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@  Pump. 

A  pump  is  disclosed  which  comprises  a  cylinder  (1) 
having  a  first  (8)  and  a  second  inlet  (9)  and  an  outlet  (10), 
means  (11)  for  closing  communication  between  the  cyl- 
inder  (1)  and  the  first  inlet  (8)  and  between  the  cylin- 
der  (1)  and  the  outlet  (10),  and,  inside  the  cylinder  (1), 
two  movable  pistons  (2,  3),  each  having  at  least  one  port 
provided  with  one  or  more  valves  (6,  7).  The  piston  (2) 
has  a  central  port  which  is  normally  held  closed  by  a  spring- 
loaded  valve  (6).  The  pump  is  particularly  intended  for 
metering  and  mixing  a  relatively  thick  fluid,  or  a  suspension 
of  solid  particles  in  a  liquid,  with,  for  example,  another 
liquid. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   a  pump,   m o r e  

p a r t i c u l a r l y   t o   a  pump  i n t e n d e d   f o r   m e t e r i n g   and  m i x i n g  

a  r e l a t i v e l y   t h i c k   f l u i d ,   or   a  s u s p e n s i o n   o f   s o l i d   p a r t i -  

c l e s   in   a  l i q u i d   w i t h ,   f o r   e x a m p l e ,   a n o t h e r   l i q u i d .  

The  pump  a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   c o m -  

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

an  o u t l e t ,   m e a n s   f o r   c l o s i n g   c o m m u n i c a t i o n   b e t w e e n   t h e  

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

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

w i t h   one   or   m o r e   v a l v e s .  

In   one   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   c o m m u -  

n i c a t i o n   b e t w e e n   t h e   c y l i n d e r   and  e i t h e r   t h e   f i r s t   i n l e t  

o r   t h e   o u t l e t   i s   c l o s e d   by  a  d i s t r i b u t o r   v a l v e ,   and   a t  

l e a s t   one   of   t h e   p i s t o n s   i s   p r o v i d e d   w i t h   a  n o n - r e t u r n  

v a l v e .  

P r e f e r a b l y ,   one   p i s t o n   h a s   a  p o r t   w h i c h   i s   c l o s a -  

b l e   by  a  s p r i n g - l o a d e d   v a l v e .  

P r e f e r r e d   e m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   a r e  

i l l u s t r a t e d   w i t h   r e f e r e n c e   t o   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  d i a g r a m m a t i c   s e c t i o n   of   an  e m b o d i m e n t  

s h o w i n g   t h e   c o m p o n e n t s   in   t h e   s t a r t i n g   p o s i t i o n   of  t h e  

pump  c y c l e ;  



F i g u r e   2  i s   t h e   same  s e c t i o n   as  in   F i g u r e   1  b u t  

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

F i g u r e   3  i s   a  d i a g r a m m a t i c   s e c t i o n   of  a  s e c o n d  

e m b o d i m e n t   s h o w i n g   t h e   c o m p o n e n t s   a t   t h e   b e g i n n i n g   o f   a  

m e t e r i n g   s t r o k e ;  

F i g u r e   4  i s   t h e   same  s e c t i o n   as  in   F i g u r e   3  b u t  

w i t h   t h e   c o m p o n e n t s   n e a r i n g   t h e   end   of  t h e   m i x i n g   o r  

d i l u t i o n   s t r o k e .  

In  t h e   d r a w i n g s ,   t h e   Pump  c o m p r i s e s   a  c y l i n d e r   1  

in   w h i c h   two  p i s t o n s   2  and  3  may  r e c i p r o c a t e .   P i s t o n   2  i s  

m o u n t e d   on  a  p i s t o n - r o d   4,  and  p i s t o n   3  i s   m o u n t e d   on  a  

t u b e   5  c o a x i a l   w i t h   t h e   p i s t o n   r o d   4.  P i s t o n - r o d   4  a n d  

t u b e   5  a r e   a c t u a t e d   i n d e p e n d e n t l y   by  m e a n s   n o t   r e p r e s e n t e d  

( f o r   e x a m p l e   by  a i r   c y l i n d e r s ) .   In   a n o t h e r   e m b o d i m e n t ,  

t h e y   a r e   a c t u a t e d   and  s y n c h r o n i s e d   by  c a m s .   A d j u s t a b l e  

s t o p s   l i m i t   t h e   p i s t o n   s t r o k e .  

P i s t o n   2  i s   p r o v i d e d   w i t h   a  c e n t r a l   p o r t   w h i c h   i s  

n o r m a l l y   h e l d   c l o s e d   by  a  v a l v e   6  by  m e a n s   of   t h e   t e n s i o n  

on  a  s p r i n g   c o a x i a l   w i t h   p i s t o n - r o d   4.  In  a n o t h e r   e m b o d i -  

m e n t ,   p i s t o n   2  i s   m o u n t e d   on  p i s t o n - r o d   4  and  t h e   v a l v e   6 

i s   a c t u a t e d   by  i n d e p e n d e n t   m e a n s .  

