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  A  gas  turbine  engine  combustor  (10)  has  a two-stage  burn- 
er  (12)  having  first  and  second  combustion  sections  (18,  20) 
and  an  exhaust  section  (22)  and  a  burner  casing  (24)  coaxially 
surrounding  these  sections  (18,  20,  22)  to  define  an  annular 
conduit  (26)  for  reverse  flow  (28)  of  inlet  air.  A fuel  injector  (30) 
is  situated  at  the  upstream  end.  Primary  inlet  ports  (40)  in- 
troduce  18%  of  inlet  air  into  the  first  combustion  section  (18), 
and  first  cooling  ports  (42)  introduces  12%  of  inlet  air  into  the 
first  combustion  section  (18)  for  generating  a  swirling  cooling 
flow  which  mixes  with  primary  air  after  cooling  the  upstream 
end  of  the  first  combustion  section  (18).  Secondary  inlet  ports 
(44)  introduces  18%  of  inlet  air  into  second  stage  combustion 
section  (20),  and  second  cooling  ports  (46)  introduces  8%  of 
inlet  air  into  the  second  combustion  section  to  generate  a 
swirling  flow  which  mixes  with  primary  air  after  cooling  the  up- 
stream  end  of  the  second  combustion  section  (20).  Dilution 
ports  (48)  introduces  44%  of  inlet  air  into  the  exhaust  section 
(22)  to  cool  the  exhaust  gas. 



The  p resen t   i n v e n t i o n   r e l a t e s   to  combustors  for  gas  t u r b i n e  

engines   and,  in  p a r t i c u l a r ,   to  a  c o n v e c t i o n a l l y - c o o l e d   2 - s t a g e  

combustor  with  low  p re s su re   loss  and  uniform  exhaust  t e m p e r a t u r e .  

Various  types  of  known  combustors  or  combustion  chambers  f o r  

gas  t u r b i n e   engines  are  d e s c r i b e d   and  d i scussed   in  Boyce,  Gas 

Turbine  Eng inee r ing   Handbook,  Chapter  10,  pp.281-301  (1982).   As 

noted  in  t h i s   r e f e r e n c e ,   combustor  performance  is  measured  by  

e f f i c i e n c y ,   p re s su re   l o s s ,   and  t empera tu re   p r o f i l e   or  d i s t r i b u t i o n .  

The  p resen t   i n v e n t i o n   is  d i r e c t e d   to  a  combustor  for  a  gas  
t u r b i n e   engine  having  low  a i r   v e l o c i t y   and  two  s tage  burning  which 

p rov ides   an  o v e r a l l   t e m p e r a t u r e   d i s t r i b u t i o n   f a c t o r   in  the  range  o f  

0.07  to  0.12.   This  is  achieved  by  use  of  convec t ion   cool ing   and  

avoidance  of  conven t iona l   f i lm  cool ing  of  the  combustor  walls  and  a 

s p e c i f i c   d i s t r i b u t i o n   of  i n l e t   a i r   e n t e r i n g   into  the  c o m b u s t o r .  

The  ob j ec t s   and  advan tages   of  the  i n v e n t i o n   may  be  r e a l i z e d   and 

ob ta ined   by means  of  the  i n s t r u m e n t a l i t i e s   and  c o m b i n a t i o n s  

p a r t i c u l a r l y   pointed  out  in  the  appended  c l a i m s .  

In  accordance  with  the  i n v e n t i o n ,   as  embodied  and  b r o a d l y  

d e s c r i b e d   he re in ,   the  combustor  for  a  gas  t u r b i n e   engine  comprises  a  

burner  de f i n ing   an  ax ia l   f l u i d - f l o w   path  between  upstream  and 

downstream  ends  t h e r e o f ,   the  burner  i n c l u d i n g   a  f i r s t   c o m b u s t i o n  

s e c t i o n   proximate  the  ups t ream  end,  a  second  combustion  s e c t i o n  

a x i a l l y   downstream  of  the  f i r s t   combustion  s e c t i o n ,   and  an  e x h a u s t  

s e c t i o n   proximate  the  downstream  end;  a  burner   cas ing  c o a x i a l l y  

