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©  Method  of  bleeding  off  working  fluid  in  turbo-machines,  and  turbo-machines  with  bleed-off  means. 
In  a  turbo-machine  comprising  a  compressor  (1)  includ- 

ing  a  labyrinth  seal  (5)  and  a  turbine  (3)  including  an  exhaust 
gas  diffuser  (4),  air  leaking  through  the  labyrinth  seal  (5)  of 
the  compressor  (1)  is  bled  off  and  used  as  a  driving  medium 
for  removing  exhaust  gas  from  boundary  layers  or  vortex 
flows  in  the  exhaust  gas  diffuser  (4).  Since  the  pressure  of 
the  exhaust  gas  to  be  removed  from  the  exhaust  gas  diffuser 
(4)  is  below  the  ambient  pressure,  suction  has  to  be 
established  to  remove  the  desired  gas  from  the  boundary 
layers  or  vortex  flows.  This  suction  is  established  by  an 
ejector  or  a  pump  (9)  which  is  driven  by  the  energy  of  the 
compressed  leakage  air  bled  from  the  compressor  (1).  Such  a 
pump  (9)  may  be  driven  by  a  turbine  (8)  driven  by the  leakage 
air. 



The.  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  of  improving  t h e  

o v e r a l l   engine  e f f i c i e n c y   of  a  t u r b o - m a c h i n e   c o m p r i s i n g   an  a i r  

compressor   and  a  gas  t u r b i n e   i n c l u d i n g   an  exhaust   gas  d i f f u s e r ,  

by  b l e e d i n g   off  a  part   of  the  f l u id   working  medium  from  bounda ry  

l a y e r s   or  vo r t ex   r eg ions   of  the  exhaus t   gas  d i f f u s e r .   The 

i n v e n t i o n   f u r t h e r   r e l a t e s   to  t u r b o - m a c h i n e r y   for  c a r r y i n g   out  t h e  

m e t h o d .  

I t   is  known,  such  as  shown  in  US  Pa t en t   No.  3856430  and 

French  Pa t en t   No.  1199042,  tha t   the  flow  in  d i f f u s e r s   can  be 

s t a b i l i z e d   and  the  p r e s s u r e   l o s s e s   t h e r e i n   be  reduced  by 

s e l e c t i v e   b l e e d o f f   of  pa r t s   of  the  working  medium.  When  w o r k i n g  

medium  such  as  a i r   with  low  k i n e t i c   energy  is  bled  from  a  v o r t e x  

flow  in  a  d i f f u s e r ,   the  v o r t e x  w i l l   be  r e p l e n i s h e d   by  a i r   of  a 

h ighe r   energy  leve l   from  the  m a i n - s t r e a m   and  thus  be  s t a b i l i z e d .  

A  s t epped   d i f f u s e r   (a  d i f f u s e r   in  which  the  flow  area  a b r u p t l y  

i n c r e a s e s   to  the  de s i r ed   value  i n s t e a d   of  i n c r e a s i n g   g r a d u a l l y  

such  as  in  con i ca l   d i f f u s e r s )   with  such  a  s t a b i l i z e d   vo r t ex   f l o w  

may  f u n c t i o n   wi thou t   detachment   of  the  flow  even  at  very  h i g h  

d i f f u s e r   area  r a t i o s .   A  b l e e d o f f   of  working  medium  may  a lso   be 

used  for  o b t a i n i n g   a  given  p r e s s u r e   r ecovery   with  a  s h o r t e r  

d i f f u s e r   l e n g t h ,   whereby  the  d i f f u s e r   wi l l   be  l i g h t e r   and  p r o b a b l y  

a l so   cheape r .   A  b l e e d o f f   of  boundary  l a y e r s   has  a  b e n e f i c i a l  

e f f e c t   on  most  types  of  d i f f u s e - s ,   but  the  e f f e c t   is  e s p e c i a l l y  

l a rge   in  s tepped   d i f f u s e r s   as  i n d i c a t e d   a b o v e .  

