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©  Catalytic  combustor  having  secondary  fuel  injection  for  low  NOx  stationary  combustion  turbines. 
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A  combustion  turbine  provided  with  a  plurality  of 
catalytic  combustors  (30)  each  of  which  includes  a  combus- 
tor  basket  (40)  coupled  to  a  transition  duct  (38)  through  a 
catalytic  unit  (36).  The  combustor  basket  is  provided  with  a 
primary  nozzle  (20, 44)  at  its  upstream  end  to  provide  fuel  for 
conventional  flame  combustion  in  a  primary  zone  (50).  A 
plurality  of  secondary  nozzles  (16,  46)  are  provided  for  fuel 
injection  through  the  basket  sidewall  at  the  downstream  end 
of  the  primary  zone  (50).  A  fuel  preparation  zone  (54)  is 
provided  within  the  basket  from  the  secondary  fuel  injection 
location  to  the  catalytic  unit  (36)  to  provide  uniform  mixing  of 
the  fuel  in  the  gas  flow  before  entry  to  the  catalytic  unit. 
Flame  combustion  in  the  primary  zone  (50)  provides  preheat- 
ing  needed  to  raise  the  secondary  fuel  mixture  temperature 
to  a  level  required  for  catalytic  activity.  The  secondary  fuel 
mixture  passes  through  an  outwardly  flared  diffuser  (56), 
which  forms  an  end  portion  of  basket  (40),  before  entering 
the  catalytic  unit.  The  diffuser  enables  use  of  a  small  path 
diameter  for  satisfactory  fuel  mixing  in  the  basket  as 
compared  with  the  large  path  diameter  needed  for  catalytic 
combustion. 





T h i s   i n v e n t i o n   r e l a t e s   to   s t a t i o n a r y   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   t h e   i m p l e m e n t a t i o n   o f  

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

t u r b i n e   o p e r a t i o n   w i t h   low  N O   e m i s s i o n s .  

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

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

p o w e r   or  run   i n d u s t r i a l   p r o c e s s e s   w i t h o u t   e x c e e d i n g   NOx 
e m i s s i o n   l i m i t s .   The  u s e   of  c a t a l y t i c   c o m b u s t i o n   i s   a  

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

a t   a b o u t   2 3 0 0 ° F   to  2 5 0 0 ° F   to  p r o d u c e   a  h i g h   t u r b i n e   i n l e t  

t e m p e r a t u r e   f o r   t u r b i n e   o p e r a t i n g   e f f i c i e n c y   w i t h o u t   a n y  

s i g n i f i c a n t   s i d e   e f f e c t   N O   g e n e r a t i o n   f rom  r e a c t i o n s  

b e t w e e n   n i t r o g e n   and  o x y g e n .   In  c o n t r a s t ,   c o n v e n t i o n a l  

f l a m e   c o m b u s t i o n   a t   a b o u t   4 5 0 0 ° F   r e s u l t s   in  N O   g e n e r a t i o n  

w h i c h   t y p i c a l l y   e x c e e d s   t h e   l i m i t s   s e t   in   more  r e s t r i c t i v e  

a r e a s   such   as  C a l i f o r n i a   and  J a p a n .  

In  t h e   o p e r a t i o n   of  t h e   c o n v e n t i o n a l   t u r b i n e  

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

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

f u e l   s u p p l i e d   t h r o u g h   one  or  more  n o z z l e s   a t   t h e   u p s t r e a m  

end  of  m u l t i p l e   c o m b u s t o r   b a s k e t s .   C o m b u s t i o n   p r o d u c t s  

a r e   d i r e c t e d   t h r o u g h   d u c t i n g   to  t h e   t u r b i n e   b l a d e s .  

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

m u s t   be  m i x e d   and  s u p p l i e d   to  t h e   e n t r y   s i d e   of  a  c a t a l y s t  

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

c h a r a c t e r i s t i c s   of  t h e   c a t a l y s t   e m p l o y e d   in   t h e   c a t a l y s t  



u n i t .   In  t u r n ,   t h e   t e m p e r a t u r e   of  t he   c o m p r e s s o r   d i s -  

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

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

t u r b i n e   d e s i g n   c o n s i d e r a t i o n s .   For   any  p a r t i c u l a r   c o m -  

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

d e p e n d s   on  t h e   o p e r a t i n g   p o i n t   of   t h e   t u r b i n e   d u r i n g   t h e  

s t a r t u p   and  l o a d   o p e r a t i n g   m o d e s .   G e n e r a l l y ,   as  t u r b i n e  

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

t e m p e r a t u r e   i n c r e a s e s .  