su r round ing   the  burner  and  d e f i n i n g   an  annu la r   condui t   for  flow  o f  

i n l e t   a i r   from  downstream  to  upstream  ends  of  the  burner ,   the  i n l e t  

a i r   flow  c o n v e c t i o n a l l y   coo l ing   the  burner;   means  at  the  u p s t r e a m  
end  of  the  burner  for  i n t r o d u c i n g   fuel  into  the  f i r s t   c o m b u s t i o n  

s e c t i o n ;   f i r s t   pr imary means   for  i n t r o d u c i n g   a  f i r s t   primary  p o r t i o n  

of  the  i n l e t   a i r   into  the  f i r s t   combustion  s e c t i o n   to  genera te   a 

combus t ib le   f u e l - a i r   mixture   t h e r e i n ;   f i r s t   cool ing   means  f o r  

i n t r o d u c i n g   a  f i r s t   cool ing   po r t ion   of  the  i n l e t   a i r   in to   the  f i r s t  

combustion  s ec t i on   to  gene ra t e   a  s w i r l i n g   flow  of  f i r s t   cooling  a i r  

t h e r e i n ,   the  s w i r l i n g   flow  of  f i r s t   cool ing  a i r   c r e a t i n g   an  a n n u l a r  

cool ing   layer   proximate  the  upstream  end  of  the  f i r s t   combus t ion  



sec t ion   which  s u b s t a n t i a l l y   mixes  with  the  f i r s t   primary  p o r t i o n  

downstream  in  the  f i r s t   combustion  s e c t i o n ;   second  primary  means  f o r  

i n t r o d u c i n g   a  second  primary  po r t ion   of  the  i n l e t   a i r   into  t h e  

second  combustion  s e c t i o n   to  genera te   a  combus t ib le   f u e l - a i r   m i x t u r e  

t h e r e i n ;   second  cool ing  means  for  i n t r o d u c i n g   a  second  c o o l i n g  

p o r t i o n   of  the  i n l e t   a i r   into  the  second  combustion  s ec t ion   t o  

genera te   a  s w i r l i n g   flow  of  second  cool ing   a i r   t h e r e i n ,   the  s w i r l i n g  

flow  of  second  cool ing  a i r   c r e a t i n g   an  annular   cool ing  l a y e r  

proximate  the  upstream  end  of  the  second  combustion  s ec t ion   which  

s u b s t a n t i a l l y   mixes  with  the  second  primary  p o r t i o n   downstream  i n  

the  second  combustion  s e c t i o n ;   and  d i l u t i o n   means  for  i n t r o d u c i n g   a 

d i l u t i o n   p o r t i o n   of  the  i n l e t   a i r   into  the  exhaust   s ec t ion   to  c o o l  

the  exhaust   gas  of  the  b u r n e r .  

P r e f e r a b l y ,   the  f i r s t   pr imary  means  comprises   a  p l u r a l i t y   o f  

f i r s t   pr imary  openings  at  the  upstream  end  of  the  burner  d i s p o s e d  

around  the  fuel   i n t r o d u c i n g   means,  the  f i r s t   cool ing  means  c o m p r i s e s  

a  p l u r a l i t y   of  f i r s t   cool ing   openings  at  the  upstream  end  of  t h e  

burner  d i sposed   in  an  annula r   a r r ay   r a d i a l l y   outward  of  the  f i r s t  

pr imary  openings ,   the  second  pr imary means  comprises  a  p l u r a l i t y   o f  

r a d i a l l y   o r i e n t e d   second  pr imary  openings  c i r c u m f e r e n t i a l l y   spaced  

about  the  burner   proximate  the  downstream  end  of  the  f i r s t  

combustion  s e c t i o n ,   the  second  cool ing  means  comprises  a  p l u r a l i t y  

of  a x i a l l y   o r i e n t e d   second  cool ing   openings  c i r c u m f e r e n t i a l l y   s p a c e d  

about  the  burner   proximate  the  downstream  end  of  the  f i r s t  

combustion  s e c t i o n ,   and  the  d i l u t i o n   means  comprises  a  p l u r a l i t y   o f  

r a d i a l l y   o r i e n t e d   d i l u t i o n   openings  c i r c u m f e r e n t i a l l y   spaced  abou t  

the  burner  proximate  the  downstream  end  of  the  second  combus t ion  

s e c t i o n .  