P i s t o n   3  c o m p r i s e s   s e v e r a l   p o r t s   h a v i n g   n o n - r e t u r n  

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

l e f t   in   t h e   d r a w i n g .  

C y l i n d e r   1  c o m p r i s e s   two  i n l e t s   p r e f e r a b l y   u n d e r  

a d e q u a t e   p r e s s u r e ,   a  f i r s t   one   8  f o r   a  t h i c k   f l u i d   o r   a  

s u s p e n s i o n   and  a  s e c o n d   one   9  f o r   a  l i q u i d .   The  c y l i n d e r  

a l s o   c o m p r i s e s   an  o u t l e t   10  t h r o u g h   w h i c h   t h e   r e s u l t i n g  

m i x t u r e   or   d i l u a t e   f l o w s .   In  a  p r e f e r r e d   e m b o d i m e n t ,  

a  r o t a t a b l e   d i s t r i b u t o r   v a l v e   11  o p e n s   a  p o r t   a t   t h e   e n d  

of   t h e   c y l i n d e r   ( l e f t   on  t h e   d r a w i n g ) ,   t h u s   e n a b l i n g   t h e  



c y l i n d e r   t o   c o m m u n i c a t e   e i t h e r   w i t h   t h e   f i r s t   i n l e t   9 

(as   shown  in  F i g u r e   1)  or   w i t h   t h e   o u t l e t   10  (as   s h o w n  

in   F i g u r e   2 ) .   T h i s   d i s t r i b u t o r   v a l v e   i s   a c t u a t e d   i n  

s y n c h r o n i s m   w i t h   t h e   m o v e m e n t   of   t h e   p i s t o n s   2  and   3  b y  

m e a n s   n o t   r e p r e s e n t e d .  

In  a n o t h e r   e m b o d i m e n t ,  t h e   f i r s t   i n l e t   8  i s   p r o v i -  

d e d   w i t h   a  n o n - r e t u r n   v a l v e   w h i c h   e n a b l e s   f l u i d   t o   f l o w  

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

t h e   i n l e t .   O u t l e t   10  i s   p r o v i d e d   w i t h   a  n o n - r e t u r n   v a l v e  

w h i c h   e n a b l e s   t h e   r e s u l t i n g   m i x t u r e   or   d i l u a t e   t o   f l o w   o u t  

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

t h e   pump  i s   as  f o l l o w s :  

S t a r t i n g   f r o m   t h e   p o s i t i o n   shown  in  F i g u r e   1,  t h e  

two  p i s t o n s   2  and  3  move  f r o m   t h e   l e f t   t o   t h e   r i g h t ,  

p i s t o n   3  h a v i n g   a  g r e a t e r   s p e e d   and   a  l o n g e r   s t r o k e   t h a n  

p i s t o n   2.  D u r i n g   t h i s   m o v e m e n t ,   p i s t o n   2  d r a w s   in   t h e  

f l u i d   t h r o u g h   t h e   f i r s t   i n l e t   8  ( v a l v e   6  b e i n g   c l o s e d )  

w h e r e a s   t h e   l i q u i d   d r a w n   in   by  t h e   s e c o n d   i n l e t   9  p a s s e s  

f r o m   t h e   r i g h t   t o   t h e   l e f t   of   p i s t o n   3  t h r o u g h   t h e   n o n -  

r e t u r n   v a l v e s   7.  At  t h e   end   of  t h e   s t r o k e   a  p o r t i o n   of  t h e  

l i q u i d   b r o u g h t  i n   t h r o u g h   t h e   s e c o n d   i n l e t   9  i s   c o n t a i n e d  

b e t w e e n   t h e   p i s t o n s   2  and   3  and   a  p o r t i o n   of   f l u i d   b r o u g h t  

in   t h r o u g h   t h e   f i r s t   i n l e t   8  i s   c o n t a i n e d   b e t w e e n   d i s t r i -  

b u t o r   v a l v e   11  and   p i s t o n   2 .  

