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@  Dissolving  gas  in  liquid. 
©  In  order  to  dissolve  a  gas  such  as  oxygen  in  a  liquid, 
typically  aqueous,  a  stream  of  liquid  is  taken  from  tank  2  by  a 
pump  10  and  pressurised  thereby.  Oxygen  is  introduced  into 
the  stream  via  a  conduit  18  upstream  of  a  venturi  20. 
Turbulence  created  as  the  stream  passes  through  the  venturi 
20  helps  to  disperse  the  oxygen  as  fine  bubbles  in  the 
stream.  The  dispersion  is  then  conducted  to  a  sparge  pipe  14 
and  introduced  into  the  main  volume  4  of  liquid  in  the  tank  2. 
The  bubbles  are  thereby  sheared  into  very  small  bubbles  that 
readily  dissolve  in  or  are  consumed  by  the  volume  4  of 
liquid.  Some  of  the  gas  in  the  dispersion  is  separated 
therefrom  at  a  relatively  downstream  position  and  drawn 
along  a  pipe  26  back  into  the  stream  at  a  relatively  upstream 
position  by  the  action  of  the  stream  passing  through  the 
venturi  20.  A  valve  28  is  operable  to  regulate  the  rate  at 
which  gas  is  so  recycled. 

FIG.   1. 

Croydon  Printing  Company  Ltd 

  In  order  to  dissolve  a  gas  such  as  oxygen  in  a  liquid, 
typically  aqueous,  a  stream  of  liquid  is  taken  from  tank  2  by  a 
pump  10  and  pressurised  thereby.  Oxygen  is  introduced  into 
the  stream  via  a  conduit  18  upstream  of  a  venturi  20. 
Turbulence  created  as  the  stream  passes  through  the  venturi 
20  helps  to  disperse  the  oxygen  as  fine  bubbles  in  the 
stream.  The  dispersion  is  then  conducted  to  a  sparge  pipe  14 
and  introduced  into  the  main  volume  4  of  liquid  in  the  tank  2. 
The  bubbles  are  thereby  sheared  into  very  small  bubbles  that 
readily  dissolve  in  or  are  consumed  by  the  volume  4  of 
liquid.  Some  of  the  gas  in  the  dispersion  is  separated 
therefrom  at  a  relatively  downstream  position  and  drawn 
along  a  pipe  26  back  into  the  stream  at  a  relatively  upstream 
position  by  the  action  of  the  stream  passing  through  the 
venturi  20.  A  valve  28  is  operable  to  regulate  the  rate  at 
which  gas  is  so  recycled. 



This  i n v e n t i o n   r e l a t e s   to  a  method  and  appara tus   for  d i s s o l v i n g  

gas  in  l i q u i d .   The  inven t ion   is  p a r t i c u l a r l y   but  not  e x c l u s i v e l y  

concerned  with  d i s s o l v i n g   oxygen  or  a  gas  mixture  i n c l u d i n g   oxygen 

as  one  of  i t s   c o n s t i t u e n t s   in  an  aqueous  or  non-aqueous  l i q u i d .  

Our  U.K.  p a t e n t   s p e c i f i c a t i o n   No.  1 455  567  d i s c l o s e s   a  p r o c e s s  
for  t r e a t i n g   l i q u i d ,   i nc lud ing   the  s teps   of  taking  a  stream  of  t he  

l i q u i d ,   p r e s s u r i s i n g   the  s tream,  i n t r o d u c i n g   a  t r e a t m e n t   gas  i n t o  

the  p r e s s u r i s e d   stream  so  as  to  d i s s o l v e   t h e r e i n   some  of  the  g a s ,  
and  i n t r o d u c i n g   the  stream  c o n t a i n i n g   d i s s o l v e d   and  u n d i s s o l v e d  

gas  into  a  volume  of  the  l i q u i d   under  t u r b u l e n t   c o n d i t i o n s   such 

that   the  u n d i s s o l v e d   gas  en te rs   the  volume  of  l i qu id   in  the  fo rm 

of  fine  bubbles  tha t   e i t h e r   d i s s o l v e   or  are  consummed  wi th in   t h e  

volume  of  l i q u i d .  

The  method  d e s c r i b e d   in  the  a f o r e s a i d   U.K.  pa tent   s p e c i f i c a t i o n  

has  been  s u c c e s s f u l   t e c h n i c a l l y   and  commercia l ly ,   p a r t i c u l a r l y   as 

a  means  of  d i s s o l v i n g   oxygen  in  waste  water  so  as  to  improve  t h e  

t r ea tmen t   of  sewage.  We  a t t r i b u t e   th is   success  at  l e a s t   in  p a r t  

to  the  fac t   t ha t   the  process  permits   much  more  gas  to  be  r e t a i n e d  

in  the  body  of  the  l i q u i d   than  p r i o r   methods  ope ra t i ng   with  t h e  