In  a  p r e f e r r e d   embodiment,  the  f i r s t   pr imary  po r t ion   i s  

app rox ima te ly   18%  of  i n l e t   a i r ,   the  f i r s t   cool ing   po r t ion   i s  

a p p r o x i m a t e l y   12%  of  i n l e t   a i r ,   the  second  pr imary  po r t ion   i s  

app rox ima te ly   18%  of  i n l e t   a i r ,   the  second  cool ing  por t ion   i s  

a p p r o x i m a t e l y   8X  of  i n l e t   a i r ,   and  the  d i l u t i o n   po r t i on   i s  

a p p r o x i m a t e l y   44X  of  i n l e t   a i r .  

The  accompanying  drawings ,   which  are  i n c o r p o r a t e d   in  and 

c o n s t i t u t e   a  part  of  the  s p e c i f i c a t i o n ,   i l l u s t r a t e   one  embodiment  o f  

the  i n v e n t i o n ,   and  t o g e t h e r   with  the  d e s c r i p t i o n ,   serve  to  e x p l a i n  



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

FIGURE  1  is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   view  of  an 

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

FIGURE  2  is  an  en la rged ,   p a r t i a l   c r o s s - s e c t i o n a l   view  of  p a r t  
of  the  combustor  dep ic t ed   in  FIGURE  1.  

Reference   wi l l   now  be  made  in  d e t a i l   to  the  p resen t   p r e f e r r e d  
embodiment  of  the  i n v e n t i o n ,   an  example  of  which  is  i l l u s t r a t e d   i n  

the  accompanying  d r a w i n g s .  

The  combustor  of  the  i n v e n t i o n   compr ises   a  burner  de f i n ing   an  
axia l   f l u i d - f l o w   path  for  gases  between  ups t ream  and  downstream  ends  

t h e r e o f   and  i n c l u d i n g   a  f i r s t   combust ion  s e c t i o n   p rox imate   t h e  

upst ream  end,  a  second  combust ion  s ec t i on   a x i a l l y   downstream  of  t h e  

f i r s t   combust ion  s e c t i o n   and  an  exhaust  s e c t i o n   proximate   t h e  

downstream  end .  

As  dep ic ted   in  Figure  1,  the  combustor  10  i nc ludes   a  burner  12 

de f in ing   an  axia l   f l u i d - f l o w   path  A  between  an  upst ream  end  14  and  a 
downstream  end  16.  The  burner  inc ludes   a  f i r s t   combust ion  s e c t i o n  

18  proximate   upst ream  end  14,  a  second  combust ion  s e c t i o n   20  a x i a l l y  

downstream  of  f i r s t   combust ion  s e c t i o n   18  and  an  exhaust   s e c t i o n   22 

proximate  downstream  end  16.  

In  accordance  with  the  i n v e n t i o n ,   the  combustor  i nc ludes   a  
burner  cas ing  c o a x i a l l y   su r round ing   the  burner   and  de f in ing   a n  

annular   conduit   for  flow  of  i n l e t   air   from  downstream  to  u p s t r e a m  
ends  of  the  burner ,   the  i n l e t   a i r   flow  c o n v e c t i o n a l l y   cool ing   t h e  

burner.   In  the  embodiment  of  Figure  1,  burner   casing  24  c o a x i a l l y  

surrounds   burner  12  and  de f ines   an  annular   conduit   26  for  flow  o f  

i n l e t   air   dep ic ted   by  arrows  28  from  downstream  end  16  to  u p s t r e a m  
end  14.  In le t   a i r   flow  28  c o n v e c t i o n a l l y   cools  burner  12  by  f l o w i n g  

along  the  ou t s ide   su r face   of  the  burner.   I n l e t   air   28  is  g e n e r a t e d  

by  the  compressor   (not  shown)  of  the  gas  t u r b i n e   engine  and 

conveyed  to  annular   condui t   26  by  conduit   means  (not  shown) .  