D i s t r i b u t o r   v a l v e   11  t h e n   l e a v e s   a  c o m m u n i c a t i o n  

b e t w e e n   c y l i n d e r   1  and  o u t l e t   10  ( F i g u r e   2)  and   t h e  

p i s t o n s   move  t h e   o t h e r   way  ( i . e .   f r o m   r i g h t   t o   l e f t   i n  

t h e   d r a w i n g ) .   The  n o n - r e t u r n   v a l v e s   7  c l o s e   and  p i s t o n - r o d  

4  o p e n s   v a l v e   6.  In  t h i s   way ,   t h e   p o r t i o n   of   l i q u i d   w h i c h  

was  c o n t a i n e d   b e t w e e n   t h e   two  p i s t o n s   p a s s e s   t h r o u g h  

p i s t o n   2  and  m i x e s   w i t h   t h e   f l u i d .   At  t h e   end   of   t h e  

s t r o k e ,   t h e   m i x t u r e   i s   f o r c e d   t h r o u g h   t h e   o u t l e t   10  in  i t s  

e n t i r e t y   and  t h e   c y c l e   s t a r t s   a g a i n .   In  t h e   e m b o d i m e n t  



shown  in   F i g u r e s   3  and   4,  12a  and   12b  may  be  r e g a r d e d   a s  

two  p a r t s   o f   one   c y l i n d e r   12  a t   r i g h t   a n g l e   t o   e a c h   o t h e r .  

As  in   t h e   e m b o d i m e n t   of   F i g u r e s   1  and  2,  t h e   pump  c o m p r i -  

s e s   two  i n l e t s   p r e f e r a b l y   u n d e r   a d e q u a t e   p r e s s u r e ,   t h e  

f i r s t ,   13,   f o r   a  t h i c k   f l u i d   or   a  s u s p e n s i o n   and   t h e  

s e c o n d ,   14,   f o r   a  l i q u i d .   I t   a l s o   c o m p r i s e s   an  o u t l e t   16  

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

a  r o t a t a b l e   d i s t r i b u t o r   v a l v e   17  o p e n i n g   a  p o r t   a t   t h e   e n d  

of   t h e   p a r t   12b  ( l e f t   on  t h e   d r a w i n g ) ,   t h u s   p r o v i d i n g  

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

13  (as   shown  in   F i g u r e   3)  o r   t h e   o u t l e t   16  (as   shown  i n  

F i g u r e   4 ) .   T h i s   d i s t r i b u t o r   v a l v e   i s   a c t u a t e d   in   s y n c h r o -  

n i s m   w i t h   t h e   m o v e m e n t s   of   p i s t o n   18  r e c i p r o c a t i n g   i n  

t h e   p a r t   12a   of   t h e   c y l i n d e r   and   of   p i s t o n   19  r e c i p r o c a -  

t i n g   in   t h e   p a r t   12b  o f   t h e   c y l i n d e r .  

The  p i s t o n   18  i s   m o u n t e d   on  a  p i s t o n   r o d   20  and  i s  

a c t u a t e d   by  m e a n s   ( n o t   r e p r e s e n t e d )   s u c h   as  f o r   e x a m p l e  

an  a i r   c y l i n d e r   c o n n e c t e d   t o   t h e   p i s t o n   r o d   20.   T h e  

p i s t o n   19  i s   m o u n t e d   on  a  p i s t o n   r o d   21  and   i s   n o r m a l l y  

h e l d   a t   t h e   r i g h t   end   of   t h e   p a r t   12b  of   t h e   c y l i n d e r   b y  

m e a n s   of   t h e   t e n s i o n   of   a  c o i l   s p r i n g   c o a x i a l   w i t h   t h e  

p i s t o n   r o d   21.   S t o p s   l i m i t   t h e   t r a v e l   of   t h e   p i s t o n s .  

The  p i s t o n   18  h a s   s e v e r a l   p o r t s   p r o v i d e d   w i t h  

n o n - r e t u r n   v a l v e s   w h i c h   o n l y   e n a b l e   a  l i q u i d   t o   f l o w  

t h r o u g h   t h e   p i s t o n   when   t h e   l a t t e r   i s   m o v i n g   u p w a r d s .  

The  p i s t o n   19  h a s   a  c e n t r a l   p o r t   p r o v i d e d   w i t h   a  v a l v e   2 2  

w h i c h   i s   n o r m a l l y   h e l d   c l o s e d   by  a  c o i l   s p r i n g .   T h i s  

v a l v e   22  i s   c o n n e c t e d   t o   a  p l a t e   23  l o c a t e d   in   a  c h a m b e r  

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

p a r t   12b  of   t h e   c y l i n d e r   by  p o r t s   in   t h e   r i g h t   h a n d   w a l l  

o f   t h e   p i s t o n .  



