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(54)  Fluid  flow  control  device. 
(57)  A  fluid  flow  control  device  (10)  which  is  employed  in 
conjunction  with  a  fluid  pump  (12)  and  which  functions  to 
restrict  reverse  flow  of  liquid  which  is  induced  by  the  fluid 
pump  to  flow  in  a  forward  direction  through  the  device  from  a 
source  (11)  of  the  liquid.  The  device  comprises  a  housing  (20 
or  50)  which  contains  first  and  second  chambers  (21  and  22  or 
51  and  52),  and  a  tube  (26  and  37  or  54  and  60)  is  located  in 
each  of  the  chambers.  The  tubes  (26,37,  54  and  60)  define  fluid 
passageways  (27,  36,  55  and  61)  through  which  the  liquid  is 
induced  to  flow  in  passing  into  the  respective  chambers  (21, 
22,  51  and  52),  and  the  tubes  extend  upwardly  through  the 

j  respective  chambers  to  a  level  above  the  level  of  liquid  which 
*  is  contained  in  the  chambers.  Valve  members  (30,  39,  59  and 
*  63)  are  located  at  the  upper  end  of  the  respective  tubes  (26,  37, 
 ̂ 54  and  60),  the  valve  members  providing  for  forward  flow  of 
 ̂ liquid  into  the  chambers  from  the  respective  tubes  and  serv- 
 ̂ ing  to  prevent  the  liquid  from  leaking  in  a  reverse  direction 
along  the  fluid  passageways  (27,  36,  55  and  61  ).  A  control  port 

}  (32  or  64)  enters  the  housing  (20  or  50)  and  is  connectable  to 
}the  fluid  pump  (12)  for  the  purpose  of  applying  alternating 
J  negative  and  positive  pressurisation  to  the  chambers 

whereby  the  liquid  is  induced  to  flow  into  and  through  the 
5  chambers. 
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A   fluid  flow  control  device  (10)  which  is  employed  in 
conjunction  with  a  fluid  pump  (12)  and  which  functions  to 
restrict  reverse  flow  of  liquid  which  is  induced  by  the  fluid 
pump to flow in  a  forward  direction  through  the  device from  a 
source  (11)  of the  liquid.  The  device  comprises  a  housing  (20 
or  50)  which  contains  first  and  second  chambers  (21  and 22 or 
51  and  52),  and  a  tube  (26  and  37  or  54  and  60)  is  located  in 
each  of the  chambers.  Thetubes  (26,37, 54  and  60)  define fluid 
passageways  (27, 36, 55  and  61)  through  which  the  liquid  is 
induced  to  flow  in  passing  into  the  respective  chambers  (21, 
22,  51  and  52),  and  the  tubes  extend  upwardly  through  the 
respective  chambers  to  a  level  above  the  level  of  liquid  which 
is  contained  in  the  chambers.  Valve  members  (30,39, 59  and 
63)  are  located  at the  upper  end  of the  respective  tubes  (26,37, 
54  and  60),  the  valve  members  providing  for  forward  flow  of 
liquid  into  the  chambers  from  the  respective  tubes  and  serv- 
ing  to  prevent  the  liquid  from  leaking  in  a  reverse  direction 
along  the  fluid  passageways  (27,36,55  and  61  A  control  port 
(32  or  64)  enters  the  housing  (20  or  50)  and  is  connectable  to 
the  fluid  pump  (12)  for  the  purpose  of  applying  alternating 
negative  and  positive  pressurisation  to  the  chambers 
whereby  the  liquid  is  induced  to  flow  into  and  through  the 
chambers. 





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

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

a  f l u i d   pump  and  w h i c h   s e r v e s   in  u s e   to   r e s t r i c t  

r e v e r s e   f l o w   of   a  f l u i d   w h i c h   i s   i n d u c e d   to   f l o w   in  a  

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

The  d e v i c e   has   a p p l i c a t i o n   in   a  m e c h a n i s m   w h i c h  

is   e m p l o y e d   f o r   p u m p i n g   a  s m a l l   q u a n t i t y   of  a  f i r s t  

. . l i q u i d ,   such   as   a  c h e m i c a l   a d d i t i v e ,   i n t o   a  s e c o n d  

l i q u i d   s u c h   as  w a t e r .   In  s u c h   an  a p p l i c a t i o n ,   i t   i s  

h i g h l y   d e s i r a b l e   t h a t   t h e   f i r s t   l i q u i d   s h o u l d   b e  

a v a i l a b l e   in  t h e   d e v i c e   w h e n e v e r   i t   i s   r e q u i r e d   to  b e  

pumped  i n t o   t h e   s e c o n d   l i q u i d   and  t h a t   t h e  f i r s t  

l i q u i d   s h o u l d   be  p r e v e n t e d   f rom  l e a k i n g   b a c k   to  i t s  

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

s u c c e s s i v e   p u m p i n g   o p e r a t i o n s .   Such  a  n e e d   e x i s t s  

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

d e l i v e r i n g   m e t e r e d   q u a n t i t i e s   of  an  a d d i t i v e ,   such   a s  

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

t h e   i n v e n t i o n   i s   h e r e i n a f t e r   d e s c r i b e d   in  t h e   c o n t e x t  

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

E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  8 0 1 0 2 3 9 1 . 2  

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

q u a n t i t i e s   of  a  c h e m i c a l   a d d i t i v e   i n t o   t h e   f l u s h  

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



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

w i t h   a  r e s e r v o i r   of   t h e   c h e m i c a l   a d d i t i v e .   T h e  

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

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

fo rm  of  t h e   f l u i d   f l o w   c o n t r o l   d e v i c e   of  t h e   p r e s e n t  

i n v e n t i o n ,   a t   l e a s t   in   t e r m s   of  t h e   o p e r a t i o n a l  

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

when  s u b j e c t e d   to   a l t e r n a t i n g   p o s i t i v e   and  n e g a t i v e  

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

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

The  v a l v e d   p u m p i n g   c h a m b e r   w h i c h   i s   d e s c r i b e d  

and  i l l u s t r a t e d   in   E u r o p e a n   P a t e n t   A p p l i c a t i o n   N o .  