same  power  consumption.   By  using  the  stream  as  a  c a r r i e r   of  gas 
bubbles  a  s i g n i f i c a n t l y   higher   q u a n t i t y   of  gas  can  be  s u c c e s s f u l l y  

c a r r i e d   in  the  s tream  into  the  main  volume  of  l i qu id   and  d i s s o l v e d  

t h e r e i n   w i t h o u t   p r e s s u r i s i n g   tha t   volume  of  l i qu id   than  if  t h e  

amount  of  gas  c a r r i e d   in  the  s tream  is  merely  l imi ted   to  t h e  

t h e o r e t i c a l   amount  needed  to  produce  a  ful ly   s a t u r a t e d   l i q u i d   a t  

e q u i l i b r i u m .   This  r e s u l t   can  be  ob ta ined   without   the  need  t o  

in t roduce   the  stream  into  the  main  volume  of  l i qu id   at  t h e  

loca t ion   under  the  large  h y d r o s t a t i c   head.  

We  have  n o n e t h e l e s s   been  looking  to  improve  the  e f f i c i e n c y   of  t h e  

method  and  appa ra tus   descr ibed   in  our  U.K.  patent   s p e c i f i c a t i o n  

No.  1 455  567,  and  it   is  an  aim  of  the  p re sen t   inven t ion   t o  

provide  such  a  method  and  appara tus   for  achieving  th i s   end.  



A c c o r d i n g l y ,   t he re   is  provided  a  method  of  d i s s o l v i n g   gas  in  a 

l i q u i d ,   compr i s i ng   the  s teps  of  p r e s s u r i s i n g   a  stream  of  l i q u i d ,  

i n t r o d u c i n g   the  gas  into  the  p r e s s u r i s e d   s t ream,   c r e a t i n g  

t u r b u l e n c e   in  the  s tream  so  as  to  d i s s o l v e   t h e r e i n   some  of  the  gas 

and  to  form  a  d i s p e r s i o n   of  u n d i s s o l v e d   gas  bubbles   in  the  l i q u i d ,  

t r a n s p o r t i n g   sa id   stream  as  a  d i s p e r s i o n   of  gas  bubbles  in  the  l i q u i d  

to  at  l e a s t   one  o u t l e t   in  a  volume  of  the  l i q u i d   at  a  s u b s t a n t i a l l y  

lower  p r e s s u r e   than  t ha t   to  which  sa id   s t ream  is  s u b j e c t e d ,   and 

i n t r o d u c i n g   the  stream  through  the  sa id   o u t l e t   into  the  volume  o f  

l i q u i d   such  t ha t   r e s u l t i n g   t u r b u l e n c e   causes  s u b s t a n t i a l l y   all  t h e  

remain ing   u n d i s s o l v e d   gas  bubbles   to  d i s s o l v e   in  the  volume  of  l i q u i d  

or  be  consumed  t he reby ,   wherein  some  of  the  gas  c a r r i e d   in  the  s t r e a m  

is  taken  t h e r e f r o m   at  a  r e l a t i v e l y   downstream  p o s i t i o n   and  i s  

r e t u r n e d   to  said  stream  at  a  r e l a t i v e l y   upst ream  p o s i t i o n .  

The  i n v e n t i o n   a lso   p rov ides   a p p a r a t u s   for  d i s s o l v i n g   gas  in  a  l i q u i d  

compr i s i ng   means  (e .g .   a  pump)  for  p r e s s u r i s i n g   a  stream  of  l i q u i d ,  

a  vessel   for   ho ld ing   a  volume  of  l i q u i d   in  which  gas  is  to  be 

d i s s o l v e d ,   a  condu i t   p lac ing   the  o u t l e t   of  the  p r e s s u r i s i n g   means  in 

communicat ion  with  at  l e a s t   one  nozzle   (or  the  l i ke )   for  i n t r o d u c i n g  

the  s t ream  of  p r e s s u r i s e d   l i q u i d   in to   the  volume  of  l i q u i d ,   means  f o r  

i n t r o d u c i n g   gas  in to   the  s tream  f lowing   through  the  condu i t ,   means 

for  c r e a t i n g   t u r b u l e n c e   in  the  s t ream  so  as  to  d i s s o l v e   t h e r e i n   some 

of  the  gas  and  to  form  a  d i s p e r s i o n   of  u n d i s s o l v e d   gas  bubbles   in  t h e  

l i q u i d ,   means  for  t ak ing   some  of  the  gas  from  the  s t ream  at  a 

r e l a t i v e l y   downstream  p o s i t i o n   in  the  c o n d u i t ,   and  means  f o r  

r e t u r n i n g   sa id   gas  to  the  condui t   at  a  r e l a t i v e l y   upstream  p o s i t i o n .  

