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(g)  Axially  compact  gas  turbine  burner  and  method  for  cooling 

©  A  compact  burner  apparatus  and  method  for  cooling  same 
includes  a  burner  chamber  having  an  injection  end  and  an  exit 
end  with  a  burner  wall  extending  there  between,  and  a  source  of 
combustion  air  at  the  exit  end.  The  burner  apparatus  further 
includes  an  outer  casing  for  conveying  air  along  the  periphery  of 
the  burner  wall  for  convective  cooling,  a  longitudinal  duct  for 
channeling  the  combustion  air  away  from  the  burner  wall  from  a 
location  between  the  injection  end  and  exit  end  to  the  relatively 
hot  injection  end,  and  then  channeling  a  portion  of  the  combustion 
air  back  along  the  burner  wall.  The  apparatus  still  further  includes 
apertures  in  the  burner  chamber  for  admitting  the  combustion  air 
portion  as  a  secondary  air  flow. 
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:  BACKGROUND  OF  THE  INVENTION 

j  F i e l d   of  t h e   I n v e n t i o n  

|  T h i s   i n v e n t i o n   r e l a t e s   to   g a s   t u r b i n e   b u r n e r s ,   p a r t i c u l a r l y  
! 
!  b u r n e r s   f o r   g a s   t u r b i n e s   w h i c h   a r e   i n t e n d e d   f o r   v e h i c u l a r   a p p l i -  

!  c a t i o n s .  

i|  D e s c r i p t i o n   of  t h e   P r i o r   A r t  
'I 
;!  Gas  t u r b i n e   b u r n e r s   f o r   s u p p l y i n g   h o t   c o m b u s t i o n   g a s e s   t o  

jj  t h e   t u r b i n e   c o m p o n e n t   a r e   known.   T h e s e   b u r n e r s   t y p i c a l l y   m i x  

|  p r e s s u r i z e d   a i r   w i t h   f u e l   i n j e c t e d   t h r o u g h   n o z z l e s   in  a  c y l i n d r i -  

(  
c a l   or   a n n u l a r - s h a p e d   c o m b u s t i o n   c h a m b e r ,   c o m b u s t   t h e   m i x t u r e ,  

■  and  d i l u t e   t h e   c o m b u s t i o n   g a s e s   w i t h   a d d i t i o n a l   p r e s s u r i z e d   a i r  

il  to   a c h i e v e   a  d e s i r e d   g a s   t e m p e r a t u r e   p r i o r   to   a d m i s s i o n   to   t h e  

;  t u r b i n e .   To  m a i n t a i n   c o m b u s t i o n   c h a m b e r   w a l l   t e m p e r a t u r e s   a t   a n  

;  a c c e p t a b l e   l e v e l ,   t h e s e   b u r n e r s   t y p i c a l l y   i n j e c t   p r e s s u r i z e d   a i r  

a l o n g   t h e   i n s i d e   of  t h e   c o m b u s t i o n   c h a m b e r   w a l l   to   p r o v i d e   an  i n -  

;  s u l a t i n g   c o o l i n g   f i l m .   H o w e v e r ,   t h e   u s e   of  s u c h   " f i l m   c o o l i n g "  

.;  can   d e g r a d e   b u r n e r   p e r f o r m a n c e   by  c a u s i n g   u n e v e n   b u r n e r   e x i t   t e r n -  

:  p e r a t u r e   p a t t e r n s ,   as  w o u l d   be  u n d e r s t o o d   by  one  s k i l l e d   in  t h e  

i  a r t .  

In  any   e v e n t ,   p r e s s u r i z e d   a i r   mus t   be  i n j e c t e d   w i t h i n   t h e  

|  b u r n e r   f o r   m i x i n g   w i t h   f u e l   f o r   c o m b u s t i o n .   I t   is   d i f f i c u l t   t o  i 

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

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

j  N e v e r t h e l e s s ,   i t   has   b e c o m e   h i g h l y   d e s i r a b l e   to  u s e   gas   t u r b i n e  
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,i  e n g i n e s   in  c i r c u m s t a n c e s   w h e r e   h i g h   e f f i c i e n c y   is  n e e d e d   b u t  

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

h i g h l y   d e s i r a b l e .   T h e r e f o r e ,   a  b u r n e r   h a v i n g   a  r e l a t i v e l y   s m a l l   ! 
i 

l o n g i t u d i n a l   d i m e n s i o n   w o u l d   be  an  i m p o r t a n t   and  u s e f u l   c o m p o n e n t   ; 

f o r   s u c h   e n g i n e s .   ; 

SUMMARY  OF  THE  INVENTION 

!  A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   ! 

p r o v i d e   a  b u r n e r   h a v i n g   a  r e d u c e d   l o n g i t u d i n a l   d i m e n s i o n   to   c o n -  
j 

s e r v e   s p a c e   or   to   use   w i t h   s m a l l e r   e n g i n e   d e s i g n s .  

I t   is  a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  I 

b u r n e r   p e r m i t t i n g   r a j a i d   m i x i n g   of  t h e   e l e m e n t s   of  c o m b u s t i o n   d e -  
I 

■  s p i t e   h a v i n g   a  r e l a t i v e l y   s h o r t   l o n g i t u d i n a l   d i m e n s i o n .   I 
i  i 
!  I t   is  a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  ! 
i  J 
!  i 
:  s u b s t a n t i a l l y   u n i f o r m   t e m p e r a t u r e   on  t h e   b u r n e r   i n n e r   c a s i n g .   ; 

!  I t   i s   a l s o   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  

j  !  b u r n e r   h a v i n g   a  more   even   b u r n e r   e x i t   t e m p e r a t u r e   p a t t e r n   t h a n  
'i 
|  v a r i o u s   s y s t e m s   in  w h i c h   f i l m s   of  a i r   a r e   t h e   c o o l i n g   m e d i u m .  

