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©  Apparatus  for  dispensing  liquids, 
  A  container  8,  e.g.  an  aerosol  canister,  is  provided  with  a 
fluid  flow  regulator  which  has  a  moveable  element,  e.g.  a 
rubber  sleeve  17  mounted  on  a  mandrel  15  having  grooves 
26,  27  along  its  surface,  subject  to  the  pressure  within  the 
container  8.  The  flow  regulator  preferably  has  a  flow 
restrictor,  e.g.  a  capillary  tube  18  upstream  of  the  moveable 
element.  As  the  pressure  within  the  container  increases  the 
moveable  element  moves  to  restrict  the  flow  of  fluid  through 
the  flow  regulator  thereby  giving  a  non-linear  flow  rate/ 
pressure  characteristic. 



This  i n v e n t i o n   r e l a t e s   to  appa ra tus   for   d i s p e n s i n g  

f l u i d s ,   e .g .   l i q u i d s ,   from  a  v e s s e l .  

The  v o l u m e t r i c   flow  r a t e ,   Q,  of  a  f l u i d   through  t h e  

o u t l e t   of  a  v e s s e l   depends  on  the  d i f f e r e n c e ,   P,  between  t h e  

p r e s s u r e   on  the  f l u i d   w i th in   the  body  of  the  v e s s e l   and  t h e  

p r e s s u r e   at  the  v e s s e l   o u t l e t ,   and  the  r e s i s t a n c e ,   R,  to  f l o w  

of  the  f l u i d   th rough  the  flow  path  for  said  f l u i d   from  the  body 

of  the  o u t l e t .   Thus  Q  =   P / R .  

The  va lue   of  R  depends  on  a  v a r i e t y   of  f a c t o r s   i n c l u d -  

ing  the  dimensions  and  n a t u r e   of  the  flow  path  and  on  the  n a t u r e ,  

in  p a r t i c u l a r   the  v i s c o s i t y ,   of  the  f l u i d .   The  v i s c o s i t y   wi l l   i n  

tu rn   depend  on  the  t e m p e r a t u r e .  

I t   is  o f t en   d e s i r a b l e   t h a t ,   over  a  c e r t a i n   range  o f  

c o n d i t i o n s   of  use,  the  flow  r a t e   Q  does  not  drop  below  a  s p e c i f i e d  

flow  ra te  Qo  by  more  than  a  s p e c i f i e d   p r o p o r t i o n   x,  i o e .  

xoQo  @ Q  @ Qo,  However,  i f   R  is  c o n s t a n t ,   s ince   Q  r i s e s   l i n e a r l y  

wi th   the  p r e s s u r e   d i f f e r e n c e   P,  t h i s   c o n d i t i o n   only  a p p l i e s   a t  

p r e s s u r e s   d i f f e r e n c e   w i t h i n   the  range  i . e .   x  Po @ P  @Po  where  

P   is  the  p r e s s u r e   d i f f e r e n c e   tha t   cor responds   to  the  maximum 

flow  r a t e   Qo,  i . e .   P  =   R Qo. 

I t   is  o f t en   found,  however,  t ha t   the  p r e s s u r e   d i f f e r e n c e  

P  in  p r a c t i c e   is  l i a b l e   to  vary  over  a  g r e a t e r   range  than  t h a t  

s a t i s f y i n g   the  c o n d i t i o n  

We  have  dev i sed   a  simple  arrangement   wherein   at  l e a s t  



over  a  range  of  p r e s s u r e   d i f f e r e n c e s ,   R  is  v a r i a b l e   so  tha t   R 

can  i n c r e a s e   with  the  p r e s s u r e   d i f f e r e n c e   whereby  the  c o n d i t i o n s  

x . Q o  @ Q @ Q o   can  be  ach ieved   over  a  wider   range  of  p r e s s u r e   d i f -  

f e r e n c e s   than  x.Po  to  Po .  
Acco rd ing ly   the  p r e s e n t   i n v e n t i o n   p r o v i d e s   a p p a r a t u s  

for   d i s p e n s i n g   a  f l u i d   compr i s ing   a  v e s s e l   having   an  o u t l e t   and  

flow  r e g u l a t i n g   means  w i th in   said  v e s s e l   d e f i n i n g   the  flow  p a t h  

for   said  f l u i d   from  the  body  of  sa id   v e s s e l   to  sa id   o u t l e t ,   s a i d  

means  i n c l u d i n g   a  r e s i l i e n t l y   moveable  element  s u b j e c t   to  t h e  

p r e s s u r e   w i t h i n   sa id   body  of  said  v e s s e l   whereby,  at  l e a s t   o v e r  

a  range  of  p r e s s u r e   d i f f e r e n c e s   between  the  p r e s s u r e   in  sa id   body  

of  sa id   v e s s e l   and  the  p r e s s u r e   at  sa id   o u t l e t ,   an  i n c r e a s e   i n  .  

sa id   p r e s s u r e   d i f f e r e n c e   causes  movement  of  said  element  so  as  t o  

p rov ide   an  i n c r e a s e d   r e s i s t a n c e   to  flow  of  said  f l u i d   t h r o u g h  

sa id   flow  p a t h .  

The  movement  of  the  r e s i l i e n t l y   moveable  element  so  a s  

to  i n c r e a s e   the  r e s i s t a n c e   to  flow  th rough   the  f l o w p a t h   may  b e  

such  as  to  i n c r e a s e   the  l eng th   of  the  flow  path   a n d / o r ,   p r e f e r -  

ably,   reduce  the  c r o s s - s e c t i o n a l   a rea   of  at  l e a s t  p a r t   of  t h e  

flow  p a t h .  

In  a  p r e f e r r e d   form  of  the  i n v e n t i o n   the  flow  r e g u l a t -  

ing  means  c o m p r i s e s   condui t   i n c l u d i n g   a  r e s i l i e n t l y   w a l l e d  

s e c t i o n   so  t h a t ,   at  l e a s t   over  a  range  of  p r e s s u r e   d i f f e r e n c e s  

between  the  p r e s s u r e   in  the  body  of  the  v e s s e l   and  the  p r e s s u r e  
at  the  o u t l e t   t h e r e o f ,   an  i n c r e a s e   in  the  p r e s s u r e   d i f f e r e n c e  

across   the  wal ls   of  sa id   r e s i l i e n t l y   wa l led   s e c t i o n   causes  a n  

i n c r e a s e   in  the  degree  of  c o l l a p s e   of  sa id   r e s i l i e n t l y   w a l l e d  

s e c t i o n .  

The  flow  r e g u l a t i n g   means  gives  r i s e   to  a  flow  r a t e /  

p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c   t h a t   has  a  n o n - l i n e a r   p o r t i o n .  

Typica l   flow  r a t e / p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c s   of  a r r a n g e -  
ments  in  accordance   with  the  p r e s e n t   i n v e n t i o n   are  of  the  t y p e s  

d e p i c t e d   in  F igures   1  to  3  which  are  p l o t s   of  flow  r a t e   Q  a g a i n s t  

p r e s s u r e   d i f f e r e n c e   Po 

In  these   F igures   the  p r e s s u r e   P   r e p r e s e n t s   the  p r e s s u r e  



d i f f e r e n c e ,   or  in  the  case  of  the  c h a r a c t e r i s t i c   of  Figure  2 

the  maximum  p r e s s u r e   d i f f e r e n c e   encoun te red   under  normal  o p e r a t -  

ing  c o n d i t i o n s ,  a t   which  the  flow  r a t e   is  the  d e s i r e d   maximum  Qo. 

For  the  purposes   of  the  p r e s e n t   i n v e n t i o n ,   the  s p e c i f i e d  

flow  ra te  Qo  is  deemed  to  be  the  maximum  flow  r a t e   tha t   is  d e s i r e d  

under   normal  c o n d i t i o n s   of  use  of  the  a r rangement .   It   wi l l   be  

a p p r e c i a t e d   t ha t   i f   the  flow  r a t e / p r e s s u r e   d i f f e r e n c e  

c h a r a c t e r i s t i c   is  of  the  type  shown  in  Figure  1,  h ighe r   f l ow  

r a t e s   than Qo  could  be  ob t a ined   i f   the  p r e s s u r e   d i f f e r e n c e   i s  

h i g h e r   than  P  .  

The  po in t   X  is  the  po in t   on  the  c h a r a c t e r i s t i c   h a v i n g  

the  c o - o r d i n a t e s   Po,  Qo. 

The  s t r a i g h t   l i n e   OX  r e p r e s e n t s   the  c h a r a c t e r i s t i c   t h a t  

would  be  r e q u i r e d   to  give  a  flow  r a t e   Qo  at  p r e s s u r e   Po  i f   t h e r e  

was  no  v a r i a t i o n   in  the  flow  pa th   r e s i s t a n c e   with  p r e s s u r e ,   i . e .  

i f   R  is  c o n s t a n t .   It   is  seen  t h a t   if Q1  is  x.Qo  then  the  con-  

d i t i o n   x.Qo  @Q  @Qo  is  s a t i s f i e d   fo r   p r e s s u r e   d i f f e r e n c e s   r a n g -  

ing  from  P  to  P2  whereas  i f   R  had  been  c o n s t a n t ,   p r o v i d i n g   x >  0 ,  

t h i s   c o n d i t i o n   is  only  s a t i s f i e d   over  the  smal l e r   p r e s s u r e   d i f -  

f e r e n c e   range  P1  to  Po .  
In  the  case  of  c h a r a c t e r i s t i c s   of  the  types  shown  i n  

F igure   2,  the  upper  p r e s s u r e   d i f f e r e n c e   P2  at  which  the  s p e c i f i e d  

c o n d i t i o n   is  s a t i s f i e d   wi l l   exceed  the  maximum  p r e s s u r e   P  e n -  

coun te r ed   under  normal  o p e r a t i n g   c o n d i t i o n s :   in  the  case  of  t h e  

c h a r a c t e r i s t i c   of  the  type  shown  in  F igure   3,  the  p r e s s u r e   d i f -  

f e r e n c e   P2 may  be  above  or  below  the  maximum  encoun te red   u n d e r  

normal  o p e r a t i n g   c o n d i t i o n s .  

