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©  Continuous  flow  positive  displacement  pumps. 

©  A  pumping  device  comprising  two  or  more  hydraulic  the  outlets  of  the  piston  cylinders  are  all  connected  to  a 
cylinder  arrangements,  each  comprising  a  double  ended  common  outlet.  An  hydraulic  cylinder  arrangement  is  caused 
piston  the  ends  of  which  alternately  pump  fluid  from  an  to  start  progressively  to  pump  as  a  second  hydraulic  cylinder 
outlet  in  a  respective  piston  cylinder.  The  pump  is  powered  arrangement  progressively  and  in  a  manner  inversely  prop- 
by  a  common  hydraulic  fluid  supply  which  supplies  motive  ortional  to  the  first  ceases  to  pump, 
power  to  each  of  the  hydraulic  cylinder  arrangements  and 
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 A   pumping  device  comprising  two  or  more  hydraulic 
cylinder  arrangements,  each  comprising  a  double  ended 
piston  the  ends  of  which  alternately  pump  fluid  from  an 
outlet  in  a  respective  piston  cylinder.  The  pump  is  powered 
by  a  common  hydraulic  fluid  supply  which  supplies  motive 
power  to  each  of  the  hydraulic  cylinder  arrangements  and 

the  outlets  of  the  piston  cylinders  are  all  connected  to  a 
common  outlet.  An  hydraulic  cylinder  arrangement  is  caused 
to  start  progressively  to  pump  as  a  second  hydraulic  cylinder 
arrangement  progressively  and  in  a  manner  inversely  prop- 
ortional  to  the  first  ceases  to  pump. 



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  p i s t o n  

pump  c a p a b l e   of   p u m p i n g   l i q u i d   a t   v e r y   h i g h  

p r e s s u r e   and  m a i n t a i n i n g   c o n s t a n t   p r e s s u r e   a n d  

f l o w   r a t e .  

In   o r d e r   to   pump  a  l i q u i d   a t   h i g h   p r e s s u r e  

i t   i s   known   to   p r o v i d e   a  r e c i p r o c a t i n g   p u m p  

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

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

e q u a l l y   o u t   o f   p h a s e   w i t h   r e s p e c t   t o   one   a n o t h e r ,  

t h e   o u t p u t s   o f   w h i c h   a r e   summed  to   p r o v i d e   a  

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

H o w e v e r ,   w h i l s t   s u c h   pumps   a r e   c a p a b l e   o f  

d e v e l o p i n g   v e r y   h i g h   p r e s s u r e   o u t p u t s   t h e y   r e q u i r e  

a  m u l t i p l i c i t y   of  p i s t o n s   and   a s s o c i a t e d   v a l v e s  

and   i t   i s   v i r t u a l l y   i m p o s s i b l e   to   s m o o t h   o u t  

c o m p l e t e l y   p u l s a t i o n s   i n   t h e   pump  o u t p u t   c a u s e d  

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

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

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

p r e s s u r e   l e v e l s   of   t h e   l i q u i d   p u m p e d ,   w h i c h   i n  

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

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

r e s u l t   i n   a  q u a l i t y   of  f l o w   w h i c h   w o u l d   be  u n a c c e p t -  

a b l e   i n   many  a p p l i c a t i o n s .  

I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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



t h e r e o f   i s   m i n i m i s e d .  

A c c o r d i n g   t o   a  f i r s t   a s p e c t   of  t h e   p r e s e n t  

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

two  or   more   h y d r a u l i c   c y l i n d e r   a r r a n g e m e n t s ,   e a c h  

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

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

p i s t o n   c y l i n d e r , '   a  common  o u t l e t   t o   w h i c h   s a i d   p i s t o n  

c y l i n d e r   a r r a n g e m e n t s   a r e   a l l   c o n n e c t e d ,   a  c o m m o n  

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

to   e a c h   of   t h e   h y d r a u l i c   c y l i n d e r   a r r a n g e m e n t s ,   a n d  

means   w h e r e b y   an  h y d r a u l i c   c y l i n d e r   a r r a n g e m e n t   i s  

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

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

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

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

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

r e s t r i c t e d   as  t h e   p i s t o n   t h e r e o f   s w e e p s   t h e   i n s i d e   t h e r e o f  

so  as  t o   c a u s e   t h e   h y d r a u l i c   c y l i n d e r   a r r a n g e m e n t   w h i c h  

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

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

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

c o m m e n c e s   t o   p u m p .  

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

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

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

i s   p u m p e d   t h e r e t h r o u g h .  

