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@  Bore  hole  pump. 

A  helical  gear  borehole  pump  in  which  the  outer 
member,  having  an  internal  helical  gear  form  thereon,  is 
used  as  the  rotor  and  the  discharge  column  22  is  itself 
rotated.  It  is  dispensive  of  the  need  of  a  drive  shaft  within  the 
discharge  column  and  this  also  reduces  the  pressure  drop  up 
the  discharge  column.  The  device  is  particularly  suitable  for 
hand  operation  by  means  of  handle  17. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  b o r e h o l e   p u m p s .  

V a r i o u s   f o r m s   of  b o r e h o l e   pump  have   been   p r o p o s e d ,  

i n c l u d i n g   c e n t r i f u g a l   pumps  h a v i n g   a  c a s i n g   and  v o l u t e  

s e c u r e d   to  t h e   b o r e h o l e   or  i t s   l i n i n g   and  a  r o t o r   d r i v e n   b y  

a  d r i v e   s h a f t ,   a x i a l   f l o w   pumps  i n c l u d i n g   a  r o t o r   h a v i n g   a  

p l u r a l i t y   of  s p a c e d   i m p e l l e r s   i n t e r c a l a t e d   w i t h   s t a t o r   b o w l s  

w h i c h   a r e   s e c u r e d   to  t he   b o r e h o l e   or  i t s   l i n i n g ,   and  h e l i c a l  

g e a r   pumps  in  w h i c h   t h e   o u t e r   member  f o r m s   t h e   s t a t o r   w h i c h  

a g a i n   i s   l o c k e d   to  t he   b o r e h o l e   or  i t s   l i n i n g .  

T h e s e   pumps  have   p r o v e d   r e a s o n l y   s a t i s f a c t o r y   w h e n  

t h e y   a r e   m o t o r   d r i v e n ,   b u t   t h e   s t a r t i n g   t o r q u e   r e q u i r e d   i f  

t h e y   a r e   h a n d - o p e r a t e d   in  r e m o t e   a r e a s   whe re   t h e r e   is   n o  

power   s u p p l y   or  whe re   i n t e r n a l   c o m b u s t i o n   e n g i n e   d r i v i n g   i s  

too   e x p e n s i v e ,   is   too   h i g h .   F u r t h e r m o r e ,   the   l o s s e s  

e x p e r i e n c e d   a t   the   d i s c h a r g e   c o l u m n   l e a d   to  c e r t a i n  

p r o b l e m s .  

I t   is   now  p r o p o s e d ,   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n ,   to  p r o v i d e   a  b o r e h o l e   pump  c o m p r i s i n g   an  o u t e r  

member  h a v i n g   an  i n t e r n a l   h e l i c a l   g e a r   f o r m a t i o n   t h e r e o n ,  

w i t h   n  s t a r t s ,   an  i n n e r   member  h a v i n g   a  c o m p l e m e n t a r y  

e x t e r n a l   h e l i c a l   g e a r   f o r m a t i o n   t h e r e o n   w i t h   n  +  1  s t a r t s ,   a 



s u b s t a n t i a l l y   v e r t i c a l   t u b u l a r   d i s c h a r g e   c o l u m n  

the   o u t e r   m e m b e r ,   m e a n s   to  r o t a t e   t he   c o l u m n   a b o u t   i t s  

s u b s t a n t i a l l y   v e r t i c a l   a x i s ,   w h e r e b y   s a i d   o u t e r   member  a l s o  

r o t a t e s ,   and  means   to   p r e v e n t   t he   i n n e r   member  f r o m  

r o t a t i n g .  

Such  a  s t r u c t u r e   can  be  made  v e r y   s i m p l y .   I t   d o e s   n o t  

r e q u i r e   a  c e n t r a l   d r i v e   s h a f t   or  b e a r i n g s   w i t h i n   t h e  

d i s c h a r g e   c o l u m n   and  t h i s   is   of  c o n s i d e r a b l e   i m p o r t a n c e   i n  

r e d u c i n g   t he   p r e s s u r e   l o s s   f rom  t he   h e l i c a l   g e a r   pump  to  t h e  

s u r f a c e   to  w h i c h   t h e   w a t e r   i s   b e i n g   p u m p e d .  