8 0 1 0 2 3 9 1 . 2   i s   c o n n e c t e d   by  way  of  a  s u c t i o n   t u b e   to   a  

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

i n c l u d e s   a  p a i r   of  v a l v e s   w h i c h   a r e   a r r a n g e d   i n  

s e r i e s   to   p e r m i t   u n i d i r e c t i o n a l   f l o w   of  l i q u i d  

t h r o u g h   t h e   p u m p i n g   c h a m b e r   f rom  t h e   r e s e r v o i r .   A 

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

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

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

v a l v e s   and  i n t o   t h e   c h a m b e r   f rom  t h e   r e s e r v o i r .  

T h e r e a f t e r ,   when  a  p o s i t i v e   p r e s s u r e   i s   a p p l i e d   t o  

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

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

s e c o n d   of   t h e   two  v a l v e s   and  i s   t h e r e b y   e x p e l l e d   f r o m  

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

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

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

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

b a c k f l o w   of  t h e   c h e m i c a l   a d d i t i v e   in   t h e   c h a m b e r ,   i t  

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

i n t o   t h e   c h a m b e r   may  l e a k   b a c k   to  t h e   r e s e r v o i r .  

T h e n ,   when  t h e   c h a m b e r   i s   n e x t   s u b j e c t e d   to   a  p o s i t i v e  

p r e s s u r e ,   no  a d d i t i v e   w i l l   be  a v a i l a b l e   to  be  d i s p e n s e d  

i n t o   t h e   f l u s h   w a t e r   a n d ,   d e p e n d i n g   upon   t h e   l e n g t h  

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



t h e   r e s e r v o i r ,   a  n u m b e r   of  f l u s h i n g   o p e r a t i o n s   may  

need   be  p e r f o r m e d   b e f o r e   t h e   a d d i t i v e   i s   r e s t o r e d   t o  

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

l e a k a g e   of  t h e   a d d i t i v e   f rom  t h e   c h a m b e r - m a y   o c c u r  

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

w h i c h   n o r m a l l y   w o u l d   be  r e q u i r e d   to   be  d i s p e n s e d   f r o m  

t h e   c h a m b e r   w i t h   e a c h   f l u s h i n g   o p e r a t i o n   and  due  t o  

t h e   f a c t   t h a t   a  l o n g   p e r i o d   of   t i m e   ( s a y ,   up  to  8 

h o u r s )   may  e l a p s e   b e t w e e n   s u c c e s s i v e   f l u s h i n g   o p e r a t i o n s .  

T h i s   p r o b l e m   m i g h t   be  a v o i d e d   i f   a  p e r f e c t   s e a l  

c o u l d   be  a c h i e v e d   b e t w e e n   t h e   v a l v e   member   and  i t s  

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

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

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

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

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

n o t   f e a s i b l e   to   e n h a n c e   t h e   v a l v e - t o - s e a t   s e a l i n g   b y  

s u b j e c t i n g   t h e   v a l v e   member   to   a  h i g h   c l o s u r e   f o r c e .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to   p r o v i d e   a  f l u i d  

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

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

a  l i q u i d   may  be  pumped  in   a  f o r w a r d   d i r e c t i o n   a n d  

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

r e s t r i c t   l e a k a g e   of  t h e   l i q u i d   b a c k   to   a  r e s e r v o i r  

f rom  w h i c h   t h e   l i q u i d   i s   s u p p l i e d .  

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

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

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

w h i c h ,   in   u s e   of  t h e   d e v i c e ,   i s   i n d u c e d   f l o w   i n t o   t h e  

c h a m b e r   by  way  of  t h e   i n l e t   p o r t .   A  t u b e   i s   l o c a t e d  

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

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

c h a m b e r   to  a  l e v e l   a b o v e   t h e   l e v e l   of   l i q u i d   w h i c h ,  
in  u s e   of  t h e   d e v i c e ,   i s   c o n t a i n e d   w i t h i n   t h e   c h a m b e r .  



A  v a l v e   s e a t   i s   f o r m e d   by  an  u p p e r   end  p o r t i o n   of  t h e  

t u b e ,   and   a  v a l v e   member   i s   n o r m a l l y   s u p p o r t e d   on  t h e  

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

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

c h a m b e r   f rom  t h e   f l u i d   p a s s a g e w a y .   A l s o   an  o u t l e t  

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

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

c h a m b e r   can   be  i n d u c e d   f l o w .  

In  u s e   of  t h e   d e v i c e   as  a b o v e   d e f i n e d ,   l i q u i d   i s  

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

way  of   t h e   f l u i d   p a s s a g e w a y   a n d ,   in   so  d o i n g ,   i t  

l i f t s   t h e   v a l v e   member   f r o m   t h e   v a l v e   s e a t .   H a v i n g  

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

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

to  a  l e v e l   b e l o w   t h a t   of  t h e   u p p e r   end  of  t h e   t u b e  

a n d ,   when  a  p r e d e t e r m i n e d   q u a n t i t y   of  t h e   l i q u i d   h a s  

b e e n   i n d u c e d   to   f l o w   i n t o   t h e   c h a m b e r ,   t h e   v a l v e  

member   c l o s e s   o n t o   t h e   v a l v e   s e a t   to   p r e v e n t   b a c k  

f l o w   of   t h e   l i q u i d   to  t h e   r e s e r v o i r .   T h u s ,   t h e   u p p e r  
end  o f   t h e   t u b e   i s   l o c a t e d   a b o v e   t h e   l e v e l   of  t h e  

l i q u i d   w i t h i n   t h e   c h a m b e r   and  b a c k   f l o w   of  l i q u i d  

f r o m   t h e   c h a m b e r   as  s u c h   i s   t h e r e b y   p r e c l u d e d .   A l s o ,  

r e s i d u a l   l i q u i d   on  t h e   v a l v e   s e a t   c o - o p e r a t e s   w i t h  

t h e   v a l v e   member   to   f o rm  a  f l u i d - t i g h t   s e a l   w h e r e b y  

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

a t   t h e   u n d e r s i d e   of  t h e   v a l v e   member   i s   p r e v e n t e d  

f r o m   l e a k i n g   b a c k   i n t o   t h e   r e s e r v o i r   ( w h i c h   n o r m a l l y  

w o u l d   be  l o c a t e d   b e l o w   t h e   l e v e l   of  t h e   c h a m b e r )   f r o m  

t h e   f l u i d   p a s s a g e w a y .  