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

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

s u p p l i e d   a t   a  t e m p e r a t u r e   b e l o w   t h e   minimum  t e m p e r a t u r e  

n e e d e d   f o r   c a t a l y t i c   r e a c t i o n .   In  t h e   known  p r i o r   a r t ,  

U .S .   P a t e n t s   3 , 9 2 8 , 9 6 1   and  4 , 1 1 2 , 6 7 5   a p p e a r s   to   a d d r e s s  

t h i s   n e e d   w i t h   v a r i o u s   l i m i t a t i o n s .  

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

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

p r i o r  a r t .  

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

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

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

b u s t i o n   zone   t h e r e i n ,   p r i m a r y   n o z z l e   means   f o r   s u p p l y i n g  

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

b a s k e t   s i d e w a l l   d e f i n i n g   a  s e c o n d a r y   zone   d o w n s t r e a m   f r o m  

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

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

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

c o m b u s t o r   b a s k e t   o u t l e t   s u f f i c i e n t l y   mixed   and  h e a t e d   t o  

u n d e r g o   c a t a l y t i c   r e a c t i o n ,   a  c a t a l y t i c   u n i t ,   means   f o r  

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

f rom  s a i d   c o m b u s t o r   b a s k e t ,   and  means   f o r   s u p p l y i n g   f u e l  

to   s a i d   p r i m a r y   n o z z l e   means   and  s a i d   s e c o n d a r y   i n j e c t i n g  

means   in   a  p r e d e t e r m i n e d   c o o r d i n a t e d   m a n n e r   c h a r a c t e r i z e d  

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

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



c r o s s - s e c t i o n   i s   a t   l e a s t   as  g r e a t   as  t h e   p r i m a r y   z o n e  

c r o s s - s e c t i o n   o v e r   t h e   p r i m a r y   zone   u p s t r e a m   f rom  t h e  

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

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

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

e n t i r e   s e c o n d a r y   zone   f rom  t h e   f u e l   i n j e c t i o n   p l a n e   to  t h e  

b a s k e t   o u t l e t ,   s a i d   d i f f u s e r   end  p o r t i o n   h a v i n g   an  e n d  

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

gas   s t r e a m s   move  t o w a r d   t h e   f l a r e d   end  s e c t i o n   s i d e w a l l .  

The  i n v e n t i o n   w i l l   become   r e a d i l y   a p p a r e n t   f r o m  

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

t h e r e o f   when  r e a d   in   c o n j u n c t i o n   w i t h   t h e   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 :  

F i g u r e   1  s c h e m a t i c a l l y   shows  a  c a t a l y t i c   c o m b u s -  

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

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   of  t he   i n v e n -  

t i o n ;  

F i g u r e   2  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 i o n   s y s t e m   shown  in  F i g .   1 ;  

F i g u r e   3  shows   an  e n l a r g e d   v i e w   of  t he   c o m b u s -  

t i o n   s y s t e m   of  F i g u r e   1 ;  

F i g u r e   4  shows  an  e n l a r g e d   c r o s s   s e c t i o n   o f  

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

l i n e   IV-IV  of  F i g u r e   3;  a n d  

F i g u r e   5  shows  a  p o r t i o n   of  a  v e r t i c a l   s e c t i o n  

t a k e n   t h r o u g h   a  s e c o n d a r y   f u e l   n o z z l e   shown  in  F i g u r e   3 .  

More  p a r t i c u l a r l y ,   t h e r e   i s   shown  in  F i g u r e   1  a  

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

e m b o d i m e n t   of  t h e   i n v e n t i o n .  

