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Turbine  combustor  having  more  uniform  mixing  of  fuel  and  air  for  improved  downstream  combustion. 
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  A  combustor  (10)  for  a  structure  with  a  land  based 
combustion  turbine,  comprises  a  generally  tubular  sidewall 
(12)  having  a  downstream-mixing  zone  (34)  where  a  mixture 
of  fuel  and  air  is  developed  for  downstream  combustion, 
said  tubular  structure  further  having  an  upstream  primary 
zone  (22)  into  which  air  is  admitted  through  sidewall  open- 
ings  to  develop  an  axial  airflow  for  mixing  with  downstream 
injection  fuel,  means  (32)  for  spraying  fuel  in  the  form  of 
small  rapidly  evaporable  droptlets  generally  radially  in- 
wardly  of  the  tubular  structur  through  said  sidewall  (12)  at 
a  location  between  said  primary  zone  (22)  and  said  mixing 
zone  (34)  for  mixing  with  the  primary  air  flow,  a  catalyst  (28) 
is  disposed  in  the  combustor  tubular  structure  at  the  outlet 
of  said  mixing  zone  (34),  a  plurality  of  circumferentially 
disposed  air  scoops  (36)  are  located  in  upstream  proximity 
to  said  fuel  spraying  means  (32)  and  directed  downstream 
to  produce  said  booster  air  streams. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   c o m b u s t o r s  

e m p l o y e d   in   l a n d   b a s e d   c o m b u s t i o n   t u r b i n e s   and  more   p a r -  

t i c u l a r l y   to   c a t a l y t i c   c o m b u s t o r s   in   w h i c h   s u b s t a n t i a l l y  

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

zone   i s   n e e d e d   p r i o r   to   e n t r y   of   t h e   mix  i n t o   t h e   c a t a l y t i c  
c o m b u s t i o n   z o n e .  

P r e m i x i n g   of   f u e l   and  a i r   in   p r e m i x   c o m b u s t o r s  

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

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

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

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

low  p o l l u t a n t ,   and  e s p e c i a l l y   low  NOx,  c o m b u s t i o n   t u r b i n e  

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

a p p l i c a t i o n s ;   p r o p e r   c a t a l y t i c   c o m b u s t i o n   e s p e c i a l l y  

r e q u i r e s   s u b s t a n t i a l   u n i f o r m i t y   in   t h e   p r e m i x i n g   of   f u e l  

and  a i r   w i t h i n   t h e   c o m b u s t o r   m i x i n g   z o n e .  

In  v i e w   o f  .   c e r t a i n   o p e r a t i n g   c o m p r e s s o r -  

d i s c h a r g e - p r e s s u r e   l e v e l s   in   m o s t   e n g i n e   d e s i g n s ,   s o m e  

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

t i o n .   A  c a t a l y t i c   c o m b u s t o r   may  be  p r o v i d e d   w i t h   a  g e n e r -  

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

f o l l o w e d   in   s e q u e n c e   f i r s t   by  a  s e c o n d a r y   f u e l   i n j e c t i o n  

and  m i x i n g   z o n e   and  f i n a l l y   by  a  c a t a l y s t   z o n e .   T h e  

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

when  o p e r a t i n g   t e m p e r a t u r e s   do  n o t   a d e q u a t e l y   s u p p o r t  



c a t a l y t i c   c o m b u s t i o n .   D u r i n g   t h e   c a t a l y t i c   c o m b u s t i o n  

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

m i x i n g   zone   w h e r e   i t   m i x e s   w i t h   a i r   f o r   d e l i v e r y   t o   t h e  

f l o w   c h a n n e l s   t h r o u g h   t h e   c a t a l y s t   z o n e .  

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

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

may  i n j e c t   f u e l   r a d i a l l y   i n w a r d l y   a t   a  r i g h t   a n g l e   o r  

o t h e r   p r e f e r r e d   a n g l e   i n t o   t h e   c o m b u s t o r   m i x i n g   z o n e .  