I  A d d i t i o n a l   o b j e c t s   and  a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n  

[\  w i l l   be  s e t   f o r t h   in  p a r t   in  t h e   d e s c r i p t i o n   t h a t   f o l l o w s   and  i n  

I  p a r t   w i l l   be  o b v i o u s   f rom  t h e   d e s c r i p t i o n   or   may  be  l e a r n e d   b y  

p r a c t i c e   of  t h e   i n v e n t i o n .   The  o b j e c t s   and  a d v a n t a g e s   of  t h e  

|  i n v e n t i o n   may  be  r e a l i z e d   and  o b t a i n e d   by  t h e   m e t h o d s   and   a p p a r a -  
i 
i  t u s   p a r t i c u l a r l y   p o i n t e d   o u t   in  t h e   a p p e n d e d   c l a i m s .  
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'  The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   t h e   p r o b l e m s   of  t h e   p r i o r  

;  a r t   and  a c h i e v e s   t h e   o b j e c t s   l i s t e d   a b o v e   by  means   of  an  e n t i r e l y  

c o n v e c t i v e l y   c o o l e d   gas   t u r b i n e   b u r n e r   h a v i n g   low  ho t   gas   a x i a l  

v e l o c i t i e s   and  a  n o v e l   c o o l i n g   a i r   f l o w   p a t t e r n .   The  b u r n e r  

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

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

t u r b i n e   c o m p o n e n t   c o m p r i s e s   a  b u r n e r   c h a m b e r   h a v i n g   an  i n j e c t i o n  
i 
|  e n d ,   an  e x i t   e n d ,   and  a  b u r n e r   w a l l   e x t e n d i n g   a x i a l l y   t h e r e -  
i 
{  b e t w e e n ,  

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

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

c h a m b e r ,   and   f u e l   i n j e c t i o n   means   l o c a t e d   a t   t h e   b u r n e r   c h a m b e r  

!  i n j e c t i o n   end  f o r   m i x i n g   f u e l   w i t h   a  p o r t i o n   of  t h e   c o n v e y e d   c o m -  

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

!  m e a n s   f o r   d e c r e a s i n g   t h e   t e m p e r a t u r e ,   and  i n c r e a s i n g   t h e   m a s s  

■  f l o w   r a t e ,   of  t h e   c o m b u s t i o n   a i r   u s e d   to   c o n v e c t i v e l y   c o o l   t h e  

p o r t i o n   of  t h e   b u r n e r   w a l l   a d j a c e n t   t h e   i n j e c t i o n   end  of  t h e  

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

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

a t t a c h e d   a t   one  end  t h e r e o f   to   t h e   b u r n e r   w a l l   a t   a  l o c a t i o n   b e -  

t w e e n   t h e   e x i t   end  and  t h e   i n j e c t i o n   e n d .   The  l o n g i t u d i n a l   m e m -  

j  
b e r   is   s p a c e d   f rom  t h e   b u r n e r   w a l l   f r o m   t h e   l o c a t i o n   of  t h e   s e a l -  

!  ing   a t t a c h m e n t   to  t h e   i n j e c t i o n   e n d ,   and  t h e   f l o w   of  t h e  
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■  c o m p r e s s e d   a i r   u s e d   f o r   c o o l i n g   is   in  t h e   d i r e c t i o n   t o w a r d   t h e  

i n j e c t i o n   end  o v e r   t h e   b u r n e r   w a l l   p o r t i o n   b e t w e e n   t h e   e x i t   e n d  

I  and   t h e   a t t a c h m e n t   l o c a t i o n ,   and   in  t h e   d i r e c t i o n   away  f r o m   t h e  

i n j e c t i o n   end  f o r   t h e   b u r n e r   w a l l   p o r t i o n   b e t w e e n   t h e   a t t a c h m e n t  

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

I  P r e f e r a b l y ,   t h e   b u r n e r   a p p a r a t u s   f u r t h e r   i n c l u d e s   m e a n s   f o r  
i 
•  d i r e c t i n g   a i r   f rom  t h e   s p a c e   b e t w e e n   t h e   l o n g i t u d i n a l   member   a n d  
■I 
;|  t h e   b u r n e r   w a l l   i n t o   t h e   b u r n e r   c h a m b e r   to  p r o v i d e   s e c o n d a r y   a i r  

|  f l o w ,   t h e   d i r e c t i n g   m e a n s   i n c l u d i n g   two  s e r i e s   of  a p e r t u r e s ,   t h e  
i 
I  s e r i e s   b e i n g   a x i a l l y   s p a c e d   f r o m   one   a n o t h e r   and  f rom  t h e   i n j e c -  

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

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

!  end   p r o v i d i n g   f o r   d i f f u s i o n   and  e x p a n s i o n   of  t h e   a i r - f u e l   m i x -  

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

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

j  o n d a r y   a i r   of  t h e   a i r - f u e l   m i x t u r e ,   and   a  t e r t i a r y   a r e a   a x i a l l y  

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

!  in  t h e   s e c o n d a r y   a r e a   w i t h   a n o t h e r   p a r t   of  t h e   a i r   f r o m   t h e   s e c -  

|  o n d a r y   a i r   f l o w .  