A  t u r b i n e   or  g e n e r a l l y   c y l i n d r i c a l   c a t a l y t i c  

c o m b u s t o r   10  i s   c o m b i n e d   w i t h   a  p l u r a l i t y   of  l i k e   c o m b u s -  

t o r s   ( n o t   shown)  to  s u p p l y   h o t   m o t i v e   gas   to  t he   i n l e t   o f  

a  t u r b i n e   ( n o t   shown  in  F i g u r e   1)  as  i n d i c a t e d   by  t h e  

r e f e r e n c e   c h a r a c t e r   12.  The  c o m b u s t o r   12  i n c l u d e s   a  

c a t a l y t i c   u n i t   14  w h i c h   p r e f e r a b l y   i n c l u d e s   a  c o n v e n t i o n a l  

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

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



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

f l o w i n g   t h r o u g h   t h e   u n i t   14.  T y p i c a l l y ,   t h e   c a t a l y t i c  

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

The  c o m b u s t o r   10  i n c l u d e s   a  z o n e   11  i n t o   w h i c h  

f u e l ,   s u c h   as  o i l ,   i s   i n j e c t e d   by  n o z z l e   means   16  f rom  a  

f u e l   v a l v e   17  w h e r e   f u e l - a i r   m i x i n g   o c c u r s   in   p r e p a r a t i o n  

f o r   e n t r y   i n t o   t h e   c a t a l y t i c   u n i t   14.  P r o p e r   m i x i n g  

p r e f e r a b l y   e n t a i l s   v a p o r i z a t i o n   of  80%  to  90%  of  t h e  

i n j e c t e d   f u e l   f o r   e f f i c i e n t   and  e f f e c t i v e   c a t a l y t i c   r e a c -  

t i o n .  

T y p i c a l l y ,   t h e   f u e l - a i r   mix  t e m p e r a t u r e   ( f o r  

e x a m p l e   8 0 0 ° F )   r e q u i r e d   f o r   c a t a l y t i c   r e a c t i o n   i s   h i g h e r  

t h a n   t h e   t e m p e r a t u r e   ( f o r   e x a m p l e   7 0 0 ° F )   of  t h e   c o m p r e s s o r  

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

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

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

s t a r t u p   and  l o w e r   l o a d   o p e r a t i o n .  

A  p r i m a r y   c o m b u s t i o n   zone   18  i s   a c c o r d i n g l y  

p r o v i d e d   u p s t r e a m   f rom  t h e   f u e l   p r e p a r a t i o n   zone   11  w i t h i n  

t h e   c o m b u s t o r   10.  N o z z l e   means   20  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   f r om  a  p r i m a r y   f u e l   v a l v e   22  i n t o   t h e   p r i m a r y  

c o m b u s t i o n   zone   18  w h e r e   c o n v e n t i o n a l   f l a m e   c o m b u s t i o n   i s  

s u p p o r t e d   by  p r i m a r y   a i r "   e n t e r i n g   t h e   zone   18   f rom  t h e  

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

c o m b u s t o r   w a l l .  

As  a  r e s u l t ,   a  h o t   gas  f l o w   i s   s u p p l i e d   to   t h e  

c a t a l y t i c   f u e l   p r e p a r a t i o n   zone  w h e r e   i t   can   be  m i x e d   w i t h  

t h e   f u e l   and  a i r   m i x t u r e   in   t h e   f u e l   p r e p a r a t i o n   zone   11  

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

t e m p e r a t u r e   to   e n a b l e   p r o p e r   c a t a l y t i c   u n i t   o p e r a t i o n .   I n  

t h i s   a r r a n g e m e n t ,   t h e   f u e l   i n j e c t e d   by  t h e   n o z z l e   means   16  

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

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

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

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

f o r   e n t r y   to  t h e   c a t a l y t i c   u n i t .  



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

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

d i g i t a l / a n a l o g   s p e e d   and  l o a d   c o n t r o l   24  w h i c h   o p e r a t e s  
t h e   p r i m a r y   and  s e c o n d a r y   f u e l   v a l v e s   22  and  17  t h r o u g h  

c o n v e n t i o n a l   e l e c t r o p n e u m a t i c   v a l v e   c o n t r o l s   26  and  2 8  

r e s p e c t i v e l y .   The  c o n t r o l   24  i s   p r e f e r a b l y   a r r a n g e d   t o  

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

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

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

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

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

by  t h e   c o n t r o l   24  to  p r o v i d e   f o r   t u r b i n e   e n e r g i z a t i o n  

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

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

p r e v i o u s l y   d e s c r i b e d .   F u r t h e r ,   as  c a t a l y t i c   a c t i v i t y  

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

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

a p p r o p r i a t e   o f f s e t   a d j u s t m e n t s   in  t h e   c o n t r o l s   26  and  2 8 .  

More  d e s c r i p t i o n   i s   p r e s e n t e d   s u b s e q u e n t l y   h e r e i n   on  t h e  

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

v a l v e s .  