I t   is  p r e f e r r e d   t ha t   the  flow  r e g u l a t i n g   means  is  such  

t h a t ,   over  a  range  of  p r e s s u r e   d i f f e r e n c e s   embracing  a  p r e s s u r e  

d i f f e r e n c e ,  e . g .   P ,   at  which  the  flow  r a t e   is  Q ,  a  5%  i n c r e a s e  

in  the  p r e s s u r e   d i f f e r e n c e   e f f e c t s   an  i n c r e a s e   in  r e s i s t a n c e   t o  

flow  of  the  f l u i d   through  the  flow  pa th   of  at  l e a s t   1%,  p r e f e r -  

ably  at  l e a s t   2%. 

At  low  p r e s s u r e   d i f f e r e n c e s ,   the  amount  of  movement 

of  the  moveable  element  given  by  an  increment   in  the  p r e s s u r e  



d i f f e r e n c e   may  not  have  any  s i g n i f i c a n t   e f f e c t   on  the  r e s i s t a n c e  

to  flow.  Thus  the  r e d u c t i o n   in  c r o s s - s e c t i o n a l   a rea   of  the  f l o w  

pa th   may  be  i n s i g n i f i c a n t .   In  such  cases  the  i n i t i a l   par t   o f  

the  flow  r a t e / p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c   may  be  e s s e n -  

t i a l l y   l i n e a r .   The  s lope  of  t h i s   l i n e a r   p o r t i o n ,   for   any  g i v e n  

f l u i d ,   wi l l   thus  be  de te rmined   e s s e n t i a l l y   by  the  dimensions  o f  

the  pa r t   of  the  flow  pa th   i n c o r p o r a t i n g   the  moveable  element  w i t h  

the  l a t t e r   in  i t s   zero  p r e s s u r e   d i f f e r e n c e   p o s i t i o n   and  by  t h e  

dimensions   of  any  non-moveable ,   e .g .   n o n - d e f o r m a b l e ,   p o r t i o n   o f  

the  flow  pa th .   I t   is  p r e f e r r e d   tha t   over  such  an  i n i t i a l   l i n e a r  

p o r t i o n   of  the  c h a r a c t e r i s t i c ,   a  s i g n i f i c a n t   pa r t   of  the  r e s i s -  

t ance   to  flow  is  g iven   by  such  non-moveable   p o r t i o n s   of  the  f l o w  

p a t h .   There  w i l l   no rma l ly   be  such  non-moveable   p o r t i o n s   both  u p -  
s t ream  and  downstream  of  the  moveable  e lement ,   and /or   there   may 
be  a  non-moveable   member  wi th in   the  moveable  element  or  c o - o p e r a t -  

ing  t h e r e w i t h .  

T h e r e f o r e   in  accordance   w i t h  a   f u r t h e r   aspect   of  t h e  

i n v e n t i o n   we  p r o v i d e   a  r e g u l a t o r   for   mount ing  w i t h i n   a  v e s s e l  

for   r e g u l a t i n g   the  flow  of  a  f l u i d   from  the  body  of  said  v e s s e l  

to  the  o u t l e t   t h e r e o f   compr is ing   at  l e a s t   one  n o n - d e f o r m a b l e  

member  and  a  r e s i l i e n t l y   moveable  member  d i sposed   such  t h a t ,   when 

mounted  w i th in   sa id   v e s s e l ,   sa id   r e s i l i e n t l y   moveable  member  and  

sa id   at  l e a s t   one  nom-deformable   member  de f i ne   the  flow  path  f o r  

sa id   f l u i d   from  sa id   body  of  said  v e s s e l   to  sa id   o u t l e t   with  s a i d  

r e s i l i e n t   member  s u b j e c t   to  the  p r e s s u r e   w i t h i n   sa id   body  of  s a i d  

v e s s e l   whereby,  at  l e a s t   over  a  range  of  p r e s s u r e   d i f f e r e n c e s   b e -  

tween  the  p r e s s u r e   in  said  body  of  sa id   v e s s e l   and  the  p r e s s u r e  
at  said  o u t l e t ,   an  i n c r e a s e   in  sa id   p r e s s u r e   d i f f e r e n c e   c a u s e s  

movement  of  sa id   r e s i l i e n t l y   moveable  member  so  as  to  p r o v i d e  

an  i n c r e a s e d   r e s i s t a n c e   to  the  flow  of  sa id   f l u i d   through  s a i d  

flow  p a t h .  

I t   is  p r e f e r r e d   tha t   the  flow  pa th   i n c l u d e s   a  f l o w  

r e s t r i c t o r   ups t ream  of  the  moveable  e lement ,   i . e .   between  t h e  

moveable  element  and  the  end  of  the  flow  pa th   t ha t   is  open  t o  

the  f l u i d   w i th in   the  body  of  the  v e s s e l .   By  the  term  flow  r e s t r i c t o r  



we  mean  a  device  ac ross   which  the  p r e s s u r e   drop  is  a  s i g n i f i c a n t  

p r o p o r t i o n   of  the  p r e s s u r e   d i f f e r e n c e   P,  at  l e a s t   over  the  i n i t i a l  

l i n e a r   p o r t i o n   of  the  flow  r a t e / p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c .  

The  p r e s s u r e   drop  across   the  flow  r e s t r i c t o r   is  p r e f e r -  

ably  at  l e a s t   5%  of  the  t o t a l   p r e s s u r e   d i f f e r e n c e   P  at  p r e s s u r e  

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

c h a r a c t e r i s t i c .  

R e f e r r i n g   to  Figure   4  which  is  a  flow  r a t e ,   Q , / p r e s s u r e  

d i f f e r e n c e ,   P,  p l o t   showing  only  the  i n i t i a l   p o r t i o n   of  t h e  

c h a r a c t e r i s t i c ,   the  po in t   Y  r e p r e s e n t s   a  po in t   having  the  c o -  

o r d i n a t e s   P ,   Qy  on  the  l i n e a r   p o r t i o n   of  the  c h a r a c t e r i s t i c .   The 

l i n e   OF  r e p r e s e n t s   the  c h a r a c t e r i s t i c   given  by  the  non -moveab le  

e lements   of  the  flow  pa th   and  the  l i ne   OD  r e p r e s e n t s   the  c h a r a c t -  

e r i s t i c   given  by  of  any  non-moveable  element  of  the  flow  p a t h  

downstream  of  the  moveable  e l e m e n t .  

At  p r e s s u r e   P y  t h e r e f o r e ,   the  p r e s s u r e   drop  across  t h e  

non-moveable   e lements   of  the  flow  path  is  Pf  while  tha t   a c r o s s  

the  non-moveable  e lement ,   if   any,  downstream  of  the  moveable  

element  is  Pd.  Hence  we  p r e f e r   tha t   P f  -   Pd @  0.05  Py.  
I t   wi l l   be  a p p r e c i a t e d   tha t   the  p r e s s u r e   d i f f e r e n c e s   P  

r e f e r r e d   to  h e r e i n b e f o r e   in  r e l a t i o n   to  F igures   1  to  3  may  b e  

above  or  below  the  minimum  p r e s s u r e   d i f f e r e n c e   at  which  a  5% 

i n c r e a s e   in  the  p r e s s u r e   d i f f e r e n c e   causes  an  i n c r e a s e   in  r e s i s -  

t ance   to  flow  of  at  l e a s t   1%. 

Often  i t   is  p r e f e r r e d   tha t   the  r e s i s t a n c e   to  flow  g i v e n  

by  a  r e s t r i c t o r   ups t ream  of  the  r e s i l i e n t l y   moveable  element  i s  

g r e a t e r   than  tha t   given  by  any  non-moveable  e lements   of  the  flow  p a t h  

downstream  of  the  moveable  e l e m e n t .  

P r e f e r a b l y   a  valve  or  tap  is  p rov ided   at  the  o u t l e t  

of  the  v e s s e l   or  downstream  t he r eo f   to  open  and  shut  the  f l o w  

of  f l u i d   through  the  o u t l e t .  

In  one  form  of  the  i n v e n t i o n   the  flow  r e g u l a t o r   fo rms  

p a r t   of  an  assembly  for   f a s t e n i n g   to  an  opening  in  the  v e s s e l .  

