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©  Impingement  cooled  gas  turbine  combustor  with  internal  film  cooling 
A  gas  turbine  combustor,  having  a  side  wall  formed  of 

side  wall  members  (12, 14, 16, 18,  etc.,)  in  telescopic  relation 
to  form  annular  air  admission  gaps  24  to  obtain  film  cooling, 
a  cylindrical  jacket  36  encompasses  at  least  the  upstream 
stages  of  the  combustor  and  is  provided  with  impingement 

ports  (38-45)  located  in  an  axial  direction  to  provide  impinge- 
ment  cooling  upon  the  relatively  hotter  portions  of  the  side 
wall  members  before  the  air  in  the  jacket  performs  its 
film-cooling  effect  by  entering  the  combustor  through  the 
annular  air  admission  gaps. 



T h i s   i n v e n t i o n   r e l a t e s   to  gas   t u r b i n e   c o m b u s t o r s ,  

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

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

Gas  t u r b i n e   c o m b u s t o r   w a l l   t e m p e r a t u r e s   a r e  

m a i n t a i n e d   a t   or  b e l o w   d e s i g n   v a l u e s   by  a  c o m b i n a t i o n   o f  

e x t e r n a l   c o n v e c t i o n   and  i n t e r n a l   f i l m   c o n v e c t i o n .   In  t h e  

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

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

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

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

a i r ,   p r i m a r y   and  d i l u t i o n   a i r ,   and  f i l m   c o o l i n g   a i r .   As  a  

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

s m a l l ,   s u c h   as  l e s s   t h a n   100  B T U / h r . - f t . 2 - ° F ,   (568   W / m 2 - K )  

and  w i t h   e v e n   s m a l l e r   v a l u e s   a t   some  l o c a l i z e d   a r e a s .   M o s t  

of  t h e   h e a t   l o a d   i s   r e m o v e d   by  t h e   f i l m   c o o l i n g ,   w h i c h  

r e s u l t s   in   a  h e a t   t r a n s f e r   c o e f f i c i e n t   a t   l e a s t   t h r e e   t i m e s  

t h a t   of  t h e   n o t e d   a v e r a g e .  
An  o b j e c t   of  t h i s   i n v e n t i o n   i s   to  f u r t h e r   i m p r o v e  

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

c o o l i n g   w h i l e   m a i n t a i n i n g   a  h i g h   l e v e l   of  i n t e r n a l   f i l m  

c o o l i n g .  

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

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

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

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

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



s a i d   s i d e   w a l l   m e m b e r s   o u t w a r d l y   of  and  r e l a t i v e   to  a n  

i n w a r d l y   l o c a t e d   d o w n s t r e a m   end  p o r t i o n   of  t h e   a d j a c e n t  

u p s t r e a m   s i d e   w a l l   member   to   p r o v i d e   an  a n n u l a r   c o o l a n t   a i r  

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

m e m b e r s ,   c h a r a c t e r i z e d   by  t h e   d o w n s t r e a m   end  p o r t i o n s   o f  

t h e   s i d e   w a l l   m e m b e r s   h a v i n g   a  t u b u l a r   l i p   e x t e n d i n g  

d o w n s t r e a m   from  t h e   d o w n s t r e a m   end  of  t h e   s p a c e r   m e a n s ,   t h e  

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

u p s t r e a m   one  of  s a i d   s i d e   w a l l   m e m b e r s   and  a t   l e a s t   a  

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

j a c k e t   i n c l u d i n g   a t   l e a s t   one  row  of  c i r c u m f e r e n t i a l l y  

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

s a i d   a t   l e a s t   one  row  b e i n g   l o c a t e d   in   an  a x i a l   d i r e c t i o n  

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

to   p r o v i d e   i m p i n g e m e n t   a i r   c o o l i n g   upon   t h e   r e l a t i v e l y  

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

d o w n s t r e a m   from  t h e   n e x t   u p s t r e a m   a n n u l a r   a i r   a d m i s s i o n  

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

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

s a i d   j a c k e t .  

C o n v e n i e n t l y ,   t h e   c y l i n d r i c a l   j a c k e t   e n c o m p a s s i n g  

t h e   u p s t r e a m   p o r t i o n   of  t h e   s i d e   w a l l   i s   f o r m e d   by  a  

p l u r a l i t y   of  s u c c e s s i v e   s i d e   w a l l   member s   in   a  t e l e s c o p i c  

a r r a n g e m e n t ,   w i t h   t h e   j a c k e t   i n c l u d i n g   a t   l e a s t   one  row  o f  

