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©  Combustor. 

@  This  invention  is  a  combustor  for  a  gas  turbine  engine, 
particularly  for  aircraft  propulsion,  in  which  a  combustion  pas- 
sage  (54)  is  defined  by  a  liner  (44)  within  a  housing  (38)  defin- 
ing  an  inlet  air  plenum  chamber  (56)  for  air  from  a  compressor. 
Normally  fuel  is  injected  through  nozzles  (24)  in  an  annular  end 
wall  (46)  of  the  liner  and  burnt  using  primary  air  received 
through  inlets  (88)  ;  additional  air  is  provided  through  swirlers 
(84,  86)  and  by  way  of  liner  cooling  passages  (70,  72)  both  of 
which  receive  their  air  from  a  liner  plenum  (60)  through  an  inlet 
(98).  The  inlet  (98)  can  be  progressively  opened  or  closed  by 
actuating  means  (Figure  8)  so  that  the  quantity  of  air  in  the 
swirlers  an  din  the  cooling  passages  can  be  controlled  togeth- 
er.  For  re-ignition  at  altitude  and  possibly  also  for  initial  starting 
at  ground  level,  a  valve  sleeve  (96)  can  close  the  inlet  (98)  so 
that  ignition  is  only  in  the  primary  air  at  (88),  and  simultaneous- 
ly  an  inlet  (92)  for  compressed  air  at  a  downstream  part  of  the 
combustion  passage  (54)  is  opened  so  that  that  air  is  not  wast- 
ed,  but  is  fed  into  the  burning  gases  for  exit  at  (52)  for  supply 
to  a  turbine. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

c o m b u s t o r s   f o r   e x a m p l e   f o r   use  in  gas  t u r b i n e   p r o p u l s i o n  

e n g i n e s ,   and  one  o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e  

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

i g n i t i o n   p e r f o r m a n c e   to  h i g h - t e m p e r a t u r e   r i s e   c o m b u s t o r s  

C o n t i n u i n g   e v o l u t o n   and  i m p r o v e m e n t s   in  c o m b u s t o r  

d e s i g n   have   r e s u l t e d   in  h i g h l y   e f f i c i e n t   f i x e d  

g e o m e t r y   c o m b u s t o r s   f o r   c o n v e n t i o n a l   a i r c r a f t   g a s  
t u r b i n e   p r o p u l s i o n   e n g i n e s .   H o w e v e r ,   i t   is  w e l l  

known  t h a t   such   c o n v e n t i o n a l   c o m b u s t o r s   have  s i g n i f i c a n t  

L i m i t a t i o n s   and  d i s a d v a n t a g e s   when  u t i l i s e d   in  t h e  

p r o p u l s i o n   e n g i n e s   of  u l t r a - h i g h   p e r f o r m a n c e  

a i r c r a f t   o p e r a t i n g   w i t h i n   e x p a n d e d   a l t i t u d e - m a c h  

n u m b e r   f l i g h t   e n v e l o p e s .   Among  the   more  c r i t i c a l  

of  t h e s e   r e c o g n i s e d   c o m b u s t o r   d e f i c i e n c i e s   a r i s i n g   f r o m  

f l i g h t   e n v e l o p e   e x p a n s i o n   a r e   c o m b u s t i o n   i n s t a b i l i t y ,  

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

i g n i t i o n   p r o b l e m s   at  Low  a m b i e n t   t e m p e r a t u r e s .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   a  c o m b u s t o r   i n c l u d e s  

a  L i n e r   d e f i n i n g   a  c o m b u s t i o n   p a s s a g e   and  an  i n l e t  

f o r   a i r   f o r   t he   c o m b u s t i o n   p a s s a g e s   and  i s  

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

a i r   t h r o u g h   t he   i n l e t   and  f o r   c o n t r o l l i n g   t he   e n t r y   o f  

a i r   to  t he   c o m b u s t i o n   p a s s a g e   t h r o u g h   two  d i f f e r e n t  

p a s s a g e s   s i m u l t a n e o u s l y .  

In  c a r r y i n g   out  p r i n c i p l e s   of  t h e   p r e s e n t  

i n v e n t i o n ,   in  a c c o r d a n c e   w i t h   a  p r e f e r r e d   e m b o d i m e n t  

t h e r e o f ,   a  gas  t u r b i n e   p r o p u l s i o n   e n g i n e   may  b e  

p r o v i d e d   w i t h   such   a  s p e c i a l l y   d e s i g n e d   c o m b u s t o r  

w h i c h   is  o p e r a b l e   to  s i g n i f i c a n t l y  e x p a n d   t h e  

a l t i t u d e - m a c h   n u m b e r   f l i g h t   e n v e l o p e   w i t h i n   wh ich   t h e  



e n g i n e   may  be  o p e r a t e d   w i t h o u t   e x p e r i e n c i n g   the   c o m b u s t o r  

Lean  i n s t . a b i L i t y   and  r e l i g h t   p r o b l e m s  

a s s o c i a t e d   w i t h   c o n v e n t i o n a l   f i x e d   g e o m e t r y   c o m b u s t o r s .  

In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   c o m b u s t o r  

has  a  n u m b e r   of  f e a t u r e s   any  of  w h i c h ,   or  any  c o m b i n a t i o n  

of  w h i c h   is  a  f e a t u r e   of  t he   i n v e n t i o n .   T h u s ,   t h a t  

c o m b u s t o r   is  of  an  a n n u l a r ,   r e v e r s e   f l o w   c o n f i g u r a t i o n ,  

h a v i n g   a  h o l l o w ,   a n n u l a r   c o m b u s t o r   L i n e r   which   i s  

s u r r o u n d e d   by  an  i n t a k e   p l e n u m   t h a t   r e c e i v e s   h i g h  

p r e s s u r e   d i s c h a r g e   a i r   f rom  t he   e n g i n e ' s   c o m p r e s s o r  

s e c t i o n .   The  c o m b u s t o r   L i n e r   has  an  a n n u l a r   u p s t r e a m  

end  w a l l   and  an  a n n u l a r   i n t e r i o r   w a l l   s p a c e d   t h e r e f r o m  

i n  



a  downstream  d i rec t ion .   Together  with  the  annular  l iner  s idewa l l s  

these  axial ly   spaced  l iner  walls  define  within  the  l iner   i n t e r i o r  

an  annular  air  in le t   plenum  which  communicates  with  the  main  com- 

bustor  intake  plenum  through  a  c i r cumferen t i a l ly   spaced  series  o f  

l iner   s lots   posi t ioned  around  the  outer  l iner  periphery  between 

the  upstream  end  wall  and  the  in t e r io r   wall  of  the  l i n e r .  

Project ing  axia l ly   inwardly  through  the  l iner  end  wa l l ,  

the  l iner   in le t   ple7mum  and  the  i n t e r io r   l iner  wall  are  a  circum- 

f e r e n t i a l l y   spaced  series  of  p i lo ted ,   air  b last   fuel  nozzles  f o r  

in jec t ing   fuel  into  a  dome  portion  of  the  l iner  i n t e r io r   which  ex-  

tends  downstream  from  the  annular  i n t e r io r   l iner  wall.  Compressor 

discharge  air  entering  the  l iner  plenum  through  the  s lo t ted   i n l e t  

openings  is  forced  into  the  l iner  dome  area  through  air  s w i r l e r  

means  carr ied  by  the  i n t e r io r   wall  and  circumscribing  each  of  the  

fuel  nozzles.  A  portion  of  this  entering  air  is  also  forced  a x i -  

ally  through  skir ted  cooling  passages  extending  along  the  dome 

portion  of  the  l iner   i n t e r io r   and  communicating  with  the  l i n e r  

in le t   plenum. 