L i q u i d   may  be  i n d u c e d   by  an  e x t e r n a l   pump  t o  

f l o w   i n t o   t h e   a b o v e   d e f i n e d   d e v i c e .   H o w e v e r ,   l i q u i d  

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

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

t h e   c h a m b e r   f rom  a  f l u i d   pump  a n d ,   in   s u c h   c a s e ,   t h e  

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

( h e r e i n   t e r m e d   a  " c o n t r o l   p o r t " )   w h i c h   i s   c o n n e c t a b l e  



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

and  p o s i t i v e   p r e s s u r e   to   t h e   i n t e r i o r   of   t h e   c h a m b e r .  

The  c o n t r o l   p o r t   w o u l d   be  l o c a t e d   a b o v e   t h e   l e v e l   o f  

t h e   l i q u i d   w i t h i n   t h e   c o n t a i n e r   so  t h a t ,   when  t h e  

i n t e r i o r   of   t h e   c h a m b e r   i s   s u b j e c t e d   to   a  n e g a t i v e  

p r e s s u r e ,   t h e   l i q u i d   w i l l   be  i n d u c e d   to   f l o w   i n t o   t h e  

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

r e s e r v o i r .   C o n v e r s e l y ,   when  t h e   i n t e r i o r   of  t h e  

c h a m b e r   i s   s u b j e c t e d   to   a  p o s i t i v e   p r e s s u r e ,   t h e  

l i q u i d   w i t h i n   t h e   c h a m b e r   w i l l   be  i n d u c e d   to  f l o w  

f rom  t h e   c h a m b e r   v i a   t h e   o u t l e t   p o r t   and  t h e   v a l v e  

member  w i l l   be  s u b j e c t e d   to   a  c l o s i n g   f o r c e .  

The  v a l v e   member   p r e f e r a b l y   c o m p r i s e s   a  s p h e r i c a l  

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

as  a  c o n i c a l   s e a t .   H o w e v e r ,   t h e   v a l v e   member   a n d  

s e a t   may  be  s h a p e d   o t h e r w i s e ,   p r o v i d e d   t h a t   a  m e n i s c u s  

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

of  t h e   v a l v e   member   and  s e a t   to   a i d   in  t h e   s e a l i n g  

. b e t w e e n   t h e   v a l v e   member   and  t h e   s e a t .  

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

i n c o r p o r a t e s   two  c h a m b e r s ,   w i t h   a  p a s s a g e w a y - d e f i n i n g  

t u b e   b e i n g   l o c a t e d   w i t h i n   e a c h   c h a m b e r .   Then ,   one  o f  

t h e   p a s s a g e w a y - d e f i n i n g   t u b e s   w i l l   b e ' c o n n e c t e d   i n  

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

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

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

The  c h a m b e r s   may  be  l o c a t e d   s i d e - b y - s i d e ,   one  a b o v e  

t h e   o t h e r   or   be  c o m p l e t e l y   s e p a r a t e   b u t ,   in  e a c h  

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

l i q u i d   f l o w   f r o m   one  of  t h e   c h a m b e r s   to  t h e   o t h e r .  

Wi th   s u c h   an  a r r a n g e m e n t ,   t h e   l i q u i d   w h i c h   i s   i n d u c e d  

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

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

d e f i n i n g   t u b e   in   t h e   s e c o n d   c h a m b e r ,   and  t h e n   t o w a r d  

t h e   o u t l e t   p o r t .   T h u s ,   f l o w   of  l i q u i d   t h r o u g h   t h e  



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

a s s o c i a t e d   w i t h   e a c h   of   t h e   p a s s a g e w a y - d e f i n i n g   t u b e s  

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

t h e   d e v i c e .  

The  i n v e n t i o n   w i l l   be  more   f u l l y   u n d e r s t o o d   f r o m  

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

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

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

w h e r e i n :  

F i g u r e   1  shows   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e  

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

e l e m e n t s ,  

F i g u r e   2  shows   a  s e c t i o n a l   e l e v a t i o n   v i e w   of  o n e  

e m b o d i m e n t   of  t h e   f l u i d   f l o w   c o n t r o l   d e v i c e ,  

F i g u r e   3  shows   a  s e c t i o n a l   p l a n   v i e w   of  t h e  

d e v i c e   w h i c h   i s   i l l u s t r a t e d   in   F i g u r e   2,  t h e   v i e w  

b e i n g   t a k e n   in  t h e   d i r e c t i o n   of  s e c t i o n   p l a n e   33  a s  

i n d i c a t e d   in  F i g u r e   2 ,  

F i g u r e   4  shows   a  s e c t i o n a l   e l e v a t i o n   v i e w   of  a  

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

F i g u r e   5  shows   a  s e c t i o n a l   p l a n   v i e w   of  t h e  

d e v i c e   w h i c h   i s   i l l u s t r a t e d   in   F i g u r e   4,  t h e   v i e w  

b e i n g   t a k e n   in   t h e   d i r e c t i o n   of  s e c t i o n   p l a n e   5-5   a s  

i n d i c a t e d   in   F i g u r e   4,  a n d  

F i g u r e   6  shows   on  an  e n l a r g e d   s c a l e   a  v a l v e  

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

d e v i c e s   w h i c h   a r e   i l l u s t r a t e d   in  F i g u r e s   2  and  4 .  

