
J > )  

Europaisches  Patentamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  1 0 0   7 9 9  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82304298.1 

©  Date  of  filing:  13.08.82 

©  Int.  CI.3.  F  03  B  17 /00  
F  02  C  6 /16  

@  Date  of  publication  of  application:  ©Applicant:  Cary,  Joseph 
22.02.84  Bulletin  84/8  3  Hillside  Road 

Hillside  Harare(RH) 
©  Designated  Contracting  States: 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  ©  Inventor:  Cary,  Joseph 
3  Hillside  Road 
Hillside  Harare(RH) 

©  Representative:  Garratt,  Peter  Douglas  et  al, 
Mathys  &  Squire  10  Fleet  Street 
London  EC4Y  1AY(GB) 

0) 
0) 
r> 

o  
o  

(5)  Hydraulic  air  compressor. 
©  Use  is  made  of  a  descending  column  of  water  to 
compress  air  entrained  with  the  water. 

The  water  can  be  fed  to  an  air  inclusion  chamber  at  the 
head  of  a  down  pipe  from  a  source  of  stored  water,  such  as  a 
dam,  or  can  be  recycled  by  means  of  a  pump. 

The  water  is  fed  tangentially  to  the  air  inclusion  chamber 
which  has  a  conical  shape. 

As  a  result  of  the  tangential  entry  of  the  water,  it  is 
caused  to  swirl  with  a  vortical  motion. 

In  addition,  the  water  stream  is  in  turbulent  flow. 
A  venturi  effect  is  created  at  the  narrow  throat  section  of 

the  air  inclusion  chamber. 
A  combination  of  these  factors  serves  to  enhance  the 

entrainment  of  air.  The  inertia  of  the  water  as  it  leaves  the 
orifice,  or  nozzle,  and  swirls  into  the  venturi  throat  enables 
the  inertia  of  the  water  in  the  down  pipe  to  be  overcome  at 
the  same  time  providing  a  blocking  mechanism  to  prevent 
air  rising  into  the  air  inclusion  chamber. 

At  the  bottom  end  of  the  down  pipe,  the  compressed  air 
is  separated  from  the  water,  and  the  water  is  returned  to  a 
surge  tank  in  which  the  pump  is  mounted,  the  pump  is  only 
used  if  the  source  of  water  is  unable  to  supply  water  under 
sufficient  head  to  the  air  inclusion  chamber. 
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 U s e   is  made  of  a  descending  column  of  water  to 
compress  air  entrained  with  the  water. 

The  water  can  be  fed  to  an  air  inclusion  chamber  at  the 
head  of  a  down  pipe  from  a  source  of  stored  water,  such  as  a 
dam,  or  can  be  recycled  by  means  of  a  pump. 

The  water  is  fed  tangentially  to  the  air  inclusion  chamber 
which  has  a  conical  shape. 

As  a  result  of  the  tangential  entry  of  the  water,  it  is 
caused  to  swirl  with  a  vortical  motion. 

In  addition,  the  water  stream  is  in  turbulent  flow. 
A venturi  effect is created  at the  narrow  throat  section  of 

the  air  inclusion  chamber. 
A  combination  of  these  factors  serves  to  enhance  the 

entrainment  of  air.  The  inertia  of  the  water  as  it  leaves  the 
orifice,  or  nozzle,  and  swirls  into  the  venturi  throat  enables 
the  inertia  of  the  water  in  the  down  pipe  to  be  overcome  at 
the  same  time  providing  a  blocking  mechanism  to  prevent 
air  rising  into  the  air  inclusion  chamber. 

At  the  bottom  end  of  the  down  pipe,  the  compressed  air 
is  separated  from  the  water,  and  the  water  is  returned  to  a 
surge  tank  in  which  the  pump  is  mounted,  the  pump  is  only 
used  if  the  source  of  water  is  unable  to  supply  water  under 
sufficient  head  to  the  air  inclusion  chamber. 



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

In  p a r t i c u l a r ,   the  i n v e n t i o n   r e l a t e s   to  a  h y d r a u l i c   a i r   compressor   i n  

which  a  gas  can  be  compressed  to  a  de s i r ed   p r e s s u r e   at  the  t e m p e r a t u r e  

of  the  water  used  in  the  c o m p r e s s o r .  

The  energy  of  the  compressed  a i r   can  be  put  to  a  v a r i e t y   of  u s e s .  

Hydrau l i c   a i r   compressors   are  v e i l   known  and  have  been  used  on  a  

s u b s t a n t i a l   s c a l e   in  the  pas t   to  compress  a i r   us ing  the  energy  p o s s e s s e d  

by  a  head  of  water  (under  p r e s s u r e ) .  

Whilst   the  h y d r a u l i c   a i r   compressor   has  a t t r a c t i o n s ,   i t   was  s u p e r c e d e d  

by  the  i n t e r n a l   combustion  engine  and  cheap  sources   of  o t h e r  

energy,  at  t h a t   time,  mainly  because  of  the  i n e f f i c i e n c i e s   of  t h e  

v e l o c i t y   flow  p r i n c i p l e   adopted  by  a l l   to  e n t r a i n   the  a i r .  

However  in  the  modern  world  these   a l t e r n a t i v e s   are  becoming  l e s s   v i a b l e ,  

and  the  a t t r a c t i v e   f e a t u r e s   of  the  h y d r a u l i c   a i r   compressor   are  once 

again  worth  i n v e s t i g a t i o n .  