Immediately  downstream  from  the  l iner  dome  portion  a re  

a  c i r cumfe ren t i a l ly   spaced  series  of  l iner  wall  o r i f i ces   for  ad- 

mitting  primary  combustion  air  into  the  l iner  i n t e r i o r .   Fur the r  

downstream  are  a  c i rcumferen t i a l ly   spaced  series  of  aft  end 

openings,  formed  through  the  radia l ly   outer  l iner  s i dewa l l ,  

through  which  the  l iner  in te r io r   and  the  main  combustor  in take  

plenum  communicate. 



To  e f f e c t i v e l y   vary  the  operation  of  the  combustor,  means 

are  provided  for  s e l e c t i v e l y   closing  off  the  l i n e r ' s   s lo t ted   i n l e t  

plenum  openings  while  permit t ing  air   inflow  through  the  aft  end 

openings,  or  closing  off  the  aft  end  openings  while  permit t ing  a i r  

inflow  through  the  s lo t ted   lines  i n l e t   plenum  openings.  This  

a b i l i t y   to  close  off  e i ther   the  aft  end  openings  or  the  l i n e r  

plenum  i n l e t   openings  affords  the  combustor  s u b s t a n t i a l l y   improved 

combustion  s t a b i l i t y   and  r e l igh t   c a p a b i l i t i e s .  

More  s p e c i f i c a l l y ,   during  ground  s t a r t s  o f  t h e   eng ine ,  

the  aft   end  openings  are  unblocked,  the  l i n e r  i n l e t   plenum  openings 

are  closed  off,  and  the  nozz les  a re   s taged  to   the i r   p i lo t   f u e l  

spray  mode.  The  closure  of  the  l iner   plenum  in l e t   openings  p r e -  

vents  inward  airflow  through  the  a i r  s w i r l e r s   and  also  p r e v e n t s  

the  flow  of  cooling  air   through  the  sk i r ted   cooling  pas sages .  

This  mode  of  operat ing  the  combustor,  which  is  also  u t i l i z e d   t o  

e f f ec t   h i g h  a l t i t u d e   r e l i gh t s   of  the combustor ,   s imul t aneous ly  

maximizes  the  fuel  r ichness   in  the  l iner   dome  area  and  minimizes 

the  heat  t r ans fe r   outwardly  through  the  walls  thereof .   By  e f f e c -  

t ive ly   e levat ing  both  the  dome  area  combustion  temperature  and  t he  

fuel  r ichness  in  the  dome,  the  operat ing  range  within  which  the  com- 

bust ion  process  w i th in ' t he   combustor  may  be  sustained,   and  r a p i d l y  

and  r e l i a b l y   i n i t i a t e d ,   is  s u b s t a n t i a l l y   expanded. 

After  s tar tup  of  the  engine  is  i n i t i a t e d   in  this  manner, 

the  engine  is  brought  to  within  i t s   normal  power  output  range  by 

unblocking  the  l iner   i n l e t   openings  and  closing  off  the  aft  end 

openings -   e s t ab l i sh ing   both  swirler   air  inflow  and  dome  coo l ing  

ai r f low.   Should  the  need  arise  for  a  high  a l t i t ude   r e s t a r t   of  t he  



e n g i n e ,   t h e . a f t   end  and  L i n e r   p l e n u m   i n l e t   o p e n i n g s  

a r e   r e s p e c t i v e l y   u n b l o c k e d   and  c l o s e d   o f f   as  p r e v i o u s l y  

d e s c r i b e d .   D u r i n g   r e s t a r t ,   i n s t e a d   of  c o n v e n t i o n a l l y  

e x t e r n a l l y   b l e e d i n g   e x c e s s   c o m p r e s s o r   d i s c h a r g e  

a i r   f rom  t he   e n g i n e ,   such   e x c e s s   a i r   is  f o r c e d  

i n w a r d l y   t h r o u g h   the   p r e s s u r e   b a l a n c i n g   o p e n i n g s ,  

o u t w a r d l y   t h r o u g h   the   c o m b u s t o r   o u t l e t ,   and  a c r o s s  

t he   t u r b i n e   s e c t i o n   of  t he   e n g i n e   to  i n c r e a s e   t h e  

" w i n d m i L L "   r e s t a r t i n g   f o r c e s   t h e r e o n .   CoupLed   w i t h  

t he   p r e v i o u s l y   d e s c r i b e d   dome  s w i r l e r   and  c o o l i n g   a i r  

c o n t r o l ,   t h i s   u n i q u e   use   of  c o m p r e s s o r   b l e e d   a i r  

f u r t h e r   e n h a n c e s   t he   h i g h   a l t i t u d e   r e s t a r t   c a p a b i l i t i e s  

of  t he   e n g i n e .  

The  i n v e n t i o n   i n c l u d e s   a  m e t h o d   of  o p e r a t i n g  

a  c o m b u s t o r   in  wh ich   the   s u p p l y   of  a i r   is  c o n t r o l l e d  

s i m u l t a n e o u s l y   t h r o u g h   two  i n l e t s .   T h e r e   may  be  a 

s w i r l   i n l e t   and  a  c o m b u s t o r   L i n e r   c o o l i n g   a i r   i n l e t  

at  a  c o m b u s t i o n   z o n e ,   or  may  be  in  i n l e t   on  a 

c o m b u s t i o n   zone   and  a  d o w n s t r e a m   i n l e t ,   in  wh ich   c a s e  

v a r i a t i o n   of  t he   r a t e   of  s u p p l y   of  a i r   w i l l   be  i n  

o p p o s i t e   s e r i e s   at  t he   two  i n l e t s .  

The  i n v e n t i o n   may  be  c a r r i e d   i n t o   p r a c t i c e   i n  

v a r i o u s   w a y s ,   and  one  e m b o d i m e n t   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h : -  

FIGURE  1  is  a  g r e a t l y   s i m p l i f i e d   s c h e m a t i c  

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

h a v i n g   a  v a r i a b l e   g e o m e t r y   c o m b u s t o r   and  a s s o c i a t e d  

a c t u a t i o n   s y s t e m   wh ich   embody  p r i n c i p l e s   of  t he   p r e s e n t  

i n v e n t i o n ;  



FIGURE  2  is  a  g r a p h   i l l u s t r a t i n g   the   e x p a n d e d  

f l i g h t   e n v e l o p e   in  w h i c h   the   e n g i n e   may  be  o p e r a t e d  

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

and  i g n i t i o n   c a p a b i l i t i e s   of  t he   c o m b u s t o r ;  

FIGURE  3  is  a  g r e a t l y   e n l a r g e d   c r o s s - s e c t i o n a l  

v iew  t h r o u g h   a r e a   3  of  t he   c o m b u s t o r   of  FIGURE  1 

w i t h   p o r t i o n s   of  t he   c o m b u s t o r   i n t e r i o r   d e t a i l s  

b e i n g   o m i t t e d   f o r   i l l u s t r a t i v e   c l a r i t y ;  



.  Fig.  3A  is  an  enlarged  view  of  area  3A  of  Fig.  -3  and 

i l l u s t r a t e s   a  f i r s t   sealing  valve  member  of  the  ac tuat ion  system 

moved  to  i ts  closed  p o s i t i o n .  