However,  the  u t i l i z a t i o n   of  these   a d v a n t a g e s   has  been  v e r y  

l i m i t e d ,   because  b l e e d i n g   off  a  par t   of  the  working  medium 

c o n s t i t u t e s   a  loss   which  at  l e a s t   p a r t l y   o f f s e t s   the  i n c r e a s e   o f  

the  e f f i c i e n c y   due  to  s t a b i l i z a t i o n   of  the  f l o w .   In  a d d i t i o n  

pumps  or  o the r   s u c t i o n   dev ices   must  be  used  when  b l e e d i n g   o f f  

working  medium  from  exhaust   g a s  d i f f u s e r s ,  s i n c e   the  p r e s s u r e   i n  

such  d i f f u s e r s   is  lower  than  the  a m b i e n t  p r e s s u r e ,   r e q u i r i n g  

b l e e d o f f   of  the  working  medium by  s u c t i o n ,   whereas  working  medium 

may  be  removed  from  a  high  p r e s s u r e   r eg ion ,   e .g .   from  a  c o m p r e s s o r  

d i f f u s e r ,   simply  by  t a p p i n g .  

Leakage  of  a i r   through  c l e a r a n c e s   such  as  l a b y r i n t h   s e a l s  

between  r o t a t i n g   and  s t a t i c   pa r t s   of  a  t u r b o - m a c h i n e   is  u n a v o i d a b l e .  

At  the  exi t   of  a  c e n t r i f u g a l   compressor  0,5%  to  2%  of  the  a i r   w i l l  



normal ly   be  bled  from  the  engine  cyc l e ,   and  th i s   r e p r e F f n t F   a 

per formance   p e n a l t y .  

The  ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  provide  a  s i m p l e  

method  of  e f f e c t i n g   the  b l e e d o f f   of  working  medium  from  exhaust   g a s  
d i f f u s e r s   in  t u r b o - m a c h i n e r y   in  such  a  manner  that   the  t o t a l  

e f f i c i e n c y   can  be  improved  to  such  an  e x t e n t   tha t   a  b l e e d o f f   o f  

working  medium  c o n s t i t u t e s   a  more  a t t r a c t i v e   and  i n t e r e s t i n g  

p o s s i b i l i t y .  

The  i n v e n t i o n   is  based  upon  the  r e c o g n i t i o n   tha t   t h e  

u n a v o i d a b l e   leakage   of  compressed  a i r   th rough  a  l a b y r i n t h   seal   i n  

the  compressor   may  be  combined  with  the  b l e e d i n g   of  f l u i d   w o r k i n g  

medium  f r o m   boundary  l a y e r s   or  vo r t ex   r e g i o n s   of  the  exhaust   g a s  
d i f f u s e r   in  an  a d v a n t a g e o u s   manner  to  give  a  s u b s t a n t i a l l y   improved 

t o t a l   e f f i c i e n c y .   Thus,  the  l eakage   a i r   may  be  used  d i r e c t l y   t o  

p rov ide   a  removal  of  working   medium  from  the  low  p r e s s u r e   r e g i o n  

of  the  exhaust   gas  d i f f u s e r .   This  means  t h a t   a  working  medium 

escap ing   from  a  high  p r e s s u r e   r eg ion   and  normal ly   c o n s t i t u t i n g   a  

l o s s ,   may  be  u t i l i z e d   to  p r o v i d e   energy  fo r   drawing  off   a  w o r k i n g  

medium  which  i t   is  a d v a n t a g e o u s   to  remove  from  a  low  p r e s s u r e  

r e g i o n .   The  p r e d i c t e d   improvement   in  exhaus t   d i f f u s e r   p e r f o r m a n c e  

is  l a rge   enough  to  make  up  for   the  l o s t   a i r   and  a d d i t i o n a l l y   t o  

p rov ide   a  net  improvement  in  power  ou tpu t   and  thermal   e f f i c i e n c y .  

Thus,  the  i n v e n t i o n   r e s i d e s   in  b l e e d i n g   off   l eakage   a i r  

l e a k i n g   through  a  l a b y r i n t h   s ea l   of  t he  compresso r  and   us ing  t h e  

energy  of  sa id   l eakage   a i r   to  draw  off   by  s u c t i o n   sa id   par t   of  t h e  

working  medium  from  sa id   e x h a u s t   gas  d i f f u s e r .  