F u r t h e r ,   t h e   f u e l   m u s t   be  p r e f e r a b l y   c o m p l e t e l y   v a p o r i z e d  

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

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

r a p i d l y .   S m a l l   d r o p l e t s   can   be  o b t a i n e d   by  u s i n g   a  v e r y  

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

u s i n g   a  s m a l l   a m o u n t   of   h i g h   e n e r g y   a t o m i z i n g   a i r   ( a i r  

a s s i s t ) ,   or   by  u s i n g   a  r e l a t i v e l y   l a r g e   a m o u n t   of  l o w  

e n e r g y   a t o m i z i n g   a i r   ( a i r   b l a s t ) .   In  a l l   c a s e s ,   t h e  

momentum  of   t h e   r e s u l t i n g   f u e l   s p r a y   i s   q u i t e   h i g h .   I n  

f a c t   t h e   momentum  of   t h e   f u e l   s p r a y   w i t h   r e s p e c t   to   t h e  

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

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

( a x i s )   of  t h e   c o m b u s t o r .   T h i s   a c t i o n   p r o d u c e s   a  f u e l   r i c h  

c o r e ,   i . e .   t h e   f u e l / a i r   r a t i o   p r o f i l e   has   a  s i n g l e   c e n t e r  

p e a k   s h a p e   a c r o s s   a  r e f e r e n c e   d i a m e t e r   of  a  c r o s s   s e c t i o n  

of   t h e   c o m b u s t o r   m i x i n g   z o n e .  

The  f u e l / a i r   r a t i o   i s   h i g h e s t   a t   t h e   a x i s   in   t h e  

f u e l   i n j e c t i o n   p l a n e   or  r e g i o n ,   and  i t   d e c r e a s e s   in   t h e  

r a d i a l l y   o u t w a r d   d i r e c t i o n .   As  t h e   mix  f l o w s   d o w n s t r e a m  

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

t h e   f u e l / a i r   r a t i o   p r o f i l e   to   f l a t t e n   s o m e w h a t .   In  g e n -  

e r a l ,   h o w e v e r ,   t h e   f u e l   p e n e t r a t i o n   in   t h e   i n j e c t i o n  

r e g i o n   i s   s u c h   t h a t   t h e r e   i s   t o o   much  a x i a l   f u e l   c o n c e n -  

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

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

c a t a l y s t   e n t r y   p l a n e .  

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 ,   i m -  

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

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



d e f l e c t i o n   of  i n j e c t e d   f u e l   in   t h e   a x i a l   d i r e c t i o n   t o  

p r o d u c e   more  u n i f o r m   m i x i n g   of  f u e l   and  a i r   in   a  m i x i n g  

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

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

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

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

s t r e a m s   a r e   a n g l e d   d o w n s t r e a m .   The  e n t e r i n g   a i r   s t r e a m s  

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

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

gas   f l o w   in   a x i a l l y   d e f l e c t i n g   t h e   i n j e c t e d   f u e l   a n d  

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

a t   t h e   c a t a l y s t   e n t r y   p l a n e .  

F i g u r e   1  shows   an  e l e v a t i o n a l   v i e w   of  a  c a t a l y t i c  

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

a r r a n g e d   in   a c c o r d a n c e   w i t h   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 .  

F i g u r e   2  shows  a  s c h e m a t i c   d i a g r a m   of   a  c a t a -  

l y t i c   c o m b u s t o r   l i k e   t h a t   of  F i g u r e   1  w i t h   o p e r a t i n g  

f e a t u r e s   of   t h e   i n v e n t i o n   i l l u s t r a t e d   in   g r e a t e r   d e t a i l .  

F i g u r e   3  shows   a  d i a g r a m   l i k e   t h a t   of   F i g u r e  2  

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

n a l   a i r   s c o o p s   a r e   e m p l o y e d .  

F i g u r e   4  shows   t e s t   r e s u l t s   o b t a i n e d   w i t h   u s e   o f  

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

a  p r i o r   a r t   r e f e r e n c e .  

F i g u r e   5  shows   a  d i a g r a m   of   a  p r i o r   a r t   c o m b u s -  

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

r e s u l t s .  

More  p a r t i c u l a r l y ,   a  c a t a l y t i c   c o m b u s t o r   10  i s  

shown  in   F i g u r e   1  f o r   a  l a n d   b a s e d   c o m b u s t i o n   t u r b i n e  

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

t r i a l   p l a n t s .  

The  c o m b u s t o r   10  i n c l u d e s   a  g e n e r a l l y   t u b u l a r  

s i d e w a l l   12  h a v i n g   s u c c e s s i v e   c i r c u m f e r e n t i a l   rows  o f  

h o l e s   14,  16  f o r   e n t r y   of   a i r   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 .   At  a  h e a d   end  18  of   t h e   c o m b u s t o r   10,  a  p r i m a r y  

f u e l   n o z z l e   20  a d m i t s   f u e l   f o r   b u r n i n g   in   a  p r i m a r y   z o n e  



22  to   g e n e r a t e   t h e   e n e r g y   n e e d e d   f o r   s t a r t u p   u n t i l   o p e r a -  

t i n g   c o n d i t i o n s   s u p p o r t   c a t a l y t i c   c o m b u s t i o n .   In  a d d i -  

t i o n ,   t h e   p r i m a r y   n o z z l e   20  s u p p l i e s   some  f u e l   f o r   p r i m a r y  

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

p r e h e a t i n g   n e e d e d   to   k e e p   t h e   gas   t e m p e r a t u r e   a t   a  c a t a -  

l y s t   e n t r y   p l a n e   24  a t   t h e   v a l u e   n e e d e d   ( i . e .   a p p r o x i -  

m a t e l y   1 8 0 0  -   1 9 5 0 ° F )   f o r   e f f i c i e n t   c a t a l y t i c   c o m b u s t i o n .  