There fo re   in  accordance  with  a  f u r t h e r   aspect   of  t h e  

i n v e n t i o n   we  provide   an  assembly  for  f i t t i n g   to  a  v e s s e l   t o  



provide   a  flow  path  for   a  f l u i d   from  wi th in   the  body  of  s a i d  

ves se l   to  the  e x t e r i o r   t h e r e o f   c o m p r i s i n g   a  c losure   member 

adapted   to  be  f a s t e n e d   to  sa id   v e s s e l   body  to  close  an  o p e n i n g  

in  sa id   v e s s e l ,   said  c l o s u r e   member  having  a  passage  t h e r e t h r o u g h ,  

a  flow  r e g u l a t o r   communicat ing  wi th   the  i n l e t   of  said  p a s s a g e  

of  sa id   c l o s u r e   member,  sa id   r e g u l a t o r   and  sa id   passage  d e f i n i n g  

sa id   f low  path   for   the  f l u i d   from  w i t h i n   said  body  of  said  v e s s e l  

to  the  e x t e r i o r   t h e r e o f ,   sa id   r e g u l a t o r   i n c l u d i n g   a  r e s i l i e n t l y  

moveable  member  d i sposed   such  t h a t   when  said  c l o su re   member  i s  

f a s t e n e d   to  said  v e s s e l   body,  s a id   r e s i l i e n t l y   moveable  member 

is  w i t h i n   sa id   v e s s e l   body  and  s u b j e c t   to  the  p r e s s u r e   t h e r e i n ,  

whereby  at  l e a s t   over  a  range  of  p r e s s u r e   d i f f e r e n c e s   b e t w e e n  

the  p r e s s u r e   wi th in   sa id   body  of  sa id   v e s s e l   and  the  p r e s s u r e   a t  

the  o u t l e t   of  said  pa s sage ,   an  i n c r e a s e   in  said  p r e s s u r e   d i f f e r -  

ence  causes   movement  of  sa id   e lement   so  as  to  p rovide   an  i n c r e a s e d  

r e s i s t a n c e   to  flow  of  said  f l u i d   th rough   said  flow  p a t h .  

The  above  assembly  c o n v e n i e n t l y   i n c o r p o r a t e s   an  o n / o f f  

va lve ,   which  is  a c t u a t a b l e   from  o u t s i d e   the  ve s se l   and  is  p r e f e r -  

ably  a  m e c h a n i c a l l y   a c t u a t e d   v a l v e .   The  valve  c o n v e n i e n t l y   i s  

l o c a t e d   to  open  and  c lose   the  pa s sage   through  the  c l o s u r e   member. 

The  o p e r a t i o n   of  the  i n v e n t i o n   is  now  d e s c r i b e d   w i t h  

r e f e r e n c e   to  Figure  5  which  is  a  d iagrammat ic   s ec t ion   through  a  

c o n t a i n e r   i n c o r p o r a t i n g   a  flow  r e g u l a t o r ,   for   d i s p e n s i n g   a  l i q u i d .  

In  t h i s   embodiment  a  c o n t a i n e r   1  hav ing   a  c losure   member  2  i n c o r p -  

o r a t i n g   an  on /o f f   valve  3  has  a  r e s i l i e n t l y   walled  tube  4  c o n n e c t e d  

to  va lve   3  mounted  wi th in   the  c o n t a i n e r   1.  A  flow  r e s t r i c t o r   5 ,  

e .g.   a  l e n g t h   of  narrow  bore  t u b i n g ,   opening  into  the  f l u i d   e . g .  

l i q u i d   6  to  be  d i spensed ,   is  connec t ed   to  the  o ther   end  of  tube  4 .  

The  c o n t a i n e r   1  is  p r e s s u r i s e d   by  a  gas  in  the  space  7  above  

l i q u i d   6 .  

I n i t i a l l y ,   with  va lve   3  c l o s e d ,   the  p r e s s u r e   i n s i d e  

tube  4  equals   tha t   exe r t ed   by  the  gas  in  space  7.  On  o p e n i n g  
valve   3,  a  p r e s s u r e   drop  occurs  ac ross   the  valve  3  caus ing   t h e  

l i q u i d   i n s i d e   the  tube  4  to  be  d i s p e n s e d .   The  flow  of  l i q u i d  

out  through  valve  3  p rov ides   a  p r e s s u r e   drop  across  r e s t r i c t o r  



5  caus ing   a  flow  of  l i q u i d   6  through  r e s t r i c t o r   5  into  tube  4 .  

Because  of  the  p r e s s u r e   drop  across  r e s t r i c t o r   5,  a  p r e s s u r e  

d i f f e r e n c e   occurs   across   the  walls   of  tube  4  caus ing   the  w a l l s  

to  c o l l a p s e   towards  each  o the r .   This  c o l l a p s e   of  tube  4  ac ts   a s  

a  f u r t h e r   flow  r e s t r i c t o r   in  s e r i e s   with  r e s t r i c t o r   5 .  

At  the  s teady   s t a t e   c o n d i t i o n   i t   is  r e a d i l y   seen  t h a t ,  

i f   the  p r e s s u r e   d i f f e r e n c e   between  the  p r e s s u r e   i n s i d e   c o n t a i n e r  

1  and  t ha t   downstream  of  valve  3  is  P,  and  the  p r e s s u r e   d i f f e r -  

ences  ac ross   va lve   3  and  r e s t r i c t o r   5  are  P3  and  P5  r e s p e c t i v e l y ,  

then  the  p r e s s u r e   d i f f e r e n c e ,   P4,  ac ross   the  r e s t r i c t i o n   f o r m e d  

by  the  c o l l a p s e   of  tube  4  is  given  b y :  

I f ,   at  the  s t e ady   s t a t e   c o n d i t i o n ,   the  v o l u m e t r i c   flow  r a t e   o f  

the  l i q u i d   t h rough   valve  3  is  Q,  and  the  flow  is  l a m i n a r ,  

where  R31  R4,  and R5  are  the  r e s i s t a n c e s   to  flow  through  valve   3 ,  

tube  4,  and  r e s t r i c t o r   5  r e s p e c t i v e l y .  

Then  

R3  and R5  are  no rmal ly   l a r g e l y   independen t   of  p r e s s u r e   w h e r e a s  

R4  wi l l   depend  on  the  degree  of  c o l l a p s e   of  tube  4  and  hence  on  

the  p r e s s u r e   d i f f e r e n c e   across   the  wal ls   of  tube  4 .  

If   R.  is  small  in  comparison  to  R3  +  R 5 ,  

i . e .   the  flow  r a t e   is  p r o p o r t i o n a l   to  the  o v e r a l l   p r e s s u r e   d i f -  

f e r ence   P .  

The  degree  of  c o l l a p s e   of  tube  4,  and  hence  R4,  w i l l  

depend  on  the  p r e s s u r e   d i f f e r e n c e   across   the  wal ls   of  tube  4 .  

This  p r e s s u r e   d i f f e r e n c e   is  P3  +  P4,  i . e .   P -   Q.R3.  It  i s  

t h e r e f o r e   seen  t ha t   R4  wi l l   depend  on  the  o v e r a l l   p r e s s u r e   d i f -  

f e r e n c e ,   P,  and  on  the  flow  r a t e ,   Q:  the  r e l a t i o n s h i p   of  R4 
to  P  and  Q  w i l l   be  de termined  by  the  r e s i l i e n c e   of  the  wal ls   o f  

tube  4  and  the  l e n g t h   of  tha t   tube  and  the  wall  dimensions  and  



c o n f i g u r a t i o n .   It  wi l l   be  a p p r e c i a t e d   tha t   the  tube  4  d o e s  

not  n e c e s s a r i l y   c o l l a p s e   u n i f o r m l y :   thus  the  t r a n s i t i o n   f r o m  

the  u n c o l l a p s e d   s t a t e   to  the  c o l l a p s e d   s t a t e   at  one  end  o f  

the  tube  may  be  sharper   than  at  the  o t h e r   end  of  the  t u b e .  

When  R4  is  l a rge   in  r e l a t i o n   to  R 3  +   R5, 

Typical   f low  r a t e / p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c s   are  d e -  

p i c t e d   in  F igu re s   1  t o  3 .   Depending  on  the  p r e c i s e   c h a r a c t e r -  

i s t i c s   of  tube  4  in  r e l a t i o n   to  those   of  the  r e s t   of  the  s y s t e m ,  

i . e .   r e s t r i c t o r   5  and  valve  3,  the  o v e r a l l   flow  r a t e / p r e s s u r e  

d i f f e r e n c e   c h a r a c t e r i s t i c   may  be  of  the  form  of  any  of  F i g u r e s  

1,  2,  o r  3 .   We  have  found  t h a t ,   in  g e n e r a l ,   the  type  of  c u r v e ,  
i . e .   t h a t   of  F igure   1,  2,  or  3  is  l a r g e l y   de te rmined ,   fo r   a n y  

given  type  of  tub ing   4,  by  the  l e n g t h   of  tha t   tube .   As  t h e  

l eng th   i n c r e a s e s ,   the  type  of  c h a r a c t e r i s t i c   p r o g r e s s e s   f r o m  

that   of  F igu re   1  to  tha t   of  F i g u r e  3   v ia   t h a t   of  F igure   2 .  

The  p r e s s u r e   d i f f e r e n c e   at  which  the  e f f e c t   of  t h e  

c o l l a p s i b l e   tube  4  becomes  s i g n i f i c a n t   is  l a r g e l y   d e t e r m i n e d  

by  the  r e s i l i e n c e   of  the  tube  w a l l s :   As  the  modulus  d e c r e a s e s ,  

th i s   p r e s s u r e   d i f f e r e n c e   r e d u c e s .  

