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ABSTRACT 

This paper  is concerned w i t h  a d a p t i n g  and mechanizing Archimedean screw f o r  low 
head N i l e  i r r i g a t i o n  pu rposes ,  Using a n  electric motor or a p e t r o l  eng ine  a s  a 
prime mover. 

'Phis s t u d y  was c a r r i e d  o u t  t o  de t e rmine  t h e  optimum c o n d i t i o n s  from t h e  t e c h n i c a l  
a@ economical p o i n t  o f  view. The e f f e c t s  o f  t h e  o p e r a t i n g  speed r anges  (frcm 2 0  
tro $20 r.p.m), f l o w  r a t e ,  t h e  t o r s i o n  moment and t h e  power consumption on t h k  perf -  
w w n e e  of t h e  Archimedean screw have been i n v e s t i g a t e d .  F i n a l l y  an  e c a n s n i c a l  
s t u d y  concerened w i t h  t h i s  i n v e s t i g a t i o n  is  p r e s e n t e d .  

d e s i g n ,  m a t e r a i l s  hand l ing  , pumps , archimedian  sc rew , a g r i c u l t u r e  eng inee r ing ,  
i r r i g a t i o n .  

NOMENCLATURE 

Q = Capac i ty  or d i s c h a r g e  
= Tors ion  moment et = power consumption 21, QH 

O v e r a l l  e f f i c i e n c y  = 
7 5  x M, 

C 

= Water s p e c i f i c  we igh t  k d m 3  
:w = Head o f  l i f t e d  water  m 
W = A n g u l a r  v e l o c i t y  r ad / scc  . 
n = b n k w  o f  r e v o l u t i o n s  per minute .  ( r  .'p.m) 

TNTRODUCTION 

A g r i c u l t u r e  is  undoubtedly  t h e  backbone of food  s e c u r i t y .  I n  Egypt,  it depends 
wirily on a n i m a l s  and human power. Animals consume a b o u t  one  t h i r d  of t h e  l a n d  prod- 
w&s i n  a d d i t i o n  to  d r y  food which r e q u i r e d ,  d u r i n g  sumer, and t h e  los t  area of 
a b u t  1/8 feddan a c c u p i e d  by wa te r  wheel s y s t e m ( l ) .  
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.The o l d e s t  t y p e s  o f  pumps ; ' t h e  l i f t  pumps may be d i v i d e d  i n t o  two groups  : 
1 ) Direct l i f t  d e v i c e s  which m y  be o s c i l l a t i n g  l i k e  a shadoof o r  r o t a t i n g  a s  a 

wheel c o n t a i n i n g  b u c k e t s  which i s  w e l l  known as s a k i a .  The power r e q u i r e d  to 
pump water  w i t h  s a k i a  is  a b o u t  0.5 HP even f o r  l i f t  heads  o f  0.9 m. f o r  f l o w  
r a t e s  o f  75 m3/hr ( 2 )  . 

. . 
Animal  d r i v e n  wa te r  wheel and e l e c t r i c a l '  wa te r  wheel  i n  N i l e  h ! r iqa t ion  a r e  a l s o  
s t u d i e d  (3) . 

11) The Archimedean Screw : is a d e v i c e  i n v e n t e d  by Archimeds (287-212 B.C) f o r '  
r a i s i n g  wa te r  ( 4 ) .  

Will iam H. Borger ( 5 ) ,  s t u d i e d  t h e  r e l a t i o n s h i p  between t h e  screw conveyor p e r c e n t  o f  
t h e o r e t i c a l  c a p a c i t y  and t h e  h e l i x  o r  l e a d  a n g l e  o f  screw. 

Also ,  L . ~ o t e s ( ~ ) ,  s t u d i e d  t h e  e f f e c t  o f  screw conveyor c a s i n g  c l e a r a n c e  on t h e  screw 
c a p a c i t y  . 

P M.A. ESAI ( 7 )  i n v e s t i g a  ed t h e  dynamic effects i n  an irrigation p~tt~plng system using 
d i f f e r e n t  t y p e s  o f  power s o u r c e s .  