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

of   t h e   s i d e   w a l l   m e m b e r s ,   w i t h   a t   l e a s t   one  row  b e i n g  
l o c a t e d   in   an  a x i a l   d i r e c t i o n   c l o s e l y   u p s t r e a m   of  t h e  

a n n u l a r   c o o l a n t   a i r   a d m i s s i o n   s l o t s   f o r m e d   a t   t he   j o i n t s   o f  

t h e   s i d e   w a l l   member s   to  p r o v i d e   i m p i n g e m e n t   a i r   c o o l i n g  

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

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

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

s l o t s   i n t o   the   c o m b u s t o r   p r o p e r .  
The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

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

w h i c h :  



F i g u r e   1  is   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t h r o u g h  

a  w a l l   of  a  c o m b u s t o r   p r o v i d e d   w i t h   t he   j a c k e t ;  

F i g u r e   2  i s   a  f r a g m e n t a r y   f a c e   v i e w ,   p a r t l y  

b r o k e n ,   i l l u s t r a t i n g   t he   r e l a t i o n   of  t he   i m p i n g e m e n t   p o r t s  

and  a i r   s c o o p s   to  t he   r a d i a l l y   i n n e r   c o m b u s t o r   s i d e   w a l l ;  

a n d  

F i g u r e   3  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   a t   o n e  

j u n c t u r e   of  s u c c e s s i v e   s i d e   w a l l   m e m b e r s .  

F i g u r e   1  shows  a  c o m b u s t o r   p r o p e r   and  i n c l u d e s  

t he   u p s t r e a m   dome  10  and  a  s e r i e s   o f  s u c c e s s i v e l y   d o w n -  

s t r e a m   s i d e   w a l l   members   d e n o t e d   12,  14,  16,  18,  20,  and  22  

w h i c h   t o g e t h e r   form  t he   s i d e   w a l l   of  t he   c y l i n d r i c a l  

c o m b u s t o r .   As  i l l u s t r a t e d ,   t he   s i d e   w a l l   m e m b e r s   a r e  

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

m a r g i n   of  e a c h   s i d e   w a l l   member ,   as  at   14a,   o v e r l a p p i n g   t h e  

d o w n s t r e a m   p o r t i o n ,   as  a t   12b,   of  t he   r a d i a l l y   i n n e r  

s u c c e s s i v e   u p s t r e a m   s i d e   w a l l   member  12.  At  t h e   o v e r l a p -  

p i n g   j u n c t u r e   of   t he   s u c c e s s i v e   s i d e   w a l l   m e m b e r s ,   s p a c e r  

means   24,  w h i c h   may  c o n v e n i e n t l y   t a k e   the   form  of   a  c o r r u -  

g a t e d   b a n d ,   i s   i n t e r p o s e d   b e t w e e n   t he   p a r t s   14a  and  12b  o f  

t he   s u c c e s s i v e   s i d e   w a l l   m e m b e r s .   S i n c e   t h e   b a n d   i s  

d i s p o s e d   so  t h a t   t h e   c r e s t s   and  v a l l e y s   e x t e n d   a x i a l l y ,   a n  

a i r   a d m i s s i o n   s l o t   26  i s   p r o v i d e d .   The  d i r e c t i o n   of  f l o w  

t h r o u g h   t h e   s l o t   i s   as  i n d i c a t e d   in  F i g u r e   3  by  t h e   a r r o w .  

As  i s   a p p a r e n t   f rom  F i g u r e   3,  and  as  i s   n o t e d   to   be  t h e  

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

band   24  p r o j e c t s   u p s t r e a m   f a r t h e r   t h a n   t h e   p o r t i o n   14a  o f  

t he   s i d e   w a l l   member  14,  and  t h e   d o w n s t r e a m   p o r t i o n   12b  o f  

the   s i d e   w a l l   member  12  i n c l u d e s   a  l i p   12c  p r o j e c t i n g  

f a r t h e r   d o w n s t r e a m   t h a n   t h e   d o w n s t r e a m   end  of  t h e   b a n d   2 4 .  

F u e l   i s   fed  t h r o u g h   means   no t   shown  to  t h e  

u p s t r e a m   p o r t i o n   28  ( F i g .   1)  of  t h e   c o m b u s t o r   and  i s   m i x e d  

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

c o m b u s t o r   t h r o u g h   p r i m a r y   a i r   s c o o p s   30  and  32.  The  h o t  

m i x t u r e   f l o w s   in   t he   d o w n s t r e a m   d i r e c t i o n   as  i n d i c a t e d   b y  

t he   d i r e c t i o n a l   a r r o w   in  F i g u r e   1  w i t h   d i l u t i o n   a i r   b e i n g  



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

t o r   t h r o u g h   t h e   d i l u t i o n   s c o o p s   3 4 .  