The  o v e r a l l   c o m b u s t o r   o p e r a t i o n   i n v o l v e s   a m o u n t s   of   p r i -  

ma ry   f u e l   c o m b u s t i o n   s u c h   t h a t   NOx  p r o d u c t i o n   i s   w e l l  

b e l o w   p r e s c r i b e d   e n v i r o n m e n t a l   l i m i t s .  

An  o u t l e t   end  26  of  t h e   c o m b u s t o r   w a l l   12  i s  

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

e l e m e n t   28  h a v i n g   a  h o n e y c o m b   s t r u c t u r e .   In  t u r n ,   t h e  

c a t a l y s t   r e g i o n   o u t l e t   .30  i s   c o u p l e d   to   a  t r a n s i t i o n   d u c t  

( n o t   shown)   w h i c h   d i r e c t s   t h e   h o t   g a s e s   to   t h e   t u r b i n e  

( n o t   s h o w n ) .  

S e c o n d a r y   f u e l   i s   i n j e c t e d   i n t o   t h e   c o m b u s t o r   1 0  

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

s e t   of   c i r c u m f e r e n t i a l l y   s p a c e d   n o z z l e s   32  a t   t h e   d o w n -  

s t r e a m   end  of   t h e   p r i m a r y   c o m b u s t o r   z o n e   22.   A i r   m a y  o r  

may  n o t   e n t e r   t h e   c o m b u s t o r   10  a t   t h e   n o z z l e   l o c a t i o n s .   A 

c o m b u s t o r   m i x i n g   r e g i o n   34  b e t w e e n   t h e   p r i m a r y   z o n e   a n d  

t h e   c a t a l y s t   e l e m e n t   28  p r o v i d e s   f o r   m i x i n g   of   t h e   s e c o n d -  

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

r e g i o n   28.   The  r e g i o n   34  i s   r e f e r r e d   to   as  a  m i x i n g   z o n e ,  
and  c o m b u s t i o n   i s   a v o i d e d   and  d o e s   not_  o c c u r   in   t h i s   z o n e  

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

28.   As  more   f u l l y   d e s c r i b e d   in   c o n n e c t i o n   w i t h   F i g u r e s   2  

and  4,  a  c i r c u m f e r e n t i a l   row  of   a i r   h o l e s   36  i m m e d i a t e l y  

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

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

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

a i r   in   t h e   m i x i n g   z o n e   3 4 .  

As  shown  i n   t h e   e n l a r g e d   v i e w   of   F i g u r e   2 ,  

i n t e r n a l   a n g u l a r   s c o o p s   37  a r e   p r o v i d e d   f o r   p r o d u c i n g   a n  

a n g l e d   a i r   s t r e a m   f l o w   39  t h r o u g h   t h e   h o l e s   36  so  as  t o  

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



s u b s t a n t i a l l y   u n i f o r m   f u e l / a i r   m i x t u r e   f o r   t h e   c a t a l y s t  

28.  As  shown  in   F i g u r e   2,  t h e   a n g l e d   a i r   s t r e a m   39  s i g n i -  

f i c a n t l y   a s s i s t s   i n t e r n a l   c r o s s f l o w   a i r   41  i n   d e f l e c t i n g  

t h e   f u e l   s p r a y   p r o d u c e d   by  t h e   s e c o n d a r y   f u e l   n o z z l e s   3 2 .  

In  F i g u r e   3,  an  a l t e r n a t e   e m b o d i m e n t   i s   i l l u s t r a t e d   i n  

w h i c h   e x t e r n a l   s c o o p s   33  p r o d u c e   s i m i l a r   f u e l - a i r   m i x i n g  

a c t i o n .  