Also  in  accordance  with  the  i n v e n t i o n ,   the  combustor  i n c l u d e s  

means  for  i n t r o d u c i n g   fuel  into  the  burner  p rox imate   the  u p s t r e a m  
end  t he reo f .   Fuel  nozzle   30,  as  seen  in  Figures   1  and  2,  p r o j e c t s  

through  upstream  end  14  of  burner  12  to  i n j e c t   fuel  into  f i r s t  

combustion  s ec t ion   18 .  

In  accordance  with  the  i n v e n t i o n ,   the  combustor  i nc ludes   a 



f i r s t   pr imary  means  for  i n t r o d u c i n g   a  f i r s t   p r imary   part  of  t h e  

i n l e t   air   into  the  f i r s t   combustion  s ec t i on   to  genera te   a 

combust ib le   f u e l - a i r   mixture   t h e r e i n .  

P r e f e r a b l y ,   as  seen  in  Figures   1  and  2,  the  f i r s t   p r imary   means 

comprises   a  p l u r a l i t y   of  f i r s t   p r imary   openings  40  in  ups t ream  end 

14  of  burner  12  disposed  around  fuel  nozzle  30.  About  18%  of  t h e  

i n l e t   air   28  f lowing  through  annular   conduit   26  en te r s   f i r s t  

combust ion  s e c t i o n   18  through  f i r s t   p r imary   openings  40  and  mixes  

with  fuel  i n j e c t e d   into  f i r s t   combust ion  s ec t ion   18  by  fuel  n o z z l e  

30.  Various  s t r u c t u r a l   f e a t u r e s   may  be  i n c o r p o r a t e d   wi th in   f i r s t  

combust ion  s ec t ion   18  proximate   fuel  nozzle   30  to  genera te   s w i r l i n g  

and  mixing  ac t ion   between  i n l e t   a i r   and  f u e l .  

In  accordance  with  the  i n v e n t i o n ,   the  combustor  inc ludes   a 

f i r s t   cool ing  means  for  i n t r o d u c i n g   a  f i r s t   cool ing  po r t ion   of  t h e  

i n l e t   a i r   in to   the  f i r s t   combust ion  s ec t i on   to  genera te   a  s w i r l i n g  

flow  of  f i r s t   cool ing  a i r   t h e r e i n .   The  s w i r l i n g   flow  of  f i r s t  

cool ing  a i r   c r e a t e s   an  annular   cool ing  layer   proximate   the  u p s t r e a m  
end  of  the  f i r s t   combust ion  s e c t i o n   which  s u b s t a n t i a l l y   mixes  w i t h  

the  f i r s t   p r imary   po r t ion   downstream  in  the  f i r s t   c o m b u s t i o n  

s e c t i o n .  

P r e f e r a b l y ,   f i r s t   cool ing  means  comprises   a  p l u r a l i t y   of  f i r s t  

cool ing  openings  42  in  the  upst ream  end  14  of  the  burner  12.  F i r s t  

cool ing   openings  42  are  disposed  in  an  annular   a r ray   r a d i a l l y  

outward  of  f i r s t   p r imary   openings  40.  Approx imate ly   12%  of  i n l e t  

a i r   28  f lowing  through  annular   conduit   26  en t e r s   f i r s t   c o m b u s t i o n  

s e c t i o n   18  through  f i r s t   cool ing   openings  42.  F i r s t   c o o l i n g  

openings  42  are  so  a r ranged  as  to  genera te   a  s w i r l i n g   ac t ion   o f  

cool ing   a i r   in  the  upst ream  end  of  f i r s t   combust ion  s ec t ion   18.  The 

s w i r l i n g   ac t ion   of  the  cool ing   air   gene ra t e s   an  annular   layer   o f  

cool ing  a i r   at  the  upst ream  end  of  s ec t ion   18  which  is  then  mixed  

with  the  p r imary   a i r   downstream  in  s ec t i on   18.  The  annular   layer   o f  

cool ing   a i r ,   known  as  f i lm  coo l ing ,   does  not  extend  to  t h e  

downstream  end  of  the  f i r s t   combustion  s ec t i on   18.  