As  shown  in  F i g u r e   1  of  t h e   d r a w i n g s ,   t h e   f l u i d  

f l o w   c o n t r o l   d e v i c e   10  i s   l o c a t e d   in  c i r c u i t   w i t h   a  

r e s e r v o i r   11  of  a  l i q u i d   w h i c h   i s   to  be  pumped   t h r o u g h  

t h e   d e v i c e ,   and  a  f l u i d   pump  12  i s   c o u p l e d   to   t h e  

d e v i c e   by  way  of  t u b e   13.   The  f l u i d   pump  12  i s  

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

p r e s s u r i s a t i o n   to   t h e   i n t e r i o r   of   t h e   d e v i c e   1 0 ,  

w h e r e b y   l i q u i d   w i t h i n   t h e   r e s e r v o i r   11  i s   i n d u c e d   t o  



f l o w   i n t o ,   t h r o u g h   and  f r o m   t h e   d e v i c e   10  by  way  of  a  

l i q u i d   f e e d   t u b e   14.   The  l i q u i d   w h i c h   i s   p u m p e d  

t h r o u g h   t h e   d e v i c e   10  i s   c o n v e y e d   f r o m   t h e   d e v i c e   b y  

way  of   a  d e l i v e r y   t u b e   15,  and  t h e   l i q u i d   may  b e  

i n j e c t e d   as  an  a d d i t i v e   i n t o   a  f u r t h e r   l i q u i d   r e s e r v o i r  

( n o t   s h o w n ) .   The  f l u i d   pump  12  may  be  of  a  t y p e   a s  

d e s c r i b e d   in   E u r o p e a n   P a t e n t   A p p l i c a t i o n   No.  8 0 1 0 2 3 9 1 . 2  

and  be  o p e r a t e d   w i t h   r i s e   and  f a l l   of  w a t e r   i n t o  

w h i c h   t h e   l i q u i d   f r o m   t h e   d e l i v e r y   t u b e   l5  may  b e  

i n j e c t e d .  

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

d e v i c e   10  a r e   now  d e s c r i b e d ,   f i r s t l y   w i t h   r e f e r e n c e  

to  F i g u r e s   2  and  3  and  t h e n   w i t h   r e f e r e n c e   to  F i g u r e  

4  and  5 .  

As  i l l u s t r a t e d   in  F i g u r e s   2  a n d  3   of  t h e   d r a w i n g s ,  

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

20  w h i c h   i n c l u d e s   f i r s t   and  s e c o n d   c h a m b e r s   21  a n d  

22.  The  f i r s t   ( l o w e r )   c h a m b e r   21  i s   c l o s e d   by  a  b a s e  

p o r t i o n   23  w h i c h   i s   f o r m e d   w i t h   an  i n l e t   p o r t   24  i n t o  

w h i c h   a  l i q u i d   f e e d   t u b e   25  e x t e n d s .   The  f e e d   t u b e  

25  c o r r e s p o n d s   w i t h   t h a t   i n d i c a t e d   by  n u m e r a l   14  i n  

F i g u r e   1  and  i t   i s   c o n n e c t a b l e   to   a  r e s e r v o i r   of  a  

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

o p e r a t i o n   of  t h e   d e v i c e .  

A  f i r s t   t u b e   2 6  w h i c h   i s   f o r m e d   as  an  i n t e g r a l  

p a r t   of  t h e   b a s e   23  i s   l o c a t e d   w i t h i n   t h e   f i r s t  

c h a m b e r   21  and  i t   d e f i n e s   a  f i r s t   f l u i d   p a s s a g e w a y  
27.  The  t u b e   26  and  h e n c e   t h e   p a s s a g e w a y   27  e x t e n d s  

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

l e v e l   of  t h e   l i q u i d   28  w h i c h   i s   c o n t a i n e d   w i t h i n   t h e  

f i r s t   c h a m b e r   in   u se   of  t h e   d e v i c e .   The  p a s s a g e w a y  
27  f o r m s   an  e x t e n s i o n   of  t h e   f e e d   t u b e   2 5 .  



The  u p p e r   end  of   t h e   t u b e   26  i s   f o r m e d  w i t h   a  

c o n i c a l   v a l v e   s e a t   29  and  a  s p h e r i c a l   v a l v e   member   30  

is   n o r m a l l y   s u p p o r t e d   upon   t h e   v a l v e   s e a t .   The  v a l v e  

member   30  i s   d i s p l a c e a b l e   f r o m   t h e   v a l v e   s e a t   t o  

p e r m i t   t h e   l i q u i d   28  to  f l o w   i n t o   t h e   f i r s t   c h a m b e r   21  

f rom  t h e   p a s s a g e w a y   27,  b u t   t h e   v a l v e   member   i s  

l o c a t e d   a d j a c e n t   t h e   u p p e r   w a l l   31  of   t h e   c h a m b e r   21  

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

t h e   t u b e   2 6 .  

A  f l u i d   l i n e   32  i s   c o n n e c t e d   to   t h e   h o u s i n g   20  

and  c o m m u n i c a t e s   w i t h   a  c o n t r o l   p o r t   33.  The  p o r t   33  

o p e n s   i n t o   t h e   f i r s t   c h a m b e r   21  a b o v e   t h e   l e v e l   of  t h e  

l i q u i d   28  w i t h i n   t h e   c h a m b e r ,   and  t h e   l i n e   32  i s  

c o n n e c t e d   w i t h   a  f l u i d   pump  12  ( F i g u r e   1)  w h i c h   i s  

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

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

2 1 .  

The  b a s e   p o r t i o n   23  of  t h e   f i r s t   c h a m b e r   21  i s  

. f o r m e d   w i t h   a  d e p r e s s i o n   34  and  a  l i q u i d   t r a n s f e r  

c o n d u i t   35  e x t e n d s   u p w a r d l y   f r o m   t h e   r e g i o n   of  t h e  

d e p r e s s i o n   to   c o m m u n i c a t e   w i t h   a  s e c o n d   f l u i d   p a s s a g e w a y  
36.  The  s e c o n d   f l u i d   p a s s a g e w a y   36  i s   d e f i n e d   by  a  

s e c o n d   t u b e   37  w h i c h   i s   l o c a t e d   in   t h e . s e c o n d   c h a m b e r  

2 2 .  

The  a r r a n g e m e n t   w h i c h   e x i s t s   in   t h e   s e c o n d  

c h a m b e r   22  i s   s i m i l a r   to   t h a t   in   t h e   f i r s t   c h a m b e r ,   t o  

t h e   e x t e n t   t h a t   t h e   s e c o n d   t u b e   37  e x t e n d s   u p w a r d l y  

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

t h e   l i q u i d   28  w h i c h   n o r m a l l y   i s   c o n t a i n e d   w i t h i n   t h e  

c h a m b e r .   A l s o ,   t h e   u p p e r   end  of   t h e   s e c o n d   t u b e   37  i s  

f o r m e d   w i t h   a  c o n i c a l   v a l v e   s e a t   38  and  i s   f i t t e d   w i t h  

a  s p h e r i c a l   v a l v e   member   3 9 .  