I t   is  t h e r e f o r e   seen  t h a t   by  a p p r o p r i a t e   s e l e c t i o n   o f  

the  l e n g t h ,   wall   dimensions  and  c o n f i g u r a t i o n ,   and  m a t e r i a l ,   o f  

tube  4,  fo r   any  given  r e s t r i c t o r   5  and  va lve   3,  tha t   above  a  

c e r t a i n   p r e s s u r e   d i f f e r e n c e   the  f low  r a t e / p r e s s u r e   d i f f e r e n c e  

c h a r a c t e r i s t i c   can  be  modif ied   so  t ha t   t he re   is  l i t t l e   c h a n g e  

in  flow  r a t e   for   a  change  in  the  p r e s s u r e   d i f f e r e n c e .  

The  i n v e n t i o n   is  of  p a r t i c u l a r   u t i l i t y   where  t h e  

p r e s s u r e   in  the  ves se l   is  l i a b l e   to  f l u c t u a t i o n .   I f ,   as  i s  

p r e f e r r e d ,   the  v e s s e l   is  a  c o n t a i n e r   used  for   d i s p e n s i n g   a  

l i q u i d   and  is  p r e s s u r i s e d   with  a  p r e s s u r i s i n g   f l u i d ,   e .g .   a  

gas  or  v o l a t i l e   l i q u i d ,   p r e s s u r e   f l u c t u a t i o n s   may  occur.  Thus  where  

the  c o n t a i n e r   is  i n i t i a l l y   charged  wi th   the  l i q u i d   to  be  d i s -  

pensed  and  the  p r e s s u r i s i n g   f l u i d ,   the  p r e s s u r e   exe r t ed   b y  

the  p r e s s u r i s i n g   f l u i d   may  f a l l   s imply  as  a  r e s u l t   of  the  i n c r e a s e  



in  volume  occupied  by  the  p r e s s u r i s i n g   f l u i d   as  the  l i q u i d   is  d i s -  

pensed;   or  p r e s s u r e   f l u c t u a t i o n s   may  occur  where  the  c o n t a i n e r   i s  

p r e s s u r i s e d   i n t e r m i t t e n t l y ,   eg  by  a  hand  pump,  or  c o n t i n u o u s l y   from 

a  source  tha t   is  l i a b l e   to  p r e s s u r e   f l u c t u a t i o n s .  

I t   is  not  e s s e n t i a l   tha t   the  c o n t a i n e r   is  p r e s s u r i s e d :  

thus  the  feed  of  l i q u i d   from  the  c o n t a i n e r   may  simply  be  a  g r a v i t y  

f eed .   In  th i s   case  the  head  of  l i q u i d   in  the  c o n t a i n e r   gives  r i s e  

to  the  p r e s s u r e   d i f f e r e n t i a l   to  which  the  moveable  e lement ,   eog.  

the  wa l l s   of  the  c o l l a p s i b l e   tub ing   is  s u b j e c t .   V a r i a t i o n s   i n  

the  head  of  l i q u i d ,   i . e .   as  the  c o n t a i n e r   empt ies ,  thus   g i v e s  

r i s e   to  the  p r e s s u r e   d i f f e r e n c e   v a r i a t i o n s   for   which  c o m p e n s a t i o n  

can  be  p rov ided   by  the  p r e s s u r e   d i f f e r e n c e   dependent  movement  o f  

the  moveable  e l e m e n t .  

However  i t   is  p r e f e r r e d   t ha t   the  v e s s e l   is  p r e s s u r i s e d  

wi th   a  p r e s s u r i s i n g   f l u i d .  

One  p a r t i c u l a r   a p p l i c a t i o n   of  the  i n v e n t i o n   is  where 

the  p r e s s u r i s i n g   f l u i d   is  a  gas  at  ambient  t e m p e r a t u r e s  a n d  

a t m o s p h e r i c   p r e s s u r e   but  is  a  l i q u i d   at  the  p r e s s u r e   p r e v a i l i n g  

w i t h i n   the  v e s s e l .   These  types  of  p r e s s u r i s i n g   agent ,   e.g.   a 

f l u r o c a r b o n   such  as  d i c h l o r o d i f l u r o m e t h a n e   or  a  hydrocarbon   such  

as  b u t a n e ,   are  widely  used  as  a e r o s o l   p r o p e l l a n t s   and  t h e  

i n v e n t i o n   is  a p p l i c a b l e   to  such  a e ro so l   c o n f i g u r a t i o n s .   Wi th  

t h i s   type  of  p r e s s u r i s i n g   agent ,   because  of  t h e  s i g n i f i c a n t  

changes  of  vapour  p r e s s u r e   of  the  p r e s s u r i s i n g   agent  t ha t   o c c u r  

with  r e l a t i v e l y   small  changes  in  t e m p e r a t u r e ,   v a r i a t i o n s   in  t h e  

ambient   t empera tu re   can  cause  c o n s i d e r a b l e   v a r i a t i o n   in  the  p r e s -  

sure   w i t h i n   the  v e s s e l :   in  the  absence  of  appa ra tu s   in  a c c o r d a n c e  

with  the  i nven t ion ,   such  p r e s s u r e   v a r i a t i o n s   would  give  r i s e   t o  

s u b s t a n t i a l   v a r i a t i o n s   in  the  l i q u i d   flow  r a t e .  

For  example  with  a  t y p i c a l   p r e s s u r i s i n g   f l u i d   such  as  
d i c h l o r o d i f l u o r o m e t h a n e   the  gauge  p r e s s u r e   wi th in   the  v e s s e l   a t  

an  ambient  t empera ture   of  10°C  is  t y p i c a l l y   about  0.3  MPa  whereas  

at  350C  i t   is  about  0.66  MPa.  In  the  absence  of  the  flow  r e g u l -  
a t o r   of  the  present   i n v e n t i o n   such  a  t e m p e r a t u r e   v a r i a t i o n   would 

give  r i s e   to  a  flow  r a t e   change  of  a  f a c t o r   of  2  or  more .  



The  r a t e   at  which  the  f l u i d   w i l l   be  d i spensed   w i l l  

also  depend  i n v e r s e l y   on  the  v i s c o s i t y   of  the  f l u i d :   t h i s   v i s -  

c o s i t y   w i l l   g e n e r a l l y   decrease   with  i n c r e a s i n g   t empera tu re   and  

so  the  flow  r a t e   wi l l   g e n e r a l l y   i n c r e a s e   as  the  t e m p e r a t u r e  

i n c r e a s e s .   Consequen t ly   a  flow  r a t e / t e m p e r a t u r e   c h a r a c t e r i s t i c  

of  the  type  shown  in  F igure  6 ,   which  is  p lo t   of  flow  r a t e   Q  a g a i n s t  

t e m p e r a t u r e   T, would  be  achieved  i f   the  flow  path  had  no  m o v e a b l e  

e lement .   By  the  p r o v i s i o n   of  a  moveable  element  in  the  flow  p a t h ,  

p a r t i c u l a r l y   a  r e s i l i e n t l y   wal led   p o r t i o n   g iv ing   an  a p p r o p r i a t e  

flow  r a t e / p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c   of  the  type  shown  i n  

Figure   3,  the  change  in  flow  r a t e   with  t e m p e r a t u r e   can  be  m a r k e d l y  

r e d u c e d .  

As  ment ioned  h e r e i n b e f o r e ,   the   i n v e n t i o n   is  of  p a r t i c u l a r  

u t i l i t y   where  a  l i q u i d   is  d i spensed   under   the  a c t i o n   of  a  p r e s -  
su r i s ed   p r o p e l l a n t , e . g .   a  compressed  gas,  w i th in   the  v e s s e l .   Where 

the  p r o p e l l a n t   is  a  v o l a t i l e   l i q u i d   at  the  p r e s s u r e   p r e v a i l i n g   i n  

the  v e s s e l   and /o r   has  an  a p p r e c i a b l e   s o l u b i l i t y   in  the  l i q u i d   t o  

be  d i s p e n s e d ,   on  d i s p e n s i n g   the  l i q u i d   some  of  the  p r o p e l l a n t   may 
be  d i s p e n s e d   with  the  l i q u i d   and  may  tend  to  v o l a t i l i s e   w i t h i n  

the  flow  pa th .   In  some  cases  t h i s   may  cause  the  flow  r a t e / p r e s -  

sure  d i f f e r e n c e   c h a r a c t e r i s t i c   to  be  mod i f i ed .   In  such  cases  i t  

is  p r e f e r r e d   t ha t   the  ves se l   is  a r r anged   such  tha t   the  p r o p e l l a n t  

cannot  be  d ispe   sed  with  the  l i q u i d ,   e .g .   by  the  use  of  a  b a r r i e r  

pack  where in   the  l i q u i d   to  be  d i s p e n s e d   is  s e p a r a t e d   from  t h e  

p r o p e l l a n t   by  a  f l e x i b l e   membrane.  Thus  in  one  form  of  c o n s t r u e -  

t ion   the  l i q u i d   to  be  d i spensed   is  c o n t a i n e d   w i th in   a  c o l l a p s i b l e  

bag  l o c a t e d   w i t h i n   the  outer   v e s s e l   with  the  p r o p e l l a n t   f l u i d   i n  

the  space  between  the  bag  and  the  o u t e r   v e s s e l .   In  an  a l t e r n a t i v e  

a r rangement   the  p r o p e l l a n t   is  enc losed   w i th in   a  f l e x i b l e   c o n t a i n e r  

wi th in   the  o u t e r   v e s s e l   with  the  l i q u i d   to  be  d i spensed   in  t h e  

space  between  the  f l e x i b l e   c o n t a i n e r   and  the  ou te r   v e s s e l .  