The p r e s e n t  work is conce rned  wi th  mechaniza t ion  o f  t h e  Archimedean screw u s i n g  a n  
e l e c t r i c  motor o r  a p e t r o l  eng ine  a s  a prime mover, f o r  o b t a i n i n g  a maximum d i s c h -  
a r g e  and a d a p t i n g  it f o r  u s e  i n  low head N i l e  i r r i g a t i o n .  

2-EXPERIMENTAL WORK 

2.1- INTRODUCTION 

To s t u d y  t h e  e f f e c t  o f  d i f f e r e n t  speeds  on  t h e  f low r a t e I a n  . . . . lLtlental s t a t i o n  
was des igned  and c o n s t r u c t e d .  

2.2- EXPERIMENTAL STATION 

The b a s i c  components of  t h e  expe r imen ta l  s t a t i o n  a r e  shown i n  F i g u r e  1, a r e :  
2.2 .l- Archimedean screw set : Comprising:- 

1- The pr ime mover which may be a n  electric A/C motor o r  a p e t r o l  eng ine .  
2- Reduct ion  g e a r  system. 

2.2.2- The s u c t i o n  r e s e r v o i r .  
2.2.3- The d e l i v e r y  c h a n n e l s .  

2.3- THE MEASURING DEVICES 

- Flow r a t e  measurments were o b t a i n e d  by u s i n g  c a l i b r a t e d  V.Notch. - Torque measurements by c a l i b r a t e d  t o r q u e  t r a n s d u c e r ,  'PHILIPS type (9372) a t t a c h e d  
w i t h  P.R t y p e  u n i v e r s a l  measur ing  b r i d g e  f o r  i n d i c a t i n g  t h e  magnitude o f  t o rque .  
For r e c o r d i n g  t h e  t o r q u e  s i g n a l s  A .u 12010 12-channel  o s c i l l o s c r i p t  was used - The speed o f  Archimedean screw was measured by u s i n g  PR 91310/00 type  p o r t a b l e  
d i g i t a l  tachometer .  

2.4- EXPERIMENTAL RESULTS 

Case 1 : Using a p e t r o l  e n g i n e  a s  a prim,e mover , 
The v a l u e s  o f  t h e  measured p a r a m e t e r s  a r e  g i v e n  i n  t a b l e  (1) and g raph ic -  
a l l y  i l l u s t r a t e d ,  i n  Figs c2,3,4,,5). 

Case 11: Using an  e l e ~ t r i c ~ m o t o r  a s  a prime mover. 
The v a l u e s  o f  t h e  measured p a r a m e t e r s  a r e  g i v e n  in .  t a b l e  (2 )  and grap'hic- 
a l l y  i l l u s t r a t e d  i n  F i g s  (6 ,7 ,8 ,9 ) .  



The r e l a t i o n  between R.P.M.. h . Mt and us ing  a 

- p e t r o l  e n g i n e  a s  a p r ime-nuve r  o f  Archimedean screw. 

Table  (1) 

The r e l a t i o n  between R.P.M.. Q, Mt , N and  To-, u s i n g  a n  
e l e c t r i c  motor a s  a prime mover o f  Archimedean screw 

N tip 7 o-a 

0.223 66.7 % 
0.402 46.0 % 
0.447 50.6 % 
0.670 40.6 8 
0.871 43.6 % 
0.983 43.7 % 
1.072 38.3 % 
1.005 43.9 % 
1.452 35.1 % 
1.229 53.9 % 

Table  (2) 

2.5- DISCUSSION 

From t h e  performance c u r v e s  o f  t h e  'Archimedean sc rew t h e  f o l l o w i n g  remarks m y  be 
deduced :- 

The f low r a t e  i n c r e a s e s  w i t h  a n  i n c r e a s e  o f  t h e  speed o f  r o t a t i o n  u n t i l  it r e a c h e s  
3 

a maximum v a l u e  ( a b o u t  = 1 5 0  m /hr  a t  100 r.p.m), a s  shown i n  F i g s  (2  and 6 ) .  For 
speeds  h ighe r  t han  100 r.p.m, t h e  f l o w  r a t e  d e c r e a s e s  wi th  a n  i n c r e a s e  o f  speed o f  
r o t a t i o n .  T h i s  may be a t t r i b u t e d  to t h e  eddy c u r r e n t s  a t  t h e  i n l e t  o f  t h e  Archim- 
edean sc rew l e a d i n g  p robab ly  to t h e  c a v i t a t i o n  phenomena. 