F u r t h e r m o r e ,   b e c a u s e   t h e r e   i s   no  need   f o r   a  d r i v e  

s h a f t   or  t h e   b e a r i n g ,   t he   c o s t   of  t h e   pump  a s s e m b l y   i s  

s i g n i f i c a n t l y   l e s s .   T h i s   makes   i t   p a r t i c u l a r l y   a t t r a c t i v e  

f o r   use   in  p o o r e r   a r e a s   w h e r e   t h e r e   i s   a  g r e a t   w a t e r  

s h o r t a g e .  

The  c o n s t r u c t i o n   is   p a r t i c u l a r l y   s u i t a b l e   f o r   m a k i n g  

the   c o l u m n   of  s i m p l e   p l a s t i c   m a t e r i a l   t u b i n g .   T h i s   too   c a n  

be  i n e x p e n s i v e   and   b e c a u s e   of  t h e   h i g h   moment   of  i n e r t i a  

of  a  t u b e ,   t h e   t o r q u e   w h i c h   i t   c a n  s t a n d   i s   h i g h   a s  

c o m p a r e d   w i t h   a  s i m p l e   s h a f t .  

The  c o l u m n   i t s e l f   is  p r e f e r a b l y   c e n t e r e d   f o r   r o t a t i o n  

in  t he   b o r e h o l e   by  means   of  a  p l u r a l i t y   of  a x i a l l y   s p a c e d  

b e a r i n g   b o b b i n s .   Such  b e a r i n g   b o b b i n s   a r e   c o n v e n t i o n a l l y  

a p p l i e d   b e t w e e n   t h e   d i s c h a r g e   co lumn   and  t he   b o r e h o l e   or  i t s  

l i n i n g   and  so  t he   p r o v i s i o n   of  t h e s e   as  b e a r i n g s   w i l l   n o t  

a f f e c t   the   c o s t   p r i c e   s i g n i f i c a n t l y .  



The  m e a n s   to   r o t a t e   t h e   c o l u m n   in   an  a d v a n t a g e o u s  

c o n s t r u c t i o n   c o m p r i s e s   a t   l e a s t   one   m a n u a l l y   o p e r a b l e   h a n d  

w h e e l   or   c r a n k   r o t a t a b l e   a b o u t   a  h o r i z o n t a l   a x i s   a n d  

g e a r i n g   to   c o n v e r t   t h e   r o t a t i o n   of   t h e   h a n d   w h e e l   or   c r a n k  

a b o u t   a  h o r i z o n t a l   a x i s   to   a  v e r t i c a l   a x i s   of   r o t a t i o n .  

S u i t a b l e   g e a r i n g   w o u l d   be ,   f o r   e x a m p l e ,   b e v e l   g e a r i n g   o r  

w h e r e   i t   i s   d e s i r e d   to   r e d u c e   t h e   h a n d   t o r q u e   as  much  a s  

p o s s i b l e ,   one   c o u l d   u s e   a  worm  and  worm  w h e e l .  

The  r o t a t i n g   c o l u m n   may  d i s c h a r g e   to   t h e   e x t e r i o r  

s i m p l y   by  l e a v i n g   i t s   u p p e r   end  o p e n ,   m e a n s   b e i n g   p r o v i d e d  

to   c o l l e c t   t h e   w a t e r   d i s c h a r g i n g   f r o m   t h i s   u p p e r   e n d .  

A l t e r n a t i v e l y ,   a  r o t a t a b l e   p i p e   c o u p l i n g   i s   p r o v i d e d   a t  

t h e   u p p e r   end   of   t h e   c o l u m n ,   so  t h a t   w a t e r   pumped   u p  

t h r o u g h   t h e   c o l u m n   may  l e a v e   v i a   a  s t a t i o n a r y   p u m p .  

