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©  Pump. 

©  In  a  pump  capable  of  pumping  water  containing  sand  at 
a  rate  of  10  m3/h  a  piston  (8)  is  mechanically  reciprocated  t  -\  3 
within  a  flexible  sleeve  (4)  sealingly  connected  between  a  S  i  /  
movable  member  (3)  carrying  the  piston  (8)  and  a  fixed  1  1  1  ixyC-'''  |L_ZT| 
member  (2)  provided  with  an  inlet  port  (1  1  )  and  an  outlet  port  *\  T.  _  )P 
(12),  each  having  non-return  valves.  The  sleeve  (4)  is  of  _-  "  
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polymeric  material,  preferably  rubber  or  a  fluorocarbon,  is  (  I'',  ;  p=  ̂
capable  of  withstanding  an  internal  pressure  of  at  least  0.5  »  —  li_  ;  V-'J. 
MPa,  and  has  a  life  of  at  least  20  million  cycles.  The  pump  w—'  !  '  >~* 
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I n   a  pump  capable  of  pumping  water  containing  sand  at 
a  rate  of  10  m3/h  a  piston  (8)  is  mechanically  reciprocated 
within  a  flexible  sleeve  (4)  sealingly  connected  between  a 
movable  member  (3)  carrying  the  piston  (8)  and  a  fixed 
member  (2)  provided  with  an  inlet  port  (11)  and  an  outlet  port 
(12),  each  having  non-return  valves.  The  sleeve  (4)  is  of 
polymeric  material,  preferably  rubber  or  a  fluorocarbon,  is 
capable  of  withstanding  an  internal  pressure  of  at  least  0.5 
MPa,  and  has  a  life  of  at  least  20  million  cycles.  The  pump 
can  be  used  for  de-watering  foundations  in  building  con- 
struction. 



This  i n v e n t i o n   r e l a t e s   to  pumps  capable   of  pumping  at  the  r a t e  

of  10  m3/h  water  c o n t a i n i n g   so l id   p a r t i c l e s   such  as  sand.  In 

the  d e - w a t e r i n g   of  f o u n d a t i o n s   in  the  c o n s t r u c t i o n s   of  b u i l d i n g s ,  

l a rge   q u a n t i t i e s   of  water  c o n t a i n i n g   so l id   i m p u r i t i e s   o f t e n  

have  to  be  r a i s ed   through  c o n s i d e r a b l e   he igh t s   for  e x t e n d e d  

per iods   of  time  (e .g .   severa l   months) .   What  is  de s i r ed   is  a 

pump  which  can  perform  t h i s   f u n c t i o n ,   which  is  robus t   in  c o n s t r u c t i o n ,  

and  is  not  l i a b l e   to  damage  by  the  s o l i d s .   Heavy  duty  pumps 

commonly  have  a  r e c i p r o c a t i n g   p i s ton   or  r o t a ry   member  moving 

in  a  metal  c a s i n g .   However,  s e r i ous   problems  of  wear  and 

s e a l i n g   a r i s e   because  of  the  a b r a s i v e   e f f e c t   of  the  so l id   p a r t i c l e s  

and  the  p r e s s u r e   d i f f e r e n t i a l s   r e q u i r e d   to  ra i se   the  w a t e r .  

Diaphragm  pumps  might  solve  the  problems  of  wear  and  s e a l i n g  

but  would  in  general   p rov ide   an  i n s u f f i c i e n t l y   high  pumping 

r a t e .  

In  order   to  overcome  these  d i f f i c u l t i e s   the  p r e s e n t   i n v e n t i o n  

p rov ides   a  pump  capable   of  pumping  at  a  ra te   of  10  m3/h  w a t e r  

c o n t a i n i n g   so l id   p a r t i c l e s   such  as  sand,  the  pump  c o m p r i s i n g  

a  pump  chamber  of  v a r i a b l e   volume  def ined  by  a  f ixed  end-member,  

an  end-member  movable  towards  and  away  from  the  fixed  end-member,  

a  f l e x i b l e   s leeve  s e a l i n g l y   connected  between  the  end-members ,  

and  a  p i s t o n   f ixed  to  the  movable  end-member  and  p r o j e c t i n g  

towards  the  f ixed  end-member,  the  f ixed  end-member  having  an 

i n l e t   por t   and  an  o u t l e t   port   each  provided  with  a  n o n - r e t u r n  

va lve ,   and  mechanical   r e c i p r o c a t i n g   means  for  moving  the  movable  

end-member  to  and  from  a  p o s i t i o n   at  which  the  volume  of  t h e  

pump  chamber  is  at  a  minimum  and  the  s leeve  is  convolu ted   w i t h  

at  l e a s t   one  outward  bulge ,   the  s l eeve   being  of  polymeric   m a t e r i a l ,  

being  capable   of  w i t h s t a n d i n g   an  i n t e r n a l   p re s su re   of  at  l e a s t  