Turbo-mach ine ry   with  which  the  i n v e n t i o n   may  be  c a r r i e d  

out,   comprises   a  compres so r   assembly   i n c l u d i n g   a  l a b y r i n t h   s e a l ,  

and  a  t u r b i n e   assembly  i n c l u d i n g   an  exhaus t   gas  d i f f u s e r .   Such 

machinery ,   which  may  e .g .   be  a  t u r b o - c h a r g e r   or  a  t u r b o s h a f t   e n g i n e ,  

is  c h a r a c t e r i z e d   in  t h a t   i t   compr i ses   an  energy  c o n v e r s i o n   means 

which  is  ope ra ted   by  compressed   a i r   l e a k i n g   through  said  l a b y r i n t h  

sea l   and  s u p p l i e s   energy  for   removing  working  medium  by  suc t i on   from 

a  boundary  l aye r   or  v o r t e x   flow  in  said  exhaus t   gas  d i f f u s e r ,   s a i d  

energy  convers ion   means  c o m p r i s i n g   a  f i r s t   condui t   connected  at  one 

end  to  the  low  p r e s s u r e   s ide   of  said  l a b y r i n t h   seal   of  s a i d  

compressor   assembly  to  r e c e i v e   a i r   l e a k i n g   through  said  seal  and  

connected  at  the  o the r   end  to  a  pump  means,  a  second  c o n d u i t  



connected  at  one  end  to  the  s u c t i o n   i n l e t   of  said  pump  means  and 

connected  at  the  o the r   end  to  said  boundary  layer   or  vor tex   f l ow  

of  said  e x h a u s t   gas  d i f f u s e r .  

As  i n d i c a t e d   above,  a  b l e e d o f f   is  e s p e c i a l l y   e f f e c t i v e   i n  

stepped  d i f f u s e r s ,   s ince  the  b l e e d i n g   may  be  e f f e c t e d   from  a 

s ing le   area  c l o se   to  the  s tep  in  the  flow  path,  and  the  p r e s e n t  

i n v e n t i o n   is  t h e r e f o r e   e s p e c i a l l y   u se fu l   in  connec t ion   with  s u c h  

d i f f u s e r s .   Accord ing   to  a v a i l a b l e   data  a  stepped  d i f f u s e r   w i t h  

b l eedo f f   may  p rov ide   a  p r e s s u r e   r e cove ry   of  about  90%  compared  w i t h  

about  60%  for  an  o r d i n a r y   l i n e a r   c o n i c a l   d i f f u s e r .   A  p r e s s u r e  

recovery  or  e f f i c i e n c y   of  above  60%  may  also  be  ob ta ined   w i t h  

conica l   d i f f u s e r s   wi thout   b l e e d o f f   i f   c o n s i s t i n g   of  a  s e r i e s   o f  

c o a x i a l l y   p laced   d i f f u s e r s .   However,  t h i s   i nvo lves   a  far   more 

expensive  and  m e c h a n i c a l l y   c o m p l i c a t e d   design  which  is  seldom  u s e d .  

In  order  to  o b t a i n   a  p r e s s u r e   r e cove ry   of  about  90%  i t   may  be 

necessa ry   to  bleed  off   a p p r o x i m a t e l y   1-3%  of  the  working  medium, 

but  it  may  a l so   be  p o s s i b l e   to  manage  with  smal le r   amounts.  The 

aerodynamic  ga ins   may  provide   a  t o t a l   improvement  of  the  e f f i c i e n c y  

in  the  o rder   of  10%.  In  the  case  of  a  gas  t u r b i n e   t h i s   may 
r e s u l t   in  a  c o r r e s p o n d i n g   r e d u c t i o n   of  the  fuel  c o n s u m p t i o n .  

The  use  of  s t epped   d i f f u s e r s   is  b e l i e v e d   a lso  to  p r o v i d e  

s u b s t a n t i a l   p r a c t i c a l   advan tages   with  r e spec t   to  m a n u f a c t u r i n g   c o s t s .  

In  connec t i on   with  the  high  exhaus t   gas  v e l o c i t i e s   used  or  p l a n n e d  

in  modern  r a d i a l   t u r b i n e s   a  good  exhaus t   gas  d i f f u s e r   wi l l   be  o f  

e s p e c i a l   s i g n i f i c a n c e  t o   the  t o t a l   t h e r m a l = e f f i c 3 e n c y .   The 

importance  of  the  i n v e n t i o n   is  b e l i e v e d   to  be  e s p e c i a l l y   g r e a t   f o r  

medium  and  small   t u r b o - m a c h i n e r y   such  as  t u r b o - c h a r g e r s   and  g a s  
t u r b i n e s   for  use  in  p r o p e l l i n g   machinery   in  e.g.  a u t o m o b i l e s ,  