A c c o r d i n g   t o   a  s e c o n d   a s p e c t   of  t h e   p r e s e n t  

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



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

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

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

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

pump  f l u i d   f r o m   an  o u t l e t   i n   a  r e s p e c t i v e   p i s t o n  

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

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

t h e   p i s t o n   and   a  c o n s e q u e n t   d i v e r s i o n   of   h i g h   p r e s s u r e  

h y d r a u l i c   f l u i d   t o   a n o t h e r   of   t h e   h y d r a u l i c   c y l i n d e r  

a r r a n g e m e n t s   t a k e s   p l a c e ,   s u c h   t h a t   a  p i s t o n   of   one  of  t h e  

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

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

f l u i d   when  t h e   p r e s s u r e   d e v e l o p e d   t h e r e b y   r i s e s   t o   t h a t  

i n  t h e  c o m m o n  o u t l e t .  

An  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   w i l l   now  b e  

d e s c r i b e d ,   by  way  of   e x a m p l e ,   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   w h i c h   s h o w s   a  s c h e m a t i c   d i a g r a m   o f  

a  pump  e m b o d y i n g   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 i n g   t w o  

h y d r a u l i c   c y l i n d e r   a r r a n g e m e n t s .  

By  way  of  e x p l a n a t i o n   p u l s e l e s s   pumps   f i n d   a p p l i -  

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

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

pump  f o r   p u m p i n g   w a t e r   f r o m   a  mine   s h a f t   or   w o r k i n g s .   I n  

t h i s   s i t u a t i o n   i t   i s   n e c e s s a r y   f o r   t h e   pump  t o   be  a b l e   t o  

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

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

d i s t a n c e   r e q u i r e d .   A  s e c o n d   a p p l i c a t i o n   i s   i n  

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



r o t a t i n g   c u t t i n g   h e a d .   By  d i r e c t i n g   a  f i n e   w a t e r  

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

a h e a d   o f   t h e   c u t t i n g   t o o l   v i b r a t i o n   a t   t h e   c u t t i n g  

h e a d   i s   r e d u c e d ,   t h e   u s e f u l   l i f e   of   t h e   c u t t i n g  

h e a d   i s   i n c r e a s e d ,   a  r e d u c t i o n   i n   h o r s e p o w e r   t o  

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

p o s s i b l e   and   r o c k   o f   a  h i g h e r   c o m p r e s s i v e   s t r e n g t h  

can   be  c u t   t h a n   h i t h e r t o .   In  t h i s   a p p l i c a t i o n   i t  

i s   n e c e s s a r y   to   g e n e r a t e   t h e   h i g h   w a t e r   p r e s s u r e  

as  c l o s e   t o   t h e   c u t t i n g   t o o l   as  p o s s i b l e   and  a v o i d  

t h e   d a n g e r   o f   e x p o s e d   h i g h   p r e s s u r e   h o s e s .   T h e  

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

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

of   t h e   c u t t i n g   h e a d .  

R e f e r r i n g   to   t h e   a c c o m p a n y i n g   d r a w i n g   t h e r e   i s  

shown  a  s c h e m a t i c   d i a g r a m   of   a  pump  e m b o d y i n g   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 i n g   two  i d e n t i c a l  

c y l i n d e r / p i s t o n   a r r a n g e m e n t s   1  and  2.  T h e  

a r r a n g e m e n t s   1  and   2  e a c h   c o m p r i s e   a  c y l i n d e r   c a s i n g  

3,  t h e   i n t e r n a l   d i a m e t e r   of   w h i c h   v a r i e s   a l o n g   i t s  

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

a s s e m b l y   4  h a v i n g   two  u n e q u a l   d i a m e t e r   l a n d s   5  a n d  

6,  and  two  e q u a l   d i a m e t e r   p i s t o n   r o d s  7   and  8.  T h e  

p i s t o n   a s s e m b l i e s   4  a r e   b o t h   s l i d a b l y   a c t u a t e d  

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

h y d r a u l i c   f l u i d   d e l i v e r e d   f rom  and  r e t u r n e d   to   t h e  

same  h y d r a u l i c   f l u i d   s u p p l y   9 .  



The  c y l i n d e r   c a s i n g s   3  o f   a r r a n g e m e n t s   1  a n d  

2  a r e   e a c h   d i v i d e d   by  t h e   l a n d s   5  and  6  of   t h e i r  

r e s p e c t i v e   p i s t o n   a s s e m b l i e s   4  i n t o   t h r e e   s e p a r a t e  

c h a m b e r s   10,   11  and  12 ,   and  13 ,   14  and  15  r e s p e c t -  

i v e l y .   The  e f f e c t i v e   c r o s s - s e c t i o n a l   a r e a   of   e a c h  

of   t h e   c h a m b e r s   10,   11 ,   13  and   14  i s   t h e   s a m e ,   b u t  

t h e   e f f e c t i v e   c r o s s - s e c t i o n a l   a r e a   of   c h a m b e r s   1 2  

and   15  i s   t w i c e   t h a t   o f   any  one   of  t h e   c h a m b e r s   1 0 ,  

11 ,   13  and  1 4 .  