The  i n v e n t i o n   is  of  p a r t i c u l a r   u t i l i t y   in  a e r o s o l - t y p e  

packages  where  the  r e q u i r e d   flow  r a t e   is  in  the  range  0.01  t o  

2.5  m l / s e c .   The  c o n t a i n e r   gauge  p r e s s u r e   is  p r e f e r a b l y   w i t h i n  

the  range  0.03  to  1  MPa. 



The  f l u i d   be ing   d i spensed   p r e f e r a b l y   has  a  v i s c o s i t y ,  

at  the  d i s p e n s i n g   t e m p e r a t u r e ,   of  1.5  x  1074  to  2  F a o s ,  

p a r t i c u l a r l y   5 x  10-4  to  5  x  10-2  P a . s .  

The  flow  r e g u l a t o r   p r e f e r a b l y   comprises   a  condui t   h a v i n g  

a  r e s i l i e n t l y   wal led  p o r t i o n   as  the  moveable  e lement .   The 

r e s i l i e n t l y   walled  p o r t i o n   may  simply  be  a  l eng th   of  r e s i l i e n t  

t u b i n g   e.g.   tub ing   of  an  e l a s t o m e r i c   m a t e r i a l .   However,  i n  

o rde r   to  modify  the  e f f e c t   of  the  p r e s s u r e   d i f f e r e n c e   be tween  

the  p r e s s u r e   in  the  v e s s e l   and  that   wi th in   the  r e s i l i e n t l y   w a l l e d  

p o r t i o n   on  the  r e s i s t a n c e   to  f low, the  r e s i l i e n t l y   wal led  p o r t i o n  

may  be  a  s leeve  of  the  r e s i l i e n t l y   walled  m a t e r i a l   over  a  n o n -  

deformable   core  member. 

In  a  p r e f e r r e d   form  of  the  i n v e n t i o n ,   the  flow  r e g u l -  

a t o r   comprises  a  s leeve   of  t ub ing   of  e l a s t o m e r i c   m a t e r i a l   mounted  

on  a  mandrel  having  one  or  more  grooves  o r  p r o j e c t i o n s   along  i t s  

l e n g t h .   Such  grooves  or  p r o j e c t i o n s   serve  to  de f ine   channels   f o r  

the  passage  of  f l u i d   between  the  r e s i l i e n t   s l eeve   and  the  m a n d r e l .  

As  the  p r e s s u r e   d i f f e r e n c e   across   the  wal ls   of  the  s leeve   i n c r e a s e s ,  

the  s leeve  deforms  to  r e s t r i c t   the  channe ls .   It   w i l l   be  a p p r e c i a t e d  

t h a t   the  s lope,   s i ze ,   and  p o s i t i o n   of  the  grooves  or  p r o j e c t i o n s  

w i l l   i n f l u e n c e   the  flow  r a t e l p r e s s u r e   d i f f e r e n c e   c h a r a c t e r i s t i c .  

In  some  cases  i t   may  be  d e s i r a b l e   to  p rovide   t ha t   the re   is  s t i l l  

a  pathway  for   the  passage  of  f l u i d   when  the  r e s i l i e n t   s leeve   h a s  

deformed  to  such  an  ex ten t   tha t   the  flow  of  f l u i d   between  t h e  

s l eeve   and  the  core  member  is  s topped.   Such  a  pathway  may  b e  

p rov ided   by  a  s u i t a b l y   s ized   bore  through  the  core  member. 

A  t y p i c a l   a r r a n g e m e n t  i s   shown  in  F igures   7  to  10 .  

F igure   7  is  a  l o n g i t u d i n a l   s e c t i o n   through  a  c o n t a i n e r   f i t t e d  

wi th   the  above  type  of  flow  r e g u l a t o r   i n e o r p o r a t i n g   an  e l a s t o -  

meric  s leeve  on  a  mandrel .   F igure   8  is  an  e l e v a t i o n   of  t h e  

mandrel   with  the  s leeve  shown  do t t ed .   F igure   9  is  a  l o n g i t u d i n a l  

s e c t i o n   of  the  mandrel  along  l ine   1X -  1X  of  F igure   8  and  F i g u r e  

10  is  a  cross  s ec t ion   of  the  mandrel  along  the  l i n e  X  -   X  o f  

F igure   8  with  the  s leeve  shown  d o t t e d .  

In  th i s   embodiment  the  c o n t a i n e r   is  a  b a r r i e r   p a c k  



type  ae roso l   compr i s ing   an  ou t e r   c a n i s t e r   8  to  which  is  c r i m p e d  

or  c l i n c h e d ,   in  c o n v e n t i o n a l   f a s h i o n ,   an  ae roso l   va lve   9  h a v i n g  

a  spray  bu t ton   10  a r r anged   so  tha t   d e p r e s s i o n   of  b u t t o n   10  t o -  

wards  valve  9  e f f e c t s   opening   of  the  valve  9  to  cause  l i q u i d  

w i t h i n   the  c a n i s t e r   8  t o   be  d i spensed   through  va lve   9  and  t h r o u g h  

b u t t o n   10  as  a  spray  11.  The  l i q u i d   12  to  be  d i s p e n s e d   is  e n -  

dorsed   w i th in   a  f l e x i b l e   bag  13  clamped  between  the  f i x i n g   o f  

va lve   9  to  c a n i s t e r   8.  A t t ached   to  the  i n l e t   14  of  va lve   9  i s  

one  end  of  a  bobbin  15  having   a  wais ted   s e c t i o n   l6  on  which  i s  

l o c a t e d   a  rubber   s l eeve   1 7 . .   At tached  to  the  o t h e r   end  of  b o b b i n  

15  is  a  f ine   c a p i l l a r y   tube  r e s t r i c t o r   18.  The  space  19  b e t w e e n  

bag  13  and  the  c a n i s t e r   8  is  f i l l e d   with  the  p r o p e l l a n t .  

The  bobbin  15  is  of  c i r c u l a r   cross   s e c t i o n   and  i s  

p r o v i d e d   at  each  end  with  b l i n d   bores  20,  21  and  the  w a i s t e d  

p o r t i o n   16  is  p rov ided   with  d i a m e t r i c a l l y   opposed  f l a t t e n e d  

p o r t i o n s   22,  23.  Holes  24,  25  d r i l l e d   through  the  w a i s t e d  

s e c t i o n   16  connect   r e s p e c t i v e l y   with  bores  20,  21.  Between  h o l e s  

24  and  25,  the  f l a t s   22,  23  are  provided  with  grooves   26,  27 .  

The  rubber   s leeve   17,  which  ha s  an   undeformed  i n t e r n a l   d i a m e t e r  

somewhat  l e s s   than  t ha t   of  the  wais ted   p o r t i o n   16  so  t ha t   t h e  

r u b b e r   s leeve   17  f i t s   t i g h t l y   t he reon ,   can  thus  deform,  u n d e r  

the  a c t i o n   of  the  p r e s s u r e   d i f f e r e n c e   across   the  wa l l s   of  t h e  

r u b b e r   s l eeve ,   i . e .   the  p r e s s u r e   d i f f e r e n c e   between  the  p r o p e l -  

l a n t   p r e s s u r e   and  the   p r e s s u r e   wi th in   grooves  26,  27,  in to   the  grooves  
26,  27  to  r e s t r i c t   the  passage   of  f l u i d   the re   t h rough   g r o o v e s .  

In  a  v a r i a t i o n   shown  in  Figure  11  which  is  a  c r o s s  

s e c t i o n   of  an  a l t e r n a t i v e   bobbin  c o n s t r u c t i o n ,   i n s t e a d   o f  

grooves  26,  27,  each  f l a t   22,  23  of  the  bobbin  is  p r o v i d e d   w i t h  

one  or  more  r ibs   28  to  de f i ne   the  c h a n n e l s  f o r   the  pas sage   o f  

l i q u i d   between  the  r e s i l i e n t   wal ls   of  s leeve  17  and  the  body  o f  

the  b o b b i n .  

One  advantage  of  the  p resen t   i n v e n t i o n ,   v iz   the  e x -  
t e n s i o n   of  the  p r e s s u r e   d i f f e r e n c e   range  over  which  an  a c c e p t -  

ab le   flow  r a t e   can  be  a ch i eved ,   has  the  r e s u l t   t h a t   a e r o s o l s   o f  

the  type  where  the  p r o p e l l a n t   is  a  compressed,  but  not  l i q u i f i e d ,  



gas  are  a  v i a b l e   p r o p o s i t i o n   thus  avoid ing   the  m v i r o n -  

mental   o b j e c t i o n s   to  the  use  of  l i q u i f i e d  g a s   p o r     s uch  

as  f l u o r o c a r b o n s   or  the  s a f e t y   hazards   of  flammable  p r o p e l l a n t s  

such  as  propane  or  b u t a n e  

In  such  a  compressed,   but  not  l i q u i f i e d ,   gas  p r o p e l -  

l a n t   system,  i t   is  p r e f e r r e d   t ha t   a  b a r r i e r   pack  c o n s t r u c t i o n   i s  

adopted   to  avoid  wastage  of  the  compressed  gas  in  the  event  o f  

misuse  of  the  a e r o s o l ,   e.g.   o p e r a t i o n   of  the  valve  with  the  c o n -  

t a i n e r   i n v e r t e d .   A l t e r n a t i v e l y   an  upstream  flow  r e s t r i c t o r   i n  

the  form  of  a  l e n g t h   of  f l e x i b l e   c a p i l l a r y   tube  may  b e  e m p l o y e d  

with   i t s   f r ee   end  weighted   so  tha t   that   f ree   end  is  a l w a y s  

immersed  in  the  l i q u i d   to  be  d i spensed   i r r e s p e c t i v e   of  t h e  

s p a t i a l   o r i e n t a t i o n   of  the  c o n t a i n e r .  