Fig.  3B  is  an  enlarged  view  of  area  3B  of  Fig.  3  and 

i l l u s t r a t e s   a  second  sealing  valve  member  of  the  actuation  system 

moved  to  i ts   open  p o s i t i o n ;  

Fig.  4  is  a  fragmentary  c ros s - sec t iona l   view  taken 

through  the  combustor  along  line  4-4  of  Fig.  3; 

Fig.  5  is  an  enlarged  e levat ional   view  of  a  portion  of  

the  actuat ion  system  taken  along  line  5-5  of  Figure  4, 

Fig.  6  is  a  c ros s - sec t iona l   view  through  the  a c t u a t i o n  

system  taken  along  line  6-6  of  Fig.  4; 

Fig.  7  is  an  enlarged  c ros s - sec t iona l   view  through 

the  actuat ion  system  taken  along  line  7-7  of  Fig.  4;  and 

Fig.  8  is  a  fragmentary  isometric  i l l u s t r a t i o n   of  a 

portion  of  the  actuat ion  system  which  schematically  depicts  the  

se lec t ive   movement  of  various  of  i ts  components. 

DETAILED  DESCRIPTION 

Schematically  i l l u s t r a t e d   in  Fig.  1  are  the  primary 

components  of  a  gas  turbine  propulsion  engine  10  which  embodies 

pr inc ip les   of  the  present  invention.  During  operation  of  the 

engine,  ambient  air  12  is  drawn  into  a  compressor  14  which  i s  

spaced  apart  from  and  r o t a t i ona l l y   coupled  to  a  bladed  t u r b i n e  



section  16  by  an  in terconnect ing  shaft  18.  Pressurized  air  20 

discharged  from  compressor  14  is  forced  into  an  annular,  r eve r se  

flow  combustor  22  which  circumscribes  the  turb ine   section  16  and 

an  adjacent  portion  of  shaft  18.  The  air  20  is  mixed  within  the  

combustor  with  fuel  24,  the  resul t ing   f ue l - a i r   mixture  being  con- 

t inuously  burned  and  discharged  from  the  combustor  across  t u r b i n e  

section  16  in  the  form  of  hot,  expanded  gas  26.  This  expulsion  o f  

the  gas  26  simultaneously  drives  the  turbine  and  compressor,  and 

provides  the  engine's   propulsive  t h r u s t .  

Conventional  combustors  used  in  a i r c r a f t   jet  p ropu ls ion  

engines  are  of  fixed  geometry  construct ion  and  are  designed  to  be 

operated  only  within  a  predetermined  al t i tude-mach  number  f l i g h t  

envelope  such  as  envelope  28  bounded  by  the  solid  line  30  in  the 

graph  of  Fig.  2.  If  an  attempt  is  made  to  operate  the  convent ional  

combustor  at  higher  a l t i tudes   or  lower  mach  numbers  than  those  

within  envelope  28  ( i . e . ,   within,  for  example,  the  c ross -ha tched  

area  32  bounded  by  line  30  and  dashed  line  36  in  Fig.  2),  the  

lean  s t a b i l i t y   and  a l t i t ude   re l igh t   capabi l i ty   of  the.combustor  

are  adversely  affected.   More  spec i f i ca l l y ,   if  a  convent iona l ,  

fixed  geometry  combustor  were  to  be  operated  within  the  r ep re sen -  

ta t ive   f l igh t   envelope  expansion  area  32,  the  combustion  process  

in  the  combustor  would  be  subject  to  abrupt,  unintended  e x t i n g u i s h -  

ment,  causing'an  equally  abrupt  power  loss.  Compounding  t h i s  

rather  serious  problem,  subs tan t ia l   d i f f i c u l t y   would  normally  be 

encountered  in  r e l igh t ing   the  combustor  unt i l   the  a i r c r a f t   dropped 

back  into  the  normal  f l igh t   envelope  28. 



Not  only  is  the  upper  boundary  of  a  gas  turbine  p ro -  
pulsion  engine's  f l ight   envelope  limited  by  conventional  f ixed  

geometry  combustor  apparatus  as  just  described,  but  cer ta in  o the r  

previously  necessary  combustor  design  compromises  limit  the  e n g i n e ' s  

performance -  even  within  the  design  f l ight   envelope  28.  One  such 

l imi ta t ion   ar is ing  from  the  use  of  fixed  geometry  high  tempera- 

ture  r ise  combustors  is  the  occurrence  of  engine  ground  s t a r t i n g  

d i f f i c u l t y  -   especia l ly   at  low  ambient  t empera tures .  

As  will  now  be  described  with  reference  to  Figs.  3-8,  

the  combustor  22  of  the  present  invention  is  of  a  unique,  v a r i a b l e  

geometry  construct ion  which  permits  the  engine  10  to  be  e f f i c i e n t l y  

and  re l i ab ly   operated  within  the  subs t an t i a l l y   expanded  f l i g h t  

envelope  28,  32  without  these  lean  i n s t a b i l i t y ,   a l t i tude   r e l i g h t ,  

and  ground  s tar t   problems  of  fixed  geometry  combustors. 

Referring  to  Fig.  3,  the  combustor  22  includes  a  hollow, 

annular  outer  housing  36  having  an  annular  r ad ia l ly   outer  s idewal l  

38  and  an  annular,  r ad ia l ly   inner  sidewall  40  spaced  apart  from 

and  connected  to  sidewall  38  by  an  annular  upstream  end  wall  42. 

Posit ioned  coaxially  within  the  housing  36  is  an  upstream  end  p o r -  
tion  of  an  annular,  hollow  combustor  l iner  44  having  a  reverse  flow 

conf igura t ion .   Liner  44  has  an  annular  upstream  end  wall  46  spaced 

axial ly   inwardly  from  the  housing  end  wall  42,  and  annular  r a d i a l l y  

outer  and  inner  sidewalls  48,  50  which  extend  leftwardly  (as  viewed 

in  Fig.  3)  from  l iner  end  wall  46  and  then  curve  rad ia l ly   inwardly 

through  a  full   180°.  At  their   downstream  termination,   the  l i n e r  

sidewalls  48,  50  define  an  annular  discharge  opening  52  through 

which  the  hot  discharge  gas  26  is  expelled  from  the  i n t e r io r   or 

combustion  flow  passage  54  of  l iner  44. 