C h a m b e r   10  i s   c o n t i n u a l l y   open   to   low  p r e s s u r e  

v i a   t h e   h y d r a u l i c   f l u i d   r e t u r n   p o r t   16  and   r e t u r n  

l i n e   17,   and  c h a m b e r   11  i s   c o n t i n u a l l y   o p e n   t o  

h i g h   p r e s s u r e   v i a   h y d r a u l i c   f l u i d   i n l e t   18  a n d  

s u p p l y   l i n e   19.   In  c o n s e q u e n c e   t h e r e   e x i s t s  

a c r o s s   t h e   p i s t o n   a s s e m b l y   4  a  f o r c e   c o n t i n u a l l y  

b i a s i n g   t h e   p i s t o n   a s s e m b l y   4  i n   s u c h   a  d i r e c t i o n  

as  to   r e d u c e   t h e   v o l u m e   of   p i s t o n   r o d   c h a m b e r   2 0  

and  i n c r e a s e   t h e   v o l u m e   of   p i s t o n   r o d   c h a m b e r   2 1 .  

H o w e v e r ,   m o v e m e n t   in   t h i s   d i r e c t i o n   can   o n l y   o c c u r  

i f   c h a m b e r   12  i s   c o n n e c t e d   to   t h e   low  p r e s s u r e  

r e t u r n   s i d e   of   t h e   h y d r a u l i c   f l u i d   s u p p l y   9.  I f ,  

on  t h e   o t h e r   h a n d ,   t h e   c h a m b e r   12  i s   c o n n e c t e d   t o  

t h e   h i g h   p r e s s u r e   s i d e   of  t h e   s u p p l y   9  t h e n   t h e  

f o r c e   e x e r t e d   on  t h e   p i s t o n   a s s e m b l y   4  i s   g r e a t e r  

t h a n   t h e   b i a s   and  t h e   p i s t o n   a s s e m b l y   4  w i l l   m o v e  

i n   t h e   o p p o s i t e   d i r e c t i o n   t h e r e t o .   From  t h e   a b o v e  

i t   w i l l   be  a p p r e c i a t e d   t h a t   i f   t h i n g s   a r e   so  a r r a n g e d  



t h a t   t h e   c h a m b e r   12  i s   e x p o s e d   to   a  c o n t i n u o u s l y  

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

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

a s s e m b l y   4  w i l l   r e c i p r o c a t e   b a c k   and   f o r t h   a t   a  

f r e q u e n c y   e q u a l   to   t h a t   of   t h e   a l t e r n a t i n g  

h y d r a u l i c   s o u r c e .   -  

R e f e r r i n g   now  to   a r r a n g e m e n t   2,  c h a m b e r   1 3  

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

f l u i d   i n l e t   22  and  s u p p l y   l i n e   19 ,   and  c h a m b e r   1 4  

i s   c o n t i n u a l l y   o p e n   to   low  p r e s s u r e   v i a   h y d r a u l i c  

f l u i d   r e t u r n   p o r t   23  and   r e t u r n   l i n e   17 .   I n  

c o n s e q u e n c e ,   t h e r e   e x i s t s   a c r o s s   t h e   p i s t o n  

a s s e m b l y   4  a  f o r c e   c o n t i n u a l l y   b i a s i n g   t h e   p i s t o n  

a s s e m b l y   4  i n   s u c h   a  d i r e c t i o n   as  to   r e d u c e   t h e  

v o l u m e   of   p i s t o n   r o d   c h a m b e r   24  and  i n c r e a s e   t h e  

v o l u m e   of   p i s t o n   r o d   c h a m b e r   25.   H o w e v e r ,  

m o v e m e n t   i n   t h i s   d i r e c t i o n   can   o n l y   t a k e   p l a c e  

i f   c h a m b e r   15  i s   c o n n e c t e d   t o   t h e   low  p r e s s u r e  

r e t u r n   s i d e   o f   t h e   h y d r a u l i c   f l u i d   s u p p l y   9.  I f  

t h e   c h a m b e r   15  i s   c o n n e c t e d   to   t h e   h i g h   p r e s s u r e  

s i d e   o f   t h e   s u p p l y   9  t h e n   t h e   f o r c e   e x e r t e d   on  t h e  

p i s t o n   a s s e m b l y   4  i s   g r e a t e r   t h a n   t h e   b i a s   and  t h e  

p i s t o n   a s s e m b l y   4  w i l l   move  in   t h e   o p p o s i t e  

d i r e c t i o n   t h e r e t o .   A g a i n ,   i t   w i l l   be  a p p r e c i a t e d  

t h a t   i f   t h e   c h a m b e r   15  i s   e x p o s e d   to   a  c o n t i n u o u s l y  