since  the  boundary  l a y e r s   in  such  small   machines  occupy  a 

c o m p a r a t i v e l y   l a r g e   par t   of  the  flow  passages ,   the reby   r e s u l t i n g   i n  

a  r a t h e r   l a r g e   r e d u c t i o n   of  the  e f f i c i e n c y .   The  i n t e r n a l  

u t i l i z a t i o n   of  the  energy  in  the  compressed  leakage  a i r   a c c o r d i n g  

to  the  i n v e n t i o n   w i l l   t h e r e f o r e   p rov ide   an  e s p e c i a l l y   l a r g e  

i nc rea se   of  the  e f f i c i e n c y   in  small  machinery,   so  tha t   t h e  

d i s a d v a n t a g e   of  a  low  e f f i c i e n c y   i n h e r e n t   in  such  small  t u r b o -  

machinery  may  be  r e d u c e d .  

The  i n v e n t i o n   will   now  be  d e s c r i b e d   in  more  d e t a i l ,  

so le ly   by  way  of  example,  with  r e f e r e n c e   to  the  accompany ing  



drawings ,   in  w h i c h : -  

Fig.  3  is  a  d i ag rammat i c   ax i a l   s e c t i o n a l   view  of  a  g a s  

t u r b i n e   engine  having  a  s tepped   d i f f u s e r   in  which  a  b l e e d o f f   o f  

working  medium  a c c o r d i n g   to  the  i n v e n t i o n   is  ob ta ined   by  means  of  . 
l e akage   a i r   from  the  compressor   assembly  of  the  engine,   and 

Fig.  2  is  a  s e c t i o n a l   view  on  a  l a r g e r   sca le   of  the  p a r t  

in  the  c i r c l e   A  in  Fig.   1  i l l u s t r a t i n g   a  l a b y r i n t h   seal   between  t h e  

compressor   wheel  and  h o u s i n g .  

In  Fig.  1  t h e r e   is  shown  a  compressor   1  which  through  a  

compressor   d i f f u s e r   2  s u p p l i e s   compressed  a i r   to  a  c o m b u s t i o n  

chamber  7.  The  gases   from  the  combust ion  chamber  are  passed  to  a  

t u r b i n e   3  having  a  s t epped   exhaus t   gas  d i f f u s e r  4 .   The  t u r b i n e  

3  d r i v e s   the  compressor   1.  Of  course ,   the  t u r b i n e   3  g e n e r a t e s  

s u b s t a n t i a l l y   more  energy  than  r e q u i r e d   for  d r i v i n g   the  c o m p r e s s o r  

1  and  a l so   s u p p l i e s   energy  for  o p e r a t i n g   a  f u r t h e r   load,   e .g .   an 

e l e c t r i c   power  g e n e r a t o r   which  is   not  shown.  Compressed  a i r  

l e a k i n g   through  a  c o n v e n t i o n a l   l a b y r i n t h   s e a l  5   of  the  c o m p r e s s o r  

1  is  bled  off   th rough   a  condu i t   6  which  l eads   to  an  a i r   t u r b i n e   8 

o p e r a t i n g   a  pump  or  compresso r   9  for  removing  working  medium  by 

s u c t i o n   from  the  vo r t ex   flow  in  the  s tepped  exhaust   gas  d i f f u s e r   4 .  

In s t ead   of  a  t u r b i n e   and  pump  combina t ion   the re   may  be 

p rov ided   a n   e j e c t o r   o p e r a t e d   by  the  l eakage   a i r   to  produce  t h e  

s u c t i o n   r equ i r ed   to  remove  working  medium  from  the  d i f f u s e r   4 .  

The  use  of  an  e j e c t o r   p r o v i d e s   the  best   r e s u l t s   when  the  a i r   f rom 

the  compressor   1  and  the  working  medium  from  the  d i f f u s e r  4   h a v e  

a p p r o x i m a t e l y   the  same  d e n s i t y .   However,  by  us ing  o the r   s o l u t i o n s  

than  an  e j e c t o r   a  b e t t e r   e f f i c i e n c y   is  u s u a l l y   o b t a i n e d ,   b u t  

e j e c t o r s   may  s t i l l   be  p r e f e r a b l e   in  c o n n e c t i o n   with  small  m a c h i n e s ,  

s ince   they  have  v a r i o u s   o t h e r   advan tages   such  as  low  c o s t s .  