0.5  MPa,  and  having  a  l i f e   of  at  l e a s t   20  m i l l i o n   cycles   o f  

r e c i p r o c a t i o n   before   f a i l u r e .  



The  use  of  a  p i s ton   r e c i p r o c a t i n g   wi th in   a  s t rong  f l e x i b l e   p o l y m e r i c  

s leeve  avoids  the  n e c e s s i t y   for  mutua l ly   s l i d i n g   s u r f a c e s   and 

thus  avoids  the  problem  of  a b r a s i o n   by  so l i d   p a r t i c l e s .   An 

advantage  of  po lymer ic   m a t e r i a l   is  i t s   r e s i s t a n c e   to  c o r r o s i o n .  

The  p r e f e r r e d   s l eeve   is  of  na tu ra l   or  s y n t h e t i c   rubber   or  a 

f l u o r o c a r b o n   (e .g .   p o l y t e t r a f l u o r o e t h y l e n e ) .   Although  the  pump 
is  p r i m a r i l y   i n t e n d e d   for  pumping  water  c o n t a i n i n g   so l id   p a r t i c l e s  

such  as  sand,  which  may  be  in  the  form  of  a  s l u r ry   ( u s u a l l y  

c o n t a i n i n g   a i r ) ,   t h i s   does  not  p rec lude   the  use  of  the  pump 
for  pumping  o ther   f l u i d s .   The  choice  of  polymeric  m a t e r i a l  

for  the  s leeve   wil l   depend  on  the  range  of  f l u i d s   i t   is  d e s i r e d  

to  pump.  P r e f e r a b l y   the  s l eeve   is  c i r c u m f e r e n t i a l l y   r e i n f o r c e d  

e x t e r n a l l y   ( e .g .   by  r i n g s   of  metal  or  p l a s t i c s   m a t e r i a l )   a n d / o r  

i n t e r n a l l y   ( e .g .   by  f a b r i c   or  r ings   of  metal  or  p l a s t i c s   m a t e r i a l ) .  

The  p r e f e r r e d   s l e e v e   is  s u b s t a n t i a l l y   b a r r e l - s h a p e d   when  t h e  

movable  end-member  is  in  the  second  extreme  p o s i t i o n .   However,  

in  order  to  reduce  the  maximum/minimum  volume  r a t i o   of  the  pump 

chamber,  the  s l eeve   may  have  more  than  one  c o n v o l u t i o n ;   t h i s  

also  l i m i t s   the  e x t e n t   to  which  the  s leeve   bulges  out  at  t h e  

minimum  volume  of  the  pump  c h a m b e r .  

The  d i s t a n c e   between  the  extreme  p o s i t i o n s   of  the  movab le  end-member  

is  p r e f e r a b l y   s u b s t a n t i a l l y   ha l f   the  d i s t a n c e   between  the  end-members  

when  the  movable  one  is  at  i t s   maximum  d i s t a n c e   from  the  f i x e d  

one.  It  is  p r e f e r a b l e   for  the  length   of  the  p is ton   to  b e  

s u b s t a n t i a l l y   equal  to  the  minimum  d i s t ance   between  the  end-members .  

This  makes  the  minimum  volume  of  the  pump  chamber  approach  z e r o ,  
thus  p rov id ing   a  h i g h   r a t i o   of  maximum  to  minimum  volume,  c o m p a r a b l e  

to  tha t   of  a  c o n v e n t i o n a l   p i s t o n   pump. 



P r e f e r a b l y ,   the  pump  i nc ludes   guide  means  for  p r e v e n t i n g   r o c k i n g  

of  the  movable  end-member  during  r e c i p r o c a t i o n ,   in  order   t o  

reduce  wear  of  the  s l e e v e .  