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

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



a s s e m b l y   4  w i l l   r e c i p r o c a t e   b a c k   and  f o r t h   a t   a  

f r e q u e n c y   e q u a l   to   t h a t   of   t h e   a l t e r n a t i n g  

h y d r a u l i c   s o u r c e .  

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

d r a w i n g   i t   w i l l   be  s e e n   t h a t   t h e   c h a m b e r   12  i s  

c o n n e c t e d   to   t h e   low  p r e s s u r e   s i d e   of   t h e   s u p p l y  

9  v i a   a  p o r t   26,   a  p o r t   27 ,   c h a m b e r   14 ,   r e t u r n   p o r t  

23  and   r e t u r n   l i n e   17 .   T h e r e f o r e ,   t h e   p i s t o n  

a s s e m b l y   4  of   a r r a n g e m e n t   1  i s   m o v i n g   t o w a r d s  

p i s t o n   r o d   c h a m b e r   20.   On  t h e   o t h e r   h a n d ,   t h e  

c h a m b e r   15  i s   c o n n e c t e d   to   t h e   h i g h   p r e s s u r e   s i d e  

of   s u p p l y   9  v i a   a  p o r t   28,   a  p o r t   29,  c h a m b e r   1 1 ,  

h y d r a u l i c   f l u i d   i n l e t   18  and   s u p p l y   l i n e   1 9 .  

T h e r e f o r e ,   t h e   p i s t o n   a s s e m b l y  4   of  a r r a n g e m e n t  

2  i s   m o v i n g   t o w a r d s   p i s t o n   r o d   c h a m b e r   2 5 .  

As  t h e   p i s t o n   a s s e m b l y   4  o f   a r r a n g e m e n t   1 

c o n t i n u e s   to   move  as  d e s c r i b e d   a b o v e   t h e   l a n d   5  

p r o g r e s s i v e l y   i s o l a t e s   p o r t   29  f r o m   c h a m b e r   11 

and  t h e r e f o r e   h i g h   p r e s s u r e ,   and  o p e n s   i t   t o  

c h a m b e r   10  and  t h e r e f o r e   low  p r e s s u r e .   Once  t h i s  

o c c u r s   t h e   p i s t o n   a s s e m b l y   4  i n   a r r a n g e m e n t   2  i s  

f r e e   to   move  t o w a r d s   p i s t o n   r o d   c h a m b e r   24 .   As  t h e  

p i s t o n   a s s e m b l y   4  i n   a r r a n g e m e n t   2  moves   t o w a r d s  

p i s t o n   r o d   c h a m b e r   24  t h e   l a n d   5  t h e r e o f   p r o g r e s s -  

i v e l y   i s o l a t e s   p o r t   27  f r o m   c h a m b e r   14  and   t h e r e -  

f o r e   low  p r e s s u r e ,   and  o p e n s   i t   to   c h a m b e r   13  a n d  

t h e r e f o r e   h i g h   p r e s s u r e .   T h i s   r e s u l t s   in   t h e  



p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t   1  m o v i n g   t o w a r d s  

p i s t o n   r o d   c h a m b e r   21.   As  t h e   p i s t o n   a s s e m b l y   4  

of   a r r a n g e m e n t   1  m o v e s   t o w a r d s   p i s t o n   r o d   c h a m b e r  

21  t h e   l a n d   5  t h e r e o f   i s o l a t e s   p o r t   29  f r o m  

c h a m b e r   10 ,   and   t h e r e f o r e   low  p r e s s u r e ,   and  o p e n s  

i t   t o   c h a m b e r   11,   and  t h e r e f o r e   h i g h   p r e s s u r e .   A s  

a  r e s u l t   t h e   c h a m b e r   15  o f   a r r a n g e m e n t   2  i s   s u b j e c t  

to   h i g h   p r e s s u r e   w h i c h   r e s u l t s   i n   t h e   p i s t o n  

a s s e m b l y   4  t h e r e o f   m o v i n g   t o w a r d s   p i s t o n   r o d  

c h a m b e r   25 .   F i n a l l y ,   as   t h e   p i s t o n   a s s e m b l y   4  o f  