In  o r d e r   t h a t   t h e   p r e s e n t   i n v e n t i o n   may  m o r e  

r e a d i l y   be  u n d e r s t o o d ,   t h e   f o l l o w i n g   d e s c r i p t i o n   i s   g i v e n ,  

m e r e l y   by  way  of   e x a m p l e ,   r e f e r e n c e   b e i n g   made  to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   c r o s s - s e c t i o n   t h r o u g h  

one  e m b o d i m e n t   of   b o r e h o l e   pump  a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g u r e   2  i s   an  e n l a r g e d   c r o s s - s e c t i o n   t h r o u g h  

t h e   l o w e r   p a r t   of   t h e   pump  of  F i g u r e   1  i l l u s t r a t i n g   t h e  

r o t a t i o n   a r r e s t i n g   d e v i c e ;   a n d  

F i g u r e   3  i s   a  s e c t i o n   on  t h e   l i n e  I I I - I I I   o f  

F i g u r e   2 .  



R e f e r r i n g   f i r s t   to   F i g u r e   1,  t h e r e   i s  

i l l u s t r a t e d   a  b o r e h o l e   pump  i n s e r t e d   i n   a  b o r e h o l e   1 0  

p r o v i d e d   w i t h   a  l i n i n g   12  made  up  of   a  s t r i n g   of   l i n i n g  

p i p e s   13.   The  l i n i n g   p i p e   i s   p r o v i d e d   w i t h   a  h o u s i n g   1 4  

w h i c h   i s   l o c a t e d   a b o v e   t h e   g r o u n d   and   i n c l u d e s   a  h o r i z o n t a l  

s h a f t   16  w i t h   a  c r a n k   h a n d l e   1 7 , 1 8   a t   e a c h   end .   A l s o   m o u n t e d  
o  
on  t h e   s h a f t   i s   a  b e v e l   g e a r   19  m e s h i n g   w i t h   a  f u r t h e r  

b e v e l   g e a r   20  w h i c h   i s   r o t a t a b l e   a b o u t   a  v e r t i c a l   a x i s .  

The  b e v e l   g e a r   20  i s   s e c u r e d   a g a i n s t   r o t a t i o n  

w i t h   r e s p e c t   to   t h e   d i s c h a r g e   c o l u m n   22  of   t h e   p u m p  

i n d i c a t e d   by  t h e   g e n e r a l   r e f e r e n c e   n u m e r a l   23  a t   t h e  

l o w e r   e n d .   In  o r d e r   to   c e n t r e   t h e   d i s c h a r g e   c o l u m n   i n  

t h e   l i n i n g   12,  t h e r e   a r e   p r o v i d e d   a  p l u r a l i t y   of   a x i a l l y  

s p a c e d   b e a r i n g   b o b b i n s   2 4 .  

Now  i t   w i l l   be  a p p r e c i a t e d   t h a t   when  t h e   h a n d l e s  

1 7 , 1 8   a r e   r o t a t e d ,   t h e   b e v e l   g e a r s   1 9 , 2 0   w i l l   c a u s e   t h e  

d i s c h a r g e   c o l u m n   22  to   r o t a t e   w i t h i n   t h e   b e a r i n g s   2 4 .  

I f   r e f e r e n c e   i s   now  made  to   F i g u r e   2,  i t   w i l l  

be  s e e n   t h a t   t h e   l o w e r   end  of   t h e   d i s c h a r g e   c o l u m n   i s  

p r e f e r a b l y   made  of   a  s t r i n g   of  p l a s t i c s   t u b e   p r o v i d e d   w i t h  

t h e   c o n v e n t i o n a l   s c r e w t h r e a d s   a t   e a c h   e n d .  

The  h e l i c a l   g e a r   pump  23  i s   of   t h e   " w o b b l y   s t a t o r "  

t y p e   b u t   in   w h i c h   t h e   i n n e r   member   26,  w h i c h   i s   p r o v i d e d  

w i t h   an  e x t e r n a l   h e l i c a l   g e a r   f o r m a t i o n   27  t h e r e o n ,   i s   f i x e d  

and  t h e   o u t e r   member   28  h a v i n g   an  i n t e r n a l   h e l i c a l   g e a r  

f o r m a t i o n   29  t h e r e o n   of  c o m p l e m e n t a r y   s h a p e   to   t h a t   of  t h e  



g e a r   f o r m a t i o n   27,  i s   m o u n t e d   on  a  b o o t   30  w h i c h   i s  

c a p a b l e   o f   f l e x i n g .   T h u s ,   when  t h e   d r i v e   s h a f t   22  i s  

r o t a t e d ,   t h e   o u t e r   member   28  i n s t e a d   of   b e i n g   a  " s t a t o r "  

i s   a  r o t o r   and  t h e   i n n e r   member   27  i s   t h e   s t a t o r .   T h e  

f l e x i b l e   b o o t   p r o v i d e s   t h e   n e c e s s a r y   o r b i t i n g   a c t i o n  

i n h e r e n t   in   t h e s e   h e l i c a l   g e a r   p u m p s .  