In  accordance  with  the  i n v e n t i o n ,   the  combustor  inc ludes   a  

second  p r imary   means  for  i n t r o d u c i n g   a  second  p r imary   part  of  i n l e t  

a i r   into  the  second  combust ion  s ec t ion   to  genera te   a  c o m b u s t i b l e  

f u e l - a i r   mixture   t h e r e i n .   P r e f e r a b l y ,   second  pr imary   means 



comprises  a  p l u r a l i t y   of  r a d i a l l y - o r i e n t e d   second  pr imary  o p e n i n g s  

44  c i r c u m f e r e n t i a l l y   spaced  about  burner  12  proximate   the  downst ream 

end  of  f i r s t   combustion  s ec t i on   18.  Approximate ly   18%  of  i n l e t   a i r  

28  en te r s   f i r s t   combustion  s e c t i o n   18  at  the  downstream  end  t h e r e o f  

through  openings  44  and  mixes  with  combustion  gases  e x i t i n g   f rom 

f i r s t   combustion  s e c t i o n   18  to  genera te   a  second  s tage  of  burning  i n  

second  combustion  s e c t i o n   2 0 .  

The  combustor  of  the  i n v e n t i o n   also  i nc ludes   second  c o o l i n g  

means  for  i n t r o d u c i n g   a  second  cool ing   p o r t i o n   of  i n l e t   a i r   in to   t h e  

second  combustion  s e c t i o n   to  genera te   a  s w i r l i n g   flow  of  second  

cool ing   a i r .   The  s w i r l i n g   flow  of  second  cool ing  a i r   c r e a t e s   a n  

annula r   cool ing   layer   proximate   the  upstream  end  of  the  s econd  

combustion  s e c t i o n   which  s u b s t a n t i a l l y   mixes  with  the  second  p r i m a r y  

po r t i on   downstream  in  the  second  combustion  s e c t i o n .  

P r e f e r a b l y ,   second  cool ing   means  comprises  a  p l u r a l i t y   o f  

a x i a l l y - o r i e n t e d   second  cool ing   openings  c i r c u m f e r e n t i a l l y   s p a c e d  

about  the  burner   proximate  the  downstream  end  of  the  f i r s t  

combustion  s e c t i o n .   As  seen  in  Figure  1,  second  cool ing   openings  46 

are  a x i a l l y - o r i e n t e d   and  open  toward  the  upstream  end  of  the  b u r n e r  

12.  The  openings  are  c i r c u m f e r e n t i a l l y   spaced  about  the  b u r n e r  

proximate  the  downstream  end  of  f i r s t   combustion  s e c t i o n   18  and 

communicate  i n l e t   a i r   from  annular   conduit   26  to  the  upstream  end  o f  

second  combustion  s e c t i o n   20.  Second  cool ing   openings  46  a r e  

d isposed   to  i n t r o d u c e   a p p r o x i m a t e l y   8X  of  i n l e t   a i r   into  second  

combustion  chamger  20  in  a  s w i r l i n g   p a t t e r n   which  gene ra t e s   an  

annular   cool ing   l ayer   at  the  upstream  end  of  s ec t i on   20  which  

s u b s e q u e n t l y   mixes  with  the  second  primary  p o r t i o n .   The  a n n u l a r  

cool ing  layer   does  not  extend  to  the  downstream  end  of  s econd  

combustion  s e c t i o n   2 0 .  

The  combustor  of  the  i n v e n t i o n   also  i nc ludes   a  d i l u t i o n   means 

for  i n t r o d u c i n g   a  d i l u t i o n   po r t ion   of  the  i n l e t   a i r   into  the  e x h a u s t  

s e c t i o n   to  cool  the  exhaust   gas  from  the  burner .   As  seen  in  F i g u r e  

1,  d i l u t i o n   means  comprises   a  p l u r a l i t y   of  r a d i a l l y   o r i e n t e d  

d i l u t i o n   openings  48  which  r ece ive   a p p r o x i m a t e l y   44%  of  i n l e t   a i r  

from  annular   condui t   26  and  d i r e c t   the  i n l e t   a i r   into  e x h a u s t  

s e c t i o n   22  of  burner  12  to  reduce  the  average  t empera tu re   of  t h e  

exhaust  gas  p r io r   to  reaching   the  t u r b i n e .  