a r r a n g e m e n t   2  moves   t o w a r d s   p i s t o n   r o d   c h a m b e r   2 5  

t h e   l a n d   5  t h e r e o f   p r o g r e s s i v e l y   i s o l a t e s   p o r t   2 7  

f r o m   c h a m b e r   13,  and   t h e r e f o r e   h i g h   p r e s s u r e ,  

and   o p e n s   i t   to   c h a m b e r   14  and   t h e r e f o r e   l o w  

p r e s s u r e .   As  a  r e s u l t   t h e   c h a m b e r   12  of   a r r a n g e -  

m e n t   1  i s   s u b j e c t   to   h i g h   p r e s s u r e   and  t h e   p i s t o n  

a s s e m b l y   4  t h e r e o f   m o v e s   t o w a r d s   p i s t o n   r o d  

c h a m b e r   21.   The  a b o v e   d e s c r i b e d   s e q u e n c e   of   e v e n t s  

i s   t h e n   r e p e a t e d   a l l   o v e r   a g a i n .  

As  t h e   p i s t o n   a s s e m b l y   4  o f   e a c h   a r r a n g e m e n t   1 

and  2  moves   t o w a r d s   a  p i s t o n   r o d   c h a m b e r   t h e  

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

t h r o u g h   an  a n n u l a r   r e c e s s   30  and   a  f l u i d   o u t l e t  

v a l v e   31  i n t o   a  h i g h   p r e s s u r e   o u t l e t   m a n i f o l d   3 2 .  

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

i n l e t   v a l v e   33  w h i c h   a l l o w s   f l u i d   to  be  a d m i t t e d  

to   t h e   p i s t o n   r o d   c h a m b e r   f r o m   a  low  p r e s s u r e  



s u p p l y   m a n i f o l d   34  as  t h e   p i s t o n   r o d   t h e r e o f  

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

C o n s i d e r   now  t h e   c a s e   w h e r e   t h e   p i s t o n  

a s s e m b l y   4  of  a r r a n g e m e n t   1  i s   m o v i n g   t o w a r d s  

p i s t o n   r o d   c h a m b e r   20 .   As  t h e   p i s t o n   a s s e m b l y   4  

b e g i n s   to   move  i t   w i l l   a c c e l e r a t e   t o   a  c o n s t a n t  

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

of  k i n e t i c   e n e r g y .   As  t h e   p i s t o n   a s s e m b l y   4  

c o n t i n u e s   to   move  t h e   l a n d   5  t h e r e o f   w i l l   c r o s s  

p o r t   29  w h i c h   w i l l   s i g n a l   t h e   p i s t o n   a s s e m b l y   4  

in   a r r a n g e m e n t   2  t o   move  t o w a r d s   p i s t o n   r o d  

c h a m b e r   24.  H o w e v e r ,   as  t h e   f o r c e   u r g i n g   t h e  

p i s t o n   a s s e m b l y   4  to   move  i s   e q u a l   t o   t h e  

f o r c e   d r i v i n g   t h e   p i s t o n   a s s e m b l y   4  of  a r r a n g e m e n t  

1  and  as  t h e   c r o s s - s e c t i o n a l   a r e a  o f   e a c h   of  t h e  

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

p r e s s u r e   d e v e l o p e d   in   p i s t o n   r o d   c h a m b e r   24  i s  

e q u a l   to   t h e   p r e s s u r e   i n   c h a m b e r   20  and  o u t l e t  

m a n i f o l d   32.  As  a  r e s u l t   t h e   p i s t o n   a s s e m b l y   4  

in   a r r a n g e m e n t   2  i s   i n   e q u i l i b r i u m .   As  t h e  

p i s t o n   a s s e b l y   4  in   a r r a n g e m e n t   1  c o n t i n u e s   t o  

move  t o w a r d s   c h a m b e r   20,   p i s t o n   r o d   8  p r o g r e s s i v e l y  

c l o s e s   t he   a n n u l a r   r e c e s s   30  i n   p i s t o n   r o d   c h a m b e r  

20  and  moves  o v e r   t h e   l a n d   e x t e n d i n g   t h e r e b e y o n d  

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



c h a m b e r   20  and   r e s u l t s   in   a  r i s e   i n   t h e   p r e s s u r e  

of   t h e   f l u i d   c o n t a i n e d   i n   c h a m b e r   20  o c c a s i o n e d  

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

by  t h e   p i s t o n   a s s e m b l y   4  d u r i n g   i t s   a c c e l e r a t i o n  

p e r i o d .   As  t h e   e n e r g y   t r a n s f e r   t a k e s   p l a c e   t h e  