One  problem  with  the  design  of  the  conven t iona l   h y d r a u l i c   a i r  

compressor  was  t ha t   the  dr ive   head  of  the  compressor  w a s  r e g a r d e d  

merely  as  tha t   head  of  water  e x i s t i n g   between  the  i n l e t   and  t a i l   r a c e  

of  the  c o m p r e s s o r .  

In  f a c t ,   the  excess  of  mass  per  un i t   volume  of  water  in  the  down  p i p e  

of  the  compressor  over  the  mass  per  un i t   volume  of  water  in  the  t a i l  

race,   or  'up  p ipe '   is  c r i t i c a l   in  the  d e t e r m i n a t i o n   of  the  w a t e r  

v e l o c i t y ,   s ince  the  dr ive  head  v a r i e s   in  accordance  with  the  degree  t o  

which  a i r   has  been  e n t r a i n e d   in  the  f a l l i n g   column  of  w a t e r .  

D i f f e r e n t   degrees  of  air   en t r a inmen t   r e s u l t   in  v a r i a t i o n s   in  the  mass 

of  the  column  and  t h e r e f o r e   the  he igh t   to  which  the  dr ive   column  must  

be  above  the  t a i l   race  o u t l e t   for  the  same  v e l o c i t y   and  p r e s s u r e .  

The  i n v e n t i o n   p rov ides   a  h y d r a u l i c   a i r   compressor  having  a  d r i v e  

and  compression  down  pipe,   an  a i r   i n c l u s i o n   chamber  at  the  head  of  t h e  

down  pipe  a r ranged  to  be  fed  with  water  from  a  water  source ,   an  a i r  

s e p a r a t i n g   chamber  at  the  bottom  of  the  down  pipe,   an  a i r   pipe  l e a d i n g  



from  the  s e p a r a t i n g   chamber,  an  upwardly  d i r e c t e d   water  r e t u r n   p i p e  

l e a d i n g   from  the  s e p a r a t i n g   chamber,  means  at  the  ex i t   of  the  r e t u r n  

pipe  for   p r e s s u r i s i n g   water  f lowing   from  the  r e t u r n   pipe  and  f o r  

d i r e c t i n g   the  water  in to   the  a i r   i n c l u s i o n   chamber  when  the  a i r  

i n c l u s i o n   chamber  is  not  fed  with  water   from  the  water  source  the  a i r  

i n c l u s i o n   chamber  being  a r ranged   so  tha t   water   en t e r s   i t   in  a  v o r t e x  

and  so  t h a t   a  v e n t u r i   e f f e c t   is  c r e a t e d   in  the  water  stream  and  h a v i n g  

an  a i r   i n l e t  a r r a n g e d   so  t ha t ,   in  use,  a i r   is  drawn  into  the  a i r  

i n c l u s i o n   chamber  as  a  r e s u l t   of  the  v o r t i c a l   motion  of  the  w a t e r ;  

the  v e n t u r i   e f f e c t   due  to  the  v e l o c i t y   of  the  i s s u i n g   j e t ,   the  i n e r t i a  

of  which,  pe rmi t s   the  i n t r o d u c t i o n   of  a i r   into  the  a i r   i n c l u s i o n  

chamber  at  p r e s s u r e s   h ighe r   than  a t m o s p h e r i c .  

F r e f e r a b l y ,   the  a i r   i n c l u s i o n   chamber  t a p e r s   downwardly  and  i n c l u d e s  

a  double  wall   with  a  gap  between  the  wa l l s ,   the  gap  being  open  at  t h e  

bottom  of  the  chamber,  a i r   i n l e t   communicating  with  the  gap,  and 

t a n g e n t i a l   i n l e t   or  i n l e t s   to  the  tcp  of  the  chamber  for  t h e  

i n t r o d u c t i o n   of  water  f lowing  from  the  water   source  or  from  t h e  

p r e s s u r i s i n g   means,  as  the  case  may  b e .  

I t   is  i n t ended   t ha t   the  compressor   w i l l   serve  to  provide  a  s u p p l y  

of  gas  compressed  by  a  l i q u i d   to  the  h y d r o s t a t i c   head  at  the  point   o f  

s e p a r a t i o n   when  the  t e m p e r a t u r e s   of  the  gas  wi l l   be  tha t   of  the  l i q u i d .  

I f   the  water   source  is  not  able   to  supply  water   at  a  s u f f i c i e n t   head  t o  

m a i n t a i n   t he   supply  of  compressed  a i r ,   then  the  p r e s s u r i s i n g   means  w i l l  

be  a c t u a t e d   to  ensure  t ha t   an  adequate   flow  of  water  to  the  a i r  

i n c l u s i o n   chamber  is  p r o v i d e d .  

In  one  a p p l i c a t i o n   of  the  h y d r a u l i c   a i r   compres so r ,   the  compressed  

a i r   is  fed  d i r e c t l y   to  the  combustion  chamber  of  a  gas  t u rb ine   or  ram 

j e t ,   so  t h a t   no  f i l t e r s   or  t u rb ine   powered  compressor  s tage  is  r e q u i r e d .  

In  a n o t h e r   a p p l i c a t i o n   of  the  i n v e n t i o n ,   the  compressed  a i r   from  t h e  

h y d r a u l i c   a i r   compressor  is  fed  to  the  chambers  of  a  pneumat i c  

d i s p l a c e m e n t   pump. 



The  pump  may  be  a r ranged   to  i n j e c t   water  into  the  combustion  chamber 

of  a  gas  t u r b i n e .  

In  a d d i t i o n ,   the  pump  can  be  used  for  dosing  water  with  c h e m i c a l s  

such  as  c h l o r i n e   or  s o d a - a s h ,   or  for  i r r i g a t i o n .  