The  method  and  appa ra tus   accord ing   to  the  i n v e n t i o n   make  i t  

p o s s i b l e   to  provide  an  enhanced  r a t i o   of  mass  of  gas  to  mass  o f  

l i q u i d   in  the  s tream  and  thereby  i n c r e a s e   the  d i s s o l v i n g  

e f f i c i e n c y   of  the  method  de sc r i bed   in  our  U.K.  p a t e n t  

s p e c i f i c a t i o n   1  455  567.  The  b e n e f i t   of  an  i n c r e a s e d   e f f i c i e n c y  

of  d i s s o l v i n g   gas  may  be  reaped,  if  d e s i r e d ,   in  meeting  a 

p a r t i c u l a r   demand  for  d i s s o l v e d   gas  at  a  lower  power  c o n s u m p t i o n  

( i . e .   by  s u b j e c t i n g   the  stream  to  a  lower  p r e s s u r e )   than  would  be 

needed  if  the  method  de sc r ibed   in  the  a f o r e s a i d   pa t en t   s p e c i f i c a t i o n  



were  used.  P r e f e r a b l y ,   up  to  about  60%  by  volume  of  the  gas  

o r i g i n a l l y   i n t roduced   into  the  stream  is  taken  the re f rom  and  i s  

r e t u r n e d   to  the  r e l a t i v e l y   upstream  p o s i t i o n .   The  gas  is  p r e f e r a b l y  

s e p a r a t e d   from  said  s tream.  P r e f e r a b l y ,   to  enable  such  gas  to  be 

s e p a r a t e d   and  r e tu rned   there   is  an  o u t l e t   a p e r t u r e   for  gas  from  t h e  

condu i t   at  said  r e l a t i v e l y   downstream  p o s i t i o n .   As  the  d i s p e r s i o n  

of  gas  bubbles  in  the  l i q u i d   flows  past  the  o u t l e t   a p e r t u r e   so  some 

of  the  gas  tends  n a t u r a l l y   to  flow  through  the  o u t l e t   ape r tu re   ou t  

of  sa id   condui t   and  into  a  pipe  leading   from  the  o u t l e t   a p e r t u r e  

back  to  the  r e l a t i v e l y   upst ream  l o c a t i o n   of  the  condu i t .   In  one 

p r e f e r r e d   embodiment  of  the  appa ra tu s   according  to  the  i nven t ion   t h e  

pipe  t e r m i n a t e s   in  the  t h r o a t   of  a  venturi   through  which  the  s a i d  

stream  f lows,   thereby  o b v i a t i n g   the  need  to  supply  any  ex te rna l   pump 

to  draw  the  gas  from  the  r e l a t i v e l y   downstream  l o c a t i o n   of  t h e  

condu i t   and  re turn   i t   to  a  r e l a t i v e l y   upstream  l o c a t i o n .   If  d e s i r e d ,  

the  gas  being  r e t u r n e d   to  the  l i q u i d   s t ream  may  be  combined  with  t h e  

gas  being  i n t roduced   t h e r e i n   for   the  f i r s t   t i m e .  

The  said  pipe  leading  from  the  r e l a t i v e l y   downstream  l oca t i on   of 

the  condu i t   to  the  l o c a t i o n   r e l a t i v e l y   upstream  t h e r e o f  

p r e f e r a b l y   has  a  r e s t r i c t i o n   t h e r e i n   so  as  to  l imi t   the  amount  of 

gas  t ha t   is  r ecyc led .   P r e f e r a b l y ,   the  r e s t r i c t i o n   is  provided  by 

a  flow  control   valve  which  is  t y p i c a l l y   manually  o p e r a b l e .  

It  is  not  necessary  to  recombine  the  recycled  gas  with  t h e  

incoming  gas.  One  a l t e r n a t i v e   is  to  in t roduce   the  recyc led   gas 
downstream  of  where  i t   is  f i r s t   i n t r o d u c e d .   P r e f e r a b l y ,   the  main 

i n l e t   for  the  gas  is  at  a  region  where  the  r e s u l t i n g   mixture  of  gas 
and  l i q u i d   t r a v e l s   at  a  v e l o c i t y   less  than  tha t   of  sound  in  s a i d  

mix tu re .   The  stream  is  then  p r e f e r a b l y   a c c e l e r a t e d   to  a  s u p e r s o n i c  

v e l o c i t y   to  c rea te   a  shock  wave  e f f e c t i v e   to  reduce  the  size  of  t h e  

gas  bubbles  in  the  stream  and  thereby  to  form  a  d i s p e r s i o n   of 

p a r t i c u l a r l y   small  gas  bubbles  in  the  l i q u i d .   Such  shock  wave  can 

be  c r ea t ed   by  passing  the  stream  through  a  r e s t r i c t i o n   in  t h e  

c o n d u i t .   The  r e s t r i c t i o n   may  be  provided  by  the  ventur i   that   i s  

used  to  draw  recycled  gas  into  the  stream.  The  v e l o c i t y   of 



sound  in  a  d i s p e r s i o n   of  gas  in  l i q u i d   is  s u b s t a n t i a l l y   less   t h a n  

t h a t   of  the  sound  in  the  gas  i t s e l f   and  for  oxygen-water   s y s t e m s  

wil l   be  in  the  order  of  50  f e e t   per  second.   The  r e s u l t i n g  

shockwave  as  the  d i s p e r s i o n   of  gas  and  l i q u i d   goes  s u p e r s o n i c   i s  

found  to  be  p a r t i c u l a r l y   e f f e c t i v e   in  caus ing   the  gas  to  be  formed 

in to   bubbles  of  a  r e l a t i v e l y   small  s i z e .  