A d d i t i o n a l l y ,   t h e   b a s e   p o r t i o n   40  of  t h e   s e c o n d  

c h a m b e r   22  i s   f o r m e d   w i t h   a  d e p r e s s i o n   41,  and  a  



l i q u i d   d i s c h a r g e   t u b e   42  e x t e n d s   u p w a r d l y   t h r o u g h   t h e  

c h a m b e r   f rom  t h e   r e g i o n   of  t h e   d e p r e s s i o n   41  f o r  

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

In  o p e r a t i o n   of  t h e   d e v i c e   as  shown  in  F i g u r e s   2 

and  3,  a  s u c t i o n   p r e s s u r e   i s   a p p l i e d   to   t h e   f i r s t  

c h a m b e r   21  by  way  of  t h e   f l u i d   l i n e   32  and  l i q u i d   i s  

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

25  and  t h e   f i r s t   p a s s a g e w a y   27  to   e n t e r   t h e   f i r s t  

c h a m b e r   21.  In  so  d o i n g ,   t h e   l i q u i d   c a u s e s   u n s e a t i n g  

of  t h e   v a l v e   member   30  and  t h e   l i q u i d   f a l l s   f rom  t h e  

v a l v e   s e a t   29  t o w a r d   t h e   b a s e   of  t h e   f i r s t   c h a m b e r   2 1 .  

The  a m o u n t   of  l i q u i d   w h i c h   i s   c a u s e d   to   f l o w   i n t o   t h e  

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

d i s p l a c e d   f rom  t h e   c h a m b e r   a l o n g   t h e   l i n e   32  by  t h e  

f l u i d   pump  12  ( F i g u r e   1 ) ,   and  t h i s   i s   a l w a y s   c o n t r o l l e d  

s u c h   t h a t   t h e   l e v e l   of  t h e   l i q u i d   in   t h e   c h a m b e r   22 

d o e s   n o t   r i s e   to   t h a t   of  t h e   u p p e r   end  o f  t h e   t u b e   2 6 .  

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

w i t h   l i q u i d ,   as  shown  in  t h e   d r a w i n g s ,   t h e   s e c o n d  

v a l v e   member   29  w i l l   p r e v e n t   r e v e r s e   f l o w   of  l i q u i d  

f r o m   t h e   t r a n s f e r   c o n d u i t   35  when  s u c t i o n   p r e s s u r e   i s  

a p p l i e d   to  t h e   f i r s t   c h a m b e r   2 1 .  

When  a p p l i c a t i o n   of  t h e   s u c t i o n   p r e s s u r e   i s  

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

c h a m b e r   21  and  t h e   f i r s t   v a l v e   member   30  w i l l   c l o s e   t o  

p r e v e n t   r e v e r s e   f l o w   of  l i q u i d   in   t h e   f i r s t   p a s s a g e w a y  
27.  The  way  in   w h i c h   t h e   v a l v e   m e m b e r s   30  and  39  s e a l  

a g a i n s t   t h e i r   r e s p e c t i v e   s e a t s   29  and  38  i s   to  b e  

h e r e i n a f t e r   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e   6 .  

In  o r d e r   to   d i s p l a c e   t h e   l i q u i d   f rom  t h e   d e v i c e ,  

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

f i r s t   c h a m b e r   21  by  way  of  t h e   f l u i d   l i n e   32.  T h e n ,  

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

f i r s t   c h a m b e r   21  w i l l   be  f o r c e d   to   f l o w   u p w a r d l y  



t h r o u g h   t h e   t r a n s f e r   c o n d u i t   35  and  to   s p i l l   i n t o   t h e  

s e c o n d   c h a m b e r   22.   In  so  d o i n g ,   t h e   s e c o n d   v a l v e  

member   39  w i l l   be  u n s e a t e d   and  t h e   l e v e l   of  t h e   l i q u i d  

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

H o w e v e r ,   as  t h e   l e v e l   of   t h e   l i q u i d   w i t h i n   t h e   s e c o n d  

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

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

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

way  of  t h e   d i s c h a r g e   t u b e   42.   T h u s ,   l i q u i d   in   a n  

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

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

f r o m   t h e   d e v i c e .  

The  a m o u n t   of  l i q u i d   w h i c h   i s   d i s p l a c e d   f rom  t h e  

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

by  t h e   v o l u m e   of  a i r   w h i c h   i s   pumped   i n t o   t h e   f i r s t  

c h a m b e r   by  way  of  t h e   l i n e   32,   and  t h i s   w i l l   be  a d j u s t e d  

to  e q u a l   t h e   v o l u m e   of   a i r   w h i c h   i s   s u c k e d   f rom  t h e  

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

R e f e r e n c e   i s   now  made  to   t h e   s e c o n d   e m b o d i m e n t   o f  

t h e   f l u i d   f l o w   c o n t r o l   d e v i c e   w h i c h   i s   shown  in  F i g u r e s  

4  and  5  of  t h e   d r a w i n g s .  

T h i s   d e v i c e   c o m p r i s e s   a  h o u s i n g   50  w h i c h   i n c l u d e s  

f i r s t ,   s e c o n d   and  t h i r d   c h a m b e r s   51,  52  and  53  r e s p e c t i v e l y .  

A  f i r s t   t u b e   54  i s   l o c a t e d   w i t h i n   t h e   f i r s t   c h a m b e r  

51,  and  t h e   t u b e   54  d e f i n e s   a  f i r s t   f l u i d   p a s s a g e w a y  
55  w h i c h   i s   c o n n e c t e d   in   f l u i d   p a s s a g e   c o m m u n i c a t i o n  

w i t h   a  l i q u i d   f e e d   t u b e   56.  The  f e e d   t u b e   56  i s  

c o n n e c t a b l e   w i t h   a  l i q u i d   r e s e r v o i r   11  ( F i g u r e   1 ) .  