The power consumption i n c r e a s e s  a s  t h e  speed of r o t a t i o n  i n c r e a s e s  u n t i l  i t  r e a c h e s  
a maximum v a l u e ,  t hen  i t  d e c r e a s e s  a s  shown. i n  F i g s .  (3  and 7 ) .  

The r e l a t i o n  between t h e  f low r a t e  and t h e  power consumption i s  shown i n  F i g s  ( 4  and 
8 ) .  I t  i s  thought  t h a t ,  t h e  i n c r e a s e  of power consumption is l o g i c a l l y  accompanied 
by an i n c r e a s e  i n  t h e  f l o w  r a t e .  

The o v e r a l l  e f f i c i e n c y  d e c r e a s e s  w i t h  a n  i n c r e a s e  i n  t h e  f low r a t e  a s  shown i n  F i g s .  
(5  and 91. T h i s  may be a t t r i b u t e d  t o  t h e  losses due  t o  t h e  f r i c t i o n a l  r e s i s t a n c e ,  
eddy c u r r e n t s  and c e n t r i f u g a l  f o r c e s .  
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3- ECONOMICAL COMPARATIVE STUDY 

The economical  s t u d i e s  of i r r i g a t i o n  methods a r e  o f  g r e a t  i n t e r e s t  f o r  r e s e a r c h e r s  
i n  t h e  f i e l d  o f  a g r i c u l t u r e  development.  Numerical  s t u d i e s  have been c a r r i e d  out!8) 
f o r  some i r r i g a t i o n  methods - such  a s ,  
1- C l a s s i c a l  manual l a & u r .  . 

2- Manual l a b o u r - u s i n g  b e a r i n g s  to s u p p o r t  t h e  Archimedean screw. 
3- Using a p e t r o l  e n g i n e  a s  a prime mover . 
4- Using a n  e lectr ic  motor as a pr ime mover. 

A s  a r e s u l t  o f  t h e  p r e s e n t e d  work i t  may be concluded t h a t ,  t h e  t o t a l  c o s t  r e q u i r e d  
t o  i r r i g a t e  one f eddan  by t h e  c l a s s i c a l  method amounts t o  9.8 $ , compared wi th  7.83 
8 f o r  t h e  manual l a b o u r  u s i n g  b e a r i n g s  t o  s u p p o r t  t h e  system. Also when us ing  a 
p e t r o l  eng ine  a s  a p r ime  mover t h e  t o t a l  c o s t  i s  2.2 . w h i l e  it r e a c h e s  1 . 9  91 
when us ing  a n  e l e c t r i c  motor a s  a prime mover. 

4- CONCLUSION 

From t h e  above s t u d y  o f  a d a p t i n g  and  mechanizing Archimedean screw t h e  main conclu-  
s i o n s  a r e  summerized blow: 
The optimum o p e r a t i n g  speed r a n g e s  from 70 to 100 r.p.m, t h e  l a t t e r  v a l u e  g i v e s  the  
optimum o p e r a t i n g  c o n d i t i o n s .  A maximum f low rate o f  1 5 0  m3/hr needs  1.6 horse  
power i n  us ing  a p e t r o l  engine,compared wi th  1 .45  h o r s e  power i n  t h e  c a s e  of u s ing  
an  e l e c t r i c  motor. 

Power consumption i n c r e a s e s  a s  t h e  f l o w  r a t e  i n c r e a s e s .  O v e r a l l  e f f i c i e n c y  dec rea -  
ses wi th  an  i n c r e a s e s e s  i n  t h e  f low r a t e .  Using a n  e l e c t r i c  motor a s  a prime mover 
r e d u c e s  t h e  power consumption and a l s o  t h e  t o t a l  i r r i g a t i o n  c o s t .  
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