The  i n t e r i o r   of  housing  36  defines  an  intake  plenum  56 

which  circumscribes  the  upstream  end  portion  of  l iner  44  as  in-  7 

dicated  in  Fig.  3.  Compressor  discharge  air  20  is  forced  i n t o  

plenum  56  through  an  annular  inlet   opening  58  which  c i rcumscr ibes  

the  l iner  44  and  is  posit ioned  at  the  l e f t   end  of  combustor  22.  A 

portion  of  this  pressurized  air  is  used  to  cool  the  l iner  s idewal l s  

48,  50  during  combustor  operation.   Although  these  sidewalls  a r e ,  
for  the  most  part ,   shown  in  Fig.  3  as  being  of  solid  cons t ruc t ion  

for  the  sake  of  c l a r i t y ,   they  are  actual ly   of  a  convent ional  

"skir ted"  const ruct ion.   More  spec i f i c a l l y ,   except  for  an  area  of  

the  combustor  l iner   described  subsequently,  the  sidewalls  48,  50 

have,  along  axial ly   adjacent  portions  of  the i r   lengths,  over-  

lapping,  r ad ia l ly   spaced  inner  and  outer  wall  segments  48a,  48b 

and  50a,  50b  (only  one  set  of  such  inner  and  outer  wall  segments 

being  r ep re sen ta t i ve ly   i l l u s t r a t e d   in  Fig.  3).  To  cool  the  wal l s  

48,  50  air  20  is  forced  inwardly  through  openings  49,  51  formed 

respec t ive ly   through  the  wall  segments  48b,  50b.  The  entering  a i r  

impinges  upon  the  inner  wall  segments  48a,  50a  and  enters  the  

combustion  flow  passage  54,  in  a  downstream  d i rec t ion ,   through 

exit   slots  48c,  50c  formed  between  the  skir ted  wall  segments. 

At  the  upstream  end  of  the  l iner-44  is  an  annular  l i n e r  

in le t   plenum  60  which  is  posit ioned  axial ly  between  the  l iner  end 

wall  46  and  an  annular  l iner  i n t e r io r   wall  62  which  is  a x i a l l y  

spaced  in  a  downstream  d i rec t ion   from  the  l iner   end  wall  46.  The 

plenum  60  opens  rad ia l ly   outwardly  through  the  outer  l iner  s idewal l  

48  through  a  c i rcumferen t ia l ly   spaced  series  of  in le t   slots  64  (only 

one  of  which  is  shown  in  Fig.  3)  formed  through  sidewall  48.  Ex- 

tending  downstream  from  the  in t e r io r   wall  62  is  a  dome  portion  54a 

of  the  combustion  flow  passage  54  which  is  rad ia l ly   bounded  by 



inner  and  outer  annular   cooling  sk i r t s   66,  68.  Cooling  sk i r t s   66, 

68  are  spaced  inwardly  from  the  inner  and  outer  l iner  s idewal l s  

50,  48,  r espec t ive ly ,   and  define  with  t h e  l i n e r   sidewalls  a x i a l l y  

extending  cooling  passages  70,  72  which  open  in  a  downstream  d i -  

rect ion  into  the  combustion  flow  passage  54  as  indicated  in  Fig.  3. 

Cooling  passage  70  communicates  at  i ts  upstream  end  with  the  l i n e r  

in le t   plenum  60  through  a  c i r cumfe ren t i a l l y ' spaced   series  of  a i r  

passages  74  formed  through  the  l iner  i n t e r i o r   wall  62,  while  the  

annular  cooling  passage  72  communicates  with  the  plenum  60  through 

a  c i r cumfe ren t i a l ly   spaced  series  of  air  flow  passages  76  also  ex-  

tending  through  the  i n t e r io r   wall  62.  In  a  manner  subsequently  de-  

scribed,   compressor  discharge  air  20  is  s e l ec t ive ly   admitted  to  the  

l iner  plenum  60  and  is  forced  axial ly  through  the  annular  flow  pas -  

sages  70,  72  and  into  the  combustion  flow  passage  54  to  thereby  cool  

the  inner  wall  surfaces  of  the  l iner  dome  portion  54a  s imilar ly   to  

the  cooling  of  the  inner  l iner  wall  surfaces  achieved  by  the  cool ing  

sk i r t s   48a,  50a. 

To  inject   fuel  24  into  the  dome  area  54a,  a . c i r cumfe ren -  

t i a l l y   spaced  series  of  fuel  nozzles  78  are  u t i l i z e d .   The  nozz les  

78  project   axial ly  inwardly  through  the  l iner   end  wall  46,  t h e  

l iner  plenum  60,  and  the  l iner  i n t e r io r   wall  62  into  the  dome  a rea  

54a  (see  also  Fig.  4).  Each  of  these  fuel  nozzles  is  of  a  p i l o t e d  

air  b las t   type,  being  supplied  by  a  pair  of  fuel  lines  80,  82  ex- 

tending  inwardly  through  the  housing  end  wall  42.  At  the  inner  

end  of  each  of  the  nozzles  is  a  pressure  atomizing  fuel  o u t l e t  

( n o t  s p e c i f i c a l l y   i l l u s t r a t e d )   and  an  air  b last   fuel  spray  o u t l e t  

(also  not  spec i f i c a l l y   i l l u s t r a t e d ) .   In  a  conventional  manner  the  

nozzles  may  be  staged  to  deliver  fuel  through  ei ther   of  the  a tomiz-  

ing  or  air  blast   o u t l e t s .  



Coannularly  circumscribing  each  of  the  nozzles  78,  and 

carr ied  by  the  l iner  i n t e r io r   wall  62,  are  a  pair  of  annular  a i r  

swir lers   84,  86  which  provide  communication  between  the  l iner  dome 

area  54a  and  the  l iner   pleunum  60  r ad ia l ly   inwardly  of  the  cool ing 

sk i r t s   66,  68.  Primary  combustion  air  is  admitted  to  the  flow 

passage  54  through  a  c i rcumferen t i a l ly   spaced  series  of  i n l e t  

o r i f i ce s   88  posit ioned  immediately  downstream  from  the  dome  area 

54a.  At  the  lef t   end  of  the  l iner   44  is  an  annular  plenum  90 

which  opens  outwardly  into  the  housing  plenum  56  through  a  circum- 

f e r e n t i a l l y   spaced  series  of  slots  92  formed  through  the  l i n e r  

side  wall  48,  and  communicates  with  the  combustion  flow  passage  54 

through  a  c i rcumferen t i a l ly   spaced  series  of  inlet   passages  94 

extending  inwardly  through  the  sidewall  48. 

The  previously  described  s t ruc ture   of  the  combustor  44 

uniquely  permits  i ts  geometry  to  be  e f fec t ive ly   varied  by  s e l e c -  

t ive ly   blocking  or  unblocking  he  in le t   slots  64,  92,  in  a  prede-  

termined  manner  which  will  now  be  described,  to  subs tan t i a l ly   en- 

hance  the  lean  s t a b i l i t y   and  s t a r t ing   c a p a b i l i t i e s   of . the  engine 

10. 

Referring  now  to  Figs.  3,  3A,  3B.and  8,  to  s e l e c t i v e l y  

block  and  unblock  the  l iner  plenum  inle t   slots  64,  a  f i r s t   s ea l i ng  

member  in  the form  of  a  valve  ring  96  is  provided.  Ring  96  coax ia l ly  

circumscribes  and  outwardly  overl ies   an  upstream  end  portion  of  the  

combustor  l iner   44  as  best  i l l u s t r a t e d   in  Fig.  3.  Ring  96  i s  

axia l ly   movable  r e l a t ive   to  the  combustor  l iner  between  a  c losed 

posi t ion  i l l u s t r a t e d   in  Fig.  3,  and  an  open  posi t ion  i l l u s t r a t e d  

in  Fig.  3A.  A  lef t   or  forward  axial  portion  96a  of  ring  96  i s  



rad ia l ly   outwardly  enlarged  and  has  formed  therethrough  a  circum- 

f e r e n t i a l l y   spaced  series  of  in le t   slots  98  (Fig.  8).  This  f o r -  

ward  portion  96a  of  the  ring  96  is  s l idably  and  seal ingly  engaged 

by  a  piston  ring  100  carr ied  by  the  outer  l iner   wall  48,  whi le  

the  r ight  or  rear  portion  96b  of  ring  96  is  s l idably  and  s e a l i n g l y  

engaged  by  a  piston  ring  102  which  is  carr ied  by  the  l iner   end 

wall  46. 