I t   is   a l s o   p r e f e r r e d   t h a t   in  t h e   gas   t u r b i n e   b u r n e r   a p p a r a -  

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

r a t i o   of   f u e l   to   a i r   of  a b o u t   9.5%  and  a b o u t   5 .5%,   r e s p e c t i v e l y ,  

and   t h a t   t h e   c o m b u s t i o n   g a s e s   f l o w   a l o n g   t h e   a x i s   of  t h e   b u r n e r  

j  c h a m b e r   b e t w e e n   a b o u t   125  to   a b o u t   175  f e e t   p e r   s e c o n d .  
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'.  I t   is  s t i l l   f u r t h e r   p r e f e r r e d   t h a t   t h e   c o n v e c t i v e l y   c o o l e d  

j  gas   t u r b i n e   b u r n e r   a p p a r a t u s   d i f f u s i o n   zone   b e t w e e n   t h e   i n j e c t i o n  

j  end  and  t h e   p r o x i m a t e   one  of  t h e   two  s e r i e s   of  a p e r t u r e s   h a s   a n  

a x i a l   l e n g t h   of  a b o u t   60%  to   a b o u t   120%  of  t h e   d i a m e t e r   of  t h e  

j  b u r n e r   c h a m b e r ,   and  t h a t   t h e   m i x i n g   and   c o m b u s t i o n   zone   b e t w e e n  

i  t h e   two  s e r i e s   of  a p e r t u r e s   has   an  a x i a l   l e n g t h   of  a b o u t   30%  o f  

U  t h e   d i a m e t e r   of  t h e   b u r n e r   c h a m b e r .  

.1  A l s o   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a s  

|  e m b o d i e d   and  b r o a d l y   d e s c r i b e d   h e r e i n ,   t h e   m e t h o d   f o r  

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

j  a  l o n g i t u d i n a l   b u r n e r   w a l l   w i t h   an  i n j e c t i o n   e n d ,   an  e x i t   e n d ,  

:  and  w i t h   t h e   c o m b u s t i o n   gas   f l o w   d i r e c t i o n   b e i n g   g e n e r a l l y   f r o m  

!  t h e   i n j e c t i o n   end  a x i a l l y   t o w a r d   t h e   e x i t   e n d ,   and  w i t h   t h e   b u r n -  

!|  e r   h a v i n g   a  s o u r c e   of  c o m b u s t i o n   a i r   p r o x i m a t e   t h e   e x i t   e n d ,   c o m -  

;i  p r i s e s   t h e   s t e p s   of  f l o w i n g   t h e   c o m b u s t i o n   a i r   a l o n g   t h e   b u r n e r  
!  w a l l   in  a  d i r e c t i o n   c o u n t e r   to   t h e   c o m b u s t i o n   gas   f l o w   d i r e c t i o n ,  

■!  f rom  t h e   e x i t   end  to   a  p o i n t   i n t e r m e d i a t e   t h e   e x i t   and  t h e   i n j e c -  

i  t i o n   e n d ;   d i r e c t i n g   t h e   c o m b u s t i o n   a i r   away  f rom  t h e   b u r n e r   w a l l  

.  and  t o w a r d   t h e   i n j e c t i o n   e n d ;   and  f l o w i n g   a t   l e a s t   p a r t   of  t h e  

,  c o m b u s t i o n   a i r   b a c k   a l o n g   t h e   b u r n e r   w a l l   in  a  d i r e c t i o n   c o n c u r -  

jj  r e n t   w i t h   t h e   c o m b u s t i o n   g a s e s ,   f r o m   t h e   i n j e c t i o n   end  to  t h e   i n -  

J  t e r m e d i a t e   p o i n t .  

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

i  t h e   c o n c u r r e n t   c o m b u s t i o n   a i r   f l o w   t h r o u g h   t h e   b u r n e r   w a l l   f o r  

u s e   as  s e c o n d a r y   a i r .  

:| 

;  I 
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The  a c c o m p a n y i n g   d r a w i n g ,   w h i c h   is  i n c o r p o r a t e d   in  and  c o n -  

s t i t u t e s   a  p a r t   of  t h i s   s p e c i f i c a t i o n ,   i l l u s t r a t e s   an  e m b o d i m e n t   j 

of  t h e   i n v e n t i o n   a n d ,   t o g e t h e r   w i t h   t h e   d e s c r i p t i o n ,   s e r v e s   to   i 

e x p l a i n   t h e   p r i n c i p l e s   of  t h e   i n v e n t i o n .   j 

BRIEF  DESCRIPTION  OF  THE  DRAWING  j 

The  F i g u r e   i s   a  s c h e m a t i c   c r o s s - s e c t i o n a l   v i e w   of  a  ; 
i 

c o n v e c t i v e l y   c o o l e d   g a s   t u r b i n e   b u r n e r   made  in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n .   , 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT  i 
! 

Wi th   i n i t i a l   r e f e r e n c e   to   t h e   F i g u r e ,   t h e r e   is   shown  a  gas   i 

j  t u r b i n e   b u r n e r   d e s i g n a t e d   g e n e r a l l y   by  t h e   n u m e r a l   10.   B u r n e r   10  

j  i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l   i n n e r   c a s i n g   12  d e f i n i n g   a  b u r n -   ; 

j  e r   c h a m b e r   14  w h i c h   is  c o n v e c t i v e l y   c o o l e d   by  a i r   u s e d   f o r   com-  ; 

i  b u s t   ion   as  w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l   h e r e i n a f t e r   a n d  

i  h a s   a  f u e l   i n j e c t i o n   end  16  and  an  e x i t   end  18.   An  o u t e r   c a s i n g  
j 
;j  20  s u b s t a n t i a l l y   e n v e l o p s   t h e   i n n e r   c a s i n g   12,   as  w e l l   as  t h e   i n -  

I!  j e c t i o n   end  16  of  t h e   b u r n e r   c h a m b e r   14.   Means   a r e   p r o v i d e d   f o r  

'■:  i n j e c t i n g   f u e l   w i t h i n   t h e   b u r n e r   c h a m b e r   a t   i n j e c t i o n   end  16,  t o  

•  be  d i s c u s s e d   in  d e t a i l   h e n c e f o r t h .   In  a d d i t i o n ,   m e a n s   a r e   p r o -  

'  v i d e d   f o r   a d m i t t i n g   a i r   w i t h i n   t h e   b u r n e r   c h a m b e r   14  f o r   c o m b u s -  

t i o n   as  a l s o   w i l l   be  d i s c u s s e d   h e n c e f o r t h .  