Downstream  of  where  the  shock  wave  is  c r e a t e d   the  v e l o c i t y   of  t h e  

s t ream  is  p r e f e r a b l y   reduced  once  again  to  below  s u p e r s o n i c  

v e l o c i t y .   P r e f e r a b l y ,   however,  the  v e l o c i t y   of  the  stream  i s  

i n c r e a s e d   to  a  value  above  t h a t   of  the  v e l o c i t y   of  sound  t h r o u g h  

the  d i s p e r s i o n   at  a  region  immed ia t e ly   upstream  of  the  s a i d  

o u t l e t   so  as  to  c r e a t e   a  second  shock  wave  e f f e c t i v e   to  r e d u c e  

f u r t h e r   the  s ize  of  the  gas  b u b b l e s .   The  second  shock  wave  i s  

p r e f e r a b l y   c r ea t ed   by  pa s s ing   the  s t ream  through  a n o t h e r  

r e s t r i c t i o n ,   t y p i c a l l y   immed ia t e ly   ups t ream  of  the  or  each  o u t l e t .  

The  second  shock  wave  is  e f f e c t i v e   to  reduce  the  s ize   of  t h e  

bubbles   even  f u r t h e r   immedia te ly   before   the  d i s p e r s i o n   of  gas  in  

the  l i q u i d   en te r s   the  main  volume  of  l i q u i d .   T y p i c a l l y   the  main 

volume  of  the  l i q u i d   is  kept   in  a  tank  open  to  the  a t m o s p h e r e .  

The  o u t l e t   t y p i c a l l y   takes  the  form  of  a  pipe  having  one  or  more 

o r i f i c e s   t h e r e i n   through  which  the  g a s - i n - l i q u i d   d i s p e r s i o n   e n t e r s  

the  main  volume  of  l i q u i d .  

The  method  and  appa ra tu s   a c c o r d i n g   to  the  i n v e n t i o n   are  now 

d e s c r i b e d   by  way  of  example  with  r e f e r e n c e   to  the  accompanying  

drawings ,   in  which:  



Figure   1  is  a  schemat ic   diagram  i l l u s t r a t i n g   an  appara tus   f o r  

oxygena t ing   water  having  a  biochemical  oxygen  demand,  and: 

Figure   2  is  a  end  view  of  a  sparge  pipe  forming  part  of  t h e  

appa ra tu s   shown  in  Figure  1. 

R e f e r r i n g   to  F igures   1  and  2  of  the  accompanying  drawings,   an  open 

topped  tank  2  c o n t a i n s   a  volume  4  of  waste  water  having  a 

b iochemical   oxygen  demand.  Near  i t s   bottom,  the  tank  2  has  an 

o u t l e t   6  communicat ing  with  a  pipe  8  which  t e r m i n a t e s   at  the  i n l e t  

end  of  a  pump  10  adapted  to  p r e s s u r i s e   l i q u i d   flowing  t h e r e  

th rough.   The  o u t l e t   of  the  pump  10  communicates  with  an  e l o n g a t e  

condu i t   12  which  t e r m i n a t e s   in  a  sparge  pipe  14  l oca t ed   in  t h e  

volume  4  of  the  l i q u i d   at  a  region  near  to  the  bottom  and  to  one 

side  t h e r e o f .   The  pipe  14  has  a  p l u r a l i t y   of  o u t l e t   o r i f i c e s   16 

which  face  towards  the  o ther   side  of  the  t ank .   Ins tead   of  the  p i p e  

14,  a  s ing le   o u t l e t   nozzle  may  be  employed .  

An  oxygen  supply  pipe  18  t e rmina t e s   in  the  condu i t   16  at  a  r e g i o n  

t h e r e o f   near  to  and  downstream  of  the  o u t l e t   of  the  pump  10.  The 

oxygen  is  i n t r o d u c e d   in to   the  stream  f lowing  through  t h e  

condu i t   12  from  the  pipe  18.  The  oxygen  is  t y p i c a l l y   s u p p l i e d  

from  a  source  (not  shown)  at  an  e l e v a t e d   p r e s su re   s u f f i c i e n t   t o  

enable  the  oxygen  to  enter   the  p r e s s u r i s e d   stream.  The  source  may 

be  one  or  more  c y l i n d e r s   of  compressed,   gaseous  oxygen  or  a  vacuum 

i n s u l a t e d   e v a p o r a t o r   of  l i qu id   oxygen.  