At  the  le f t   end  of  the  combustor  l iner  a  second  s e a l i n g  

member  104  is  provided  for  se lec t ive ly   blocking  and  unblocking  the  

in le t   s lots   92.  Ring  104  coaxially  circumscribes  and  outwardly 

overl ies   the  l iner   sidewall  48  for  s l idable   axial  movement  t h e r e -  

along  between  a  closed  posit ion  indicated  in  Fig.  3Aand  an  open 

posi t ion  shown  in  Fig.  3..  With  the  sealing  ring  104  in  its  c losed 

pos i t ion ,   the  in le t   ports  92  are  blocked  to  preclude  entry  t h e r e -  

through  of  compressor  discharge  air  20,  an  annular  lip  104a  on*the 

ring  104  cooperating  with  an  overlying  annular  lip  106  on  the  l i -  

ner  side  wall  48  to  create  a  labyrinth  seal  108  between  ring  104 

and  side  wall  48,  as  shown  in  Fig.  3A,  with  ring  104  in  its  c losed 

p o s i t i o n .  

With  the  sealing  ring  96  in  its  closed  posi t ion,   the  r e a r  

axial  portion  96b  thereof  blocks  off  the  in le t   slots  64  (Fig.3)  to  

preclude  entry  of  compressor  discharge  air  20  into  the  l iner   i n l e t  

plenum  60,  the  piston  rings  100,  102  providing  annular  air  flow 

seals  between  the  combustor  liner  and  the  ring  96  adjacent  the 

opposite  ends  of  the  plenum  60. 



Referring  now  to  Figs.  3  and  8,  the  sealing  rings  96,  104 

a r e  s e l e c t i v e l y   moved  in  axia l ly   opposite  d i rec t ions   ( i .e.   p a r a l l e l  

to  the  center  line  or  axis  110  of  the  combustor)  between  t h e i r  

previously  described  open  and  closed  posi t ions  by  a  novel  a c tua t i on  

system  112.  The  actuat ion  system  includes  an  actuation  or  unison 

ring  114  which  is  posi t ioned  coaxial ly  within  the  housing  plenum 

56  immediately  adjacent  the  outer  ends  of  the  fuel  nozzles  78. 

The  actuat ion  ring  114  is  rota tably  supported  within  the  plenum  56 

by  a  c i r cumferen t i a l ly   spaced  series  of  bearing  support  b racke t s  

116  (only  one  of  such  brackets  being  i l l u s t r a t e d   in  Fig.  4)  which 

are  posi t ioned  between  adjacent  nozzles  78  and  external ly   secured 

to  the  l iner  end  wall  46.  Each  of  these  brackets  116  carr ies   a 

carbon  bearing  block  118  which  is  s l idably  received  in  a  circum- 

f e r e n t i a l   channel  120  (see  Fig.  6)  formed  in  the  rad ia l ly   inner  

surface  of  the  unison  ring  114,  thereby  f a c i l i t a t i n g   rota t ion  of  

ring  114  within  the  plenum  56. 

Selective  ro ta t ion   of  the  unison  ring  114  is  achieved 

by  the  axial  movement  of  a  control  rod  122  which  extends  into  a 

small  housing  124,  through  seal  means  126  carr ied  by  such 

housing,  which  is  external ly   secured  to  the  outer  housing  s idewal l  

38  over  an  opening  128  extending  t he re th rough .  'Con t ro l   rod  122 

extends  lengthwise  generally  t angen t i a l ly   to  the  outer  surface  of  

housing  sidewall  38  and  perpendicular ly  to  the  combustor  a x i s .  

The  inner  end  of  the  control  rod  122  is  p ivota l ly   secured  to  one 

end  of  a  connecting  rod  130  which  extends  rad ia l ly   inwardly  through 

the  sidewall   opening  128  and  is  secured  at  its  inner  end  to  the  

unison  ring  114.  As  viewed  in  Fig.  4,  inward  axial  movement  of  

the  control  rod  122,  which  may  be  achieved  by  conventional  con t ro l  



means  (not  i l l u s t r a t e d )   posit ioned  outside  the  combustor  housing,  

moves  the  connecting  rod  130  to  the  le f t   within  the  opening  128  and 

causes  a  counter-clockwise  rotat ion  of  the  unison  ring  114.  In  a 

similar  manner,  an  outward  axial  movement  of  the  control  rod  causes 

a  clockwise  ro ta t ion   of  the  unison  r i n g .  

Such  se lec t ive   rota t ion  of  the  unison  ring  114  is  u t i l i z e d  

to  cause  the  opposite  axial  motion  of  the  sealing  rings  96,  104  by 

linking  means  in  the  form  of  four  c i r cumferen t i a l ly   spaced  s e t s  

of  actuat ing  rods  132,  134  (only  one  such  rod  set  being  i l l u s -  

t ra ted   in  Figs.  3  and  8)  which  extend  axia l ly   within  the  housing 

sidewalls  48,  38  and  are  connected  to  the  unison  ring  114  by  means 

of  four  c i r cumferen t i a l ly   spaced  bell  crank  members  136. 

Referring  again  to  Figs.  3  and  8,  each  of  the  four  b e l l  

crank  members  136  has  a  base  l eg  por t ion   138  which  is  pivoted  a t  

its  outer  end  to  the  unison  ring  114  (as  at  140)  and  extends  from 

its   pivot  point,   in  a  generally  axial  d i rec t ion   toward  the  housing 

end  wall  42,  to  a  rad ia l ly   outwardly  directed  trunk  portion  142 

which  is  pivoted  in  a  support  bracket  144  as  indicated  in  phantom 

in  Fig.  8.  Each  of  the  four  support  brackets  144  is  secured  to  

the  l iner   end  wall  46  between  an  adjacent  pair  of  nozzles  78  as 

can  be  best  seen  in  Fig.  4.  Like  the  previously  described  bear ing  

brackets  116,  each  of  these  support  brackets  144  also  carr ies   a 

carbon  bearing  block  118  (see  Fig.  3)  which  s l idably  engages  the 

inner  surface  of  the  unison  ring  114. 

Extending  t ransversely   in  opposite  d i rec t ions   from  the  

bell  crank  member's  trunk  portion  142  are  a  pair  of  control  arms 

146,  148  (Fig.  8).  The  outer  end  of  each  arm  146  is  p i v o t a l l y  



connected  to  one  end  of  an  actuating  rod  132  which  is  secured  a t  

i t s  o p p o s i t e   end  to  the  sealing  ring  104.  In  a  similar  manner, 
the  outer  end  of  each  arm  148  is  p ivota l ly   connected  to  one  end  of 

an  actuat ing  rod  134,  the  other  end  of  such  actuat ing  rod  134 

being  secured  to  the  sealing  ring  96. 