While  the  i n v e n t i o n   is  of  p a r t i c u l a r   u t i l i t y  i n   a  w ide  

range  of  a e r o s o l - t y p e   d i s p e n s i n g   a p p l i c a t i o n s ,   one  p a r t i c u l a r  

a p p l i c a t i o n   of  the  i n v e n t i o n   is  in  e l e c t r o s t a t i c   s p r a y i n g  

a p p a r a t u s ,   for   example  for  a g r i c u l t u r a l   or  h o r t i c u l t u r a l   u s e ,  

compr i s ing   a  p o r t a b l e   spray  gun  i n c l u d i n g   a  spray  n o z z l e ,   means 

for   app ly ing   a  high  e l e c t r i c a l   p o t e n t i a l   to  said  nozz l e ,   and 

means  for   supp ly ing   to  said  nozz le   l i q u i d   to  be  sprayed  from  a  
c o n t a i n e r   of  the  l i q u i d   mounted  on  the  spray  gun•  Examples  o f  

such  e l e c t r o s t a t i c   s p r a y i n g   a p p a r a t u s   are  de sc r i bed   in,   i n t e r  

a l i a ,   US-A-4356528.  The  l i q u i d   is  supp l ied   to  the  nozz l e   f r o m  

a  c o n t a i n e r   c o n t a i n i n g   the  l i q u i d   and  a  compressed  p r e s s u r i s i n g  

agent ,   e .g.   a  f l u r o c a r b o n o  

In  t h i s   a p p l i c a t i o n   i t   is  p r e f e r r e d   tha t   the  c o n t a i n e r  

is  a r r anged   so  tha t   the  p r o p e l l a n t   is  not  d i spensed   th rough   t h e  

nozz le   with  the  l i q u i d   to  be  sprayed,   e.g.  by  the  use  of  a  b a r r i e r  

pack  c o n f i g u r a t i o n   as  ment ioned  h e r e i n b e f o r e .   In  t h i s   way  t h e  

a t o m i s a t i o n   of  the  l i q u i d   by  the  e l e c t r o s t a t i c   fo rces   is  n o t  

a f f e c t e d   by  the  emergence  of  the  p r o p e l l a n t .  

As  ment ioned  above  the  p r e s s u r e   exer ted   by  the  p r e s s u r i s -  

ing  agent  is  l i a b l e   to  c o n s i d e r a b l e   f l u c t u a t i o n   as  the  a m b i e n t  

t e m p e r a t u r e   v a r i e s ,   with  the  r e s u l t   that   the  l i q u i d   supply  r a t e  

to  the  nozzle   is  also  l i a b l e   to  c o n s i d e r a b l e   f l u c t u a t i o n :   i n d e e d  



over  the  range  of  ambient  t e m p e r a t u r e s   l i a b l e   to  be  e n c o u n t e r e d  

in  use  of  the  spray  gun,  p a r t i c u l a r l y   where  such  use  is  o u t d o o r ,  

the  p r e s s u r e   e x e r t e d   by  the  p r e s s u r i s i n g   agent ,   and  c o n s e q u e n t l y  

the  flow  r a t e ,   may  vary,   in  some  ca ses ,   by  a  f a c t o r   of  four   o r  

m o r e .  

V a r i a t i o n s   in  flow  r a t e   w i l l   a f f e c t   the  s i z e ,   and  s i z e  

d i s t r i b u t i o n ,   of  the  l i q u i d   d r o p l e t s   formed  by  e l e c t r o s t a t i c  

a t o m i s a t i o n .   Such  v a r i a t i o n   in  d r o p l e t   s ize   is  u n d e s i r a b l e   s i n c e  

for   any  given  l i q u i d   the re   is  an  optimum  d r o p l e t   s i z e ,   or  s i z e  

rauge,   for   the  i n t e n d e d   use  of  the  l i q u i d .  

For  example,  when  s p r a y i n g   p l a n t s   with  a  p e s t i c i d e  

f o r m u l a t i o n ,   i f   the  d r o p l e t s   are  too  l a r g e ,   the  amount  of  " w r a p -  

round",   g i v i n g   c o a t i n g   on  the  u n d e r s i d e   of  p l an t   l e a v e s ,   i s  

reduced;   whereas  i f   the  d r o p l e t s   are  too  smal l ,   they  are  l i a b l e  

to  be  unduly   a f f e c t e d   by  f a c t o r s   such  as  wind  s t r e n g t h   and  so  

may  d r i f t   onto  p l a n t s   o the r   than  those   i n t e n d e d   and /o r   on  to  t h e  

o p e r a t o r .  

In  such  e l e c t r o s t a t i c   s p r a y i n g   systems  the  d e s i r e d  

v o l u m e t r i c   flow  r a t e s   are  normal ly   r e l a t i v e l y   low,  t y p i c a l l y  

w i t h i n   the  range  0.002  to  0.3  m l / s e c .   The  a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   s u i t e d   to  such  flow  r a t e s .  

Where,  as  is  p r e f e r r e d ,   a  flow  r e s t r i c t o r   is  p r o v i d e d   u p s t r e a m  

of  the  r e s i l i e n t l y   mgveable  element  in  the  flow  pa th ,   t h i s  

r e s t r i c t o r   is  t y p i c a l l y   a  l eng th   of  very  f ine   bore  t ub ing ,   e . g .  

0.5  to  15  cm  of  t ub ing   of  i n t e r n a l   d i a m e t e r   0.1  to  1  mm,  or  a  

p lug   of  porous  m a t e r i a l ,   whereas  the  moveable  element  p r e f e r -  

ably  comprises   a  l eng th ,   e.g.   1  to  20  cm,  of  r e s i l i e n t l y   w a l l e d  

t u b i n g ,   t y p i c a l l y   of  i n t e r n a l   d i ame te r   2  to  6  mm,  of  an  e l a s t o -  

meric  m a t e r i a l   such  as  s i l i c o n e ,   neoprene ,   or  n i t r i l e ,   rubber   o r  

a  p l a s t i c i s e d   v iny l   c h l o r i d e   p o l y m e r .  

Where  the  moveable  element  is  a  r e s i l i e n t l y   wa l led   t u b e ,  

t h i s   may  be  of  any  convenient   cross   s e c t i o n   and  may  be  f l u t e d   or  p r o -  
v ided   wi th   a  non-de fo rmab le   core  to  modify  i t s   c o l l a p s i n g  

c h a r a c t e r i s t i c s .  

When  used  in  c o n j u n c t i o n   with  an  a e r o s o l - t y p e   c o n t a i n e r  

(whether   or  not  the  l i q u i d   in  the  c o n t a i n e r   is  in  f ac t   to  b e  



atomised  upon  d i s p e n s i n g )   the  flow  r e g u l a t o r   is  c o n v e n i e n t l y  

a t t a c h e d   to  or  forms  pa r t   of  the  i n l e t   of  the  ae roso l   v a l v e  

and  i nc ludes   a  flow  r e s t r i c t o r   ups t ream  of  the  moveable  e l e m e n t ,  

e .g .   r e s i l i e n t l y   wal led   tube.   Where  the  assembly  is  of  t h e  

b a r r i e r   pack  type  ment ioned  h e r e i n b e f o r e ,   the  moveable  e l e m e n t  

and  flow  r e s t r i c t o r   may  be  wholly  or  p a r t i a l l y   wi th in   the  c o l -  

l a p s i b l e   inner   c o n t a i n e r :   where  the  moveable  element  is  w i t h i n  

the  c o l l a p s i b l e   inner   c o n t a i n e r   the  p r e s s u r e   exe r t ed   by  t h e  

p r o p e l l a n t   wi l l   be  t r a n s f e r r e d   to  the  moveable  element  t h r o u g h  

the  l i q u i d   w i th in   the  c o l l a p s i b l e   i nne r   c o n t a i n e r .  