The  b l e e d o f f   of  a i r   f r o m   the  compressor   1  may  a lso   be 

combined  with  a  c o o l i n g   of  hot  p a r t s l o f   the  machinery ,   said  a i r  

being  used  for  c o o l i n g   p r i o r   to  u t i l i z i n g   the  energy  in  the  a i r   i n  

c o n n e c t i o n   with  a  b l e e d o f f   from  the  exhaus t   gas  d i f f u s e r .   D u r i n g  

c o o l i n g   heat  energy  is  s u p p l i e d   to  the  a i r ,   which  heat   w i l l  

c o u n t e r a c t   the  flow  f r i c t i o n   l o s s e s   which  u s u a l l y   are  l a r g e r   when 

the  a i r   is  used  for  c o o l i n g   p u r p o s e s .  

Fig.  2  shows  s c h e m a t i c a l l y   on  a  l a r g e r   s ca le   the  l a b y r i n t h  

seal   through  which  the  compressed  a i r   flows  before   i t   reaches   t h e  



onduit   6.  Leakage  of  h ighe r   tha t   a tmosphe r i c   p r e s su re   a i r  

through  c l e a r a n c e s   between  r o t a t i n g   and  s t a t i c   pa r t s   of  a  t u r b o -  

machine  is  u n a v o i d a b l e .   At  the  ex i t   of  a  c e n t r i f u g a l   c o m p r e s s o r  

0,5%  to  2%  of  the  a i r   has  normal ly   to  be  bled  from  the  engine  c y c l e  

and  t h i s   r e p r e s e n t s   a  pe r fo rmance   p e n a l t y .   For  compressors   w i t h  

p r e s s u r e   r a t i o s   above  7:1  t h i s   a i r   is  too  hot  to  be  used  as  b e a r i n g  

seal   a i r .   The  p r e s e n t   i n v e n t i o n   uses  t h i s   " l o s t "   a i r   to  c o n t r o l  

the  boundary  l ayer   in  the  t u r b i n e   exhaus t   d i f f u s e r .  

As  shown  in  Fig.   2  a i r   from  the  ex i t   po r t i on   of  a  c o m p r e s s o r  
1  l eaks   through  l a b y r i n t h   s e a l s   g e n e r a l l y   i n d i c a t e d   at  5.  At  t h e  

ou te r   po r t ion   of  the  s e a l s   5  t h i s   normal ly   wasted  l e ak ing   a i r   i s  

bled  off   through  the  c o n d u i t   6  and  fed  to  an  e j e c t o r   i n l e t   l i n e  

(not  shown)  or  to  the  i n l e t   of  an  a i r   t u r b i n e   as  shown  at  8  in  F i g . l .  

Thus,  the  i nven t ion   can  use  the  compressor   l eakage   a i r   e i t h e r   a s  

primary  a i r   in  a  jetpump  or  e j e c t o r   or  to  d r ive   a  compressor   9  wh ich  

thus  pumps  the  s u b a t m o s p h e r i c   a i r   out  from  the  exhaust   gas  d i f f u s e r  

4.  The  p r ed i c t ed   improvement   in  exhaus t   d i f f u s e r   per formance   i s  

l a rge   enough  to  p rov ide   a  net  improvement  in  power  output   and 

thermal   e f f i c i e n c y   in  a d d i t i o n   to  make  up  for  the  los t   a i r .  

According  to  the  p r e c e d i n g   d e s c r i p t i o n   the  working  medium 

is  a i r   and  combustion  gases   r e s p e c t i v e l y ,   s ince   the  i n v e n t i o n   i s  

i l l u s t r a t e d   in  c o n n e c t i o n   with  t u r b o - c h a r g e r s   and  t u r b o s h a f t  

eng ines .   However,  a  c o r r e s p o n d i n g   e f f e c t   may  be  ob ta ined   i n  

connec t i on   with  o the r   f l u i d s .   The  use  of  o ther   working  mediums,  

e s p e c i a l l y   vapour  and  o t h e r   gases ,   is  t h e r e f o r e   wi th in   the  scope  o f  

the  i n v e n t i o n .  



