the same capacity. 

The following table represents the efficiency at different speeds - 
and at the average capacity of 150 mtJ/hr. 

3300 

30.2 

2700 

25.5 

2350 

18 

1550 

9.8 

Speed R.P.M. 

Shaft horse 
power-horse 

3300 

9 

1350 

6.2 

2700 

11 

2350 

18 

Speed 

Efficiency 
% age 

I 

1350 

6 6 

1550 

5 5 



4.2. Pump Performance Usinq Diesel Motor: 

The relation between the capacity (Q) and the total head (H) 

for different speeds using diesel motor and drinkage water is 

shown in the figures (7 and 8 ) .  The total head (H) decreases 

with the increase in the capacity (Q) while it increase with the 

increase in the speed at the same capacity. The total head reac- 

hes the largest value when the pump operates at 3300 r.p.m. The 

total head using electric motor has a values less than that obtain- 
ed when using diesel motor. The following table gives the total 

3 head for different speeds at the.average capacity 150 mt /hr. when 

using electric and diesel motor. 

I E.M. 1 8.08 1 9.06 / 10.04 1 11.08 1 12.10 

Speed 
R.P.M. 

Prime- 
mover 

The relation between the capacity (Q) and the shaft horse 

power at different speeds is shown in figures ( P  and 10). The 

shaft horse power increases with the increase of the capacity 

(0) and the speed. The values of the shaft horse power obtained 

by the use of diesel motor is larger than that obtained using 

electric motor. 

The following table represents the percentage increase in 

the shaft horse-power using diesel motor compared to electric 

motor. 

I 
I I 1350 1 1550 / 2350 1 2700 

I i I 

I I 1 I I 

3300 

12.30 D.M. 

Speeds 

% age increase 
in shaft horse- 
power. 

8 . 2 7  

2700 

0.30 

3300 

0.10 

1350 

0.20 

11.29 9.28 

1550 

0.16 

10.28 

2350 

0.20 



Figures  (11 12  ) show t h e  r e l a t i o n  between t h e  c a p a c i t y  

(Q) and e f f i c i e n c y  (7) using d i e s e l  motor, d r inkage  water and 

running a t  d i f f e r e n t  speeds .  From t h i s  f i g u r e s ,  i t  can  be seen 

t h a t ,  f o r  t h e  same c a p a c i t y  (Q), the  e f f f i c i e n c y  ( ) d e c r e a s e s  

wi th  t h e  i n c r e a s e  of speed,  and i t  is become very smal l  a t  3300 

r.p.m. 

The e f f i c i e n c y  i n  c a s e  of d i e s e l  motor is smal le r  than  t h e  

ob ta ined  i n  c a s e  of us ing e l e c t r i c  mtoro. The fol lowing t a b l e  

r e p r e s e n t s  t h e  e f f i c i e n c y  when using d i f f e r e n t  types  of prime 

movers ( e l e c t r i c  and d i e s e l  motor ) ,  d i f f e r e n t  speeds  and d r inkage  

water .  

I E.M. 
I 

D.M. 52 4 7 15 8 6 

Speed 
R.P.M. 

I Prime 
mover 

4 .3 .  Pump Performance Using Muddy Water: 

1350 

1 i - Mud r a t i o  by weight 

F i g u r e s  ( 1 3  6 1 4  ) i l l u s t r a t e s  t h e  r e l a t i o n  between t h e  

c a p a c i t y  and t o t a l  head (H) using muddy water, electric motor 

and d i f f e r e n t  speeds .  Prom t h i s  f i g u r e s ,  i t  is c l e a r  t h a t ,  

a s  t h e  c a p a c i t y  (Q) i n c r e a s e s  t h e  t o t a l  head [H) decrease .  Both 

t h e  c a p a c i t y  (Q) and t o t a l  head (H) t a k e s  a small v a l u e s  i n  

t h i s  c a s e  compared wi th  t h e  r e s u l t s  us ing d r i n k a g e  water and 

t h e  same prime mover. The mud i n  water a f f e c t s  l a r g e l y  t h e  

pump performance because t h e  s p e c i f i c  g r a v i t y  o f  water become 

l a r g e r  than t h e  d r i n k a g e  water and t h e  dynamic e f f e c t  o f  mud 

on t h e  impe l le r  b lades .  