Downstream  of  the  union  of  the  pipe  18  and  the  condu i t   12  is  a 

ventur i   20  having  a  t h r o a t   22.  A  condui t   26  t e r m i n a t e s   at  one  end 

in  the  t h r o a t   22  of  the  ventur i   20  and  at  i ts   other  end  in  an 

o u t l e t   ape r tu re   24  formed  in  the  wall  of  the  conduit   12  at  a 
downstream  region  of  the  condui t   12  near  to  the  pipe  14.  In 

o p e r a t i o n ,   flow  of  l i qu id   through  the  ventur i   20  causes  a 

r educ t ion   in  the  s t a t i c   p re s su re   at  the  t h r o a t   22  such  that   gas  t h a t  

d isengages   from  the  l i q u i d   and  enters   the  condui t   26  is  drawn  a l o n g  

the  condui t   26  in  the  d i r e c t i o n   of  the  ven tu r i   20  and  is  i n t r o d u c e d  

into  the  l i q u i d   f lowing  through  the  ventur i   20.  T y p i c a l l y ,   it  is  the  

l a r g e r   bubbles  of  gas  tha t   disengage  from  the  stream  of  l i q u i d   and  

en te r   the  condui t   26.  Thus,  the  d i s s o l v i n g   e f f i c i e n c y   is  i n c r e a s e d .  



A  flow  con t ro l   valve  28  is  l o c a t e d   in  the  pipe  26  and  is  m a n u a l l y  

a d j u s t a b l e   to  con t ro l   the  ra te   at  which  gas  is  recyc led   from  t h e  

a p e r t u r e   24  to  the  ven tu r i   20.  T y p i c a l l y   the  rate  of  recyc le   i s  

s e l e c t e d   to  be  from  20  to  60%  of  the  ra te   at  which  gas  i s  

i n t r o d u c e d   in to   the  condu i t   12  from  the  pipe  18. 

In  order  to  s t a r t   o p e r a t i o n   of  the  appa ra tu s   shown  in  Figure  1,  t h e  

pump  10  is  e n e r g i s e d   and  i t   wi thdraws  a  stream  of  water  from  t h e  

tank  2.  The  pump  10  is  of  the  kind  able  to  ra i se   the  p r e s su re   o f  

the  l i q u i d   p a s s i n g   t h e r e t h r o u g h   to  a  p r e s s u r e   in  the  range  2  to  4 

a tmospheres   a b s o l u t e .   Oxygen  is  then  i n t r o d u c e d   from  the  pipe  18 

into  the  p r e s s u r i s e d   s tream  l e a v i n g   the  pump  10  and  f l o w i n g  

through  the  condu i t   12.  The  oxygen  is  p r e f e r a b l y   added  at  a  r a t e  

2  to  10  t imes  in  excess   of  the  e q u i l i b r i u m   value  r equ i red   t o  

s a t u r a t e   the  l i q u i d   in  d i s s o l v e d   oxygen  at  the  p r e v a i l i n g   p r e s s u r e  
in  the  c o n d u i t   12.  Thus,  the  m a j o r i t y   of  the  oxygen  i n t r o d u c e d  

through  the  condu i t   18  in to   the  s t ream  12  remains  und i s so lved   and  a 

d i s p e r s i o n   of  r e l a t i v e l y   coarse   bubbles   of  oxygen  in  water  is  fo rmed  

immedia te ly   downstream  of  the  union  of  the  pipe  18  with  the  c o n d u i t  

12.  The  v e l o c i t y   of  the  s t ream  in  th i s   region  of  the  condui t   12  i s  

a r ranged  to  be  l e s s   than  tha t   of  the  v e l o c i t y   of  sound  in  t h e  

d i s p e r s i o n   but  s u f f i c i e n t   for  the  gas  bubbles  to  remain  d i s p e r s e d   by 

t u r b u l e n c e .   We  have  found  t h a t   should  the  v e l o c i t y   be  too  low  s l u g  

flow  or  even  s t r a t i f i c a t i o n   will  be  c r e a t e d   and  such  c o n d i t i o n s   mus t  

be  avoided.   The  l i m i t i n g   value  below  which  slug  flow  occurs  can  be 

de termined  e m p i r i c a l l y   for  any  p a r t i c u l a r   apparatus   and  is  r e l a t e d  

to  the  s ize   range  of  bubbles  p r e s e n t .   In  genera l ,   the  l i m i t i n g  

value  will   not  be  l e s s   than  about   2  metres  per  second.  In  t h e  

region  between  the  upstream  end  and  the  t h r o a t   22  of  the  ventur i   20 ,  

the  v e l o c i t y   of  the  s tream  of  g a s - i n - l i q u i d   d i spe r s i on   i n c r e a s e s   and  