1.  A  method  of  improving  the  o v e r a l l   engine  e f f i c i e n c y   of  a 

t u r b o - m a c h i n e   compr i s i ng   an  a i r   compressor   (1)  and  a  gas  t u r b i n e  

(3)  i n c l u d i n g   an  exhaus t   gas  d i f f u s e r   (4),  by  b l e e d i n g   off   a  p a r t  

of  the  f l u i d   working  medium  from  boundary  l a y e r s   or  vor tex   r e g i o n s  

of  the  exhaus t   gas  d i f f u s e r   (4),  c h a r a c t e r i z e d   by  b l e e d i n g   o f f  

leakage  a i r   l e a k i n g   through  a  l a b y r i n t h   sea l   (5)  of  the  c o m p r e s s o r  

(1)  and  u s ing   the  energy  of  said  leakage   a i r   to  draw  off   by  s u c t i o n  

said  p a r t  o f   the  working  medium  from  said  exhaus t   gas  d i f f u s e r   ( 4 ) .  

2.  A  method  a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   by  f e e d i n g  

said  l e a k a g e   a i r   to  a  j e t   e j e c t o r   and  b l e e d i n g   off   sa id   w o r k i n g  

f l u i d   from  sa id   exhuas t   gas  d i f f u s e r   (4)  by  c o n n e c t i n g   the  s u c t i o n  

i n l e t   of  s a i d   e j e c t o r   to  sa id   d i f f u s e r   ( 4 ) .  

3.  A  method  a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   by  f e e d i n g  

said  l e akage   a i r   to  an  a u x i l i a r y   gas  t u r b i n e   (8)  to  d r ive   s a i d  

a u x i l i a r y   t u r b i n e   (8),  d r i v i n g   an  a u x i l i a r y   pump  (9)  by  s a i d  

a u x i l i a r y   t u r b i n e   (8),  and  c o n n e c t i n g   the  s u c t i o n   i n l e t   of  s a i d  

a u x i l i a r y   pump  (9)  to  said  d i f f u s e r   ( 4 ) .  

4.  A  t u r b o - m a c h i n e   such  as  a  t u r b o - c h a r g e r   or  a  gas  t u r b i n e  

engine  hav ing   a  compressor   assembly  (1)  i n c l u d i n g   a  l a b y r i n t h   s e a l  

(5),  and  a  t u r b i n e   assembly  (3)  i n c l u d i n g   an  exhaus t   gas  d i f f u s e r  

(4),  c h a r a c t e r i z e d   by  an  energy  c o n v e r s i o n   means  which  is  o p e r a t e d  

by  compressed   a i r   l e a k i n g   through  said  l a b y r i n t h   sea l   (5)  and  

s u p p l i e s   energy  for  removing  working  medium  by  s u c t i o n   from  a  

boundary  l a y e r   or  vo r t ex   flow  in  said  exhaus t   gas  d i f f u s e r   ( 4 ) ,  

said  energy  c o n v e r s i o n   means  compr i s ing   a  f i r s t   condu i t   (6)  

connec ted   at  one  end  to  the  low  p r e s s u r e   s ide   of  sa id   l a b y r i n t h   s e a l  

(5)  of  sa id   compresso r   assembly  (l)  to  r e c e i v e   a i r   l e a k i n g   t h r o u g h  

said  s ea l   (5),   and  connected   at  the  o ther   end  to  a  pump  means 

(8 ,9 ) ,   a  second  condu i t   connected   at  one  end  to  the  s u c t i o n   i n l e t  

of  said  pump  means  (8,9)  and  connec ted   at  the  o the r   end  to  s a i d  

boundary  l a y e r   or  vor tex   flow  of  said  exhaus t   gas  d i f f u s e r   ( 4 ) .  



5.  A  t u r b o - m a c h i n e   a c c o r d i n g   to  claim  4,  wherein  said  pump 

means  compr ises   an  a u x i l i a r y   gas  t u rb ine   (8)  and  pump  (9)  a s s e m b l y ,  

said  a u x i l i a r y   t u r b i n e   (8)  and  pump  (9)  being  operab ly   connected   so  

tha t   said  t u r b i n e   ( 8 ) d r i v e s   said  pump  (9),  and  said  o the r   end  o f  

said  f i r s t   condu i t   (6)  is  connected  to  the  i n l e t   of  said  a u x i l i a r y  

t u r b i n e   (8)  to  d r ive   sa id   t u r b i n e   ( 9 ) .  

6.  A  t u r b o - m a c h i n e   improvement  accord ing   to  claim  4 ,  

wherein  said  pump  means  compr i ses   a  jet   e j e c t o r .  
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