The  pump  chamber  is  p r e f e r a b l y   one  of  a  pair   of  s i m i l a r   pump 
chambers  whose  movable  end-members  are  driven  by  the  r e c i p r o c a t i n g  

means  in  such  a  way  t h a t   the  volume  of  one  chamber  i n c r e a s e s  

as  tha t   of  the  o ther   d e c r e a s e s .  

The  i n v e n t i o n   will  be  d e s c r i b e d   f u r t h e r ,   by  way  of  example  o n l y ,  

with  r e f e r e n c e   to  the  accompanying  drawings,   in  wh ich :  

Figure  1  s c h e m a t i c a l l y   shows  a  pump,  having  two  pump  chambers ,  

capable   of  pumping  s o l i d s - c o n t a m i n a t e d   water  at  a  ra te   of  a t  

l e a s t   20  m3/h;  and 

Figure  2  is  a  p a r t - s e c t i o n e d   de t a i l   of  a  p r a c t i c a l   embodiment 

of  the  pump. 

The  pump  i l l u s t r a t e d   has  a  pa i r   of  v a r i a b l e - v o l u m e   pump  chambers  

1.  Each  chamber  1  is  def ined   by  a  f ixed  e n d - p l a t e   2,  a  movable 

e n d - p l a t e   3,  and  a  r e s i l i e n t   s y n t h e t i c - r u b b e r   s leeve  4 

c i r c u m f e r e n t i a l l y   r e i n f o r c e d   with  nylon  f ab r i c   and  s e a l i n g l y  

connected   to  the  p l a t e s   2,3  by  clamping  means  (not  shown) .  

The  movable  p l a t e s   3  are  r i g i d l y   connected  by  a  l o n g i t u d i n a l  

frame  6  which  is  r e c i p r o c a t e d   by  a  r e c i p r o c a t i n g   mechanism  which 

is  only  shown  d i a g r a m m a t i c a l l y   in  Figure  1  and  which  may  be 

of  any  c o n v e n i e n t   conven t iona l   type  ( p r e f e r a b l y   compris ing  a 

crank  and  a  connec t ing   r o d ) .  

Each  movable  p la te   3  c a r r i e s   a  c losed ,   hollow,  c y l i n d r i c a l   p i s t o n  

8  which  reduces  the  minimum  volume  of  the  pump  chamber  and  t hus  

i n c r e a s e s   the  r a t i o   of  maximum  to  minimum  volume.  Each  f i x e d  

p la t e   2  has  an  i n l e t   port   11  and  an  o u t l e t   port  12,  each  p r o v i d e d  

with  a  n o n - r e t u r n   valve  (shown  d i a g r a m m a t i c a l l y )   which  may  be  



of  any  c o n v e n i e n t   c o n v e n t i o n a l   type .   In  Figure  1  the  l e f t - h a n d  

chamber  1  is  at  i t s   minimum  volume and  the  r i g h t - h a n d   chamber  

1  is  at  i t s   maximum  volume.  The  s l eeve   4  of  the  r i g h t - h a n d  

chamber  1  is  at  i t s   na tura l   l eng th   ( i . e .   u n s t r e s s e d ) .  

As  shown  in  Figure  2,  each  movable  p l a t e   3  is  provided  w i t h  

upper  and  lower  bea r ing   bosses   13  which  run  on  r e s p e c t i v e   g u i d e  

b a r s  1 4   f ixed   to  the  c o r r e s p o n d i n g   p l a t e   2.  The frame  6  c o m p r i s e s  

l o n g i t u d i n a l   bars  7  welded  to  the  movable  p l a t e s   3.  R e c i p r o c a t i o n  

of  the  frame  6  is  caused  by  a  c o n n e c t i n g   rod  16  whose  "big  end" 

17  is  connec ted   to  a  c r a n k s h a f t   18  dr iven  by  a  motor  (not  shown) 

and  whose  " l i t t l e   end"  19  is  connec ted   to  a  p ivo t   pin  20  mounted 

in  the  p i s ton   8.  In  Figure  2  the  p i s ton   8  is  midway  be tween  

i t s   extreme  p o s i t i o n s .  