reaches  a  value  in  excess  of  the  v e l o c i t y   of  sound  in  t h e  

d i s p e r s i o n .   A c c o r d i n g l y ,   a  shockwave  is  c r e a t e d   within  the  s a i d  

region  of  the  ven tu r i   20.  As  a  r e s u l t ,   the  r e l a t i v e l y   c o a r s e  

bubbles  of  oxygen  are  sheared  in to   smal l e r   or  f i n e r   bubbles  by  t h e  



t u r b u l e n c e   r e s u l t i n g   from  the  shockwave.  This  helps  to  d i ssove   a  small  

a d d i t i o n a l   amount  of  oxygen  in  the  wate r .   Af ter   pass ing   through  t h e  

t h r o a t   22  of  the  ventur i   20,  the  p r e s s u r i s e d   stream  is  d e c e l e r a t e d  

as  the  ven tu r i   widens  un t i l   it  is  r e t u rned   to  a  subsonic  v e l o c i t y  

which  is  s t i l l   s u f f i c i e n t   to  maintain  the  bubbles  in  d i s p e r s i o n   in 

the  s t r e a m . .   As  the  stream  flows  along  the  condu i t   12  so  there   i s  

a  f u r t h e r   gradual  d i s s o l u t i o n   of  bubbles  of  oxygen  in  the  w a t e r .  

The  length  of  the  condu i t   12  is  chosen  to  d i s s o l v e   the  optimum 

amount  of  gas  in  the  stream  having  regard  to  the  p re s su re   drop 

tha t   occurs  along  the  condu i t .   As  the  stream  passes  through  t h e  

o r i f i c e s   16  of  the  sparge  pipe  14  so  it   is  once  a g a i n  

a c c e l e r a t e d   to  a  v e l o c i t y   in  excess  of  tha t   of  the  v e l o c i t y   o f  

sound  in  the  d i s p e r s i o n .   Accord ing ly ,   a  second  shockwave  i s  

c rea ted   and  th i s   shockwave  is  e f f e c t i v e   to  c r ea t e   large  numbers  o f  

very  small  oxygen  bubbles  as  the  stream  en te rs   and  mixes  w i t h t h e  

main  volume  4  of  wa te r .   The  o r i f i c e s   16  each  t y p i c a l l y   have  a 

d iameter   in  the  range  6mm  to  50mm  or  more.  A  d i s p e r s i o n   of  oxygen 
bubbles  in  the  water   leaves   each  o r i f i c e   16  in  the  form  of  a 

d i v e r g e n t   j e t .   Such  is  the  size  of  the  bubbles  e n t e r i n g   the  main 

volume  4  of  water   and  the  t u rbu lence   c r ea t ed   t h e r e i n   by  s p a r g i n g  

the  stream  of  l i q u i d   through  the  o r i f i c e s   16  tha t   most  of  t h e  

remaining  oxygen  d i s s o l v e s   in  the  main  volume  of  l i qu id   or  i s  

consumed  thereby  wi thout   any  s u b s t a n t i a l   q u a n t i t i e s   of  oxygen 

being  d i s c h a r g e d   u n d i s s o l v e d   from  the  su r face   of  the  l i q u i d   in  t h e  

tank  2.  ( I t   can  be  a p p r e c i a t e d   that   the  p r e s s u r i s i n g   of  t h e  

stream  i n c r e a s e s   the  amount  of  d i s s o l v e d   oxygen  that   can  be  h e l d  

in  e q u i l i b r i u m   with  und i s so lved   oxygen  in  the  stream  and  a l s o  

c r e a t e s   k i n e t i c   energy  in  the  stream  which  is  u t i l i s e d   h e l p  

d i s s o l v e   the  bubbles  of  gas  that   are  c a r r i e d   in  the  d i s p e r s i o n . )  

T y p i c a l l y ,   the  s ize  of  gas  bubbles  e n t e r i n g   the  main  body  o f  

l i q u i d   is  in  the  range  0.01  to  0.15  mm. 

By  i n t r o d u c i n g   the  oxygen  into  the  stream  through  the  condu i t   18 

r a the r   than  at  the  t h r o a t   22  of  the  ventur i   20  use  is  made  of  t h e  

shock  wave  c r e a t e d   as  the  ve loc i t y   of  the  d i s p e r s i o n   of  oxygen 
bubbles  in  water  reaches  a  supersonic   value.   If  all  the  oxygen 

were  i n t r o d u c e d   into  the  p r e s s u r i s e d   stream  through  the  t h r o a t   22 

of  the  ventur i   20  no  shock  wave  is  produced  u p s t r e a m .  