I t   i s   n o t e d   t h a t   t h e   q u a n t i t y   of  p r i m a r y   a i r  

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

p a r t i c u l a r   c o m b u s t i o n   c o n d i t i o n s .   The  o t h e r   two  q u a n t i t i e s  

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

t h e   d i l u t i o n   a i r .   To  t h e   e x t e n t   t h a t   c o o l i n g   of   t h e  

c o m b u s t o r   can   be  o p t i m i z e d   so  t h a t   l e s s   c o o l i n g   a i r   i s  

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

and  t h i s   i s   c o n s i d e r e d   d e s i r a b l e .  

To  t h e   end  of  i m p r o v i n g   t h e   c o o l i n g   e f f e c t   o f  

t h a t   a i r   u s e d   f o r   c o o l i n g ,   a  c y l i n d r i c a l   j a c k e t   36  ( F i g .   1 )  

e n c o m p a s s e s   t h e   u p s t r e a m   s i d e   w a l l   member  12  and  a t   l e a s t   a  

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

t h i s   c a s e   a t   l e a s t   14,  16,  and  a  p o r t i o n   of  18.  Rows  o f  

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

p r o v i d e d   in   t h e   j a c k e t   to  a d m i t   c o o l i n g   a i r   i n t o   t h e  

a n n u l a r   s p a c e   b e t w e e n   t h e   j a c k e t   and  c o m b u s t o r   p r o p e r .   I n  

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

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

s l o t ,   a l t h o u g h   t h e   number   of  rows  and  h o l e s   p e r   row  can   b e  

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

q u i r e d .   As  b e s t   s e e n   in  F i g u r e   2,  t h e   rows  a r e   i d e n t i f i e d  

by  t h e   n u m e r a l s   38,  39,  40,  41,  42,  43,  44,  and  45.  T h e  

a x i a l   l o c a t i o n   of  t he   d o w n s t r e a m   row  of  e a c h   s e t   of  t w o  

rows  i s   i m p o r t a n t   in   c a r r y i n g   o u t   t h e   i n v e n t i o n .   T h e  

r e a s o n   f o r   t h i s   i s   t h a t   t h e   f i l m   c o o l i n g   e f f e c t   upon   t h e  

s i d e   w a l l   members   i s   b e t t e r   in   t h e   v i c i n i t y   of  t h e   a n n u l a r  

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

d i s s i p a t e d   to  a  d e g r e e   and ,   a c c o r d i n g l y ,   t h e   h o t t e r   p o r -  
t i o n s   of  t h e   s i d e   w a l l   m e m b e r s   a r e   in   t he   v i c i n i t y   c l o s e l y  

u p s t r e a m   f rom  t h e   a n n u l a r   a i r   a d m i s s i o n   s l o t   as  in   t h e  

l o c a t i o n   d e s i g n a t e d   16c  in   F i g u r e   1.  Thus ,   t h e   row  o f  

h o l e s   43  i s   l o c a t e d ,   in  an  a x i a l   d i r e c t i o n ,   c l o s e l y   u p -  
s t r e a m   of  t he   a n n u l a r   s l o t   f o r m e d   b e t w e e n   t h e   s i d e   w a l l  

m e m b e r s   16  and  18.  The  o t h e r   row  of  h o l e s   42  of  t h e   s e t   42  

and  43  i s   l o c a t e d ,   in   an  a x i a l   d i r e c t i o n ,   a g a i n   o n l y  



s l i g h t l y   u p s t r e a m   of  t h e   row  43  to  e n s u r e   t h a t   t h e   p o r t i o n  
of  t h e   s i d e   w a l l   member   b e t w e e n   t h e   f i l m   c o o l i n g   a r e a   a n d  

t h e   n e x t   s u c c e s s i v e   a n n u l a r   s l o t   d o w n s t r e a m   w i l l   be  a d e -  

q u a t e l y   c o o l e d .   A f t e r   t h e   a i r   e n t e r i n g   t h e   i m p i n g e m e n t  

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

m e m b e r s ,   t h i s   a i r   t h e n   f l o w s   to  t h e   a n n u l a r   a i r   a d m i s s i o n  

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

f i l m   c o o l i n g   f u n c t i o n .  

I t   i s   n o t e d   in   t h e   p a r t i c u l a r   c o n s t r u c t i o n s   s h o w n  

in   F i g u r e   1  t h a t   t h e   d o w n s t r e a m   end  48  of   t h e   c o o l i n g  

j a c k e t   i s   u p s t r e a m   f rom  t h e   a n n u l a r   a i r   a d m i s s i o n   s l o t  

f o r m e d   b e t w e e n   t he   s i d e   w a l l   member s   18  and  20.  W h i l e   t h e  

j a c k e t   c o u l d   e x t e n d   f u r t h e r   d o w n s t r e a m   in  an  a x i a l   d i r e c -  

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

a r e   n o t   as  g r e a t   as  f a r t h e r   u p s t r e a m   in  t h e   p r i m a r y   z o n e .  