j  As  p r e v i o u s l y   n o t e d ,   t h e   p r e s e n t   i n v e n t i o n   is   d i r e c t e d   to  a  

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

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

j  a t   l e a s t   a  s u b s t a n t i a l   p o r t i o n   of  t h e   b u r n e r   c h a m b e r .   A s  

e m b o d i e d   h e r e i n   and  as  d e p i c t e d   g e n e r a l l y   in  t h e   F i g u r e ,   t h e   c o n -  

v e y i n g   means   i n c l u d e   a  p a s s a g e w a y   22  f o r m e d   b e t w e e n   i n n e r   c a s i n g  
i 
I  12  and  o u t e r   c a s i n g   20.  A  l o n g i t u d i n a l   member   24  is  a t t a c h e d   t o  

I  t h e   o u t e r   s u r f a c e   26  of  t h e   i n n e r   c a s i n g   12  and  is  f o r m e d   b e t w e e n  

I  t h e   o u t e r   c a s i n g   20  and  t h e   i n n e r   c a s i n g   12.  The  a n n u l a r   l o n g i -  

•<  t u d i n a l   member   24  d e f i n e s   a  s e c o n d   p a s s a g e w a y   28  b e t w e e n   t h e   l o n -  

i  g i t u d i n a l   member   24  and  t h e   o u t e r   c a s i n g   20,  as  w e l l   as  a  t h i r d  

:j  p a s s a g e w a y   30  b e t w e e n   t h e   l o n g i t u d i n a l   member   24  and   t h e   i n n e r  

i  i  c a s i n g   12.  The  f l o w   of  a i r ,   as  d e n o t e d   by  a r r o w s   A  is  d i r e c t e d  
I  i 
jj  i n t o   t h e   f i r s t   p a s s a g e w a y   22,   t h e   s e c o n d   p a s s a g e w a y   28  a n d ,   t h e n ,  

!i  e i t h e r   to   a  t h i r d   p a s s a g e w a y   30  o r   to   a  p l e n u m   32  a t   t h e   i n j e c -  

■;  t i o n   end  of  t h e   b u r n e r   c h a m b e r   14 .   The  f l o w   of  a i r   w i t h i n   t h e  

it  f i r s t   and  t h i r d   p a s s a g e w a y s   22r  30  a l o n g   t h e   i n n e r   c a s i n g   1 2  

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

si  b u r n e r   c h a m b e r   1 4 .  

F u r t h e r ,   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e   b u r n -  

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

. b u r n e r   c h a m b e r   f o r   c o m b u s t i o n .   As  e m b o d i e d   h e r e i n ,   t h e   b u r n e r   10  

i|  i n c l u d e s   an  a r r a n g e m e n t   of  s p a c e d   and  s l a n t e d   c u r v i l i n e a r   v a n e s  

;  f o r   a d m i t t i n g   a i r   w i t h i n   t h e   b u r n e r   c h a m b e r   f rom  t h e   p l e n u m   3 2 .  

i  The  a i r   p a s s e s   t h r o u g h   t h e   v a n e s   34  in  a  s w i r l i n g   m o t i o n   w i t h i n  

i  an  a n g l e   of  a b o u t   42°  to  a b o u t   52°  r e l a t i v e   to   t h e   a x i s   X  of  t h e  

b u r n e r   c h a m b e r   1 4 .  
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;  F u r t h e r ,   t h e   b u r n e r   10  i n c l u d e s   means   p r o x i m a t e   t h e   i n j e c -  

t i o n   end  f o r   i n j e c t i n g   f u e l   i n t o   t h e   b u r n e r   c h a m b e r   f o r   m i x i n g  

w i t h   t h e   p r i m a r y   a i r   f l o w .   The  f u e l   i n j e c t i o n   m e a n s   may  be  a n y  

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

f u e l   s p r a y ,   p r e f e r a b l y   a t   an  a n g l e   g r e a t e r   t h a n   a b o u t   1 0 0 ° ,   t h a t  
i 
|  is   g r e a t e r   t h a n   a b o u t   50°  to   e i t h e r   s i d e   of  t h e   b u r n e r   a x i s   X .  
i 
;  An  a c c e p t a b l e   i n j e c t i o n   u n i t   is  one  m a n u f a c t u r e d   by  E x c e l l o   C o r -  

I  p o r a t i o n   and  is  d e p i c t e d   in  t h e   F i g u r e .   The  i n j e c t i o n   m e a n s   t h u s  

|  i n c l u d e s   a  f u e l   i n j e c t i o n   u n i t   36  m o u n t e d   on  t h e   o u t e r   c a s i n g   20  

|  and  h a v i n g   a  r a d i a l   f u e l   i n l e t   37  ( shown   w i t h   s c r e e n   f i l t e r ) .  

I  The  f u e l   i n j e c t i o n   u p i t   36  f u r t h e r   i n c l u d e s   a  h o u s i n g   38  h a v i n g  

!|  an  i n n e r   and  o u t e r   a i r   p a s s a g e   40,   42.  I n t e r p o s e d   b e t w e e n   i n n e r  

■j  and   o u t e r   a i r   s u p p l y   p a s s a g e s   40,   42  ( w h i c h   h a v e   s w i r l e r s   -  n o t  

;  s h o w n )   is   an  a n n u l a r   f u e l   c h a n n e l   44  p r e f e r a b l y   c o n c e n t r i c a l l y  

'  p o s i t i o n e d   b e t w e e n   t h e   i n n e r   and  o u t e r   a i r   s u p p l y   p a s s a g e s   4 0 ,  