1550 

The same behavior was no t iced  a t  d i f f e r e n t  speeds ,  bu t  t h e  

t o t a l  head i n c r e a s e s  wi th  t h e  i n c r e a s e  of t h e  speed. T h i s  i n c r e a s e  
t a k e s  a  d i f f e r e n t  i n c r e a s i n g  r a t i o e s  f o r  t h e  d i f f e r e n t  speeds.  

2350 2700 3300 



Figures ( 15 16) shows the relation between the capacity 

(Q) and shaft horse-power (S.HP). From this figures, It can be 

seen that as the capacity (Q) increases the shaft horse-power 

increases and as the speed increases for the same capacity (QI. 

the shaft horse-power increase, this increase takes a large value 

at a speed of 3300 r.p.m. 

The following table reprsents the variation of the speed with 

the shaft horse-power ratio for muddy water and drinkage water. 

- -- - - 

+ S.H.Pm = Shaft horse-power in case of muddy water, 

**S.H.Pd = Shaft horse-power in case of drinkage water. 

Figures (17 and 18 1 represents the relation between the 

capacity (9) and the efficiency ( 7 )  using muddy water of mud ratio 
1/40 by weight,electric motor and different speeds. Prom this 

figures, it is clear that as the capacity (Q) increases the eff- 

iciency (2) increases for different speeds. But the efficiency 

(7) decreases as the speed increase. The decrease in efficiency 

(7) is due to the increase in shaft horse power: results from chang- 
ing the mud ratio in water. 

3300 

-. 

1.10 

The following table represents the efficiency (Z) of the 
pump under study using drinkage water, mud water 1/40, electric 

motor and different speeds. 

2700 

1.04 

2350 

1.01 

R.P.M. 

ITEM 

S.HP muddy 

S.HP d.w. '* 

1350 

1.09 

ITEMS 

drinkage W. 
I 1 I I I 

1550 

1.05 

1350 

669 

2700 3300 

11 I 9 

1550 

5 5 

7 

2350 

18 

1 
8 1 5  4 6 1 Mud water - 

4 0 528 



4 . 4 .  Pump Performance Using Muddy Water: 

1 ii- Mud r a t i o  - 20 by weight.  

F igures  ( 19  6 20) shows t h e  r e l a t i o n  between t h e  c a p a c i t y  
1 (Q) and t o t a l  head ( H )  us ing mud water =, e l e c t r i c  motor and 

d i f f e r e n t  speeds .  T h i s  f i g u r e  shows t h a t ,  A s  t h e  c a p a c i t y  (Q) 

i n c r e a s e s  t h e  t o t a l  head (H)  d e c r e a s e ,  and f o r  t h e  sane c a p a c i t y  

( Q l  and d i f f e r e n t  speeds ,  A s  t h e  R,p.M. i n c r e a s e s  t h e  t o t a l  head 

( H )  i n c r e a s e s .  But t h e  v a l u e s  o f  t h e  t o t a l  head (H) i n  t h i s  case 
has a  smal l  v a l u e  compared wi th  t h a t  o f  us ing d r i n k a g e  water and 

t h e  same elements .  Genera l ly ,  The same behaviour was n o t i c e d  

a t  d i f f e r e n t  speeds ,  b u t  t h e  c a p a c i t y  (Q) d e c r e a s e s  wi th  t h e  

i n c r e a s e  o f  R.P.H. and reaches  to t h e  s m a l l e s t  v a l u e  a t  3300 R.P.M. 