The  gas  t u r b i n e   engine  cobus to rs   of  the  i n v e n t i o n   are  c a p a b l e  

of  high  t e m p e r a t u r e   o p e r a t i o n   with  low  p ressure   loss  and  u n i f o r m  

exhaust  t e m p e r a t u r e .   Where  a  low  a i r   v e l o c i t y   ( a p p r o x i m a t e l y   150 

f t / s e c . )   and  t w o - s t a g e   burning  are  used,  the  f ront   end  of  the  b u r n e r  

r e c e i v e s   30X  of  the  i n l e t   a i r   p rov id ing   a  f u e l - a i r   r a t i o   of  8.5  t o  

10X  which  is  above  s t o i c h i o m e t r i c ,   r e s u l t i n g   in  a  low  f l a m e  

t e m p e r a t u r e .   This  low  flame  t e m p e r a t u r e   and  two- s t age   b u r n i n g  

provides   low  heat  t r a n s f e r   to  the  burner  wall  which  is  then  c o o l e d  

by  convec t ion   cool ing   through  the  r everse   flow  of  i n l e t   a i r .   The 

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

about  0.07  to  0.12.  The  t e m p e r a t u r e   d i s t r i b u t i o n   f a c t o r   is  d e f i n e d  

as  maximum  t e m p e r a t u r e   minus  average  t e m p e r a t u r e   divided  by  a v e r a g e  

t empera tu re   minus  i n l e t   t e m p e r a t u r e .  

It  wi l l   be  apparent   to  those  s k i l l e d   in  the  art   that  v a r i o u s  

m o d i f i c a t i o n s   and  v a r i a t i o n s   could  be  made  in  the  combustor  of  t h e  

i n v e n t i o n   wi thout   d e p a r t i n g   from  the  scope  or  s p i r i t   of  t h e  

i n v e n t i o n .  



1.  A  combustor  for  a  gas  t u rb ine   engine,   c o m p r i s i n g :  

(a)  a  burner  (12)  de f in ing   an  axia l   f l u i d - f l o w   path  b e t w e e n  

upstream  and  downstream  ends  (14,16)  t h e r e o f ,   said  b u r n e r  

(12)  i n c l u d i n g   a  f i r s t   combust ion  s ec t i on   (18)  p r o x i m a t e  

said  upstream  end  (14),  a  second  combustion  s ec t i on   (20) 

a x i a l l y  d o w n s t r e a m   of  said  f i r s t   combustion  s e c t i o n   (18) 

and  an  exhaust   s e c t i o n   (22)  p roximate   said  downstream  end 

( 1 6 ) ;  

(b)  a  burner  casing  (24)  c o a x i a l l y   sur rounding   said  b u r n e r  

(12)  and  de f in ing   an  annular   conduit   (26)  for  flow  o f  

i n l e t   a i r   from  downstream  to  upstream  ends  (16,14)  of  s a i d  

burner   (12),  said  i n l e t   a i r   flow  c o n v e c t i o n a l l y   c o o l i n g  

said  b u r n e r ;  

(c)  means  (30)  at  the  upstream  end  (14)  of  said  burner  (12) 

for  i n t r o d u c i n g   fuel  into  said  f i r s t   combustion  s e c t i o n ;  

(d)  f i r s t   p r imary   means  (40)  for  i n t r o d u c i n g   a  f i r s t   p r i m a r y  

po r t ion   of  said  i n l e t   a i r   into  said  f i r s t   c o m b u s t i o n  

s e c t i o n   (18)  to  gene ra te   a  combus t ib le   f u e l - a i r   m i x t u r e  

t h e r e i n ;  