I  42,   and   i n t e r c o n n e c t e d   w i t h   i n l e t   37.  A  s m o o t h ,   t h i n   s h e e t   o f  

i  f i l m   f o r m s   on  t h e   w a l l   of  c h a n n e l   44  and  t h e n   is   b r o k e n   i n t o   a  

I  s p r a y   by  t h e   s w i r l i n g   a i r   s t r e a m s   f rom  p a s s a g e s   40,   42.  T h e  

i  h o u s i n g   38  i n c l u d e s   a  s e r i e s   of  s p a c e d   c i r c u m f e r e n t i a l   s l o t s   50  

f o r   a d m i t t i n g   a i r   to   i n n e r   p a s s a g e   40.   P r e f e r a b l y ,   s l o t s   50  h a v e  

|  an  a n g l e   of  a t   l e a s t   a b o u t   42°  r e l a t i v e   to  t h e   a x i s   X  of  t h e  

I  b u r n e r   c h a m b e r   1 4 .  
i 
j  F u r t h e r ,   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e   b u r n -  
:i :  I 
j  e r   10  i n c l u d e s   means   c o n n e c t e d   to   t h e   c o n v e y i n g   m e a n s   f o r  
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d i r e c t i n g   a  s e c o n d a r y   f l o w   of  a i r   w i t h i n   t h e   b u r n e r   c h a m b e r   1 4 .  

;  As  e m b o d i e d   h e r e i n   and  as  shown  in  t he   F i g u r e ,   t h e   means   f o r  

j  d i r e c t i n g   a  s e c o n d a r y   f l o w   of  a i r   w i t h i n   t h e   b u r n e r   c h a m b e r   14  

I  i n c l u d e   a t   l e a s t   two  s e r i e s   of  a p e r t u r e s   60  and  62  s p a c e d   a b o u t  

.  t h e   c i r c u m f e r e n c e   of  t h e   i n n e r   c a s i n g   12  a l o n g   t h e   t h i r d   p a s s a g e -  

i  way  30.  T h u s ,   a i r   p a s s i n g   t h r o u g h   t h e   s e c o n d   p a s s a g e w a y   28  a n d  

;  i n t o   p l e n u m   32  p r o v i d e s   a  p r i m a r y   f l o w   of  a i r   w i t h i n   t h e   b u r n e r  

:  c h a m b e r   14.  A i r   p a s s i n g   i n t o   t h e   t h i r d   p a s s a g e w a y   30  and   t h r o u g h  

j  e i t h e r   a p e r t u r e s   60  or   a p e r t u r e s   62  p r o v i d e   a  s e c o n d a r y   f l o w   o f  

!j  a i r   i n t o   t h e   b u r n e r   c h a m b e r   1 4 .  

j  I m p o r t a n t l y ,   t h e   o p e r a t i o n   of  a  gas   t u r b i n e   b u r n e r   a p p a r a t u s  

i  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

•j  d e t a i l   w i t h   r e f e r e n c e   to   t h e   F i g u r e .   A i r   f l o w ,   as  d e n o t e d   by  A 

i  in  t h e   F i g u r e ,   is  d i r e c t e d   i n t o   t h e   f i r s t   p a s s a g e w a y   22  by  a  c o m -  

|  p r e s s o r   or  s i m i l a r   m e a n s   a t   an  a i r   v e l o c i t y   of  200  f e e t   p e r   s e c -  
i 
!  o n d ,   w h i c h   p r o v i d e s   a  r e a s o n a b l e   w a l l   t e m p e r a t u r e   w i t h o u t   a n  

.;  u n a c c e p t a b l e   p r e s s u r e   l o s s ;   h o w e v e r ,   a  v e l o c i t y   of  100  to   1 5 0  

;  f e e t   p e r   s e c o n d   may  be  a d e q u a t e .   If  a  l o w e r   w a l l   t e m p e r a t u r e   i s  

d e s i r e d ,   t h e   a i r   v e l o c i t y   can   be  i n c r e a s e d   or   f i n s   ( n o t   s h o w n )  

j  may  be  a f f i x e d   to   t h e   o u t e r   s u r f a c e   26  of  t h e   i n n e r   c a s i n g   12  i n  

j|  t h e   f i r s t   p a s s a g e w a y   22  and   in  t h e   t h i r d   p a s s a g e w a y   30.  The  a i r  

i  f l o w s   f rom  t h e   f i r s t   p a s s a g e w a y   22  i n t o   a  s e c o n d   p a s s a g e w a y   2 8 ,  

■  w h i c h   i s   d e f i n e d   by  t h e   o u t e r   c a s i n g   20  and  t h e   l o n g i t u d i n a l   mem- 

;|  b e r   24,  t h e   l a t t e r   member   b e i n g   s i z e d   to  p r o v i d e   t h e   d e s i r e d  
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';  c o o l i n g   a i r   v e l o c i t y   of  a b o u t   200  f t / s e c   of  a i r   p a s s i n g   w i t h i n  
i 

p a s s a g e w a y   30,  and  t h e   f o r m e r   member   b e i n g   p o s i t i o n e d   so  t h a t   t h e  

a i r   is  c o n v e y e d   to   t h e   b u r n e r   c h a m b e r   14  w i t h o u t   c r e a t i n g   a  s i g -  

n i f i c a n t   p r e s s u r e   l o s s .   The  a i r   p a s s e d   to   t h e   p l e n u m   32  w h i c h   j 

e n t e r s   t h e   b u r n e r   c h a m b e r   14  t h r o u g h   v a n e s   34,  i m p a r t s   a  s w i r l i n g   ; 

;  m o t i o n   and   c o n s t i t u t e s   t h e   p r i m a r y   f l o w   of  a i r   i n t o   t h e   b u r n e r  

c h a m b e r   14.   T h i s   p r i m a r y   a i r   f l o w   is  d i r e c t e d   i n t o   t h e   b u r n e r  

!  c h a m b e r   14  f rom  t h e   v a n e s   34  a t   an  a n g l e   g r e a t e r   t h a n   a b o u t   5 0 °  

|  r e l a t i v e   to   t he   a x i s   X  of  t h e   b u r n e r   c h a m b e r   14.  ; 

J  The  f u e l   i n j e c t i o n   u n i t   36  r e c e i v e s   a i r   and  f u e l   t h r o u g h   an  ! 