The  o p e r a t i o n   i s   as  f o l l o w s :  

B e g i n n i n g   w i t h   t h e   p o s i t i o n   shown  in  F i g u r e   3 ,  

t h e   p i s t o n   18  moves   u p w a r d s ,   i t s   n o n - r e t u r n   v a l v e s   o p e n  

and  t h e   l i q u i d   w h i c h   e n t e r e d   t h r o u g h   t h e   i n l e t   14  p a s s e s  

f r o m   t h e   u p p e r   t o   t h e   l o w e r   f a c e   of   t h e   p i s t o n .   Due  t o   t h e  

p r e s s u r e   r e l e a s e   b e t w e e n   t h e   p i s t o n s   18  and  19  w h i l e   t h e  

f o r m e r   g o e s   up,   t h e   v a l v e   22  c l o s e s ;   a s s i s t e d   by  t h e   c o i l  

s p r i n g ,   t h e   p i s t o n   19  moves   f r o m   l e f t   t o   r i g h t ,   d r a w i n g  

t h e   t h i c k   f l u i d   or   s u s p e n s i o n   t h r o u g h   t h e   i n l e t   13  i n t o  

t h e   c y l i n d e r .   When  t h e   p i s t o n   18  h a s   r e a c h e d   i t s   u p p e r  

p o s i t i o n   and  t h e   p i s t o n   19  i t s   r i g h t   h a n d   s t o p ,   p a r t   1 2 a  

of   t h e   c y l i n d e r   i s   f u l l   o f   l i q u i d   and  p a r t   12b  of   t h e   c y -  

l i n d e r   i s   f u l l   of   t h e   t h i c k   f l u i d   o r   s u s p e n s i o n .   T h i s   i s  

t h e   end  of  t h e   m e t e r i n g   s t r o k e .  

The  d i s t r i b u t o r   v a l v e   17  i s   t h e n   t u r n e d   in   t h e  

p o s i t i o n   shown  in  F i g u r e   4,  p r o v i d i n g   a  c o m m u n i c a t i o n  

b e t w e e n   c y l i n d e r   12  and  o u t l e t   16.  The  p i s t o n   18  m o v e s  

d o w n w a r d s ,   i t s   n o n - r e t u r n   v a l v e s   c l o s e ,   l i q u i d   i s   d r a w n  

i n t o   t h e   c y l i n d e r   t h r o u g h   i n l e t   14  and  p i s t o n   19  i s   m o v e d  

to   t h e   l e f t   by  t h e   l i q u i d   b e t w e e n   p i s t o n s   18  and  19  u n t i l  

i t   r e a c h e s   i t s   l e f t   s t o p .   P r e s s u r e   of   t h e   l i q u i d   on  t h e  

p l a t e   23  t h e n   o p e n s   t h e   v a l v e   22  ( F i g u r e   4)  and  t h e   l i q u i d  

p a s s e s   t h r o u g h   t h e   c e n t r a l   p o r t   of   t h e   p i s t o n   19  t o w a r d s  

t h e   o u t l e t   1 6 .  

When  t h e   p i s t o n   18  h a s   r e a c h e d   i t s   l o w e r   s t o p ,  

e n d i n g   t h e   m i x t u r e   or  d i l u t i o n   s t r o k e ,   t h e   c y c l e   s t a r t s  

a g a i n .  



1.  A  pump  c o m p r i s i n g   a  c y l i n d e r   h a v i n g   a  f i r s t  

and   a  s e c o n d   i n l e t   and   an  o u t l e t ,   m e a n s   f o r   c l o s i n g   c o m m u -  

n i c a t i o n   b e t w e e n   t h e   c y l i n d e r   and  t h e   f i r s t   i n l e t   a n d  

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

. c y l i n d e r ,   two  m o v a b l e   p i s t o n s   e a c h   h a v i n g   a t   l e a s t   o n e  

p o r t   p r o v i d e d   w i t h   one   m o r e   v a l v e s .  

2.  A  pump  as  c l a i m e d   in   C l a i m   1  w h e r e i n   c o m m u n i -  

c a t i o n   b e t w e e n   t h e   c y l i n d e r   and  e i t h e r   t h e   f i r s t   i n l e t  

or   t h e   o u t l e t   i s   c l o s e d   by  a  d i s t r i b u t o r   v a l v e .  

3.  A  pump  as  c l a i m e d   in   C l a i m   1  o r   C l a i m   2  w h e r e i n  

a t   l e a s t   one   i n l e t   and  t h e   o u t l e t   a r e   e a c h   p r o v i d e d   w i t h  

one   or   m o r e   n o n - r e t u r n   v a l v e s .  

4.  A  pump  as  c l a i m e d   in   any  o f   C l a i m s   1  t o   3 

w h e r e i n   one   p i s t o n   h a s   a  p o r t   w h i c h   i s   c l o s a b l e   by  a  s p r i n g  

l o a d e d   v a l v e .  

5.  A  pump  as  c l a i m e d   in   any  o f   C l a i m s   1  t o   4 

w h e r e i n   a t   l e a s t   one   of   t h e   p i s t o n s   i s   p r o v i d e d   w i t h   a  

n o n - r e t u r n   v a l v e .  

6.  A  pump  s u b s t a n t i a l l y   as  d e s c r i b e d   w i t h   p a r t i -  

c u l a r   r e f e r e n c e   t o   e i t h e r   of   t h e   two  d r a w i n g s .  
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