The t o t a l  head i n c r e a s e s  a s  t h e  R . P . ~  i n c r e a s e  and takex a ma%. 

v a l u e s  a t  R.P.M 3300. I t  is a l s o  no t iced  t h a t ,  both  t h e  c a p a c i t y  

( Q )  and t o t a l  head v a l u e s  i n  t h i s  c a s e  t a k e s  a  small v a l u e s  com- 

pared wi th  t h a t  of us ing electric motor and t h e  same e lements  acc- 

ording t o  t h e  decreas ing  o f  water pureness  and its e f f e c t  on t h e  

pump performance. 

4.5. A comparison of Pump Performance Usinq D i f f e r e n t  Prime-Movers 

and Drinkaqe Water: 

F i g u r e s  (2  t o  20) shows t h e  r e l a t i o n  between t h e  c a p a c i t y  (QI 

and t o t a l  head ( H ) ,  us ing d i f t e r e n t  prime-movers, d i f f e r e n t  speeds  

and d r i n k a g e  water.  Prom t h e s e  f i g u r e s ,  i t  is clear t h a t  f o r  t h e  

same c a p a c i t y  (0) t h e  t o t a l  head i n c r e a s e  us ing d i e s e l  motor. 

Prom t h e  r e l a t i o n  between t h e  d i s c h a r g e  (Q) and s h a f t  h o r s e  

power a t  t h e  previ.ous f i g s .  I t  is no t iced  t h a t ,  t h e  s h a f t  horse- 

power i n c r e a s e s  when us ing  d i e s e l  motor accord ing  to t h e  i n c r e a s e  

of t h e  i n e r t i a  f o r c e  o f  t h e  system ( f l y  wheel and engine0. Thus 

t h e  s h a f t  horse-power i n c r e a s e s  wi th  t h e  i n c r e a s e  o f  speed f o r  

d i e s e l  motor than t h e  case of us ing electric motor. 

4.6.  Comparison o f  Pump Performance Usinq D i f f e r e n t  Types o f  Prime- 

Movers and D i f f e r e n t  Mud Rat ioes :  

P i g u r e s  [ lb, 2 ,  7 ,  8 .  13. 14,19,20,25,26,31and32)  shows 

t h e  r e l a t i o n  between t h e  c a p a c i t y  ( Q )  and total  head (H) using 

d i f f e r e n t  speeds ,  d i f f e r e n t  prime-movers and d i f f e r e n t  t y p e s  o f  



water pureness .  From t h i s  f i g u r e s ,  i t  is no t iced  t h a t ,  A s  t h e  mud 

r a t i o  i n c r e a s e s  t h e  t o t a l  head d e c r e a s e s  f o r  t h e  same c a p a c i t y  

(P).  The fo l lowing  t a b l e  r e p r e s e n t  t h e  t o t a l  head (H) v a l u e s  f o r  

t h e  mean c a p a c i t y  (9) of t h e  pump, d i f f e r e n t  degree  o f  water pur- 

eness  and d i f f e r e n t  speeds  us ing e l e c t r i c  motor: 

Genera l ly ,  and from t h e  t a b l e ,  t h e  i n c r e a s e  of mud r a t i o ,  

d e c r e a s e s  t h e  t o t a l  head whi le  t h e  i n c r e a s e  of R.P.M. i n c r e a s e s  

t h e  t o t a l  head (HI f o r  the  same c a p a c i t y  (P) .  

F i g u r e s  ( 3 ,  4 ,  9 ,  I O , ~ ~ , I ~ , Z I , Z Z . Z ~ , Z ~ , ~ ~  and 34 ) shows 

t h e  r e l a t i o n  between t h e  c a p a c i t y  (Q) and t h e  s h a f t  horse-power 

f o r  d i f f e r e n t  water pureness ,  d i f f e r e n t  speeds  and d i f f e r e n t  

prime-movers. From t h i s  f i g u r e s  i t  is c l e a r  t h a t ,  f o r  t h e  same 

c a p a c i t y  (Q) : 

3300 

12.10 

11.08 

8.30 

- The i n c r e a s e  o f  mud r a t i o  i n  water i n c r e a s e s  t h e  s h a f t  

horse--powec;this i n c r e a s e  had a d i f e e r e n t  r a t i o e s .  