G e n e r a l l y ,   t h e   f u e l / a i r   d i s t r i b u t i o n   i s   c o n -  

t r o l l e d   and  t h e   c e n t e r   p e a k e d   f u e l / a i r   mix  s i t u a t i o n   i s  

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

t h e   c o m b u s t o r   w a l l   or  l i n e r   12.  T h i s   p r e s s u r e   d r o p   i s  

t y p i c a l l y   h i g h   e n o u g h   t h a t   t h e   v e l o c i t y   of  t h e   a i r   e n t e r -  

i n g   t h e   c o m b u s t o r   10  t h r o u g h   h o l e s   i s   much  h i g h e r   t h a n  

t h a t   of   t h e   a i r   a l r e a d y   f l o w i n g   i n s i d e   t h e   c o m b u s t o r   1 0 .  

T h e r e f o r e ,   t h e   momentum  f l u x   (momentum  p e r   u n i t   a r e a   p e r  
u n i t   t i m e )   of  t h e   e n t e r i n g   a i r   i s   much  h i g h e r .   W i t h  

p l u n g e d   h o l e s   or  s c o o p s   l o c a t e d   j u s t   u p s t r e a m   of   t h e   f u e l  

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

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

t h e   n o n u n i f o r m   c e n t e r   p e a k e d   f u e l / a i r   mix  s i t u a t i o n .   I n  

f a c t ,   t h e   a n g l e   of  t h e   h o l e s   can   be  v a r i e d   to  c o n t r o l   t h e  

f u e l / a i r   mix  p r o f i l e   e n t e r i n g   t h e   c a t a l y s t   r e g i o n   2 8 .  

Wi th   t h e   p r o v i s i o n   of  a n g l e d   a i r   a d m i s s i o n   a s  

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

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

As  shown  by  t e s t   r e s u l t s   in   F i g u r e   4,  t h e   c a t a -  

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

f u e l / a i r   r a t i o   p r o f i l e ,   shows   a  r e l a t i v e l y   e v e n   d i s t r i b u -  

t i o n   44  ( i . e .   a  g e n e r a l l y   f l a t t e n e d   s h a p e )   f o r   an  e m b o d i -  

men t   of  t h e   i n v e n t i o n   as  c o m p a r e d   to   t h e   c e n t e r   p e a k e d  

d i s t r i b u t i o n   f o r   t h e   p r i o r   a r t .   F i g u r e   5  shows   t h e   c o n -  

f i g u r a t i o n   u s e d   f o r   t h e   p r i o r   a r t   in   t h e   t e s t   w h i l e   F i g u r e  

5  shows   t h e   i n v e n t i o n   c o n f i g u r a t i o n   u s e d   in   t h e   t e s t .   T h e  

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

t i o n   i s   t h e   p r i n c i p a l   r e a s o n   f o r   t h e   i m p r o v e m e n t .   T h e  

i m p r o v e d   m i x i n g   i s   b e l i e v e d   to  o c c u r   as  a  r e s u l t   of  d e f l e c -  



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

a d v a n t a g e o u s   mix  l o c a t i o n   a n d / o r   p o s s i b l y   as  a  r e s u l t   o f  

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

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

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

t h e   t e s t   of   F i g u r e   4 :  



1.  A  c o m b u s t o r   f o r   a  l a n d   b a s e d   c o m b u s t i o n  

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

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

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

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

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

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

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

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

g e n e r a l l y   r a d i a l l y   i n w a r d l y   t h r o u g h   s a i d   s i d e w a l l   a t   a  

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

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 ,   and  a i r   s t r e a m  

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

s p r a y e d   f u e l   a t   a  p r e d e t e r m i n e d   a n g l e   to   t h e   a x i s   of   t h e  

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

i m p r o v e d   u n i f o r m i t y   of  t h e   f u e l / a i r   m i x t u r e   a t   an  o u t l e t  

o f   m i x i n g   z o n e ,   s a i d   b o o s t e r   a i r   s t r e a m s   h a v i n g   a  h i g h e r  

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

z o n e .  

2.  A  c o m b u s t o r   as  in   c l a i m   1  w h e r e i n   a  c a t a l y s t  

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

s a i d   m i x i n g   z o n e .  

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

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

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

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

m i n e d   o p e r a t i n g   c o n d i t i o n s .  



4.  A  c o m b u s t o r   as  in   c l a i m   2  w h e r e i n   s a i d   a i r  

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

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

u p s t r e a m   p r o x i m i t y   to   s a i d   f u e l   s p r a y i n g   means   and  p o i n t -  

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

s t r e a m s .  

5.  A  c o m b u s t o r   as  in   c l a i m   4  w h e r e i n   s a i d  

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

b u s t o r   s i d e w a l l .  

6.  A  c o m b u s t o r   as  in   c l a i m   4  i n c l u d i n g   means   t o  

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