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

a t   w h i c h   c h a m b e r  1 1   c a n   a c c e p t   f l u i d   p r o g r e s s i v e l y  

r e d u c e s   c a u s i n g   a  r i s e   i n   t h e   p r e s s u r e   of  t h e  

f l u i d   i n   t h e   h y d r a u l i c   f l u i d   s u p p l y   l i n e   1 9 ,  a n d  

so  t h e   s t a t e   of  e q u i l i b r i u m   of   t h e   p i s t o n   a s s e m b l y  

4  o f   a r r a n g e m e n t   2  i s   d e s t r o y e d   and   t h e   p i s t o n  

a s s e m b l y   4  t h e r e o f   c o m m e n c e s   t o   move  t o w a r d s  

c h a m b e r   24  d i s p l a c i n g   t h e   f l u i d   c o n t a i n e d   i n  

c h a m b e r   24  i n t o   t h e   o u t l e t   m a n i f o l d   32  v i a   a n n u l a r  

r e c e s s   30  and   o u t l e t   v a l v e   3 1 .  



The  h y d r a u l i c   f l u i d   s u p p l y   9  i s   s e l e c t e d   t o  

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

t h e   v e l o c i t y   of   t h e   p i s t o n   a s s e m b l y   4  of  a r r a n g e m e n t   1 

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

and   a c c e p t e d   by  t h e   p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t   2 .  

so  t h a t   t h e   c h a n g e   i n   v e l o c i t y   of  one  p i s t o n   a s s e m b l y  

4  i s   i n v e r s e l y   p r o p o r t i o n a l   t o   t h a t   of   t h e   o t h e r .  

T h u s ,   as  t h e   f l o w   r a t e   f r o m   p i s t o n   r o d   c h a m b e r   20  i n t o  

t h e   o u t l e t   m a n i f o l d   32  d e c r e a s e s   t h e   f l o w   r a t e   f r o m  

c h a m b e r   24  i n c r e a s e s   i n   an  i n v e r s e l y   p r o p o r t i o n a l   m a n n e r  

and   t h e   s u m m a t i o n   of   t h e   two  f l o w   r a t e s   a t   any  t i m e  

d u r i n g   t h e   c h a n g e r   o v e r   p e r i o d   w i l l   be  e q u a l   to   t h e   f l o w  

r a t e   d e l i v e r e d   by  one  p i s t o n   r o d   when  t r a v e l l i n g   a t  

f u l l   v e l o c i t y .   T h u s ,   t h e   f l o w   r a t e   p a s s i n g   f rom  t h e  

o u t l e t   m a n i f o l d   32  w i l l   be  c o n s t a n t .   As  t h e   p i s t o n  

a s s e m b l y   4  of  a r r a n g e m e n t   1  comes   t o   r e s t   t h e   p i s t o n  

a s s e m b l y   4  of   a r r a n g e m e n t   2  r e a c h e s   f u l l   v e l o c i t y   a n d  

as  t h e   l a n d   5  t h e r e o f   c r o s s e s   p o r t   27  i t   e s t a b l i s h e s  

t h e   p i s t o n   a s s e m b l y   4  of  a r r a n g e m e n t   1  i n   a  s t a t e   o f  

e q u i l i b r i u m ,   as  d e s c r i b e d   h e r e i n b e f o r e .   As  t h e  

p i s t o n   r o d   8  of  a r r a n g e m e n t   2  c r o s s e s   t h e   a n n u l a r  

r e c e s s   30  of  p i s t o n   r o d   c h a m b e r   24  t h e   p i s t o n  

a s s e m b l y   4  b e g i n s   to   d e c e l e r a t e   as  t h e   p i s t o n   a s s e m b l y  



4  o f   a r r a n g e m e n t   1  b e g i n s   to   move  i n   t h e   d i r e c t i o n   o f  

p i s t o n   r o d   c h a m b e r   21 .   T h u s ,   by  t h e   t i m e   t h e   p i s t o n  

a s s e m b l y   4  of   a r r a n g e m e n t   1  r e a c h e s   f u l l   v e l o c i t y   t h e  

p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t   2  h a s   come  t o   r e s t .   As 

t h e   p i s t o n   a s s e m b l y  4   of   a r r a n g e m e n t   1  c o n t i n u e s   t o   m o v e  

t o w a r d s   p i s t o n   r o d   c h a m b e r   21  t h e   l a n d   5  t h e r e o f  

c r o s s e s   p o r t   29  and  c a u s e s   t h e   p i s t o n   a s s e m b l y   4  o f  

a r r a n g e m e n t   2  t o   a d o p t   a  s t a t e   of   e q u i l i b r i u m   i n  

r e a d i n e s s   to   move  t o w a r d s   c h a m b e r   25.   When  t h e  

p i s t o n   r o d   7  of   a r r a n g e m e n t   1  c r o s s e s   t h e   a n n u l a r  

r e c e s s   30  i n   t h e   p i s t o n   r o d   c h a m b e r   21  t h e r e o f   t h e  

p i s t o n   a s s e m b l y   4  of  a r r a n g e m e n t   1  b e g i n s   t o  

d e c e l e r a t e   and   t h e   p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t  