Another  impor tan t   f e a t u r e   of  the  h y d r a u l i c   a i r   compressor   is  t h a t  

i t   compresses  a i r   i s o t h e r m a l l y .  

If  this   i s o t h e r m a l l y   compressed  a i r   is  allowed  to  expand  a d i a b a t i c a l l y  

in  doing  work,  i t   w i l l   produce  sub-zero   t empe ra tu r e s   which  can  be  u s e d  

to  p rov ide   a  f r e e z e r   c a p a b i l i t y .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   de sc r ibed ,   by  way  of  example ,  

with  r e f e r e n c e   to  the  accompanying  drawings,   in  wh ich :  

Figure   1  is  a  schemat ic   view  of  a  h y d r a u l i c   a i r   c o m p r e s s o r  

i n s t a l l a t i o n .  

The  source  of  water  being  from  behind  a  dam  wall  o r  

the  pneumatic  d i sp l acemen t   pump  shown  in  the  sump. 

F igure   2  is  an  en l a rged   view  of  par t   of  the  i n s t a l l a t i o n   shown 

in  Figure  1 .  

F igure   3  shows  a  schemat ic   view  of  a  pneumatic  d i s p l a c e m e n t  

pump  s u i t a b l e   for  use  with  a  h y d r a u l i c   a i r  

compressor  of  the  i n v e n t i o n .  

The  compressor  shown  in  F igure   1  is  i n d i c a t e d   g e n e r a l l y   by  r e f e r e n c e  

numeral  1 .  

I t   is  fed  with  water  2  r e t a i n e d   behind  a  dam  wall  3 .  

The  water  2  passes  out  from  behind  the  dam  wall  3  through  a  feed  p i p e  

4  to  an  a i r   i n c l u s i o n   chamber  7  at  the  head  of  a  drive  and  c o m p r e s s i o n  

down  pipe  5 .  



As  can  be  seen  in  F igure   2,  there   are  t a n g e n t i a l   i n l e t s   from  t h e  

feed  pipe  4  to  the  chamber  7 .  

The  t a n g e n t i a l   i n l e t s   6  serve  to  impart   a  sw i r l   to  the  j e t   of  w a t e r  

e n t e r i n g   the  chamber  7 .  

The  water  moved  downwardly  in  t h i s   chamber  and  a i r   en t e r s   t h r o u g h  

an  i n l e t   8 .  

The  a i r   is  e n t r a i n e d   by  the  water  s t ream  in  the  form  of  b u b b l e s ,  

so  t h a t   when  the  narrow  c y l i n d r i c a l   s e c t i o n   of  the  pipe  5  is  r e a c h e d  

the  water   is  impregna ted   with  bubbles  of  a i r .  

The  a i r   is  c a r r i e d   to  the  bottom  of  the  pipe  5  to  an  a i r / w a t e r  

s e p a r a t i n g   chamber  9 .  

As  the  a i r / w a t e r   mix ture   descends,   the  a i r   is  c o m p r e s s e d .  

When  the  de scen t   of  the  a i r / w a t e r   column  is  checked  in  the  chamber  9 ,  

the  d i r e c t i o n   of  the  flow  is  r e v e r s e d .  

The  a i r   s e p a r a t e s   from  the  water  and  passes   upwardly  via  an  a i r   p i p e  

1 0 .  

The  water   passes   around  a  b a f f l e   11  and  r e t u r n s   upwardly  through  a  

r e t u r n   pipe  1 2 .  

The  pipe  12  feeds  into  a  surge  tank  13  in  which  is  a r ranged  a  pump  14 .  

The pump  14  se rves   to  r a i s e   water  into  the  a i r   i n c l u s i o n   chamber  7  v i a  

a  t a n g a n t i a l   i n l e t   15  when  there   is  an  i nadequa te   flow  of  water  t h r o u g h  

the  feed  pipe  4 .  

When  t h e r e   is  an  i nadequa te   flow  of  water  through  the  pipe  4  u n d e r  

s u f f i c i e n t   head,  water  wi l l   overflow  from  the  chamber .  

In  th i s   case ,   the  valve  51  between  the  pump  and  the  chamber  is  c l o s e d ,  

and  a  valve  in  the  feed  pipe  4  can  be  ope ra t ed   to  con t ro l   i n l e t  

water  p r e s s u r e .  

If   t h e r e   is  an  inadequa te   flow  through  the  pipe  4,  a  valve  50 

in  the  pipe  4  is  c losed  and  the  pump  14  is  a c t u a t e d   to  r a i s e   water  t o  

the  a i r   i n c l u s i o n   chamber  7 .  



A  s u i t a b l e   design  v e l o c i t y   can,  t h e r e f o r e ,   be  m a i n t a i n e d   at  a l l  

times  in  the  compressor   so  t h a t   a  c o r r e c t   supply  of  compressed  a i r  

is  p r o d u c e d .  

The  p r e s s u r e   of  water  from  the  pump  is  c o n t r o l l e d   by  o p e r a t i o n   of  t h e  

valve  51  and  th i s   pe rmi t s   a i r   at  a  p r e s s u r e   h igher   than  a t m o s p h e r i c  

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

The  dr ive   head  of  the  compressor  is  de termined  by  the  excess  o f  

the  mass  of  the  w a t e r / a i r   mixture   per  un i t   volume  in  the  pipe  5  o v e r  

tha t   in  the  pipe  1 2 .  