(e)  f i r s t   cool ing  means  (42)  for  i n t r o d u c i n g   a  f i r s t   c o o l i n g  

por t ion   of  said  i n l e t   a i r   into  said  f i r s t   c o m b u s t i o n  

s e c t i o n   (18)  to  gene ra te   a  s w i r l i n g   flow  of  f i r s t   c o o l i n g  

a i r   t h e r e i n ,   said  s w i r l i n g   flow  of  f i r s t   cool ing  a i r  

s u b s t a n t i a l l y   mixing  with  said  f i r s t   p r imary   p o r t i o n  

downstream  in  said  f i r s t   combustion  s e c t i o n   ( 1 8 ) ;  

(f)  second  pr imary   means  (44)  for  i n t r o d u c i n g   a  second  p r i m a r y  

po r t i on   of  said  i n l e t   a i r   into  said  second  c o m b u s t i o n  

s e c t i o n   (20)  to  gene ra te   a  combus t ib l e   f u e l - a i r   m i x t u r e  

t h e r e i n ;  

(g)  second  cool ing  means  (46)  for  i n t r o d u c i n g   a  second  c o o l i n g  

po r t ion   of  said  i n l e t   a i r   into  said  second  c o m b u s t i o n  

s e c t i o n   (20)  to  genera te   a  s w i r l i n g   flow  of  second  c o o l i n g  

a i r   t h e r e i n ,   said  s w i r l i n g   flow  of  second  cool ing   a i r  

s u b s t a n t i a l l y   mixing  with  said  second  pr imary   p o r t i o n  

downstream  in  said  second  combustion  s e c t i o n   ( 2 0 ) ;  a n d  



(h)  d i l u t i o n   means  (48)  for  i n t r o d u c i n g   a  d i l u t i o n   po r t i on   o f  

said  i n l e t   a i r   into  said  exhaust  s ec t ion   (22)  to  cool  t h e  

exhaust   gas  of  said  burner  ( 1 2 ) .  

2.  A  combustor  according  to  claim  1,  c h a r a c t e r i s e d   in  that   t h e  

swi r l ing   flow  of  f i r s t   cool ing  a i r   c r e a t e s   an  annular   cool ing   l a y e r  

proximate  the  upstream  end  (14)  of  the  f i r s t   combustion  s e c t i o n  

(18),   and  the  swi r l ing   flow  of  second  cool ing  a i r   c r e a t e s   an  a n n u l a r  

cooling  layer   proximate  the  upstream  end  of  the  second  combus t i on  

s e c t i o n   ( 2 0 ) .  

3.  A  combustor  according  to  claim  2,  c h a r a c t e r i s e d   in  that   t h e  

f i r s t   primary  po r t ion   is  a p p r o x i m a t e l y   18%  of  said  i n l e t   a i r ,   s a i d  

f i r s t   cool ing  po r t ion   is  app rox ima te ly   12%  of  said  i n l e t   a i r ,   s a i d  

second  primary  po r t ion   is  app rox ima te ly   18%  of  said  i n l e t   a i r ,   s a i d  

second  cool ing  po r t ion   is  a p p r o x i m a t e l y   8%  of  said  i n l e t   a i r ,   and 

said  d i l u t i o n   po r t ion   is  a p p r o x i m a t e l y   44%  of  said  i n l e t   a i r .  

4.  A  combustor  according  to  claim  1,  c h a r a c t e r i s e d   in  that   t h e  

f i r s t   cool ing  means  (42)  i n t r o d u c e s   about  12%  of  said  i n l e t   a i r   i n t o  

said  f i r s t   combustion  s ec t ion   to  genera te   a  sw i r l i ng   flow  of  f i r s t  

cool ing  a i r   t h e r e i n ,   said  s w i r l i n g   flow  of  f i r s t   cool ing   a i r  

s u b s t a n t i a l l y  m i x i n g   with  i n l e t   a i r   from  said  f i r s t   p r i m a r y  m e a n s  

(40)  a f t e r   cool ing  the  upstream  end  of  said  f i r s t   combustion  s e c t i o n  