As  viewed  in  Fig.  8,  when  the  control  rod  122  is  moved 

axia l ly   inwardly,  the  unison  ring  is  rotated  in  a  clockwise  d i -  

rec t ion.   This  pivots  the  bell   crank  member  trunk  portion  142  in  a 

counter-clockwise  d i rec t ion   within  the  suppport  bracket  144.  This ,  

in  turn,  simultaneously  causes  leftward  axial  motion  of  each  o f  

the  actuating  rods  132,  and  rightward  axial  motion  of  each  of  the  

actuat ing  rods  134,  thereby  simultaneously  moving  the  sealing  r i n g  

104  leftwardly  towards  i ts   closed  posi t ion,   and  moving  the  s ea l ing  

ring  96  rightwardly  towards  i ts  open  posi t ion.   Outward  axial  mo- 

tion  of  the  control  rod  122  causes  opposite  axial  movement  of  each 

of  the  sealing  rings  96,  104. 

To  l a t e r a l l y   s t ab i l i z e   the  much  longer  actuating  rods 

132,  each  of  them  is  s l idably  extended  through  a  journal  p o r t i o n  

144a  of  its  associated  support  bracket  144  (Fig.  5)  and  an  add i -  

t ional   journal  support  150  (Fig.  3)  carried  by  the  outer  housing 

sidewall  38.  Such  journal l ing   also  r o t a t i ona l ly   s t ab i l i ze s   the  

sealing  ring  104,  thereby  assuring  a  smooth  s l iding  motion  t h e r e o f  

along  the  l iner  sidewall  48.  A  similar  ro ta t iona l   s t a b i l i t y   i s  

also  provided  to  the  sealing  ring  96  by  means  of  a  channel  152 

(Fig.  5)  which  is  formed  in  a  guide  member  154  secured  to  the  

sealing  ring  96,  the  channel  152  s l idably  receiving  a  downturned 

lip  portion  156  of  support  bracket  144  (see  also  Fig.  4 ) .  



OPERATION  OF  COMBUSTOR  22 

During  normal  operation  of  the  combustor  22,  the  a c t u a -  

tion  system  112  is  u t i l i z ed   to  move  the  sealing  ring  96  to  i t s  

open  posi t ion  (Fig.  3B)  and  to  simultaneously  move  the  sealing  r ing  

104  to  i ts  closed  posi t ion  (Fig.  3A).  With  the  sealing  rings  in 

their   normal  operating  pos i t ions ,   compressor  discharge  air  20  in  

the  housing  plenum  56  is  forced  inwardly  through  the  sealing  r i n g  

in le t   slots  98  into  the  l iner  plenum  60.  From  the  plenum  60  e n t e r -  

ing  air  20  is  forced  outwardly  through  the  dome  wall  cooling  s l o t s  

70,  72  and  is  also  forced  into  the  combustor  dome  portion  54a 

through  the  annular  air  swirlers  84,  86  in  a  swirling  flow  p a t t e r n .  

The  entering  swirl  air  is  mixed  with  the  fuel  and  fue l - a i r   mix- 

tures  discharged  from  the  nozzles  78,  further  mixed  with  the  p r i -  

mary  combustion  air  entering  through  the  primary  o r i f i ces   88,  and 

continously  burned. 

The  fuel  richness  within  the  combustor  dome  area  54a 

may  be  se lec t ive ly   varied  both  by  variably  staging  the  fuel  noz- 

zles  78  and  by  moving  the  sealing  ring  96  toward  its  closed  p o s i -  

t ion,  thereby  blocking  off  a  portion  of  the  sealing  ring  i n l e t  

slots  98.  Such  movement  of  the  sealing  ring  96  toward  i ts  c losed 

posi t ion  simultaneously  reduces  air  flow  through  the  wall  cool ing  

slots  70,  72 and  through  the  swirler  plates  84,  86.  This,  in  t u r n ,  

reduces  the  dome  wall  cooling,  thereby  elevat ing  the  combustion 

temperature  in  the  dome  area,  and  reduces  the  total   amount  of  swi r -  

l e r  a i r   entering  the  dome  area.  By  vir tue  of  this  unique  a b i l i t y  

to  simultaneously  vary  both  the  fuel  richness  and  the  dome  wal l  

temperature,  the  overall   combustion  s t a b i l i t y   of  the  combustor  22 

is  s u b s t a n t i a l l y   improved  compared  to  conventional  fixed  geometry 



combustors,  thus  permitt ing  re l i ab le   and  e f f i c i e n t   normal  opera t ion  

of  the  engine  10  within  the  expanded  f l igh t   envelope  portion  32  of  

Fig.  2. 

Should  combustion  in  the  combustor  22  be  ex t inguished  

at  a l t i t ude ,   the  combustion  is  easily  and  rapidly  r e i n i t i a t e d ,  

even  in  the  expanded  f l igh t   envelope  portion  32,  by  u t i l i z i n g   t he  

actuat ion  system  112  to  move  the  sealing  rings  96,  104  to  t h e i r  

ful ly  closed  and  fully  opened  pos i t ions ,   respec t ive ly ,   as  dep ic ted  

in  Fig.  3.  With  the  sealing  ring  96  in  i ts  fully  closed  p o s i t i o n ,  

a l l   swirler  air  flow  to  the  dome  area  54a,  and  all   cooling  a i r  

flow  through  the  skir ted  dome  cooling  slots  70,  72  is  t e rmina ted .  

The  nozzles  78  are  then  staged  to  their   p i lo t   posi t ion,   and  fue l  

24  injected  into  the  dome  from  the  pressure  atomizing  out lets   o f  

the  nozzles  78  is  mixed  with  primary  combustion  air  entering  the  

o r i f i ce s   88.  This  mixture  is  ignited  by  conventional  i g n i t e r  

means  158  to  r ee s t ab l i sh   combustion. 

It  is  important  to  note  that  with  the  sealing  ring  96 

in  its  fully  closed  posi t ion,   and  the  nozzles  staged  to  t h e i r  

p i lo t   condit ions,   the  fuel  richness  within  the  dome  area  54  i s  

maximized.  Moreover,  at  the  same  time,  the  dome  cooling  i s  

minimized,  thereby  maximizing  the  dome  combustion  tempera ture .  

These  cooperating  features  of  the  improved  combustor  22  provide 

great ly  improved  a l t i tude   re l igh t   c a p a b i l i t i e s ,   thereby  adding  y e t  

another  measure  of  safety  and  r e l i a b i l i t y   to  the  combustor  when  i t  

is  operated  within  the  expanded  f l igh t   envelope  zone  32. 



The  a l t i t u d e   r e s t a r t   c a p a b i l i t i e s   of  the   c o m b u s t o r  

22  a r e   f u r t h e r   e n h a n c e d   when  t he   s e a l i n g   r i n g   1 0 4  

is  b r o u g h t   to  i t s   f u l l y   o p e n e d   p o s i t i o n e d   by  t h e  

a c t u a t i o n   s y s t e m   112 .   D u r i n g  

a l t i t u d e   r e l i g h t   p r o c e d u r e s   w i t h   c o n v e n t i o n a l   f i x e d  

g e o m e t r y   c o m b u s t o r s ,   e x c e s s   c o m p r e s s o r   d i s c h a r g e   a i r  

is  i n t e n t i o n a l l y   b y p a s s e d   a r o u n d   the   c o m b u s t o r   a n d  

b l e d   o f f   to  a t m o s p h e r e .   H o w e v e r ,   in  t he   p r e s e n t  

i n v e n t i o n ,   such  c o m p r e s s o r   d i s c h a r g e   a i r   is  u n i q u e l y  

u t i l i s e d   to  a s s i s t   in  t he   a l t i t u d e   r e s t a r t   p r o c e d u r e .  