A  r a d i a l   f l a n g e   31  on  t h e   b o o t   30  i s   c l a m p e d  

b e t w e e n   a  r a d i a l   f l a n g e   32  on  t h e   l o w e r   end  of  t h e   l o w e r -  

m o s t   c o l u m n   p i p e   22  and  t h e   u p p e r   edge   of  a  b a r r e l   3 3 .  

In  o r d e r   to  c l a m p   t h e s e   p a r t s   t o g e t h e r ,   a  

t h r e a d e d   cap   34  i s   s c r e w e d   o n t o   t h e   u p p e r   end  of  a  s u p p o r t  

t u b e   35.   The  c o n n e c t i o n   p r o v i d e d   by  t h e   cap   34  i s   s u c h  

as  to   e n a b l e   t h e   t u b e   22,  t h e   o u t e r   member   28  and  t h e  

b a r r e l   33  a l l   to   r o t a t e   r e l a t i v e   to   t h e   s u p p o r t   3 5 .  

At  i t s   l o w e r   end  t h e   s u p p o r t   35  i s   b o l t e d   o n t o  

an  u p p e r   r i n g   40  of  t h e   r o t a t i o n   a r r e s t i n g   d e v i c e ,   t h i s  

r i n g   h a v i n g   t h r e e   a r c u a t e   c i r c u m f e r e n t i a l l y   s p a c e d   s l o t s  

41  ( s e e   p a r t i c u l a r l y   F i g u r e   3 ) .   E x t e n d i n g   d o w n w a r d l y  

w i t h i n   e a c h   s l o t   41  i s   a  p i v o t   p i n   42  w h i c h   i s   t h r e a d e d  

in   to   a  l o w e r   r i n g   4 3 .  

Each   p i v o t   p i n   42  f o r m s   t h e   p i v o t   of   a  p a w l   4 4 .  

F i g u r e   3  i l l u s t r a t e s   t h e   p a w l   44  in   a  r e t r a c t e d   p o s i t i o n ,  

and  t h e   p a w l   a t   t h e   l e f t h a n d   s i d e   i s   shown  in   p h a n t o m   i n  

i t s   a c t i v e   p o s i t i o n .   The  o u t e r   edge   of  e a c h   pawl   i s  

s e r r a t e d   f o r   a  r e a s o n   w h i c h   w i l l   b e c o m e   c l e a r   b e l o w .  



S e c u r e d   to   t h e   l o w e r   s u r f a c e   of   t h e   u p p e r   r i n g  

40  a r e   t h r e e   cam  m e m b e r s   45  p o s i t i o n e d   t o   a b u t   t h e   i n n e r  

s u r f a c e   of   e a c h   p a w l   in   a  m a n n e r   to   be  d e s c r i b e d   l a t e r .  

The  l o w e r   r i n g   c a r r i e s   f o u r   r a d i a l l y   e x t e n d i n g  

v a n e s   50  h a v i n g   a  c i r c u m f e r e n t i a l   f o o t   5 1 .  

S e c u r e d   to   t h e   one  of   t h e   r i n g s ,   and  a s  

i l l u s t r a t e d   t h e   l o w e r   r i n g   43,  i s   t h e   l o w e r   end  of   t h e  

i n n e r   member   26  of   t h e   h e l i c a l   g e a r   pump,   t h i s   b e i n g  

p r o v i d e d   w i t h   a  t h r e a d   52  e n g a g e d   in   a  t h r e a d e d   h o l e   i n  

t h e   r i n g   43  and  a  l o c k n u t   53.  The  two  r i n g s   a r e   e a c h  

p r o v i d e d   w i t h   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y   s p a c e d  

h o l e s   5 4 .  

S e c u r e d   by  means   of   b o l t s   55  to   t h e   l o w e r  

s u r f a c e   of   t h e   l o w e r   r i n g   43  i s   a  c o n v e n t i o n a l   s t r a i n e r  

56,  and  i f   d e s i r e d ,   a  f o o t   v a l v e   ( n o t   s h o w n ) .  