(18);  the  second  primary  means  (44)  i n t r o d u c e s   about  18%  of  said  a i r  

into  said  second  combustion  s e c t i o n   (20)  to  genera te   a  c o m b u s t i b l e  

f u e l - a i r   mixture  t h e r e i n ;   the  second  cool ing  means  (46)  i n t r o d u c e s  

about  8%  of  said  i n l e t   air   into  said  second  combustion  s e c t i o n   (20)  

to  genera te   a  sw i r l i ng   flow  of  second  cool ing  air   t h e r e i n ,   s a i d  

swi r l i ng   flow  of  second  cool ing  a i r   s u b s t a n t i a l l y  m i x i n g   with  i n l e t  

air   from  said  second  primary  means  (44)  a f t e r   cool ing  the  u p s t r e a m  
end  of  said  second  combustion  s e c t i o n   (20)  and  the  d i l u t i o n   means 

(48)  i n t r o d u c e s   about  44%  of  the  i n l e t   a i r   into  said  exhaust   s e c t i o n  

(22)  to  cool  the  exhaust  gas  of  said  burner  ( 1 2 ) .  



5.  A  combustor  according   to  claim  4,  c h a r a c t e r i s e d   in  that  t h e  

f i r s t   p r imary   means  comprises   a  p l u r a l i t y   of  f i r s t   p r imary   o p e n i n g s  

(40)  in  the  ups t ream  end  (14)  of  said  burner  (12)  d i sposed   a round  

said  fuel  i n t r o d u c i n g   means  (30)  communicat ing  i n l e t   air   from  s a i d  

annular   condui t   (26)  to  said  f i r s t   combustion  s ec t i on   ( 1 8 ) .  

6.  A  combustor   according  to  claim  5,  c h a r a c t e r i s e d   in  that   t h e  

f i r s t   cool ing   means  comprises   a  p l u r a l i t y   of  f i r s t   cool ing   o p e n i n g s  

(42)  in  the  upstream  end  (14)  of  said  burner  (12)  d isposed  in  an  
annular   a r r ay   r a d i a l l y   outward  of  said  f i r s t   pr imary  openings  ( 4 0 ) .  

7.  A  combustor   according  to  claim  4,  c h a r a c t e r i s e d   in  that   t h e  

second  pr imary   means  comprises   a  p l u r a l i t y   of  r a d i a l l y - o r i e n t e d  

second  p r imary   openings  (44)  c i r c u m f e r e n t i a l l y   spaced  about  s a i d  

burner  (12)  proximate   the  downstream  end  of  said  f i r s t   c o m b u s t i o n  

s ec t i on   (18)  communicat ing  i n l e t   a i r   from  said  annular   condui t   (26) 

to  the  upstream  end  of  said  second  combustion  s e c t i o n   ( 2 0 ) .  

8.  A  combustor   according   to  claim  4,  c h a r a c t e r i s e d   in  that   second 

cool ing   means  comprises   a  p l u r a l i t y   of  a x i a l l y - o r i e n t e d   second  

cool ing   openings  (46)  c i r c u m f e r e n t i a l l y   spaced  about  said  b u r n e r  

(12)  p rox imate   the  downstream  end  of  said  f i r s t   combust ion  s e c t i o n  

(18),  communicat ing  i n l e t   a i r   from  said  annular   condui t   (26)  to  t h e  

ups t ream  end  of  said  second  combust ion  s ec t i on   (20),  each  s a i d  

second  cool ing  opening  (46)  having  an  en t rance   d i r e c t e d   toward  t h e  

upstream  end  (14)  of  said  burner   ( 1 2 ) .  

9.  A  combustor   according  to  claim  4,  c h a r a c t e r i s e d   in  t h a t  

d i l u t i o n   means  comprises   a  p l u r a l i t y   of  r a d i a l l y - o r i e n t e d   d i l u t i o n  

openings  (48)  c i r c u m f e r e n t i a l l y   spaced  about  said  burner  (12) 

proximate   the  downstream  end  of  said  second  combust ion  s e c t i o n   (20) 

communicat ing  i n l e t   a i r   from  said  annular   conduit   (26)  to  s a i d  

exhaust  s e c t i o n   ( 2 2 ) .  
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