H o w e v e r ,   i t   i s   c o n s i d e r e d   p r e f e r a b l e   t h a t   t h e   row  of  h o l e s  

45  be  i n c l i n e d   to   d i r e c t   t h e   i m p i n g e m e n t   a i r   t o w a r d   t h e  

c o r n e r   f o r m e d   b e t w e e n   t h e   end  w a l l   48  of  t h e   j a c k e t ,   a n d  

t h e   s i d e   w a l l   member  18.  The  a i r   w h i c h   i m p i n g e s   t h r o u g h  

t h e   h o l e s   44  and  45  a g a i n s t   s i d e   w a l l   member   18  m u s t   f l o w  

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

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

a n n u l a r   s l o t   b e t w e e n   s i d e   w a l l   members   16  and  18.  T h u s ,  

t h e r e   w i l l   be  a  t e n d e n c y   f o r   t h e   c o o l i n g   a i r   e n t e r i n g   t h e  

f a r t h e r   u p s t r e a m   i m p i n g e m e n t   p o r t s   to  a l s o   h a v e   a  c o m p o n e n t  
of   a i r   f l o w i n g   u p s t r e a m   to  t h e   n e x t   u p s t r e a m   a n n u l a r   s l o t .  

The  a r r a n g e m e n t   as  d e s c r i b e d   i s   i n t e n d e d   t o  

u t i l i z e ,   to   t h e   d e g r e e   p o s s i b l e ,   t he   c o o l i n g   a i r   m o s t  

e f f e c t i v e l y .   Thus ,   f o r   a  g i v e n   h e a t   l o a d ,   and  d e p e n d i n g  

u p o n   t h e   p a r t i c u l a r   d e s i g n   one  can  e i t h e r   r e d u c e   w a l l  

t e m p e r a t u r e s   s u b s t a n t i a l l y   w i t h   t h e   same  a m o u n t   of  a i r   a s  

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

t h e   same  w a l l   t e m p e r a t u r e   w i t h   l e s s   a i r ,   t h u s   m a k i n g   m o r e  

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

or  to  t h e   d i l u t i o n   zone   to  i m p r o v e   t he   p a t t e r n   f a c t o r s   o f  

t h e   c o m b u s t o r .  



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

s i d e   w a l l ,   t h e   s i d e   w a l l   f o r m e d   by  a  s u c c e s s i o n   of  t u b u l a r  

s i d e   w a l l   member s   d i s p o s e d   in   a  t e l e s c o p i c   a r r a n g e m e n t  

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

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

and  r e l a t i v e   to  an  i n w a r d l y   l o c a t e d   d o w n s t r e a m   end  p o r t i o n  

of  t h e   a d j a c e n t   u p s t r e a m   s i d e   w a l l   member   to  p r o v i d e   a n  

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

of  t h e   s i d e   w a l l   m e m b e r s ,   c h a r a c t e r i z e d   by  t h e   d o w n s t r e a m  

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

e x t e n d i n g   d o w n s t r e a m   f rom  t h e   d o w n s t r e a m   end  of  the   s p a c e r  

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

p a s s i n g   the   u p s t r e a m   one  of  s a i d   s i d e   w a l l   members   and  a t  

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

m e m b e r s ,   s a i d   j a c k e t   i n c l u d i n g   a t   l e a s t   one  row  of  c i r c u m -  

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

w a l l   member ,   s a i d   a t   l e a s t   one  row  b e i n g   l o c a t e d   in   a n  

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

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

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

a i r   a d m i s s i o n   s l o t ,   b e f o r e   s a i d   i m p i n g e m e n t   a i r   p a s s e s  

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

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

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

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

i m p i n g e m e n t   p o r t s   f o r   e a c h   s i d e   w a l l   member ,   s a i d   s e c o n d  



row  b e i n g   l o c a t e d   in   an  a x i a l   d i r e c t i o n   c l o s e l y   u p s t r e a m   o f  

s a i d   a t   l e a s t   one  row  of  i m p i n g e m e n t   p o r t s .  

3.  A  c o m b u s t o r   as  c l a i m e d   in   c l a i m   1  or  2 

c h a r a c t e r i z e d   in  t h a t   s a i d   c y l i n d r i c a l   j a c k e t   e n c o m p a s s e s  

a t   l e a s t   f o u r   s u c c e s s i v e   s i d e   w a l l   m e m b e r s .  

4.  A  gas   t u r b i n e   c o m b u s t o r ,   c o n s t r u c t e d   a n d  

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

i l l u s t r a t e d   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 .  
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