In  u s e ,   one  c o u l d   l o w e r   t h e   h e l i c a l   g e a r   p u m p  

23,  t h e   s t r a i n e r   56  and  t h e   a r r e s t i n g   d e v i c e   40,  54  i n t o  

t h e   b o r e h o l e   s t e a d i l y   by  i n t r o d u c i n g   t h e   d i s c h a r g e   c o l u m n  

s e c t i o n s   22  in   t u r n .   E v e n t u a l l y   when  t h e   pump  h a s   r e a c h e d  

t h e   w a t e r ,   t h e   t o p   s e c t i o n   and  i t s   a s s o c i a t e d   h o u s i n g   1 4  

a r e   s e c u r e d   in   p l a c e .   At  t h i s   t i m e ,   t h e   p a w l s   44  w i l l  

be  in   t h e   r e t r a c t e d   p o s i t i o n   and  t h i s   w i l l   n o t   c a u s e   a n y  

p r o b l e m   in  l o w e r i n g   t h e   a s s e m b l y   i n t o   t h e   b o r e   h o l e   l i n i n g .  

The  h a n d l e   17,  18  i s   t h e n   o p e r a t e d   to   c a u s e   t h e  

pump  to   r o t a t e   in   t h e   d i r e c t i o n   of  t h e   a r r o w   60  shown  i n  

F i g u r e   3.  T h i s   r o t a t i o n   i n i t i a l l y   w i l l   c a u s e   t h e   p a w l s   44  

to  move  o u t   s l i g h t l y   due  to   c e n t r i f u g a l   a c t i o n .   At  t h e  



same  t i m e   t h e   v a n e s   50  m o v i n g   i n   t h e   w a t e r   a t   t h e   b o t t o m  

of  t h e   b o r e h o l e   w i l l   t e n d   s l i g h t l y   to   r e s t r a i n   t h e  

m o v e m e n t   of   t h e   l o w e r   r i n g   43  so  t h a t   i t   w i l l   move ,   i n  

e f f e c t ,   r e l a t i v e   to   t h e   u p p e r   r i n g   i n   an  a n t i c l o c k w i s e  

d i r e c t i o n   as  v i e w e d   in   F i g u r e   3.  B e c a u s e   t h e   p a w l s   4 4  

h a v e   moved   s l i g h t l y   u p w a r d l y   u n d e r   c e n t r i f u g a l   f o r c e ,   t h e  

cam  s u r f a c e s   45  w i l l   be  a b l e   to   e n g a g e   a g a i n s t   t h e   i n n e r  

c u r v e d   s u r f a c e   of   t h e   p a w l   and   t h e   s l i g h t   r e l a t i v e  

m o v e m e n t   w i l l   u r g e   t h e   p a w l s   o u t w a r d l y   to   t h e i r   f u l l y  

a c t i v e   p o s i t i o n   in   w h i c h   t h e   s e r r a t e d   e n d s   t h e r e o f   e n g a g e  

on  t h e   l i n i n g   12  or   t h e   b o r e h o l e   i t s e l f ,   i f   t h e r e   i s   n o  

l i n i n g   a t   t h i s   s t a g e .  

The  e f f e c t   of   t h i s   w i l l   be  to  c a u s e   t h e   two  r i n g s  

40,  43  to   l o c k   a g a i n s t   r o t a t i o n ,   t h u s   l o c k i n g   t h e   i n n e r  

member   26  of  t h e   h e l i c a l   g e a r   pump  a g a i n s t   r o t a t i o n .   T h e  

r e l a t i v e   m o v e m e n t   b e t w e e n   t h e   r o t a t i n g   o u t e r   member   28  a n d  

t h e   i n n e r   member   26  w i l l   c a u s e   t h e   pump  to  o p e r a t e .  