- The i n c r e a s e  of t h e  speeds ,  i n c r e a s e s  t h e  s h a f t  horse- 

power by d i f f e r e n t  r a t i o e s .  

- When using d i e s e l  motor t h e  s h a f t  horse-power i n c r e a s e s  

by d i f f e r e n t  ratioes f o r  v a r i o u s  speeds  comparing wi th  

us ing e l e c t r i c  motor mud d i e s e l  motor for d i f f e r e n t  degree  

o f  water pureness .  

2700 

11.08 

9.15 

8.15 

The fol lowing t a b l e  r e p r e s e n t s  t h e  ($.UP) v a l u e s  f o r  v a r i o u s  

t y p e s  o f  water pureness ,  d i f f e r e n t  t y p e  of prime-movers, and 
3 d i f f e r e n t  speeds  a t  t h e  average  d i s c h a r g e  (150 m / h r . f .  

R.P.M 

1 TEM 

Drinkage water 

Mud 1 - 
4 0 

Water 1 - 
2 0 

1550 

9.06 

8.085 

8.075 

1350 

8.060 

8.075 

8.070 

2350 

10.04 

9.015 

8.10 



R . P . M .  I 1150 I 1550 I 2350 / 2700 1 3300 I 
I ITEMS 1 I I 1 1 I 

t I I I I I 
P . W .  8.90 9.80 18.20 25.00 30.80 

E.H. 

I I I I I 
1 D.M. M . W .  7, 9.90 11.30 18.90 25.80 32.90 

1 M . W .  - 2 0 10.90 12.20 19.90 26.60 35.60 

P . W .  

1 H.V. - 4 0 

Pigures ( 5 ,  6, 11, 12, 17, 18, 23, 24, 29 and 30 shows 
the relation between the capacity ( Q )  and the efficiency (7) 
for different types of prime-movers, various degree of water pur- 

eness and different speeds. Prom this figure it is noticed-that: 

- As the capacity ( Q )  increases, the efficiency ( 7 )  increases 
for the different prime-movers, various degree of water pureness 

and different speeds. 

6.50 

7.10 

- In case of using diesel motor, the efficiency of the puap 
decreases comparing with the case of using electric motor for the 

same water pureness and for different speeds. 

- As the mud ratio increases, the efficiency (T) decreases 
for the same prime-mover and different speeds. But the efficiency 

has a small value when using diesel motor, and it has a smallest 
1 values when using mud ratio and diesel motor for different 

speed. The following table represent the efficiency values for 

different prime-movers, various degree of water pureness and for 

different speeds. 

9.40 

10.00 

17.20 

17.40 

24.10 

25.00 

29.20 

32.20 
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J 
1 -Main Supply Tank. 
3 - Suction Valve. 
4 - Vibration Transducer. 

6- Orifice Meter. 
8- Main Supply Tank. 
10- Torque Transducers. 
12 - R. p M. Transducers 
14 _ Electric Motor. 

Fig, I la) Stalion Under- Study. 
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PIG. (11) (7-0) RELATIM POR DRINKACE 

WATER DIESEL MOlWR AND R.P.II 1550. 

CAPACITY 
PIG.  (131 (H-01 REUTICU FOR UUDDY WATER 

- U L ~ ~ ~ C l ' ~ ~ ~  W X O R  AND R.P.W. 1550. 
40 

210 

10 

0 
0.0 0.010 0.020 3 /am=. 
0 36 7 2  m3/bc. 

CAPACITY 
FIG. !12) MQI l w r r c u  m R  DRIYU.OE 

WATWL DIESEL UrrOl W R.P.W. 3300. 



CAPACITY 

I .  (17) (7-1 EELATION POR MUDDY 
& ELECTRIC IY)TOR AND R.P.H 
1550. 

PIG. (19) (H-Q) RELATION FOR MUDDY 

WATER L EU€TRIC UOTOR AND 
9 

R.P.W. 1550. 

TIC. (20) (HQ) MLKI"SOII W R  WDDY 

WATER ELECPRIC HOlOR W D  

R.P.M. 3300. 
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