As  the  s t ream  flows  along  the  condu i t   12  where  the  o u t l e t   a p e r t u r e  

24  is  l o c a t e d   so  the re   is  a  tendency  for  the  l i q u i d   to  flow  in  a 

s t r a i g h t   l i ne   while   the  gas  having  r e l a t i v e l y   l i t t l e   momentum 

tends  to  d i sengage   from  the  l i q u i d   ( p a r t i c u l a r l y   the  l a r g e r  

bubbles )   and  flow  in to   the  i n l e t   of  the  condu i t   26  at  the  side  o f  

the  condu i t   12.  There  is  thus  some  d isengagement   of  gas  from  t h e  

d i s p e r s i o n .   T y p i c a l l y ,   the  gas  may  car ry   with  it  a  small  o r  

i n s u b s t a n t i a l   amount  of  l i q u i d   e n t r a i n e d   in  the  gas.  The  s u c t i o n  

c r e a t e d   by  the  ven tu r i   20  is  e f f e c t i v e   to  draw  th is   gas  into  t h e  

condu i t   26  and  hence  in to   the  t h r o a t   20  of  the  venturi   22.  The 

Valve  28  is  set   so  as  to  l i m i t   the  amount  of  oxygen  that   i s  

r e c y c l e d   in  t h i s   way  to  20  -   60%  of  tha t   i n t roduced   into  t h e  

c o n d u i t   12  through  the  pipe  18.  By  so  i n c r e a s i n g   the  p r o p o r t i o n  

of  u n d i s s o l v e d   oxygen  bubbles  in  the  s tream  in  tha t   length  o f  

the  c o n d u i t   12  between  the  o u t l e t   of  the  ven tu r i   20  and  the  p o r t i o n  

of  the  condu i t   12  where  the  o u t l e t   24  is  l o ca t ed ,   the  d r iv ing   f o r c e  

for  d i s s o l v i n g   oxygen  in  the  s tream  is  i n c r e a s e d   and  hence  t h e  

o v e r a l l   power  e f f i c i e n c y   of  d i s s o l v i n g   oxygen  can  be  i n c r e a s e d .   For  

optimum  e f f i c i e n c y   i t   may  be  p o s s i b l e   to  use  a  sho r t e r   length  o f  

condu i t   between  the  ventur i   20  and  the  o u t l e t   24  than  if  no  such 

oxygen  were  r e c y c l e d .   A l t e r n a t i v e l y ,   the  same  amount  of  oxygen 

can  be  d i s s o l v e d   at  a  lower  o p e r a t i n g   p r e s su re   in  the  pump  10.  

T y p i c a l l y ,   in  the  order   of  up  to  5%  to  lOb  or  more  of  t h e  

e l e c t r i c a l   power  r e q u i r e d   to  opera te   the  pump  10  may  be  so  s a v e d .  

If  d e s i r e d ,   the  union  between  the  pipe  18  and  the  condui t   12  may 

comprise   an  annu l a r   chamber  (not  shown)  c i r c u m s c r i b i n g   s a i d  

c o n d u i t   12  and  communicat ing  t h e r e w i t h   e .g.   through  o r i f i c e s   i n  

the  wall  of  the  c o n d u i t .   An  analogous  a r rangement   can  be  used  t o  

i n t r o d u c e   gas  from  the  pipe  26  into  the  t h r o a t   of  the  v e n t u r i .  



1.  A  method  of  d i s s o l v i n g   gas  in  a  l i q u i d ,   compris ing  the  s teps   o f  

p r e s s u r i s i n g   a  stream  of  l i q u i d ,   i n t roduc ing   the  gas  into  t h e  

p r e s s u r i s e d   s tream,  c r e a t i n g   t u rbu lence   in  the  stream  so  as  t o  

d i s s o l v e   t h e r e i n   some  of  the  gas  and  to  form  a  d i s p e r s i o n   o f  

u n d i s s o l v e d   gas  bubbles  in  the  l i q u i d ,   t r a n s p o r t i n g   said  stream  as  

a  d i s p e r s i o n   of  gas  bubbles  in  the  l i qu id   to  at  l e a s t   one  o u t l e t  

in  a  volume  of  the  l i q u i d   at  a  s u b s t a n t i a l l y   lower  p r e s s u r e   t h a n  

tha t   to  which  said  s tream  is  s u b j e c t e d ,   and  i n t r o d u c i n g   the  s t r e a m  

through  the  said  o u t l e t   into  the  volume  of  l i qu id   such  t h a t  

r e s u l t i n g   t u r b u l e n c e   causes  s u b s t a n t i a l l y   all  the  r e m a i n i n g  

und i s so lved   gas  bubbles  to  d i s s o l v e   in  the  volume  of  l i q u i d   o r  

consumed  t he reby ,   wherein  some  of  the  gas  c a r r i e d   in  the  stream  i s  

taken  the re f rom  at  a  r e l a t i v e l y   downstream  p o s i t i o n   and  i s  

r e tu rned   to  said  stream  at  a  r e l a t i v e l y   upstream  p o s i t i o n .  

2.  A  method  as  claimed  in  claim  1,  in  which up  to  about  60%  by  volume 

of  the  gas  o r i g i n a l l y   i n t roduced   into  the  stream  is  t a k e n  

theref rom  and  is  r e tu rned   to  the  r e l a t i v e l y   upstream  p o s i t i o n .  