More  s p e c i f i c a l l y ,   w i t h   t he   s e a l i n g   r i n g   104  in  i t s  

f u l l y   o p e n e d   p o s i t i o n ,   t h i s   p r e v i o u s l y   w a s t e d   e x c e s s  

c o m p r e s s o r   d i s c h a r g e   a i r   is  f o r c e d   i n w a r d l y   t h r o u g h   t h e  

i n l e t   s l o t s   92 ,   t he   p l e n u m   90  and  t he   i n l e t  

p a s s a g e s   94  i n t o   t he   c o m b u s t i o n   f l ow  p a s s a g e   54.  T h e  

e n t e r i n g   c o m p r e s s o r   d i s c h a r g e   a i r   is  t h e n   f o r c e d   o u t w a r d l y  

t h r o u g h   t he   c o m b u s t o r   o u t l e t   o p e n i n g   52  and  a c r o s s   t h e  

b l a d e d   t u r b i n e   s e c t i o n   16  to  g r e a t l y   a s s i s t   i n  

t he   " w i n d m i l l "   r e s t a r t i n g   of  t he   e n g i n e   1 0 .  

D u r i n g   n o r m a l   o p e r a t i o n   w i t h   t he   s e a t i n g   r i n g  

96  in  i t s   open  p o s i t i o n ,   t he   s e a l i n g   r i n g   104  i s  

in  i t s   c l o s e d   p o s i t i o n   so  t h a t   t he   a i r   fo r   c o m b u s t i o n  

is  no t   e x t r a c t e d   t h r o u g h   the   p a s s a g e s   9.4.  

The  p r e v i o u s l y   d e s c r i b e d   m a x i m i s a t i o n   of  t he   f u e l  

r i c h n e s s   and  w a l l   t e m p e r a t u r e s   w i t h i n   t he   dome  a r e a  

54a  not   o n l y   i m p r o v e s   t he   a l t i t u d e   r e l i g h t   and  L e a n  

s t a b i l i t y   c h a r a c t e r i s t i c s   of  t he   e n g i n e   10  b u t  

a l s o   s u b s t a n t i a l l y   i m p r o v e s   i t s   g r o u n d   s t a r t  

c a p a b i l i t i e s  -   e s p e c i a l l y   in  Low  a m b i e n t   t e m p e r a t u r e  

c o n d i t i o n s .  



In  s u m m a r y ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

i m p r o v e d   c o m b u s t o r   a p p a r a t u s ,   and  a s s o c i a t e d   o p e r a t i n g  

m e t h o d s ,   w h i c h   e l i m i n a t e   or  s u b s t a n t i a l l y   r e d u c e   t h e  

s t a b i l i t y   and  r e l i g h t   p r o b l e m s   commonly   a s s o c i a t e d  

w i t h   c o n v e n t i o n a l   f i x e d   g e o m e t r y   c o m b u s t o r s .  



1.  A  c o m b u s t o r   fo r   e x a m p l e   fo r   a  gas  t u r b i n e   e n g i n e  

i n c l u d i n g  a   L i n e r   (44)   d e f i n i n g   a  c o m b u s t i o n   p a s s a g e  
(54)   and  an  i n l e t   (98)   fo r   a i r   f o r   t he   c o m b u s t i o n  

p a s s a g e  ,   c h a r a c t e r i s e d   by  means  (96)   fo r   c o n t r o l l i n g   t h e  

p a s s a g e   of  a i r   t h r o u g h   the   i n l e t   (98)   and  f o r  

c o n t r o l l i n g   the   e n t r y   of  a i r   to  the   c o m b u s t i o n   p a s s a g e  
(54)   t h r o u g h   two  d i f f e r e n t   p a s s a g e s   s i m u l t a n e o u s l y .  

2.  A  c o m b u s t o r   as  c l a i m e d   in  CLaim  1  in  which   t h e  

c o n t r o l l i n g   means   (96)   is  at  an  i g n i t i o n  

zone   r e g i o n   ( 5 4 a )   at  an  u p s t r e a m   p a r t   of  t h e  

c o m b u s t i o n   p a s s a g e .  

3.  A  c o m b u s t o r   as  c l a i m e d   in  CLaim  2  in  wh ich   t h e r e  

is  a  s e c o n d   i n l e t   (92)   f o r   t he   s u p p l y   of  a i r   to  t h e  

c o m b u s t i o n   p a s s a g e   d o w n s t r e a m   of  t he   i g n i t i o n   z o n e  

and  in  wh ich   the   e n t r y   of  a i r   to  t he   f i r s t   and  s e c o n d  

i n l e t s   ( 9 8 , 9 2 )   is  c o n t r o l l e d   s i m u l t a n e o u s l y  

in  o p p o s i t e   s e n s e s .  

4.  A  c o m b u s t o r   as  c l a i m e d   in  CLaim  2  or  CLaim  3 

in  w h i c h   t h e   s a i d   two  d i f f e r e n t   p a s s a g e s   c o m p r i s e  

s w i r l e r   means   ( 8 4 , 8 6 )   and  L i n e r   c o o l e r   p a s s a g e s  

( 7 0 , 7 2 )   at  t he   i g n i t i o n   zone   ( 5 4 a )  ,   t he   two  p a s s a g e s  

b e i n g   v a r i e d   s i m u l t a n e o u s l y   in  t he   same  s e n s e .  

5.  A  c o m b u s t o r   as  c l a i m e d   in  any  of  t he   p r e c e d i n g  

c l a i m s   i n c l u d i n g   an  a c t u a t o r   ( F i g u r e   4)  f o r   t he   c o n t r o l  

means   (96)   and  i n c l u d i n g   a  r i n g   ( 1 1 4 )   m o u n t e d   f o r  

r o t a t i o n   a r o u n d   an  a x i s   of  t he   c o m b u s t o r   and  L i n k i n g  

means   ( F i g u r e   7)  f o r   a x i a l l y   m o v i n g   t he   c o n t r o l l i n g  

means   (96)   in  r e s p o n s e   to  r o t a t i o n   of  t he   r i n g  

( 1 1 4 ) .  



6.  A  c o m b u s t o r   as  c l a i m e d   in  CLaim  5  in  w h i c h  

t he   L i n k i n g   means   c o m p r i s e   a  c i r c u m f e r e n t i a l l y   s p a c e d  

s e r i e s   of  b e l l   c r a n k   member s   ( 1 4 2 )   p i v o t a l l y  

c o n n e c t e d   to  s a i d   r i n g   ( 1 1 4 ) ,   means   f o r   c o n n e c t i n g  

s a i d   b e l l   c r a n k   member s   to  s a i d   L i n e r   f o r   r o t a t i o n  

r e l a t i v e   t h e r e t o   a b o u t   a x e s   g e n e r a l l y   p e r p e n d i c u l a r  

to  s a i d   c o m b u s t o r   a x i s ,   a  f i r s t   c i r c u m f e r e n t i a l l y  

s p a c e d   s e r i e s   of  a c t u a t i n g   r ods   ( 1 3 4 )   c o n n e c t e d  

at  t h e i r   o p p o s i t e   ends   to  one  of  t he   c o n t r o L L i n g   m e a n s  

(96)   and  to  one  of  s a i d   b e l l   c r a n k   m e m b e r s ,   a n d  

a  s e c o n d   c i r c u m f e r e n t i a l l y   s p a c e d   s e r i e s   of  a c t u a t i n g  

r o d s   ( 1 3 2 )   c o n n e c t e d   at  t h e i r   o p p o s i t e   ends   to  a 

s e c o n d   p a s s a g e   c o n t r o l   means  ( 1 0 4 )   and  to  one  of  s a i d  

b e l l   c r a n k   m e m b e r s ,   and  a  c o n t r o l   member  ( 1 2 2 , 1 3 0 )  

m o v a b l y   e x t e n d a b l e   i n t o   s a i d   c o m b u s t o r   to  s e l e c t i v e l y  

r o t a t e   s a i d   u n i s o n   r i n g .  