2  b e g i n s   t o   move  t o w a r d s   p i s t o n   r o d   c h a m b e r   25.   As 

t h e   p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t   1  comes   t o   r e s t  

t h e   p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t   2  r e a c h e s   f u l l  

v e l o c i t y   and   as   i t   c o n t i n u e s   to   move  t h e   l a n d   5  

t h e r e o f   c r o s s e s   p o r t   27.  At  t h i s   p o i n t   t h e   p i s t o n  

a s s e m b l y   4  of   a r r a n g e m e n t   1  i s   p l a c e d   i n   a  s t a t e   o f  

e q u i l i b r i u m   i n   r e a d i n e s s   t o   move  t o w a r d s   p i s t o n   r o d  

c h a m b e r   20.  As  t h e   p i s t o n   a s s e m b l y   4  of   a r r a n g e m e n t  

2  c o n t i n u e s   t o   move  p i s t o n   7  c r o s s e s   t h e  

a n n u l a r   r e c e s s   30  in   p i s t o n   r o d   c h a m b e r   25  and  t h e  

p i s t o n   a s s e m b l y   4  of  a r r a n g e m e n t   1  b e g i n s   t o   m o v e  



in   t h e   d i r e c t i o n   of   p i s t o n   r o d   c h a m b e r   21,  and  s o  

a  new  c y c l e   b e g i n s .  

The  p r e s s u r e   d i f f e r e n t i a l   e s t a b l i s h e d   b e t w e e n   t h e  

a n n u l a r   r e c e s s   30  and   t h e   c h a m b e r   of  t h e   c o n t r o l   d e v i c e  

when  t h e   p i s t o n   r o d   e n t e r   i t s   p i s t o n   r o d   c h a m b e r   i s  

i n c r e a s e d   by  t h e   d e g r e e   of   p e n e t r a t i o n   of  t h e   p i s t o n   r o d  

i n t o   t h e   p i s t o n   c h a m b e r ,   b u t   i s   d e c r e a s e d   by  a  r e d u c t i o n  

of   f l o w   r a t e   and   i s   o t h e r w i s e   c o n t r o l l e d   by  t h e   c h o i c e   o f  

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

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

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

c o n s t a n t   p r e s s u r e   l e v e l   i s   m a i n t a i n e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   s m o o t h   o p e r a t i o n  

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

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

of  an  a l r e a d y   m o v i n g   p i s t o n   a s s e m b l y   and  t he   s m o o t h  

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

move .   In  o r d e r   t o   e n s u r e   a  s m o o t h   t r a n s f e r   f r o m   o n e  

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

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

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

f a c e   of  t h e   p i s t o n   r o d   has   p a s s e d   t h e   o u t l e t   v a l v e ,   i s  

b e s t   d e t e r m i n e d   by  a  c o m p u t e r   s i m u l a t i o n .   H o w e v e r ,   t o   t h e  

p e r s o n   s k i l l e d   in   t h e   a r t   t h i s   s h o u l d   n o t   p r e s e n t   a n y  

r e a l   p r o b l e m s .  

W h i l s t   t h e   pump  d e s c r i b 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   c o m p r i s e s   o n l y   two  c y l i n d e r /  

p i s t o n   a r r a n g e m e n t s   i t   w i l l   be  a p p r e c i a t e d   t h a t   more  m a y  

be  u s e d .   Where   t h e   n u m b e r   of  c y l i n d e r / p i s t o n   a r r a n g e m e n t s  

a r e   e v e n   t h e   c o n n e c t i o n s   t o   e a c h   c y l i n d e r / p i s t o n  

a r r a n g e m e n t   a r e   t h e   same  as  t h o s e   f o r   t h e   two  c y l i n d e r  

a r r a n g e m e n t .   T h a t   i s   t h e   h i g h   p r e s s u r e   i n l e t   and  t h e  

low  p r e s s u r e   r e t u r n   a r e   t h e   r e v e r s e   i n   e a c h   c y l i n d e r /  

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

H o w e v e r ,   w h e r e   an  odd  n u m b e r   of  c y l i n d e r / p i s t o n   a r r a n g e -  