B e c a u s e   t h e r e   i s   no  o t h e r   d r i v e   s h a f t ,   t h e r e  

i s   no  n e e d   f o r   t h e   c o n v e n t i o n a l   i n t e r n a l   b e a r i n g s   o r  

i n t e r n a l   d r i v e   s h a f t   w i t h i n   t h e   d i s c h a r g e   c o l u m n .   T h i s  

means   a  s i g n i f i c a n t   r e d u c t i o n   in   c o s t   and  a  s i g n i f i c a n t  

r e d u c t i o n   in   p r e s s u r e   l o s s .   T h i s   means   t h a t   t h e   a s s e m b l y  

d e s c r i b e d   can   be  made  r e l a t i v e l y   c h e a p l y   and  i s   p a r t i c u l a r l y  

s u i t a b l e   f o r   u s e   in   r u r a l   a r e a s .  



1.  A  b o r e h o l e   pump  c o m p r i s i n g   an  o u t e r   m e m b e r  

(20)   h a v i n g   an  i n t e r n a l   h e l i c a l   g e a r   f o r m a t i o n   ( 2 8 )  

t h e r e o n ,   w i t h   n  s t a r t s ,   an  i n n e r   member   (27)   h a v i n g   a  

c o m p l e m e n t a r y   e x t e r n a l   h e l i c a l   g e a r   f o r m a t i o n   t h e r e o n  

w i t h   n  +  1  s t a r t s ,   a  s u b s t a n t i a l l y   v e r t i c a l   t u b u l a r  

d i s c h a r g e   c o l u m n   (22)   s e c u r e d   to   t h e   o u t e r   m e m b e r ,  

c h a r a c t e r i s e d   i n   t h a t   means   ( 1 6 - 2 0 )   a r e   p r o v i d e d   t o  

r o t a t e   t h e   c o l u m n   a b o u t   i t s   s u b s t a n t i a l l y   v e r t i c a l   a x i s ,  

w h e r e b y   s a i d   o u t e r   member   a l s o   r o t a t e s   and  in   t h a t  

m e a n s   ( 4 0 - 6 0 )   a r e   p r o v i d e d   to   p r e v e n t   t h e   i n n e r   m e m b e r  

f r o m   r o t a t i n g .  

2.  A  b o r e h o l e   pump  a c c o r d i n g   t o   c l a i m   1 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   c o l u m n   i s   f o r m e d   of  a  p l a s t i c s  

m a t e r i a l   t u b i n g .  

3.  A  b o r e h o l e   pump  a c c o r d i n g   to   c l a i m   1  or   2 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   c o l u m n   i s   c e n t r e d   f o r   r o t a t i o n  

in   t h e   b o r e h o l e   by  means   of  a  p l u r a l i t y   of   a x i a l l y   s p a c e d  

b e a r i n g   b o b b i n s   ( 2 4 ) .  

4.  A  b o r e h o l e   pump  a c c o r d i n g   to   c l a i m   1,  2  or   3 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   means   to   r o t a t e   t h e   c o l u m n  

c o m p r i s e   a t   l e a s t   one   m a n u a l l y   o p e r a b l e   h a n d w h e e l   or   c r a n k  

( 1 6 - 1 8 )   r o t a t a b l e   a b o u t   a  h o r i z o n t a l   a x i s   and  g e a r i n g  

( 1 9 , 2 0 )   to   c o n v e r t   t h e   r o t a t i o n   of  t h e   h a n d w h e e l   or   c r a n k  

a b o u t   a  h o r i z o n t a l   a x i s   to   a  v e r t i c a l   a x i s   r o t a t i o n .  



5.  A  b o r e h o l e   pump  a c c o r d i n g   to   any   p r e c e d i n g  

c l a i m ,   c h a r a c t e r i s e d   in   t h a t   t h e   u p p e r   end   of   t h e   r o t a t i n g  

c o l u m n   (22)   i s   o p e n ,   and   m e a n s   a r e   p r o v i d e d   to   c o l l e c t  

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

6.  A  b o r e h o l e   pump  a c c o r d i n g   t o   any   one  o f  

c l a i m s   1  t o   4,  c h a r a c t e r i s e d   in   t h a t   a  r o t a t a b l e   p i p e  

c o u p l i n g   i s   p r o v i d e d   a t   t h e   u p p e r   end  of   t h e   c o l u m n ,   s o  

t h a t   w a t e r   p u m p e d   up  t h r o u g h   t h e   c o l u m n   may  l e a v e   v i a   a  

s t a t i o n a r y   p i p e .  
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