This  dr ive   head  must  be  s u f f i c i e n t   to  ensure  tha t   the  v e l o c i t y   in  t h e  

down  pipe  5  is  g r e a t e r   than  the  v e l o c i t y   at  which  a i r   bubbles   would  r i s e  

in  the  water   column  if   i t   were  s t a t i o n a r y .  

The  maximum  dr ive   head  p o s s i b l e   is  d e s i g n a t e d  i n   F igure   1  by  the  symbol  

Hd,  which  r e p r e s e n t s   the  e l e v a t i o n   of  the  top  of  the  pipe  5  over  t h a t  

of  the  maximum  h y d r o s t a t i c   he igh t   of  the  pipe  12 .  

The  compress ion  of  the  a i r   is  dependent  on  the  h y d r o s t a t i c   head  of  t h e  

water   in fne  r e t u r n   pipe  12,  r e p r e s e n t e d   in  Figure   1  by  the  symbol  H .  

The  des ign   and  f u n c t i o n   of  the  a i r   i n c l u s i o n   chamber  7  is  o f  

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

compressor   of  the  i n v e n t i o n .  

There  are  a  number  of  f a c t o r s   which  c o n t r i b u t e   to  the  e f f i c i e n c y   of  a i r  

e n t r a i n m e n t   in  the  s t ream  of  water  e n t e r i n g   the  chamber .  

F i r s t l y ,   the  vo lu ted   ent ry   of  the  water  through  the  i n l e t s   6  or  15 

(depending  on  whether   the  water  is  supp l i ed   from  s to rage   behind  t h e  

dam  wall  3  of  is  supp l i ed   via  the  pump  14)  causes  a  swi r l   in  the  w a t e r  

s t r e a m .  

This  s w i r l i n g   or  v o r t i c a l   motion  of  the  water  serves   to  draw  a i r   i n t o  

the  water  s t r e a m .  

Also,  the  t u r b u l e n t   na tu re   of  the  water  as  i t   en te r s   the  chamber  7 

is  conducive  to  the  i n t r o d u c t i o n   of  a i r .  



In  combina t ion   wi th   these   f a c t o r s   the  v e n t u r i   e f f e c t   c r e a t e d   as  t h e  

water  pas ses   the  t h r o a t   s e c t i o n   at  the  bottom  of  the  chamber  7  a c t s  

to  i n c r e a s e   a i r   e n t r a i n m e n t .  

As  a  r e s u l t   of  the  s w i r l   and  of  the  t u r b u l e n t   na tu re   at  speed  of  t h e  

flow,  the  w a t e r   may  form  into  d r o p l e t s   with  the  r e s u l t   t h a t  

e n t r a i n m e n t   is  enhanced  s ince   the  a i r   can  en te r   the  s t ream  above  z e r o  

gauge  p r e s s u r e   a s s i s t e d   by  the  v e n t u r i   e f f e c t   for   uni form  d i s t r i b u t i o n  

t h r o u g h o u t   the  body  of  w a t e r .  

In  a d d i t i o n ,   the  i n e r t i a   of  the  i s s u i n g   j e t   at  the  v e n t u r i   t h r o a t  

enab les   the  e n t r a i n m e n t   of  a i r   at  p r e s s u r e   s u b s t a n t i a l l y   above  

a t m o s p h e r i c   p r e s s u r e .  

Air  which  has  a l r e a d y   been  compressed  can  t h e r e f o r e   be  r e c y c l e d   v i a  

the  h y d r a u l i c   a i r   compressor   for   f u r t h e r   compress ion   from  a  volume 

equal  to  t ha t   of  the  chamber  from  which  l i q u i d   is  being  d i s p l a c e d .  

The  a c t u a l   form  of  one  type  of  a i r   i n c l u s i o n   chamber  7  is  shown  i n  

Figure   2 .  

The  chamber  has  an  upper  c y l i n d r i c a l   p o r t i o n   40  and  a  lower  f r u s t r o -  

c o n c i a l   p o r t i o n   4 1 .  

Within  the   p o r t i o n   41  t he re   is  a  s h o r t e r   member  42  of  f u s t r o - c o n i c a l  

shape  so  t h a t   t he re   is  a  gap  between  the  wal ls   of  the  p o r t i o n   41  and 

the  member  4 2 .  

The  a i r   i n l e t   8  is  in  communication  with  th i s   gap  4 3 .  

A  f u r t h e r   impor t an t   f e a t u r e   of  the  i n v e n t i o n   is  the  f ac t   tha t   t h e  

a i r   can  a c t u a l l y   be  cooled  down  while  undergoing   compress ion   in  t h e  

c o m p r e s s o r .  

The  compres s ion   of  the  a i r   can  be  cons ide red   to  be  s u b - i s o t h e r m a l .  

In  one  expe r imen t   which  has  been  conducted,   the  water   had  an  i n l e t  

t e m p e r a t u r e   of  15,5oC  while  ambient  t empera tu re   was  2 1 , 1  C .  

The  a i r   t e m p e r a t u r e   was  thus   some  5,6°C  lower  than  the  ambient  o r  

i n l e t   a i r   t e m p e r a t u r e s .  



A  m o d i f i c a t i o n   to  the  compressor   which  is  not  shown  in  t h e  

drawings  i nvo lves   the  use  of  a  second  a i r / w a t e r   s e p a r a t i n g   chamber  

par t -way  up  the  r e t u r n   pipe  1 2 .  

The  a i r   which  s e p a r a t e s   from  the  water  in  the  chamber  9  is  oxygen  

d e f i c i e n t ,   s ince   oxygen  wil l   have  become  d i s s o l v e d   in  the  water  a t  

the  high  p r e s s u r e   invo lved   in  the  o p e r a t i o n   of  the  h y d r a u l i c   a i r  

compressor  of  the  i n v e n t i o n .  