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

t a k e n   t o   p o r t s   c o r r e s p o n d i n g   t o   p o r t s   16  and   22  of  t h e  

a r r a n g e m e n t s   1  and  2  in   t h e   a c c o m p a n y i n g   d r a w i n g   and  t h e  

low  p r e s s u r e   r e t u r n s   a r e   e a c h  t a k e n   t o   p o r t s   c o r r e s p o n d i n g  

to  p o r t s   18  and   23  of   a r r a n g e m e n t s   1  and   2  i n   t h e  .  

a c c o m p a n y i n g   d r a w i n g .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   f o r   any   n u m b e r   o f  

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

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   i s   t h e   same  as  t h a t  

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

a r r a n g e m e n t   pump.   In  t h i s   r e s p e c t ,   when  t h e   p u m p  

c o m m e n c e s   o p e r a t i o n   one  of   t h e   c y l i n d e r / p i s t o n   a r r a n g e -  

m e n t s   w i l l   commence   to   pump  f l u i d   f rom  one  of  i t s   p i s t o n  

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

t he   p i s t o n   a s s e m b l y   t h e r e o f .   As  t h e   p i s t o n   a s s e m b l y  

p a s s e s   t h e   s w i t c h i n g   p o r t   of  t h e   c y l i n d e r / p i s t o n   a r r a n g e -  



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

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

u n t i l   t h e   p r e s s u r e   e x e r t e d   t h e r e b y   r i s e s   to   t h a t   i n   t h e  

common  o u t l e t .  

In  o r d e r   t o   e n s u r e   t h a t   t h e   p i s t o n   a s s e m b l i e s ,  

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

r e s e r v o i r s   f r o m   t h e   same  p o s i t i o n   do  n o t   e a c h   c o v e r  

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

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

jam  t h e   pump,  t h e   p o r t   of  one  of  t h e   a r r a n g e m e n t s  

may  be  l a r g e r   t h a n   t h e   o t h e r s ,   o r   t h e   l a n d   of  one  o f  

t h e   p i s t o n   a s s e m b l i e s   w h i c h   c o v e r s   t h e   p o r t   may  b e  

s l i g h t l y   s m a l l e r   i s   s i z e .  

F i n a l l y ,   i t   w i l l   be  a p p r e i c a t e d   t h a t   t h e   p r e s e n t  

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

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

i n v e n t i o n   may  a l s o   be  e m b o d i e d   i n   an  a r r a n g e m e n t   i n  

w h i c h   t h e   h y d r a u l i c   f l u i d   low  p r e s s u r e   r e t u r n s   a r e  

p r o g r e s s i v e l y   r e s t r i c t e d   as  t h e   r e s p e c t i v e   p i s t o n  

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

c y l i n d e r   a r r a n g e m e n t s .   T h i s   a r r a n g e m e n t   i s   p a r t i c u l a r l y  

u s e f u l   w h e r e   t h e   f l u i d   to   be  pumped   i s   l u m p y   in   n a t u r e  

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

c y l i n d e r   o u t l e t .  



1.  A  p u m p i n g   d e v i c e   c o m p r i s i n g   two  or   m o r e  

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

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

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

a  common  o u t l e t   to   w h i c h   s a i d   p i s t o n   c y l i n d e r  

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

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

of  t h e   h y d r a u l i c   c y l i n d e r   a r r a n g e m e n t s ,   and   m e a n s  

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

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

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

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

2.  A  p u m p i n g   d e v i c e   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n  

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

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

t h e   p i s t o n   t h e r e o f   s w e e p s   t h e   i n s i d e   t h e r e o f .  

3.  A  p u m p i n g   d e v i c e   a c c o r d i n g   t o   c l a i m   2 ,  

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

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

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

r e s t r i c t s   i t   as  i t   p a s s e s   t h e r e o v e r .  

4.  A  p u m p i n g   d e v i c e   a c c o r d i n g   t o   c l a i m   1 ,  

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

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

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

p u m p e d   t h e r e t h r o u g h .  

5.  A  m e t h o d   of  p u m p i n g   f l u i d   a t   h i g h   p r e s s u r e ,  



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

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

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

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

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

p i s t o n   s w e e p s   a  r e s p e c t i v e   p i s t o n   c y l i n d e r   a  d e c e l e r a -  

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

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

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

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

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

a r r a n g e m e n t   a n d   t o   pump  f l u i d   when  t h e   p r e s s u r e  

d e v e l o p e d   t h e r e b y   r i s e s   t o   t h a t   i n   t h e   common  o u t l e t .  
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