By  way  of  example,   a  pump  as  d e s c r i b e d   above  may  be  d e s i g n e d  

to  provide   a  flow  of  6000  gal /h   (27  m3/h),  with  a  suc t ion   l i f t  

of  9  m  and  a  d e l i v e r y   head  of  30  m  ( e q u i v a l e n t   to  a  p r e s s u r e  
of  about  0.3  MPa  or  about  50  p . s . i . ) ,   for  the  purpose  of  d e - w a t e r i n g  

f o u n d a t i o n s .   In  o p e r a t i o n   the  s leeve   4  has  to  be  able  to  w i t h s t a n d  

p r e s s u r e s   up  to  at  l e a s t   0.5  MPa  (about   80  p . s . i . )   may  have 

a  d i ame te r   of  150  to  200  mm  (in  i t s   u n s t r e s s e d   s t a t e )   and  a 

t h i c k n e s s   of  about  10  mm.  In  order   to  be  able  to  func t ion   f o r  

severa l   months  w i thou t   i n t e r r u p t i o n ,   the  s leeve  has  to  have 

a  l i f e   expec tancy   of  at  l e a s t   20  m i l l i o n   cyc les   of  r e c i p r o c a t i o n  

wi thou t   f a i l u r e .   The  maximum  spacing  of  the  p l a t e s   2,3  may 
be  130  mm,  and  the  minimum  spacing  may  be  60  to  70  mm,  the  r e c i p r o c a t i n g  

mechanism  being  driven  by,  say,  a  6  hp  (4.5  kW)  m o t o r .  



1.  A  pump  capab le   of  pumping  at  a  ra te   of  10  m3/h  water  c o n t a i n i n g  

so l id   p a r t i c l e s   such  as  sand,  the  pump  compr i s ing   a  pump  chamber  

(1)  of  v a r i a b l e   volume  de f ined   by  a  f ixed  end-member  (2),   an 

end-member  (3)  movable  towards  and  away  from  the  fixed  end-member 

(2),   a  f l e x i b l e   s l eeve   (4)  s e a l i n g l y   connected   between  the  end-members 

( 2 ,3 ) ,   and  a  p i s t o n   (8)  f ixed  to  the  movable  end-member  (3)  

and  p r o j e c t i n g   towards  the  f ixed  end-member  (2) ,   the  f ixed  end-member 

(2)  having  an  i n l e t   port   (11)  and  an  o u t l e t   port   (12)  each  p r o v i d e d  

with  a  n o n - r e t u r n   va lve ,   and  mechanical  r e c i p r o c a t i n g   means 

(16  to  20)  for  moving  the  movable  end-member  (3)  to  and  from 

a  p o s i t i o n   at  which  the  volume  of  the  pump  chamber  (1)  is  a t  

a  maximum  and  the  s leeve   (4)  is  convo lu ted   with  at  l e a s t   one 

outward  bu lge ,   the  s leeve  (4)  being  of  polymeric   m a t e r i a l ,   b e i n g  

capable   of  w i t h s t a n d i n g   an  i n t e r n a l   p r e s s u r e   of  at  l e a s t   0 . 5  

MPa,  and  having  a  l i f e   of  at  l e a s t   20  m i l l i o n   cycles   of  r e c i p r o c a t i o n  

before   f a i l u r e .  

2.  A  pump  as  c la imed  in  claim  1,  in  which  the  s leeve  (4)  i s  

of  r u b b e r .  

3.  A  pump  as  c la imed  in  claim  1  or  2,  in  which  the  s leeve   ( 4 )  

is  c i r c u m f e r e n t i a l l y   r e i n f o r c e d .  

4.  A  pump  as  c la imed  in  any  of  c laims  1  to  3,  i nc lud ing   g u i d e  

means  (13 ,14)   for   p r e v e n t i n g   rocking  of  the  movable  end-member 

(3)  during  r e c i p r o c a t i o n .  



5.  A  pump  as  claimed  in  any  of  c laims  1  to  4,  in  which  t h e  

pump  chamber  (1)  is  one  of  a  pa i r   of  s i m i l a r   pump  chambers  (1)  

whose  movable  end-members  (3)  are  dr iven  by  the  r e c i p r o c a t i n g  

means  (16  to  20)  in  such  a  way  tha t   the  volume  of  one  chamber 

i n c r e a s e s   as  t ha t   of  the  o the r   d e c r e a s e s .  
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