If   the  v e s s e l   o u t l e t   is  p rov ided   with  an  on /o f f   v a l v e ,  

and  the  r e s i s t a n c e   R3 given  by  the  o u t l e t   por t   when  the  v a l v e  

is  open  is  r e l a t i v e l y   smal l ,   the  system  can  act  as  a  m e t e r i n g  

va lve   to  d i spense   a  p r e d e t e r m i n e d   q u a n t i t y   of  the  l i q u i d .   T h u s ,  

r e f e r r i n g   to  the  system  of  Figure   5,  s ince   when  the  valve  3  i s  

c losed   the re   is  no  flow,  the  p r e s s u r e   drop,  P5,  across   r e s t r i c -  

t o r   5  is  zero  and  so  the  p r e s s u r e   i n s i d e   the  c o l l a p s i b l e   tube  4  

equals  t h a t ,   P,  o u t s i d e   the  c o l l a p s i b l e   tube  4:  t h e r e f o r e   t h e  

wal l s   of  tube  4  are  not  c o l l a p s e d ,   i . e .   are  as  shown  do t ted   i n  

F igure   5.  A  p r e d e t e r m i n e d   amount  of  the  l i q u i d   is  thus  l o c a t e d  

w i th in   tube  4  between  r e s t r i c t o r   5  and  va lve   3.  This  amount  w i l l  

depend  on  the  d imensions   of  tube  4.  On  opening  the  va lve   3,  i f  

the  r e s i s t a n c e   R3 is   smal l ,   t h i s   p r e d e t e r m i n e d   amount  of  l i q u i d  

w i l l   be  d i spensed   r a p i d l y ,   caus ing   the  p r e s s u r e   wi th in   tube  4  

to  f a l l .   The  p r e s s u r e   d i f f e r e n c e   ac ross   the  walls   of  tube  4 

thus  i n c r e a s e s   from  zero,   caus ing   the  wal ls   to  c o l l a p s e ,   p o s -  

s i b l y   even  to  the  ex tent   of  t o t a l l y   s e a l i n g   tube  4.  As  t h e  

l i q u i d   is  d i spensed   from  tube  4  v ia   po r t   2,  the  p r e s s u r e   d i f f e r -  

ence  across   r e s t r i c t o r   5  i n c r e a s e s   from  zero,   thus  caus ing  f l o w  

of  l i q u i d   th rough  r e s t r i c t o r   5  in to   tube  4,  thereby   t e n d i a g   t o  

reduce  the  p r e s s u r e   d i f f e r e n c e   ac ross   the  wal ls   of  tube  4.  I f  

va lve   3  is  c losed   be fo re   tube  4  has  r e f i l l e d   to  any  a p p r e c i a b l e  

ex ten t   v ia   r e s t r i c t o r   5,  i t   wi l l   be  seen  t ha t   only  the  p r e d e t e r -  

mined  amount  of  l i q u i d   w i l l   be  d i s p e n s e d .  

The  i n v e n t i o n   is  also  of  u t i l i t y   as  a  flow  r e g u l a t o r  



in  a  f l u i d   flow  l i ne   where  the  p r e s s u r e   d i f f e r e n c e   between  t h e  

ends  t h e r e o f   is  l i a b l e   to  f l u c t u a t i o n ,   e .g .   as  a  r e s u l t   of  a  

v a r y i n g   h y d r o s t a t i c   head.  In  t h i s   case  the  flow  r e g u l a t o r   o f  

the  i n v e n t i o n   can  be  employed  as  an  i n s e r t   in  the  flow  l i n e :  

the  v e s s e l   here  comprises   pa r t   of  the  flow  l ine   to  which  t h e  

l i q u i d   is  c o n t i n u o u s l y   s u p p l i e d .  

An  example  of  t h i s   form  of  the  i n v e n t i o n   is  i l l u s t r a t e d  

in  F igure   12  which  an  e l e v a t i o n ,   p a r t   in  s e c t i o n ,   of  a  flow  l i n e  

i n c o r p o r a t i n g   such  a  flow  r e g u l a t o r .  

In  th i s   embodiment  a  l i q u i d   is  supp l i ed   v ia   an  i n l e t  

l i n e   29  from  a  source  30,  which  may  simply  be  a  r e s e r v o i r   g i v i n g  

a  g r a v i t y   feed,   to  a  cas ing   31 .  

The  cas ing   31  comprises   two  mouldings  32,  33  w h i c h  

s n a p - f i t   t o g e t h e r   to  form  a  l i q u i d - t i g h t   e n c l o s u r e .   To  the  o u t -  

l e t   po r t   34  in  one  of  the  mouldings   is  f i t t e d   a  condui t   i n c o r p o r -  

a t i n g   a  r e s i l i e n t l y   wal led   p o r t i o n   35.  This  condui t   c o n v e n i e n t l y  

comprises   a  bobbin  assembly  of  the  type  shown  in  F igures   8  -   10 .  

I t   is  seen  t ha t   v a r i a t i o n   in  the  h y d r o s t a t i c   head  b e -  

tween  source   30  and  cas ing   31  g ives   r i s e   to  a  v a r i a t i o n   in  t h e  

p r e s s u r e   w i t h i n   cas ing   31  which  can  thus  give  r i s e   to  a  v a r i a t i o n  

in  the  r e s i s t a n c e   to  flow  given  by  the  r e s i l i e n t l y   wa l l ed   p o r t i o n  

of  the  c o n d u i t .  

I t   is  p r e f e r r e d   t ha t   the  flow  r e g u l a t o r   is  l o c a t e d   t o -  

wards  the  o u t l e t   end  of  the  l i q u i d   flow  l i n e .  

One  p o s s i b l e   a p p l i c a t i o n   of  t h i s   embodiment  of  t h e  

i n v e n t i o n   is  as  a  flow  r e g u l a t o r   for   medical   uses  where  the  l i q u i d  

is  for   example  blood  or  a  s a l i n e   s o l u t i o n   being  s u p p l i e d   to  a  

p a t i e n t .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  f o l l o w i n g   Example s .  

EXAMPLE  1 

In  th i s   example  the  a r rangement   of  F igures   7  -  1 0   was 

employed  but  omi t t i ng   the  bag  13.  The  c a n i s t e r   was  connec ted   t o  

a  source  of  compressed  a i r .  

The  dimensions  of  the  bobbin  were  as  f o l l o w s :  

l e n g t h   of  bores  20,  21  17  mm 



d iamete r   of  narrow  p o r t i o n s   o f  

The  s leeve  17  was  a  22  mm  l eng th   of  neoprene   r u b b e r  

tube   ( l a b o r a t o r y   s ize  N3 -  B r i t i s h   Standard   2775/67)  having,   i n  

the  f r ee   s t a t e ,   i . e .   u n s t r e t c h e d   and  be fo re   mounting  on  the  b o b b i n  

15,  an  i n t e r n a l   d iameter   o f  3   mm  and  a  wall  t h i c k n e s s   of  0.75  mm. 

The  upstream  r e s t r i c t o r   18  was  a  l e n g t h ,   a p p r o x i m a t e l y  

1  cm  of  0.25  mm  i n t e r n a l   d i ame te r   nylon  c a p i l l a r y   t u b i n g .  

The  c a n i s t e r   was  f i l l e d   with  a  p e s t i c i d a l   c o m p o s i t i o n  

of  5  x  14-3  Pa.s  v i s c o s i t y   at  room  t empera tu re   and  p r e s s u r i s e d  

wi th   compressed  a i r   to  v a r i o u s   p r e s s u r e s .   The  flow  r a t e   at  t h e  

v a r i o u s   p r e s s u r e s   was  m e a s u r e d .  

The  r e s u l t s   are  shown  in  the  f o l l o w i n g   t a b l e .  



It  is  seen  from  the  above  r e s u l t s   t h a t  t h e   flow  r a t e / p r e s s u r e  

d i f f e r e n c e   c h a r a c t e r i s t i c   was  v i r t u a l l y   of  the  type  shown  i n  

F igure   2.  The  flow  r a t e   is  w i t h i n   80%  of  the  maximum  flow  r a t e  

for   a l l   p r e s s u r e s ,   at  l e a s t   up  to  the  maximum  t e s t e d ,   above  

about  0.145  MPa. 

EXAMPLE  2 

Example  1  was  r e p e a t e d   but  r e p l a c i n g   the  b o b b i n /  

c a p i l l a r y   tube  r e s t r i c t o r   by  a  175  mm  length   of  the  n e o p r e n e  

t u b i n g   to  the  f ree   end  of  which  a  flow  r e s t r i c t o r   was  f i t t e d .  

The  flow  r e s t r i c t o r   was  a  metal   cup  of  about  3  mm  i n t e r n a l   d i a -  

meter   and  1  cm  he igh t   hav ing   a  base  of  0.5  mm  t h i c k n e s s   with  a  

0.5  mm  d iamete r   hole  t h e r e t h r o u g h .  

In  t h i s   example  the  l i q u i d   was  water  ( v i s c o s i t y   a p p r o x  
10-3  P a . s . ) .  



It   is  seen  t h a t   the  flow  ra te   is  w i t h i n   15%  of  the  maximum  f o r  

a l l   p r e s s u r e s ,   at  l e a s t   up  to  the  maximum  p r e s s u r e   t e s t e d ,   above  

about  0.06  MFa. 

When  the  rubber   tube  and  metal   cup  flow  r e s t r i c t o r   w e r e  

r e p l a c e d   by  a  r i g i d   tube  of  4  mm  i n t e r n a l   d iamete r   and  170  mm 

l e n g t h ,   so  t ha t   the  r e s t r i c t i o n   to  flow  was  e s s e n t i a l l y   t h a t  

p r e s e n t e d   by  the  a e ro so l   va lve ,   the  flow  r a t e   at  0.28 MPa  g a u g e  

p r e s s u r e   was  about  1.9  m l . s -1  .  