7.  A  c o m b u s t o r   as  c l a i m e d   in  any  of  t he   p r e c e d i n g  

c l a i m s   i n c l u d i n g   a  L i n e r   p l e n u m   (60)   at  t he   u p s t r e a m  

end  of  t h e   c o m b u s t i o n   p a s s a g e   f o r   t he   r e c e p t i o n   of  a i r  

t h r o u g h   t he   c o n t r o l l i n g   means  (96)   and  the   d e l i v e r y  

of  a i r   to  t he   u p s t r e a m   end  of  t h e   c o m b u s t i o n   p a s s a g e  

(54)   t h r o u g h   t h e   s a i d   two  d i f f e r e n t   p a s s a g e s   ( 8 4 , 8 6 )  

and  ( 7 0 , 7 2 ) .  

8.  A  c o m b u s t o r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

in  w h i c h   t h e   L i n e r   (44)   has  an  a n n u l a r   end  w a l l  

(46)   w i t h i n   a  h o u s i n g   and  d e f i n i n g   w i t h   t he   h o u s i n g  

an  a i r   i n t a k e   p l e n u m   ( 5 6 ) .  



9.  A  c o m b u s t o r   as  c l a i m e d   in  CLaim  8  i n c l u d i n g  

an  a r r a y   of  f u e l   n o z z l e s   (78)   in  t he   a n n u l a r  

end  waLL,  and  an  a r r a y   of  p r i m a r y   a i r  i n l e t s  

(88)   in  t he   w a l l   of  t he   L i n e r .  

10.  A  m e t h o d   of  o p e r a t i n g   a  c o m b u s t o r   c o m p r i s i n g   t h e  

s t e p s   of  (a)   f l o w i n g   p r e s s u r i s e d   a i r   f rom  a  s o u r c e  
(56)   t h e r e o f   i n t o   a  L i n e r   (48)   of  s a i d   c o m b u s t o r  

t h r o u g h   an  i n l e t   o p e n i n g   (98)   f o r m e d   in  s a i d   L i n e r ;  

(b)  u t i l i s i n g   a  f i r s t   p o r t i o n   ( 7 0 , 7 2 )   of  t he   p r e s s u r i s e d  

a i r   e n t e r i n g   s a i d   L i n e r   to  coo l   an  i n t e r i o r   s u r f a c e  

p o r t i o n   of  s a i d   L i n e r ;   (c)  u t i l i s i n g   a  s e c o n d   p o r t i o n  

( 8 4 , 8 6 )   of  t he   p r e s s u r i s e d   a i r   e n t e r i n g   s a i d   L i n e r  

as  c o m b u s t i o n   a i r   w i t h i n   s a i d   L i n e r ;   (d)  m i x i n g  

s a i d   c o m b u s t i o n   a i r   w i t h   f u e l   (24)   and  b u r n i n g   t h e  

f u e l - a i r   m i x t u r e   w i t h i n   s a i d   L i n e r   and  (e)  s i m u L t a n e o u s L y  

c o n t r o l l i n g   t he   c o o l i n g   of  s a i d   i n t e r i o r   s u r f a c e  

p o r t i o n   and  t he   r i c h n e s s   of  s a i d   f u e l - a i r   m i x t u r e  

by  s e l e c t i v e l y   v a r y i n g   the   a i r   i n f l o w   t h r o u g h   s a i d  

i n l e t   o p e n i n g   ( 9 8 ) .  

11.  A  m e t h o d   of  o p e r a t i n g   a  gas  t u r b i n e   e n g i n e  

h a v i n g   a  c o m p r e s s o r   s e c t i o n ,   a  t u r b i n e   s e c t i o n   and  a 

c o m b u s t o r ,   s a i d   c o m b u s t o r   h a v i n g   an  o u t e r   h o u s i n g  

(38)   at  Least  p a r t i a l l y   e n v e l o p i n g   a  c o m b u s t i o n  

L i n e r   (48)   and  d e f i n i n g   t h e r e w i t h   an  i n l e t   p l e n u m   ( 5 6 )  

in  s a i d   h o u s i n g   f o r   r e c e i v i n g   p r e s s u r i s e d   d i s c h a r g e   a i r  

f rom  s a i d   c o m p r e s s o r   s e c t i o n ,   s a i d   c o m b u s t i o n   L i n e r  

h a v i n g   an  i n t e r n a l   c o m b u s t i o n   f low  p a s s a g e   ( 5 4 )  

and  f i r s t   and  s e c o n d   m u t u a l l y   s p a c e d   i n l e t   o p e n i n g s  

( 9 8 , 9 2 )   f o r   f l o w i n g   p r e s s u r i s e d   a i r   f rom  s a i d   h o u s i n g  



p l e n u m   i n t o  s a i d   c o m b u s t i o n   f low  p a s s a g e ,   s a i d   m e t h o d  

c o m p r i s i n g   t he   s t e p s   o f :   (a)  f l o w i n g   p r e s s u r i s e d  

a i r   f rom  s a i d   h o u s i n g   p l e n u m   i n w a r d l y - t h r o u g h   s a i d   f i r s t  

i n l e t   o p e n i n g   (98)   w h i l e   b l o c k i n g   s a i d   s e c o n d   i n l e t  

o p e n i n g   (92)   d u r i n g   n o r m a l   o p e r a t i o n   of  s a i d   e n g i n e ;  

(b)  u t i l i s i n g   a i r   r e c e i v e d   t h r o u g h   s a i d   f i r s t   i n l e t  

o p e n i n g   means   to  s i m u l t a n e o u s l y   coo l   an  i n t e r i o r  

s u r f a c e   p o r t i o n   of  s a i d   L i n e r   and  to  s u p p l y   c o m b u s t i o n  

a i r   to  s a i d   c o m b u s t i o n   f l ow  p a s s a g e ;   (c)  f l o w i n g  

p r e s s u r i s e d   a i r   f rom  s a i d   h o u s i n g   p l e n u m   i n w a r d l y  

t h r o u g h   s a i d   s e c o n d   i n l e t   o p e n i n g   (92)   w h i l e   b l o c k i n g  

s a i d   f i r s t   i n l e t   o p e n i n g   (98)   d u r i n g   s t a r t i n g   of  s a i d  

e n g i n e ;   and  (d)  u t i l i s i n g   a i r   r e c e i v e d   t h r o u g h   s a i d  

s e c o n d   i n l e t   o p e n i n g   (92)   to  a s s i s t   in  d r i v i n g   s a i d  

t u r b i n e   s e c t i o n   d u r i n g   s t a r t i n g   of  s a i d   e n g i n e .  
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