The  f i r s t   t u b e   54  e x t e n d s   u p w a r d l y   i n t o   t h e   f i r s t  

c h a m b e r   51  to  a  l e v e l   a b o v e   t h a t   of   l i q u i d   57  w h i c h   i s  

c o n t a i n e d   w i t h i n   t h e   c h a m b e r   51  in   u s e   of  t h e   d e v i c e ,  

and  t h e   u p p e r   end  of  t h e   t u b e   54  i s   f o r m e d   w i t h   a  

c o n i c a l   v a l v e   s e a t   58  u p o n   w h i c h   a  f i r s t   s p h e r i c a l -  



fo rm  v a l v e   member   59  n o r m a l l y   s e a t s .  

The  s e c o n d   c h a m b e r   52  i n c o r p o r a t e s   a  s e c o n d   t u b e  

60  w h i c h   d e f i n e s   a  s e c o n d   f l u i d   p a s s a g e w a y   61,  and  t h e  

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

l i q u i d   w h i c h   i s   c o n t a i n e d   w i t h i n   t h e   s e c o n d   c h a m b e r   52 

in   u s e   of  t h e   d e v i c e .   The  s e c o n d   t u b e   60,  l i k e   t h e  

f i r s t   t u b e ,   i s   f o r m e d   w i t h   a  c o n i c a l   v a l v e   s e a t   62  a t  

i t s   u p p e r   end  and  a  s e c o n d   v a l v e   member   63  n o r m a l l y  

r e s t s   upon  t h e   s e a t .  

The  t h i r d   c h a m b e r   53  i s   l o c a t e d   i n t e r m e d i a t e   t h e  

f i r s t   and  s e c o n d   c h a m b e r s   51  and  52,   and  a ' f l u i d   l i n e  

64  c o n n e c t s   w i t h   t h e   i n t e r i o r   of  t h e   t h i r d   c h a m b e r .  

The  f l u i d   l i n e   64  e x t e n d s   u p w a r d l y   i n t o   t h e   t h i r d  

c h a m b e r   t o  a   l e v e l   a b o v e   t h a t   of   t h e   l i q u i d   57  w h i c h  

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

t h e   d e v i c e   and  i t   i s   c o n n e c t e d   to  a  f l u i d   pump  d e v i c e  

12  ( F i g u r e   1 ) .   The  f l u i d   pump  d e v i c e   12  e f f e c t s  

a l t e r n a t i n g   n e g a t i v e   and  p o s i t i v e   p r e s s u r i s a t i o n   o f  

t h e   t h i r d   c h a m b e r   53  and ,   in  so  d o i n g ,   i n d u c e s   l i q u i d  

f l o w   t h r o u g h   t h e   d e v i c e .  

A  f i r s t   l i q u i d   t r a n s f e r   p o r t   65  i n t e r c o n n e c t s   t h e  

f i r s t   and  t h i r d   c h a m b e r s   51  and  53,  and  a  s e c o n d  

l i q u i d   t r a n s f e r   p o r t   66  p r o v i d e s   f o r  , f l u i d   p a s s a g e  
c o m m u n i c a t i o n   b e t w e e n   t h e   t h i r d   c h a m b e r   53  and  t h e  

s e c o n d   f l u i d   p a s s a g e w a y   61.  A l s o ,   a  t h i r d   l i q u i d  

t r a n s f e r   p o r t   67  p r o v i d e s   f o r   f l i u d   p a s s a g e   b e t w e e n  .  

t h e   s e c o n d   c h a m b e r   52  and  an  o u t l e t   p o r t   6 8 .  

A  l i q u i d   d i s c h a r g e   t u b e  6 9   e x t e n d s   f rom  t h e  

o u t l e t   p o r t   68  and  i s   e m p l o y e d   f o r   c o n v e y i n g   from  t h e  

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

d e v i c e .  

The  d e v i c e   w h i c h   i s   i l l u s t r a t e d   in  F i g u r e s   4  a n d  

5  f u n c t i o n s   in  much  t h e   same  m a n n e r   as  t h e   d e v i c e  

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

F i g u r e s   2  and  3.  T h u s ,   when  s u c t i o n   p r e s s u r e  i s  



a p p l i e d   to   t h e   t h i r d   c h a m b e r   53  by  way  of  t h e   f l u i d  

l i n e   64,   t h e   l i q u i d   57  i s   i n d u c e d   to   f l o w   i n t o   t h e  

f i r s t   and  t h i r d   c h a m b e r s   51  and  53  by  way  of  t h e   f i r s t  

f l u i d   p a s s a g e w a y   55.  T h e n ,   when  a  p o s i t i v e   p r e s s u r e  
i s   s u b s e q u e n t l y   a p p l i e d   to   t h e   t h i r d   c h a m b e r   53  by  w a y  

of  t h e   f l u i d   l i n e   64,   l i q u i d   w i t h i n   t h e   f i r s t   a n d  

t h i r d   c h a m b e r s   51  and  53  i s   c a u s e d   to   t r a n s f e r   i n t o  

t h e   s e c o n d   c h a m b e r   52  by  way  of   t h e   s e c o n d   f l u i d  

- p a s s a g e w a y   61.  At  t h e   s a m e  t i m e ,   l i q u i d   w h i c h   i s  

c o n t a i n e d   w i t h i n   t h e   s e c o n d   c h a m b e r   52  i s   f o r c e d   i n t o  

t h e   o u t l e t   p o r t   68  and  f r o m   t h e   d e v i c e   by  way  of  t h e  

d i s c h a r g e   t u b e   6 9 .  