3.  A  method  as  claimed  in  claim  1  or  claim  2,  in  which  s a i d  

r e l a t i v e l y   upstream  p o s i t i o n   is  defined  by  the  t h r o a t   of  a  v e n t u r i  

through  which  said  stream  f lows,   and  there  is  a  r e s t r i c t e d   gas 

passage  a f f o r d i n g   communication  between  said  r e l a t i v e l y   downstream 

p o s i t i o n   and  the  t h r o a t   of  the  v e n t u r i ;   whereby  gas  d i s e n g a g i n g  

from  said  stream  is  drawn  from  said  r e l a t i v e l y   upstream  p o s i t i o n  

into  the  t h r o a t   of  the  v e n t u r i .  

4.  A  method  as  claimed  in  claim  3,  in  which  a  mixture  of  g a s - i n -  

l i q u i d   is  formed  and  the  r e s u l t i n g   mixture  t r a v e l s   at  f i r s t   at  a 

v e l o c i t y   less  than  tha t   of  sound  in  said  mixture ,   the  s t r e a m  

subsequen t ly   being  a c c e l e r a t e d   to  a  supersonic   v e l o c i t y ,   whereby  a 

shock  wave  is  c rea ted   and  gas  bubbles  in  the  stream  are  reduced  in  

s i z e .  



5.  A  method  as  claimed  in  c la im  4,  wherein  said  shock  wave  is  c r e a t e d  

by  pass ing   the  s t ream  through  said  v e n t u r i ,   the  gas  b e i n g  

i n t r o d u c e d   into  the  p r e s s u r i s e d   stream  upst ream  of  the  v e n t u r i .  

6.  A  method  as  claimed  in  claim  5,  wherein  the  v e l o c i t y   of  the  s t r e a m  

is  decreased   to  a  subson ic   v e l o c i t y   downstream  of  where  said  shock 

wave  is  c r e a t e d ,   and  then  i n c r e a s e d   again  at  said  o u t l e t   to  a 

s u p e r s o n i c   v e l o c i t y   whereby  a  second  shock  wave  is  c r e a t e d .  

7.  Appara tus   for  d i s s o l v i n g   gas  in  a  l i q u i d ,   compr i s ing   means  f o r  

p r e s s u r i s i n g   a  s t ream  of  l i q u i d ,   a  vessel   for  ho ld ing   a  volume  o f  

l i q u i d   in  which  gas  is  to  be  d i s s o l v e d ,   a  condui t   p l ac ing   t h e  

o u t l e t   of  the  p r e s s u r i s i n g   means  in  communication  with  at  l e a s t  

one  nozzle  into  the  volume  of  l i q u i d ,   means  for  i n t r o d u c i n g   gas 
in to   the  stream  f lowing   through  the  c o n d u i t ,   means  for  c r e a t i n g  

t u r b u l e n c e   in  the  s t ream  so  as  to  d i s s o l v e   t h e r e i n   some  of  the  gas 
and  to  form  a  d i s p e r s i o n   of  u n d i s s o l v e d   gas  bubbles   in  the  l i q u i d ,  

means  for  taking  some  of  the  gas  from  the  s t ream  at  a  r e l a t i v e l y  

downstream  p o s i t i o n   in  the  condu i t ,   and  means  for  r e t u r n i n g   s a i d  

gas  to  the  condui t   at  a  r e l a t i v e l y   upstream  p o s i t i o n .  

8.  Apparatus   as  c laimed  in  claim  7,  in  which  to  enable   said  gas  to  be 

s e p a r a t e d   and  r e t u r n e d   the re   is  an  o u t l e t   a p e r t u r e   for  gas  in  t h e  

c o n d u i t   at  said  downstream  p o s i t i o n   and  a  r e s t r i c t e d   pipe  l e a d i n g  

from  the  o u t l e t   a p e r t u r e   to  the  r e l a t i v e l y   upst ream  p o s i t i o n   of 

the  c o n d u i t .  

9.  Appara tus   as  claimed  in  claim  8,  in  which  said  pipe  t e r m i n a t e s   in 

the  t h r o a t   of  a  v e n t u r i   through  which  the  said  s tream  flows  i n  

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

10.  Appara tus   as  claimed  in  claim  8  or  claim  9,  in  which  said  p i p e  

t e r m i n a t e s   in  a  chamber  c i r c u m s c r i b i n g   the  t h r o a t   of  a  ventur i   and 

communicat ing  t h e r e w i t h ,   the  said  stream  pass ing   through  t he  

ven tu r i   in  o p e r a t i o n   of  the  a p p a r a t u s .  



11.  Apparatus  as  claimed  in  claim  9  or  claim  10,  in  which  said  means 
for  i n t r o d u c i n g   gas  into  the  condui t   communicates  with  the  c o n d u i t  
upstream  of  the  v e n t u r i .  
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