I  i n n e r   and   o u t e r   a i r   p a s s a g e   40,   42  and  f u e l   c h a n n e l   44,   r e s p e c -   ! 

!  t i v e l y .   The  d i r e c t i o n   and  m a g n i t u d e   of  t h e   s w i r l   i m p a r t e d   to   t h e   ■ 

j  a i r   p a s s e d   t h r o u g h   f u e l   i n j e c t i o n   u n i t   36  is   s i m i l a r   to   t h a t   i m -  
j  i 
I  p a r t e d   by  t h e   v a n e s   34  to   t h e   p r i m a r y   a i r   f l o w   i n t o   t h e   b u r n e r  

j  c h a m b e r   14.   I t   is   n o t e d ,   h o w e v e r ,   t h a t   t h e   s w i r l   of  t h e   a i r  
;! 
jj  t h r o u g h   f u e l   i n j e c t i o n   u n i t   36  may  be  g r e a t e r   t h a n   an  a n g l e   o f  
i  I 

a b o u t   52°  r e l a t i v e   to   t h e   a x i s   of  t h e   b u r n e r   c h a m b e r   14,   t h o u g h  
! 
I  t h e   r e l a t i v e   a n g l e   may  no t   be  l e s s   t h a n   a b o u t   4 2 ° .  

|!  The  s e c o n d a r y   f l o w   of  a i r   i n t o   t h e   b u r n e r   c h a m b e r   14  is   p a s -  
i 

!  s e d   t h r o u g h   t h e   a p e r t u r e s   60  and  62  a d j a c e n t   t h e   t h i r d   p a s s a g e w a y  

|  30 .   The  two  s e r i e s   of  a p e r t u r e s   60  and  62  d i v i d e   t h e   b u r n e r  

j  c h a m b e r   14  i n t o   t h r e e   f u n c t i o n a l l y   d i s t i n c t ,   a x i a l l y   a d j a c e n t  

a r e a s ,   n a m e l y ,   a  p r i m a r y   a r e a   I  b e t w e e n   a p e r t u r e s   60  and  t h e   i n -  

!!  j e c t i o n   end   16  t h a t   e n a b l e d   m i x i n g   and  e x p a n s i o n   of  t h e   a i r - f u e l  

- 1 1 -  



0 2 2 8 0 9 1  

m i x t u r e ,   a  s e c o n d a r y   a r e a   II  a d j a c e n t   t h e   p r i m a r y   a r e a   I  a n d  

ij  l y i n g   b e t w e e n   a p e r t u r e s   60  and  a p e r t u r e s   62  t h a t   a l l o w s   f u r t h e r  

m i x i n g   and  c o m b u s t i o n   of  t h e   a i r - f u e l   m i x t u r e ,   and  a  t e r t i a r y  

a r e a   I I I   a d j a c e n t   t h e   s e c o n d a r y   a r e a   II  and  d o w n s t r e a m   of  a p e r -  

|  t u r e s   62  t h a t   a l l o w s   d i l u t i o n   of  t h e   a i r - f u e l   m i x t u r e .   The  a i r  

|  n o t   u s e d   in  t h e   c o m b u s t i o n   p r o c e s s   is   a d d e d   to   l o w e r   t h e   g a s   t e m -  

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

||  w i t h i n   t h e   d i l u t i o n   z o n e .   The  w e i g h t   r a t i o   of  f u e l   to  a i r   m i x -  
:i 
ji  t u r e   in  t h e   p r i m a r y   a r e a   I  is  a b o u t   9 . 5 % ,   w h e r e a s   t he   r a t i o   c o r -  

r e s p o n d i n g   to  t h e   s e c o n d a r y   a r e a   II  i s   a b o u t   5.5%  at   d e s i g n   o p e r -  

•j  a t   i on   c o n d i t i o n s .   The  p r i m a r y   a r e a   I  d e f i n e d   by  t h e   a x i a l  

j j p o s i t i o n   of  t h e   s e r i e s   of  a p e r t u r e s   60  has   a  l e n g t h   of  n o t   l e s s  

I  t h a n   60%  and  no t   more   t h a n   120%  of  t h e   b u r n e r "   d i a m e t e r .   T h e  

a x i a l   p o s i t i o n   of  t h e   s e r i e s   of  a p e r t u r e s   62  i s   n o t   l e s s   t h a n   30% 

I  t h e   b u r n e r   d i a m e t e r   d o w n s t r e a m   of  a p e r t u r e s   60.   The  r e s u l t a n t  

;  a x i a l   v e l o c i t y   of  ho t   g a s e s   w i t h i n   t h e   b u r n e r   c h a m b e r   14  is  b e -  

:  t w e e n   a b o u t   125  to  175  f e e t   p e r   s e c o n d   and  p r e f e r a b l y   a b o u t   1 5 0  

;  f e e t   p e r   s e c o n d .   The  r e l a t i v e l y   low  a x i a l   v e l o c i t y   of  t h e   h o t  

;  g a s ,   in  c o n j u n c t i o n   w i t h   t h e   s e c o n d a r y   f l o w   of  a i r   t h r o u g h   t h e  

,  a p e r t u r e s   60  and  62,  a l l o w s   r a p i d   and  e f f i c i e n t   m i x i n g   of  t h e  

;  p r i m a r y   and  s e c o n d a r y   f l o w s   of  a i r .   H e n c e ,   o n l y   a  r e l a t i v e l y  
!i  s h o r t   b u r n e r   c h a m b e r   is  r e q u i r e d .  