In  e a c h   of  t h e   a b o v e   d e s c r i b e d   e m b o d i m e n t s   of  t h e  

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

l i q u i d   28,   57  w i t h i n   t h e   f i r s t   and  s e c o n d   t u b e s   26,  54 

and  37,  60  i s   h e l d   a g a i n s t   b a c k   f l o w   by  t h e   r e s p e c t i v e  

v a l v e   m e m b e r s   30,  59  and  39,   63.  T h u s ,   a s  s h o w n   i n  

F i g u r e   6  of  t h e   d r a w i n g s ,   when  f o r w a r d   f l o w   of  f l u i d  

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

70  of   t h e  l i q u i d   w i l l   be  r e t a i n e d   a t   t h e   i n t e r f a c e  

b e t w e e n   t h e   v a l v e   member   30,   39,  59  or   63  and  t h e  

v a l v e   s e a t   29,   38,  58  or   62  and  w i l l   f o rm  a  s e a l  

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

v a l v e .   In  t h e   a b s e n c e   of   any  r e v e r s e   f l o w   of   a i r  

t h r o u g h   t h e   v a l v e ,   t h e   c o l u m n   of   l i q u i d   28  or  57  w i l l  

be  p r e c l u d e d   f rom  f l o w i n g   in   a  r e v e r s e   d i r e c t i o n   b a c k  

down  t h e   t u b e   26,  37,  54  or   60.  In  f a c t ,   when  t h e  

c o l u m n   of   l i q u i d   28  or  57  t e n d s   to   f l o w   in  a  r e v e r s e  

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

t h e   a n n u l a r   r i n g   70  of  t h e   l i q u i d   and  c a u s e s   t h e   r i n g  

of  l i q u i d   to   f o rm  a  m e n i s c u s .   T h e n ,   as  t h e   m e n i s c u s  

is   " s t r e t c h e d "   by  t h e   s u c t i o n   p r e s s u r e ,   t h e   s u r f a c e  

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

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

to  b a l a n c e   a g a i n s t   t h e   s u c t i o n   f o r c e   e x e r t e d   by  t h e  



l i q u i d   c o l u m n   28  o r  5 7   a n d ,   h e n c e ,   t h e   s e a l i n g   e f f e c t  

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



1.  A  f l u i d   f l o w   c o n t r o l   d e v i c e   c o m p r i s i n g :  

a  h o u s i n g   (20  or   50)  d e f i n i n g   a  c h a m b e r   (21  o r  

5 1 ) ,  

an  i n l e t   p o r t   (25  or  56)  l o c a t e d   in  t h e   h o u s i n g ,  

t h e   i n l e t   p o r t   b e i n g   c o n n e c t a b l e   w i t h   a  s o u r c e   (11)  o f  

l i q u i d   w h i c h ,   in   u s e   of   t h e   d e v i c e ,   i s   i n d u c e d   to   f l o w  

i n t o   t h e   c h a m b e r   (21  or   5 1 ) ,   a n d  

an  o u t l e t   p o r t   (42  or  69)  l o c a t e d   in  f l u i d   p a s s a g e  

c o m m u n i c a t i o n   w i t h   t h e   c h a m b e r   (21  or   51)  and  t h r o u g h  

w h i c h   l i q u i d   f r o m   t h e   c h a m b e r   can   be  i n d u c e d   to  f l o w ;  

c h a r a c t e r i s e d   in   t h a t :  

a  t u b e   (26  or  54)  i s   l o c a t e d   w i t h i n   t h e   c h a m b e r  

(21  or  51)  and  i s   c o n n e c t e d   in  f l u i d   p a s s a g e   c o m m u n i c a t i o n  

w i t h   t h e   i n l e t   p o r t   (25  or  5 6 ) ,   t h e   t u b e   d e f i n i n g   a  

f l u i d   p a s s a g e w a y   (27  or  55)  and  e x t e n d i n g   u p w a r d l y  

t h r o u g h   t h e   c h a m b e r   (21  or  51)  to   a  l e v e l   a b o v e   t h e  

l e v e l   of  l i q u i d   w h i c h   i s ,   in   u s e   of  t h e   d e v i c e ,  

c o n t a i n e d   w i t h i n   t h e   c h a m b e r   (21  or  5 1 ) ,  

a  v a l v e   s e a t   (29  or  58)  i s   f o r m e d   by  an  u p p e r   e n d  

p o r t i o n   of  t h e   t u b e   (26  or  5 4 ) ,   a n d  

a  v a l v e   member   (30  or  59)  i s   s u p p o r t e d   on  t h e  

v a l v e   s e a t   (29  or  58)  and  i s   d i s p l a c e a b l e   t h e r e f r o m   t o  

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

(21  or  51)  f r o m   t h e   f l u i d   p a s s a g e w a y   (27  or  5 5 ) .  

2.  A  f l u i d   f l o w   c o n t r o l   d e v i c e   c o m p r i s i n g :  

a  h o u s i n g   ( 2 0 . o r   50)  d e f i n i n g   s e p a r a t e   f i r s t   a n d  

s e c o n d   c h a m b e r s   (21  and  22  or   51  and  5 2 ) ,   a n d  

an  i n l e t   p o r t   (25  or  56)  l o c a t e d   in  t he   h o u s i n g  

(20  or  5 0 ) ,   t h e   i n l e t   p o r t   b e i n g   c o n n e c t a b l e   w i t h   a  

s o u r c e   (11)  of  l i q u i d   w h i c h ,   in   use   of  t h e   d e v i c e ,  

is   i n d u c e d   to  f l o w   i n t o   t h e   c h a m b e r   (21  or  5 1 ) ;  

c h a r a c t e r i s e d   in   t h a t :  

a  f i r s t   t u b e   (26  or   54)  i s   l o c a t e d   w i t h i n   t h e  



f i r s t   c h a m b e r   (21  or  51)  and  i s   c o n n e c t e d   in  f l u i d  

p a s s a g e   c o m m u n i c a t i o n   w i t h   t h e   i n l e t   p o r t   (25  o r  

5 6 ) ,   t h e   f i r s t   t u b e   (26  or   54)  d e f i n i n g   a  f i r s t  

f l u i d   p a s s a g e w a y   (27  or  55)  and  e x t e n d i n g   u p w a r d l y  

t h r o u g h   t h e   f i r s t   c h a m b e r   (21  or  51)  to   a  l e v e l  

a b o v e   t h e   l e v e l   of  l i q u i d   w h i c h   i s ,   in   u s e   of  t h e  

d e v i c e ,   c o n t a i n e d   w i t h i n   t h e   f i r s t   c h a m b e r   (21  o r  

5 1 ) ,  

a  f i r s t   v a l v e   s e a t   (29  or  58)  i s   f o r m e d   by  a n  

u p p e r   end  p o r t i o n   of  t h e   f i r s t   t u b e   (26  or  54)  and  a  

f i r s t   v a l v e   member   (30  or  59)  i s   s u p p o r t e d   on  s a i d  

v a l v e   s e a t ,   t h e   v a l v e   member   (30  or  59)  b e i n g  

d i s p l a c e a b l e   f rom  t h e   v a l v e   s e a t   (29  or  58)  t o  

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

c h a m b e r   (21  or  51)  f rom  t h e   f i r s t   f l u i d   p a s s a g e w a y  