The  i n c l u s i o n   of  a  second  s e p a r a t i n g   chamber  allows  for  the  s e p a r a t i o n  

of  oxygen  r i ch   a i r   at  a  p r e s su re   de te rmined   by  the  h y d r o s t a t i c   h e a d  

e x i s t i n g   between  the  water  l e v e l   in  the  second  s e p a r a t i n g   chamber  and  

the  upper  l e v e l   of  the  r e t u r n   pipe  1 2 .  

In  a d d i t i o n ,   i t   is  proposed  to  provide   an  excess  a i r   r e l i e f   p i p e  

for  the  compression  s e c t i o n   of  the  pipe  5  so  tha t   uniform  flow  t h r o u g h  

the  pipe  wi l l   not  be  i n t e r r u p t e d   by  blow  back  when  volume  of  g a s  

compressed  exceeds  draw  o f f .  

The  su rp lus   could  provide  a  f r e e z e r   c a p a b i l i t y .  

The  p a r t i c u l a r   advantage  of  having  a  p r e s s u r i s e d   feed  to  p r o d u c e  

a  cons tan t   dr ive  head  at  the  top  of  the  pipe  is  tha t   i t   is  t h e n  

p o s s i b l e   to  have  a  cons t an t   flow  compressor   in  which  the  r a t e   of  f l o w  

down  the  pipe  5  is  ma in ta ined   at  a  s teady  l e v e l .  

P r e s s u r i s e d   feed  can  be  provided  by  a  conven t iona l   c e n t r i f u g a l   pump  as  

shown  in  Figure   2 .  

P r e f e r a b l y   however,  the  p r e s s u r i s a t i o n   is  provided  by  a  pump 

arrangement   with  twin  pneumatic  d i sp lacemen t   chambers  as  shown 

s c h e m a t i c a l l y   in  Figure  1.  

In  th is   a r rangement ,   a i r   d i sp l aced   from  the  pneumatic  chambers  of  t h e  

pump  is  fed  to  the  a i r   i n c l u s i o n   chamber  7 .  

The  p r i n c i p l e   of  o p e r a t i o n   of  such  an  arrangement   can  be  u n d e r s t o o d  

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

)  to  a  pneumatic  d i sp lacement   pump  which  f o l l o w s .  



The  c a p a c i t y   of  the  surge  tank  13  as  measured  from  the  top  of  t h e  

pump  14  to  the  top  of  the  tank  should  be  at  l e a s t   10%  more  than  t h e  

t o t a l   volume  of  the  a i r   pipe  10  and  the  excess  a i r   r e l i e f   p i p e  

between  the  chamber  9  and  the  top  of  the  pump,  or  a  s epa ra t e   r e l i e f  

tank  could  be  p r o v i d e d .  

The  h y d r a u l i c   a i r   compressor  of  the  i n v e n t i o n   has  a  number  o f  

impor t an t   a p p l i c a t i o n s :  

HYDRAULIC  AIR  COMPRESSOR  AND  GAS  TURBINE. 

A  c o n v e n t i o n a l   gas  t u rb ine   dr ives   i t s   own  a d i a b a t i c   compressor  

s tage   and  the  a i r   must  be  f i l t e r e d .  

As  a  r e s u l t ,   up  to  70%  of  the  tu rb ine   e f f o r t   may  be  expended  i n  

powering  the  a i r   compression  s tage ,   s o  h a t   only  30 %  of  the  e f f o r t   i s  

a v a i l a b l e   for   u s e f u l   work .  

In  a d d i t i o n ,   the  high  t empe ra tu r e s   encoun te red   in  a  c o n v e n t i o n a l  

a d i a b a t i c   compressor   s tage  can  have  the  e f f e c t   of  l i m i t i n g   t h e  

p e r m i s s i b l e   compress ion   r a t i o .  

Also,  the  compressor   s tage   r e p r e s e n t s   a  c o n s i d e r a b l e   bulk  and  w e i g h t  

f a c t o r .  

I t   is  t h e r e f o r e   proposed  to  use  a  h y d r a u l i c   a i r   compressor  t o  

provide   a  supply   of  f i l t e r e d   compressed  a i r ,   so  t h a t   the  c o n v e n t i o n a l  

compressor   s t age   and  f i l t e r s   can  be  done  away  w i t h .  

The  p r e s s u r e   a v a i l a b l e   from  the  h y d r a u l i c   a i r   compressor  of  t h e  

i n v e n t i o n   may  be  s u b s t a n t i a l l y   g r e a t e r   than  those   a v a i l a b l e   from  t h e  

c o n v e n t i o n a l   compressor   s t a g e .  

The  compressed  a i r   from  the  hyd rau l i c   a i r   compressor   can  be  f e d  

d i r e c t l y   at  exact   p r e s s u r e   r equ i r ed   by  the  combust ion  chamber  of  a  

ram  j e t   or  t u r b i n e ,   and  can  be  fed  to  the  combust ion  chamber,  a f t e r  

pass ing   th rough   a  heat   exchanger,   at  the  bes t   t e m p e r a t u r e .  

In  the  combust ion  chamber,  fuel   is  burnt  in  the  oxygen  e n r i c h e d  

compressed  a i r   envi ronment   to  produce  hot  compressed  gases  which  a r e  

then  expanded  a d i a b a t i c a l l y   through  a  t u r b i n e   s t a g e .  