I]  I t   w i l l   be  a p p a r e n t   to   t h o s e   s k i l l e d   in  t h e   a r t   t h a t   m o d i f i -  

!  c a t i o n s   and  v a r i a t i o n s   can   be  made  to   t h e   g a s   t u r b i n e   b u r n e r  

i 
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a p p a r a t u s   and  m e t h o d   of  t h i s   i n v e n t i o n .   The  i n v e n t i o n   in  i t s  

i  b r o a d e r   a s p e c t s   i s ,   t h e r e f o r e ,   no t   l i m i t e d   to   t h e   s p e c i f i c  

!  d e t a i l s   or   t h e i r   r e p r e s e n t a t i v e   m e t h o d s   and  a p p a r a t u s .   T h u s ,   i t  

is  i n t e n d e d   t h a t   a l l   m a t t e r   c o n t a i n e d   in  t h e   f o r e g o i n g   d e s c r i p -  

t i o n   or   shown  in  t h e   a c c o m p a n y i n g   d r a w i n g s   s h a l l   be  i n t e r p r e t e d  

i|  as  i l l u s t r a t i v e   and  no t   in  a  l i m i t i n g   s e n s e .  
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WHAT  IS  CLAIMED  I S :  

i  1.  A  b u r n e r   a p p a r a t u s   f o r   c o m b u s t i n g   f u e l   and  f o r   s u p p l y i n g  

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

I  p r i s i n g :  

;  a  b u r n e r   c h a m b e r   h a v i n g   an  i n j e c t i o n   e n d ,   an  e x i t   end ,   and  a  

;  b u r n e r   w a l l   e x t e n d i n g   a x i a l l y   t h e r e b e t w e e n ;  

•  m e a n s   f o r   c o n v e y i n g   s a i d   c o m b u s t i o n   a i r   f r om  s a i d   e x i t   e n d  

:|  a l o n g   s a i d   b u r n e r   w a l l   f o r   c o n v e c t i v e l y   c o o l i n g   s a i d   w a l l   p r i o r  

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

!  b u r n e r   c h a m b e r ,   s a i d   c o n v e y i n g   means   i n c l u d i n g   d u c t i n g   means   f o r  

||  d e c r e a s i n g   t h e   t e m p e r a t u r e ,   and  i n c r e a s i n g   t h e   mass   f l o w   r a t e ,   o f  

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

;  b u r n e r   w a l l   a d j a c e n t   t h e   i n j e c t i o n   end  of  t h e   b u r n e r   c h a m b e r ,  

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

|  s u r r o u n d i n g   s a i d   b u r n e r   w a l l   and  s e a l i n g l y   a t t a c h e d   a t   one  e n d  

t h e r e o f   to  s a i d   b u r n e r   w a l l   at   a  l o c a t i o n   b e t w e e n   s a i d   e x i t   e n d  

j  and  s a i d   i n j e c t i o n   e n d ,   s a i d   l o n g i t u d i n a l   member   b e i n g   s p a c e d  

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

ment   to   s a i d   i n j e c t i o n   e n d ,   t h e   f l o w   of  s a i d   c o m p r e s s e d   a i r   u s e d  

|  f o r   c o o l i n g   b e i n g   in  t h e   d i r e c t i o n   t o w a r d   s a i d   i n j e c t i o n   end  o v e r  

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

l o c a t i o n ,   and  in  t h e   d i r e c t i o n   away  f rom  s a i d   i n j e c t i o n   end  f o r  

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

i n j e c t i o n   e n d ;   a n d  
<! 
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f u e l   i n j e c t i o n   means   l o c a t e d   at  s a i d   b u r n e r   c h a m b e r   i n j e c -  

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

t i o n   a i r .  

■i 

I 
! 

,j 
i 
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2.  The  gas   t u r b i n e   b u r n e r   a p p a r a t u s   as  in  c l a i m   1,  w h e r e i n  

;  s a i d   c o n v e y i n g   means   i n c l u d e s   an  o u t e r   c a s i n g   c o n c e n t r i c a l l y   s u r -  
'  

r o u n d i n g   s a i d   b u r n e r   w a l l   and  s a i d   l o n g i t u d i n a l   m e m b e r ,   s a i d   l o n -  
i 
|  g i t u d i n a l   member   b e i n g   s i z e d   to   p r o v i d e   an  a i r   v e l o c i t y   b e t w e e n  
'I 
•  j  s a i d   l o n g i t u d i n a l   member   and  s a i d   b u r n e r   w a l l   a b o u t   e q u a l   to   t h e  

I  v e l o c i t y   of  a i r   b e t w e e n   s a i d   b u r n e r   w a l l   and  s a i d   o u t e r   c a s i n g .  

,i  3.  The  gas   t u r b i n e   b u r n e r   a p p a r a t u s   as  in  c l a i m   1,  w h e r e i n  

i  t h e   a i r   p a s s e d   w i t h i n   s a i d   c o n v e y i n g   means   is   c o n v e y e d   a l o n g   t h e  

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

a b o u t   100  to   a b o u t   200  f e e t   p e r   s e c o n d .  