(27  or  5 5 ) ,  

a  s e c o n d   t u b e   (37  or  60)  i s   l o c a t e d   w i t h i n   t h e  

s e c o n d   c h a m b e r   (22  or  52)  and  i s   c o n n e c t e d   in  f l u i d  

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

f i r s t   c h a m b e r   (21  or  5 1 ) ,   t h e   s e c o n d   t u b e   (37  or  60 )  

d e f i n i n g   a  s e c o n d   f l u i d   p a s s a g e w a y   (36  or  61)  a n d  

e x t e n d i n g   u p w a r d l y   t h r o u g h   t h e   s e c o n d   c h a m b e r   (22  o r  

52)  to   a  l e v e l   a b o v e   t h e   l e v e l   of  l i q u i d   w h i c h   i s ,  

in  u s e   of  t h e   d e v i c e ,   c o n t a i n e d   w i t h i n   t h e   s e c o n d  

c h a m b e r   (22  or  5 2 ) ,  

a  s e c o n d   v a l v e   s e a t   (38  or  62)  i s   f o r m e d   by  a n  

u p p e r   end  p o r t i o n   of  t h e   s e c o n d   t u b e   (37  or  60)  and  a  

s e c o n d   v a l v e   member   (39  or  63)  s u p p o r t e d   on  t h e  

s e c o n d   v a l v e   s e a t   (38  or  6 2 ) ,   t h e   s e c o n d   v a l v e  

member   (39  or   63)  b e i n g   d i s p l a c e a b l e   f r o m   t h e   s e c o n d  

v a l v e   s e a t   (38  or  62)  to  p e r m i t   u n i - d i r e c t i o n a l  

f l o w   of   l i q u i d   i n t o   t he   s e c o n d   c h a m b e r   (22  or  52 )  

f rom  t h e   s e c o n d   f l u i d   p a s s a g e w a y   (36  or  6 1 ) ,   a n d  



an  o u t l e t   p o r t   (42  or  69)  i s   in   t h e   h o u s i n g  

(20  or  5 0 ) ,   t h e   o u t l e t   p o r t   (42  or   69)  b e i n g   l o c a t e d  

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

of  t h e   s e c o n d   c h a m b e r   (22  or  5 2 ) .  

3.  A  d e v i c e   as  c l a i m e d   in  c l a i m   2  w h e r e i n   t h e  

f i r s t   and  s e c o n d   c h a m b e r s   (21  and  22  or  51  and  5 2 )  

a r e   a r r a n g e d   one   a b o v e   t h e   o t h e r .  

4.  A  d e v i c e   as  c l a i m e d   in   c l a i m   2  w h e r e i n   t h e  

f i r s t   and  s e c o n d   c h a m b e r s   (21  and  22  or  51  and  5 2 )  

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

s p a c e d - a p a r t ,   p a r a l l e l   a x e s .  

5.  A  d e v i c e   as  c l a i m e d   in   a n y  o n e  o f   t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   a  c o n t r o l   p o r t   (32)  o p e n s   i n t o   t h e  

f i r s t   c h a m b e r   (21)  a t   a  l e v e l   a b o v e   t h e   l e v e l   o f  

l i q u i d   w h i c h   i s ,   in   u se   of  t h e   d e v i c e ,   c o n t a i n e d  

w i t h i n   s u c h   c h a m b e r ,   t h e   c o n t r o l   p o r t   (32)  b e i n g  

c o n n e c t a b l e   to   a  f l u i d   pump  (12)  w h i c h ,   in  u se   o f  

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

..  and  p o s i t i v e   p r e s s u r i s a t i o n   to  t h e   c h a m b e r   ( 2 1 ) .  

6.  A  d e v i c e   as  c l a i m e d   in   c l a i m   4  w h e r e i n   a  t h i r d  

c h a m b e r   (53)  i s   l o c a t e d   i n t e r m e d i a t e   t h e   f i r s t   a n d  

s e c o n d   c h a m b e r s   (51  and  5 2 ) ,   t h e   t h i r d   c h a m b e r   ( 5 3 )  

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

a  l o w e r   r e g i o n   of  t h e   f i r s t   c h a m b e r   (51)  and  w i t h  

t h e   s e c o n d   f l u i d   p a s s a g e w a y   ( 6 1 ) .  

7.  A  d e v i c e   as  c l a i m e d   in   c l a i m   6  w h e r e i n   a  c o n t r o l  

p o r t   (64)  o p e n s   i n t o   t h e   t h i r d   c h a m b e r   (53)  a t   a  

l e v e l   a b o v e   t h e   l e v e l   of  l i q u i d   w h i c h   i s ,   in  u se   o f  

t h e   d e v i c e ,   c o n t a i n e d   w i t h i n   t h e   f i r s t   and  t h i r d  

c h a m b e r s   (51  and  5 3 ) ,   t h e   c o n t r o l   p o r t   (64)  b e i n g  

c o n n e c t a b l e   to   a  f l u i d   pump  (12)  w h i c h ,   in   u s e   o f  

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

and  p o s i t i v e   p r e s s u r i s a t i o n   to  t h e   t h i r d   c h a m b e r .  

8.  A  d e v i c e   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   or  e a c h   v a l v e   s e a t   (29,   38,  58  o r  



62)  c o m p r i s e s   a  c o n i c a l   v a l v e   s e a t ,   and  w h e r e i n   t h e  

or  e a c h   v a l v e   member   (30,   39,  59  and  63)  c o m p r i s e s   a  

s p h e r i c a l   v a l v e   m e m b e r .  

9.  A  d e v i c e   as  c l a i m e d   in   c l a i m   2  w h e r e i n   e a c h   o f  

t h e   t u b e s   (54  and  60)  i s   l o c a t e d   c o n c e n t r i c a l l y  

w i t h i n   t h e   r e s p e c t i v e   c h a m b e r   (51  and  5 2 ) .  
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