The  r e s u l t i n g   energy  can  be  used  for  e l e c t r i c a l   g e n e r a t i o n   or  t h e  

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



Because  the  gas  t u rb ine   proposed  does  not  have  to  power  i t s   own 

compressor ,   there   can  be  a  c o n s i d e r a b l e   i n c r e a s e   in  e f f i c i e n c y   o v e r  

conven t iona l   t u r b i n e s   and  a  saving  in  f i r s t   c o s t .  

E f f i c i e n c y   is  f u r t h e r   improved  by  r e g e n e r a t i o n .  

It   is  a n t i c i p a t e d   t h a t   the  amount  of  fuel   nece s sa ry   for  t h e  

f i r i n g   f u n c t i o n s   w i l l   be  some  1,4  times  tha t   which  would  be  expended 

in  the  s t anda rd   des igned   output   of  the  t u r b i n e .  

N e v e r t h e l e s s ,   i t   is  a n t i c i p a t e d   t ha t   the  power  output   from  t h i s  

tu rb ine   could  be  t h r e e   t imes  tha t   a c h i e v a b l e   with  the  s t anda rd   t u r b i n e .  

)  Because  the  h y d r a u l i c   a i r   compressor   can  produce  f i l t e r e d   a i r   a t  

very  high  p r e s s u r e s ,   i t   may  be  p o s s i b l e   to  expand  th i s   a i r   to  some 

extent   through  a  t u r b i n e   which  would  r e p l a c e   the  conven t iona l   f i l t e r  

and  a d i a b a t i c   compressor   in  a  gas  t u r b i n e .  

This  should  s t i l l   f u r t h e r   i nc r ea se   the  e f f i c i e n c y   of  the  t u r b i n e ,   and 

could  be  c a r r i e d   out  in  a  simple  way  merely  be  r e v e r s i n g   the  b lades   o f  

the  c o m p r e s s o r .  

The  a d i a b a t i c   expansion  of  the  a i r   through  what  was  compressor  b l a d i n g  

producing  extremely  low  t empe ra tu r e s   which  can  be  used  for  f r e e z i n g  

purposes ,   due  to  the  energy  expended  in  a s a i a t i n g   the  gas  tu rb ine   and 

0  p r e c i p i t a t e d   water  could  be  dra ined  off  at  a p p r o p r i a t e   s tages   o f  

a d i a b a t i c   e x p a n s i o n .  

HYDRAULIC  AIR  COMPRESSOR  AND  PNEUKATIC  DISPLACEMENT  PUMP. 

A  t y p i c a l   pump  is  shown  in  Figure  3 .  

This  has  chambers  21  and  22  each  of  which  has  an  i n l e t   23,  24  f o r  

5  high  p ressure   a i r ,   an  o u t l e t   25,  26  for  water ,   a  water  feed  pipe  27,  

28  and  an  a i r   e v a c u a t i o n   pipe  29,  30 .  

Both  the  i n l e t s   23  and  24  are  connected  to  the  a i r   pipe  10  of  t h e  

hyd rau l i c   a i r   compressor ,   and  a  two-way  valve  31  can  be  opera ted   to  f e e d  

the  compressed  a i r   e i t h e r   to  the  i n l e t   23  or  to  the  i n l e t   24.  

30  The  ope ra t ion   of  the  o ther   valves  wi l l   become  c lear   from  the  f o l l o w i n g  

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



When  compressed  a i r   is  passed  through  the  i n l e t   23  to  the  chamber 

21,  the  o u t l e t   25  is  opened  and  valves  in  the  pipes  27  and  29  a r e  

c l o s e d .  

The  compressed  a i r   in  the  upper  par t   of  the  chamber  21  t h e r e f o r e   pushes  

the  water   out  th rough  the  o u t l e t   25,  and  to  a  common  water  l i ne   32.  

At  the  same  time,  the  chamber  22,  having  exhausted  to  a t m o s p h e r i c  

p r e s s u r e ,   or  r e c y c l e d   is  being  recharged  with  water  via   the  l ine   28 .  

The  o u t l e t   26  is  c lo sed ,   the  i n l e t   24  is  closed but  the  a i r   pipe  30 

is  o p e n .  

Water  e n t e r s   at  a  r e l a t i v e l y   low  p ressure   through  the  pipe  28  and  

d i s p l a c e s   the  a i r   in  the  top  of  the  chamber  2 2 .  

As  s t a t e d   p r e v i o u s l y ,   i t   is  p r e f e r r e d   to  use  a  pump  of  t h i s  

genera l   n a t u r e   to  r a i s e   water   from  the  surge  tank  13  to  the  a i r  

i n c l u s i o n   chamber  7  w i t h   a i r   d i sp laced   from  the  empty  chamber  a l s o  

r e t u r n e d   to  the  a i r   i n c l u s i o n   chamber  7 .  

In  th i s   case,   the  d i s p l a c e m e n t   or  air   can  be  aided  by  the  s u c t i o n  

gene ra t ed   in  the   a i r   i n c l u s i o n   chamber  7  of  the  compressor  which  can 

serve  to  suck  the  a i r   out  of  the  upper  part   of  the  chamber  22 .  

In  any  case,   the  p r e s s u r e   of  the  air   to  the  air   mixing  chamber  7 

can  be  h igher   than  a tmosphe r i c   because  of  the  i n e r t i a   of  the  j e t  

i s s u i n g   from  the  v e n t u r i   o r i f i c e .  