1.  Appara tus   for  d i s p e n s i n g   a  f l u i d   compr i s ing   a  v e s s e l  

hav ing   an  o u t l e t   and  flow  r e g u l a t i n g   means  wi th in   sa id   v e s s e l  

d e f i n i n g   the  flow  path  for   sa id   f l u i d   from  the  body  of  s a i d  

v e s s e l   to  sa id   o u t l e t ,   sa id   flow  r e g u l a t i n g   means  i n c l u d i n g   a  

r e s i l i e n t l y   moveable  element  s u b j e c t   to  the  p r e s s u r e   w i t h i n  

sa id   body  of  sa id   v e s s e l   whereby,  at  l e a s t   over  a  range  of  p r e s -  

sure   d i f f e r e n c e s   between  the  p r e s s u r e   in  said  body  of  sa id   v e s s e l  

and  the  p r e s s u r e   at  said  o u t l e t ,   an  i n c r e a s e   in  sa id   p r e s s u r e   d i f -  

f e r e n c e   causes   movement  of  sa id   element  so  as  to  p r o v i d e   an  i n -  

c r e a s e d   r e s i s t a n c e   to  flow  of  sa id   f l u i d   through  sa id   flow  p a t h .  

2.  Appara tus   a c c o r d i n g   to  claim  1  in t ended   for   the  d i s -  

p e n s i n g   of  a  f l u i d   at  a  s p e c i f i e d   maximum  flow  r a t e   under   n o r m a l  

c o n d i t i o n s   of  use  wherein  sa id   moveable  element  is  such  t h a t ,  

over  a  range  of  p r e s s u r e   d i f f e r e n c e s   embracing  the  p r e s s u r e   d i f -  

f e r e n c e   at  which  sa id   flow  r a t e   is  at  said  maximum  va lue ,  a   5% 

i n c r e a s e   in  the  p r e s s u r e   d i f f e r e n c e   e f f e c t s   s u f f i c i e n t   movement 

of  sa id   moveable  element  to  i n c r e a s e   the  r e s i s t a n c e   to  flow  o f  

s a i d   f l u i d   th rough   said  conduct   by  at  l e a s t   1%. 

3.  Appara tus   a c c o r d i n g   to  claim  1  or  claim  2  where in   t h e  

moveable  element  is  a  r e s i l i e n t l y   wal led  s e c t i o n   of  a  condu i t   b e -  

tween  the  o u t l e t   of  the  v e s s e l   and  the  body  of  said  v e s s e l ,   so  

t h a t   over  a  range  of  p r e s s u r e   d i f f e r e n c e s   between  the  p r e s s u r e   i n  

sa id   body  of  said  v e s s e l   and  the  p r e s s u r e   at  sa id   o u t l e t ,   an  i n -  

c r e a s e   in  sa id   p r e s s u r e   d i f f e r e n c e   causes  an  i n c r e a s e   in  t h e  

degree   of  c o l l a p s e   of  said  r e s i l i e n t l y   wal led   s e c t i o n .  

4.  Appara tus   a c c o r d i n g   to  any  one  of  claims  1  to  3  w h e r e i n  

s a id   v e s s e l   is  an  a e ro so l   c a n i s t e r .  

5 .  A p p a r a t u s   a c c o r d i n g   to  claim  4  wherein  sa id   a e r o s o l   i s  

of  the  b a r r i e r   pack  c o n f i g u r a t i o n .  

6.  Appara tus   a cco rd ing   to  any  one  of  claims  1  to  5  w h e r e i n  

sa id   v e s s e l   c o n t a i n s   said  f l u i d   under  p r e s s u r e .  

7 .  A p p a r a t u s   a cco rd ing   to  claim  6  wherein  the  f l u i d   to  b e  

d i s p e n s e d   is  a  l i q u i d   p r e s s u r i s e d   by  a  compressed  g a s .  
8.  A  r e g u l a t o r   for  mounting  wi th in   a  v e s s e l   fo r   r e g u l a t i n g  

the  flow  of  a  f l u i d   from  the  body  of  said  v e s s e l   to  the  o u t l e t  



t h e r e o f   compr i s ing   at  l e a s t   one  non-deformable   member  and  a  r e -  

s i l i e n t l y   moveable  member  d i sposed   such  tha t ,   when  mounted  w i t h -  

in  sa id   v e s s e l ,   said  r e s i l i e n t l y   moveable  member  and  sa id   a t  

l e a s t   one  non -de fo rmab le   member  de f ine   the  flow  path  for   s a i d  

f l u i d   from  sa id   body  of  said  v e s s e l   to  said  o u t l e t   with  s a i d  

r e s i l i e n t   member  s u b j e c t   to  the  p r e s s u r e   wi th in   said  body  o f  

sa id   v e s s e l   whereby,  at  l e a s t   over  a  range  of  p r e s s u r e   d i f f e r -  

ences  between  the  p r e s s u r e   in  sa id   body  of  said  v e s s e l   and  t h e  

p r e s s u r e   at  said  o u t l e t ,   an  i n c r e a s e   in  said  p r e s s u r e   d i f f e r -  

ence  causes  movement  of  said  r e s i l i e n t l y   moveable  member  so  a s  

to  p rov ide   an  i n c r e a s e d   r e s i s t a n c e   to  the  flow  of  sa id   f l u i d  

through  sa id   flow  p a t h .  

9.  A  r e g u l a t o r   a c c o r d i n g   to  claim  8  said  r e s i l i e n t l y   move- 

able  member  comprises  the  wal ls   of  a  r e s i l i e n t l y   wal led   s e c t i o n  

of  a  c o n d u i t .  

10.  A  r e g u l a t o r   a c c o r d i n g   to  claim  9  wherein  sa id   r e s i l i e n t l y  

wal led   s e c t i o n   of  the  condui t   comprises   a  tube  of  e l a s t o m e r i c  

m a t e r i a l .  

11.  A  r e g u l a t o r   a cco rd ing   to  claim  10  wherein  sa id   at  l e a s t  

one  n o n - d e f o r m a b l e   member  comprises   a  core  member  w i th in   said  t u b e .  

12.  A  r e g u l a t o r   a c c o r d i n g   to  claim  11  wherein  sa id   c o r e  

member  has  at  l e a s t   one  l o n g i t u d i n a l   groove  or  r idge  to  de f ine   one  

or  more  channe ls   for   the  passage  of  f l u i d   between  said  tube  and 

said  core  member, 

13.  A  r e g u l a t o r   acoord ing   to  any  one  of  claims  8  to  12  w h e r e i n  

said  condu i t   c o m p r i s e s  a   s e c t i o n   having   r e s i l i e n t   wal ls   and  one  o r  

more  s e c t i o n s   having  non -de fo rmab le   wa l l s ,   one  s e c t i o n   hav ing   n o n -  
deformable   wal ls   c o n s t i t u t i n g   a  flow  r e s t r i c t o r   p o s i t i o n e d   s u c h  

t h a t ,   when  said  r e g u l a t o r   is  mounted  in  said  v e s s e l ,   s a id   f l o w  

r e s t r i c t o r   is  upst ream  of  sa id   r e s i l i e n t l y   walled  s e c t i o n .  

14.  A  r e g u l a t o r   a c c o r d i n g   to  claim  13  wherein  sa id   f l o w  

r e s t r i c t o r   comprises   a  l eng th   of  c a p i l l a r y   t u b i n g .  

15.  An  assembly  for   f i t t i n g   to  a  vesse l   to  p rov ide   a  f l o w  

path  fo r   a  f l u i d   from  wi th in   the  body  of  said  v e s s e l   to  the  e x t e r i o r  

t h e r e o f   compr i s ing   a  c losu re   member  adapted  to  be  f a s t e n e d   to  s a i d  



v e s s e l   body  to  c lose   an  opening  in  s a id   v e s s e l ,   said  c l o s u r e  

member  hav ing   a  passage   t h e r e t h r o u g h ,   a  flow  r e g u l a t o r   com- 

m u n i c a t i n g   with  the  i n l e t   of  sa id   pas sage   of  said  c l o s u r e  

member,  s a id   r e g u l a t o r   and  said  pas sage   d e f i n i n g   said  f l o w  

path   for  the  f l u i d   from  wi th in   sa id   body  of  said  v e s s e l   t o  

the  e x t e r i o r   t h e r e o f ,   sa id   r e g u l a t o r   i n c l u d i n g   a  r e s i l i e n t l y  

moveable  member  d i sposed   such  t h a t   when  sa id   c lo su re   member 

is  f a s t e n e d   to  sa id   v e s s e l   body,  sa id   r e s i l i e n t l y   moveab le  

member  is  w i t h i n   sa id   v e s s e l   body  and  s u b j e c t   to  the  p r e s s u r e  

t h e r e i n ,   whereby  at  l e a s t   over  a.  range   of  p r e s s u r e   d i f f e r e n c e s  

between  the  p r e s s u r e   w i th in   sa id   body  of  said  v e s s e l   and  t h e  

p r e s s u r e   at  the  o u t l e t   of  sa id   p a s s a g e ,   an  i n c r e a s e   in  s a i d  

p r e s s u r e   d i f f e r e n c e   causes  movement  of,  sa id   element  so  as  t o  

p rov ide   an  i n c r e a s e d   r e s i s t a n c e   to  flow  of  sa id   f l u i d  t h r o u g h  

s a i d  f l o w   p a t h .  

1 6 .  A n   assembly  a c c o r d i n g   to  c la im  15  i n c o r p o r a t i n g   a n  

o n / o f f   va lve   a c t u a t a b l e   from  the  e x t e r i o r   of  sa id   v e s s e l   t o  

open  and  c lose   sa id   flow  path  fo r   sa id   f l u i d .  

1 7 .  A n   assembly  a c c o r d i n g   to  c la im  16  wherein  sa id   v a l v e  

is  p o s i t i o n e d   to  open  and  close  s a id   passage   through  s a i d  

c l o s u r e   member.  
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