■!  4.  The  gas   t u r b i n e   b u r n e r   a p p a r a t u s   as  in  c l a i m   1,  f u r t h e r  

!  i n c l u d i n g   means   f o r   d i r e c t i n g   a i r   f r om  t h e   s p a c e   b e t w e e n   s a i d  

;  l o n g i t u d i n a l   member   and  s a i d   b u r n e r   w a l l   i n t o   s a i d   b u r n e r   c h a m b e r  
!  j 
j  to   p r o v i d e   s e c o n d a r y   a i r   f l o w ,   s a i d   d i r e c t i n g   means   i n c l u d i n g   t w o  

,  s e r i e s   of  a p e r t u r e s ,   s a i d   s e r i e s   b e i n g   a x i a l l y   s p a c e d   f rom  o n e  

;  a n o t h e r   and  f rom  s a i d   i n j e c t i o n   end  and  d i v i d i n g   s a i d   b u r n e r  

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

a r e a   p r o x i m a t e   s a i d   i n j e c t i o n   end   p r o v i d i n g   f o r   d i f f u s i o n   and  e x -  

p a n s i o n   of  s a i d   a i r - f u e l   m i x t u r e ,   a  s e c o n d a r y   a r e a   a x i a l l y   a d j a -  

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

i  p a r t   of   t h e   a i r   f rom  s a i d   s e c o n d a r y   a i r   of  s a i d   a i r - f u e l   m i x t u r e ,  
i 
\\  and  a  t e r t i a r y   a r e a   a x i a l l y   a d j a c e n t   s a i d   s e c o n d a r y   a r e a   f o r  

!  d i l u t i n g   c o m b u s t i o n   g a s e s   f o r m e d   in  s a i d   s e c o n d a r y   a r e a   w i t h  

!  a n o t h e r   p a r t   of  t h e   a i r   f rom  s a i d   s e c o n d a r y   a i r   f l o w .  
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5.  The  gas   t u r b i n e   b u r n e r   a p p a r a t u s   as  in  c l a i m   4,  w h e r e i n  

'[  s a i d   p r i m a r y   a r e a   and  s a i d   s e c o n d a r y   a r e a   c o n t a i n   a  w e i g h t   r a t i o  

of  f u e l   to   a i r   of  a b o u t   9.5%  and  a b o u t   5 .5%,   r e s p e c t i v e l y .   : 

6.  The  gas   t u r b i n e   b u r n e r   a p p a r a t u s   as  in  c l a i m   1,  w h e r e i n  

!  s a i d   c o m b u s t i o n   g a s e s   f l o w   a l o n g   t h e   a x i s   of  s a i d   b u r n e r   c h a m b e r  
;  i 
;  b e t w e e n   a b o u t   125  to   a b o u t   175  f e e t   p e r   s e c o n d .  

J  7.  The  c o n v e c t i v e l y   c o o l e d   g a s   t u r b i n e   b u r n e r   a p p a r a t u s   a s  

|  in  c l a i m   4,  w h e r e i n   s a i d   b u r n e r   c h a m b e r   i n c l u d e s   a  d i f f u s i o n   z o n e  

:j  b e t w e e n   s a i d   i n j e c t i o n   end  and  t h e   p r o x i m a t e   one  of  s a i d   two  s e -   • 

1  1  r i e s   of  a p e r t u r e s ,   s a i d   d i f f u s i o n   z o n e   h a v i n g   an  a x i a l   l e n g t h   of  ; 
;|  i 
!j  a b o u t   60%  to   a b o u t   120%  of  t h e   d i a m e t e r   of  s a i d   b u r n e r   c h a m b e r .   '■ 
'!  ' 

j  8.  The  c o n v e c t i v e l y   c o o l e d   gas   t u r b i n e   b u r n e r   a p p a r a t u s   a s  

'  in  c l a i m   4r  w h e r e i n   s a i d   b u r n e r   c h a m b e r   i n c l u d e s   a  m i x i n g   a n d  

','  c o m b u s t i o n   zone   b e t w e e n   s a i d   two  s e r i e s   of  a p e r t u r e s ,   s a i d   m i x i n g  

:!  and  c o m b u s t i o n   zone   h a v i n g   an  a x i a l   l e n g t h   of  a b o u t   30%  of  t h e  

■j  d i a m e t e r   of  s a i d   b u r n e r   c h a m b e r .  
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9.  A  m e t h o d   f o r   c o n v e c t i v e l y   c o o l i n g   an  a x i a l l y   c o m p a c t  

j ; g a s   t u r b i n e   b u r n e r   h a v i n g   a  l o n g i t u d i n a l   b u r n e r   w a l l   w i t h   an  i n -  

!j  j e c t i o n   e n d ,   an  e x i t   e n d ,   t h e   c o m b u s t i o n   g a s   f l o w   d i r e c t i o n   b e i n g  
i 
!  g e n e r a l l y   f r o m   t h e   i n j e c t i o n   end  a x i a l l y   t o w a r d   t h e   e x i t   end ,   a n d  

|  t h e   b u r n e r   h a v i n g   a  s o u r c e   of  c o m b u s t i o n   a i r   p r o x i m a t e   t h e   e x i t  
1  ! 
I  e n d ,   t h e   m e t h o d   of  c o m p r i s i n g   t h e   s t e p s   o f :  

j  f l o w i n g   t h e   c o m b u s t i o n   a i r   a l o n g   t h e   b u r n e r   w a l l   in  a  d i r e c -  

j t i o n   c o u n t e r   to   t h e   c o m b u s t i o n   gas   f l o w   d i r e c t i o n ,   f rom  t h e   e x i t  

!j  end  to   a  p o i n t   i n t e r m e d i a t e   t h e   e x i t   and  t h e   i n j e c t i o n   e n d ;  

i  d i r e c t i n g   t h e   c o m b u s t i o n   a i r   away  f r o m   t h e   b u r n e r   w a l l   a n d  
1  1  t o w a r d   t h e   i n j e c t i o n   e n d ;   a n d  

j  f l o w i n g   a t   l e a s t   p a r t   of  t h e   c o m b u s t i o n   a i r   b a c k   a l o n g   t h e  

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

f rom  t h e   i n j e c t i o n   end   to   s a i d   i n t e r m e d i a t e   p o i n t .  
i 
;  10.   The  m e t h o d   as  in  c l a i m   9  i n c l u d i n g   t h e   f u r t h e r   s t e p   o f  

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

w a l l   f o r   u s e   as  s e c o n d a r y   a i r .  

i 
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