When  'the  chamber  21  is  near ly   empty,  the  chambers  are  s w i t c h e d  

over  and  compressed  a i r   is  passed  to  the  i n l e t   24  so  tha t   the  chamber 

22  which  is  now  f u l l   of  water ,   can  be  pumped  out  by  the  a i r .  

Whilst   t h i s   is  happening   the  chamber  21  is  being  r e f i l l e d .  

One  can  t h e r e f o r e   get  a  cont inuous   feed  of  water  under  p r e s s u r e   t h r o u g h  

the  l ine   32 .  

The  pump  can  be  used  to  pump  i r r i g a t i o n   water  using  eg.  t h e  

overf low  from  surge  tank  13  or  to  provide  any  so r t   of  pumping  f a c i l i t y  

a s   pumping  from  mines,   we l l s ,   boreholes ,   lakes  or  even  shal low  swamps, 

to  any  h e a d .  



The  compressed  a i r   could  also  be  used  to  i n j e c t   water  into  t h e  

combustion  chamber  of  a  gas  t u r b i n e   or  ram  je t   as  de sc r ibed   in  t h e  

preceding  s e c t i o n   of  th is   s p e c i f i c a t i o n ,   to  ensure  a t o m i s a t i o n   and 

t h e r e f o r e   to  produce  g r e a t e r   power  from  the  t u r b i n e ,   or  for  the  i n j e c t i o n  

of  chemicals   such  as  c h l o r i n e   or  soda -ash   into  water  to  make  it   p o t a b l e .  

The  a i r   from  the  i n j e c t o r   pump  exhaust   is  at  very  low  t e m p e r a t u r e .  

An  advantage   of  the  use  of  pneumatic   d i sp l acemen t   pump  for  t h e  

p r e s s u r i s a t i o n   of  a  l i q u i d   is  t ha t   the  a i r   is  f i l t e r e d   and  the  l i q u i d  

uncon tamina t ed   with  oi l   e t c .  

In  a d d i t i o n ,   the  nature   of  the  p r e s s u r i s a t i o n   which  takes  place  is  s u i t -  

able  for  the  p roduc t ion   of  l i q u i d   v e l o c i t i e s   for  the  t r a n s p o r t a t i o n  

of  s o l i d s   in  p i p e l i n e s .  

HYDRAULIC  AIR  COMPRESSOR  TO  PROVIDE  FREEZER  TEMPERATURES. 

The  i s o t h e r m a l l y   compressed  a i r   from  the  h y d r a u l i c   a i r   compresso r  

can  be  used  to  supply  f r e e z e r   t e m p e r a t u r e s   by  a l lowing  i t   to  expand 

a d i a b a t i c a l l y   while  doing  work.  

Depending  on  the  p r e s s u r e s   before   and  a f t e r   expansion,   e x t r e m e l y  

low  t e m p e r a t u r e s   are  o b t a i n a b l e   in  accordance   with  the  c o n v e n t i o n a l  

gas  laws,  ie .   with  an  expans ion   r a t i o   of  1  to  3  and  ambient  of  p l u s  

40°C,  (104°F)  by  the  gas  expans ion   f o r m u l a  

Gases  such  as  A5  NH3  (anhydrous  ammonia)  can be  d e l i v e r e d   t o  

d i s t a n t   po in t s   from  any  remo te source  by  condensing  the  gas  to  l i q u i d  

wherever  r e q u i r e d .  



1.  A  h y d r a u l i c   a i r   compressor   having  a  drive  and  compression  down 

pipe,   an  a i r   i n c l u s i o n   chamber  at  the  head  of  the  down  pipe  a r r a n g e d  

to  be  fed  with  water  from  a  water   source ,   an  air   s e p a r a t i n g   chamber 

at  the  bottom  of  the  down  pipe,   an  a i r   pipe  leading  from  t h e  

s e p a r a t i n g   chamber,  an  upwardly  d i r e c t e d   water  r e tu rn   pipe  l e a d i n g  

from  the  s e p a r a t i n g   chamber,means  at  the  top  of  the  r e tu rn   pipe  f o r  

p r e s s u r i s i n g   water  f lowing  from  the  r e tu rn   pipe  and  for  d i r e c t i n g  

the  water  into  the  air   i n c l u s i o n   chamber  when  the  a i r   i n c l u s i o n  

chamber  is  not  fed  with  water   from  the  water  source ,   the  a i r  

i n c l u s i o n   chamber  being  a r ranged   so  that   water  en te r s   it   in  a 

vor t ex   and  a  v e n t u r i   e f f e c t   is  c r ea t ed   in  the  water  stream  and  hav ing  

an  a i r   i n l e t   ar ranged  so  t ha t ,   in  use,  air   is  drawn  into  the  a i r  

i n c l u s i o n   chamber  as  a  r e s u l t   of  the  v o r t i c a l   motion  of  the  w a t e r  

and  the  v e n t u r i   e f f e c t   c rea ted   by  the  v e l o c i t y   of  the  i ssu ing  j e t  

and  a lso   the  b locking   e f f e c t   at  the  nozzle  ( o r i f i c e )   because  of  the  

i n e r t i a   of  the  i s su ing   jet   which  permits   entry  of  a i r   at  p r e s s u r e s  
well  above  a t m o s p h e r i c .  

2.  A  h y d r a u l i c   a i r   compressor   according  to  Claim  1,  in  which  the  

air   i n c l u s i o n   chamber  tapers   downwardly  and  inc ludes   a  double  w a l l  

with  a  gap  between  the  w a l l s ,   the  gap  being  open  at  the  bottom  of 

the  c h a m b e r   an  a i r   i n l e t   communicating  with  the  gap,  and 

t a n g e n t i a l   i n l e t s   to  the  top  of  the  chamber  for  the  i n t r o d u c t i o n  

of  water   flowing  from  the  water   source  or  from  the  p r e s s u r i s i n g  

means,  as  the  case  may  b e .  

3.  A  h y d r a u l i c   a i r   compressor  according  tc  e i t h e r   one  of  t he  

preceding   c la ims,   i nc lud ing   a  f u r t h e r   s e p a r a t i n g   chamber  a r r a n g e d  

in  the  path  of  the  upwardly  d i r e c t e d   re turn   p i p e .  



4 .  A   h y d r a u l i c   a i r   compressor   accord ing   to  any  one  of  t h e  

p reced ing   c la ims,   i n c l u d i n g   an  excess  a i r   r e l i e f   pipe  which  i s  

des igned   to  s p i l l   water  from  the  r e l i e f   pipe  into  a  r e l i e f   water  t a n k ;  

i f   the  r e l i e v e d   a i r   is  cut  off   to  achieve  an  expansion  r a t i o   of  1  to  6 

from  a i r  a t   15°C  in  the  a i r / w a t e r   chamber  then  a  t empera tu re   of  minus 

100oC  can  be  o b t a i n e d .  

5.  A  h y d r a u l i c   a i r   compressor   according   to  any  one  of  the  p r e c e d i n g  

claims,   in  which  the  p r e s s u r i s i n g   means  i n c l u d e s   a  p n e u m a t i c  

d i s p l a c e m e n t   pump  a r r anged   at  the  ex i t   of  the  water  r e t u r n   p i p e .  

6.  A  h y d r a u l i c   a i r   compressor  accord ing   to  Claim  5,  i n c l u d i n g   means 

for  d i r e c t i n g   a i r   d i s p l a c e d   from  the  pneumatic   d i sp lacement   pump  to  t h e  

air   i n l e t   of  the  a i r   i n c l u s i o n   chamber .  

7.  A  h y d r a u l i c   a i r   comprssor  accord ing   to  any  one  of  Claims  1  to  4 

in  which  fne  p r e s s u r i s i n g   means  i nc ludes   a  pump  ar ranged  at  the  e x i t  

of  the  water  r e t u r n   p i p e .  

8.  A  h y d r a u l i c   a i r   compressor  accord ing   to  any  one  of  the  p r e c e d i n g  

c la ims,   i n c l u d i n g   va lves   for  c o n t r o l l i n g   the  flow  of  water  from  t h e  

p r e s s u r i s i n g   means  to  the  a i r   i n c l u s i o n   chamber  or  from  the  water  s o u r c e  

to  the  a i r   i n c l u s i o n   chamber .  

9.  A  h y d r a u l i c   a i r   compressor  accord ing   to  any  one  of  the  p r e c e d i n g  

claims,   a r ranged   in  combinat ion   with  a  gas  t u r b i n e   or  ram  je t   to  p r o v i d e  

compressed  a i r   to  the  combustion  chamber  of  the  t u rb ine   or  to  t h e  

coumbustion  chamber  or  a  ram  jet   for  h e a t i n g   or  producing  steam  f o r  

whatever  purpose  or  high  t empera tu re   gas  for   gas  t u r b i n e s .  

10.  A  h y d r a u l i c   a i r   compressor  accord ing   to  Claim  9,  in  which  the  gas  

tu rb ine   is  a r ranged  to  power  a  g e n e r a t o r   of  e l e c t r i c i t y   or  s i m i l a r  

d e v i c e s .  



11.  A  h y d r a u l i c   a i r   compressor   a cco rd ing   to  any  one  of  Claims  1  to  8 

in  c o m b i n a t i o n   with  a  pneumatic   d i s p l a c e m e n t   pump  having  two  chambers 

a r r a n g e d   to  be  f i l l e d   a l t e r n a t i v e l y   with  l i q u i d   and  having  means  f o r  

the  i n t r o d u c t i o n   of  compressed  a i r   s e l e c t i v e l y   from  the  h y d r a u l i c   a i r  

compressor   to  each  chamber  in  turn  to  expel  l i q u i d   in  the  chamber .  

12.  A  h y d r a u l i c   air   compressor   accord ing   to  Claim  11,  in  which  w a t e r  

s e p a r a t e d   from the  a i r   in  the  h y d r a u l i c   a i r   compressor  is  fed  to  t h e  

a i r   i n c l u s i o n   chamber  from  the  water   source  a l t e r n a t i v e l y   by  t h e  

chambers  of  the  pneumatic  d i s p l a c e m e n t   pump. 

1 3 .  A   h y d r a u l i c   air   compressor   a cco rd ing   to  e i t h e r   one  of  Claims  11 

or  12,  i n c l u d i n g   means  for   d i r e o t i n g   water  expe l l ed   from  the  chambers 

of  the  pneumat ic   d i sp lacemen t   pump  into  the  combustion  chamber  of  a  

gas  t u r b i n e .  

1 4 .  A   h y d r a u l i c   a i r   compressor   accord ing   to  Claim  11  in  which  t h e  

l i q u i d   is  dosing  chemicals  for   water  t r e a t m e n t   and  the  pump  is  a r r a n g e d  

to  i n j e c t   the  chemical  into  the  w a t e r .  

1 5 .  A   h y d r a u l i c   a i r   compressor   acco rd ing   to  e i t h e r   one  of  Claims  11 ,  

12  or  13  i n c l u d i n g   means  for   d i r s c t i n g   water  into  a  water  m a i n .  
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