D u r i n g   t h e   s t a r t u p / l o w e r   l o a d   p h a s e   of   o p e r a -  
t i o n ,   p r i m a r y   c o m b u s t i o n   p r o v i d e s   t h e   t u r b i n e   e n e r g i z a t i o n  

n e e d e d   to   d r i v e   t h e   t u r b i n e   o p e r a t i o n   to  t h e   p o i n t   w h e r e  

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

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

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

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

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

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

c a t a l y t i c   c o m b u s t i o n ' .   E m i s s i o n   of  NO  d u r i n g   t h e   h i g h e r  

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

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

d a r y   f u e l - a i r   m i x t u r e   t h u s   i s   a l s o   w e l l   b e l o w   t h e   m o s t  

r e s t r i c t i v e   e m i s s i o n   l i m i t s .  



In  F i g u r e s   2  and  3,  t h e r e   i s   shown  a  s t r u c t u r -  

a l l y   d e t a i l e d   c a t a l y t i c   c o m b u s t i o n   s y s t e m   30  e m b o d y i n g   t h e  

p r i n c i p l e s   d e s c r i b e d   f o r   t h e   c o m b u s t o r   10  of  F i g u r e   1 .  

T h u s ,   t h e   c o m b u s t i o n   s y s t e m   30  g e n e r a t e s   h o t   c o m b u s t i o n  

p r o d u c t s   w h i c h   p a s s   t h r o u g h   s t a t o r   v a n e s   31  to  d r i v e  

t u r b i n e   b l a d e s  ( n o t   s h o w n ) .   A  p l u r a l i t y   of   t h e   c o m b u s t i o n  

s y s t e m s   30  a r e   d i s p o s e d   a b o u t   t h e   r o t o r   a x i s   w i t h i n   a  

t u r b i n e   c a s i n g   32  to  s u p p l y   t h e   t o t a l   h o t   gas   f l o w  n e e d e d  

to   d r i v e   t h e   t u r b i n e .  

The  c a t a l y t i c   c o m b u s t o r   30  i n c l u d e s   a  c o m b u s t o r  

b a s k e t   40,   a  c a t a l y t i c   u n i t   36  and  a  t r a n s i t i o n   d u c t   3 8  

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

w h i c h   i t   p a s s e s   to  be  d i r e c t e d   a g a i n s t   t h e   t u r b i n e   b l a d e s .  

The  c o m b u s t o r   b a s k e t   40  i s   m o u n t e d   on  t h e   c a s i n g  

32  by  b o l t   means   42  and  p r e f e r a b l y   i s   p r o v i d e d   w i t h   a  

p r i m a r y   and  p l u r a l   ( s i x )   s e c o n d a r y   s i d e w a l l   f u e l   n o z z l e s  

44  and  46.   F u e l   s u p p l i e d   t h r o u g h   t h e   p r i m a r y   n o z z l e   4 4  

( r e a d i l y   r e m o v a b l e   f o r   m a i n t e n a n c e )   i s   m i x e d   w i t h   p r i m a r y  

c o m b u s t i o n   s u p p o r t   a i r ,   w h i c h   e n t e r s   t h e   b a s k e t   40  t h r o u g h  

s i d e w a l l   s c o o p s   48  (o r   o p e n i n g s ) ,   and  b u r n e d   in   a  p r i m a r y  

c o m b u s t i o n   zone   50  to   p r o v i d e   h o t   gas   f o r   d r i v i n g   t h e  

t u r b i n e   or   p r e h e a t i n g   a  d o w n s t r e a m   f u e l - a i r   m i x t u r e   to  t h e  

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

s u p p o r t   a i r   a l s o   e n t e r s   t h e   b a s k e t   40  in   t h i s   c a s e   t h r o u g h  

s w i r l e r s   52  w h i c h   a r e   d i s p o s e d   c o a x i a l l y   a b o u t   t h e   p r i m a r y  

n o z z l e   44.   D i l u t i o n   a i r   e n t e r s   t h e   zone   50  p r i m a r i l y  

t h r o u g h   s c o o p s   49.  The  l e n g t h   of  t h e   p r i m a r y   zone   5 0  

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

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

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

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

s t r u c t u r e d   f rom  a  p l u r a l i t y   of  s i d e w a l l   r i n g s   w h i c h   a r e  

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

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

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

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

w a l l   r i n g   s u r f a c e s .   As  a  r e s u l t ,   t h e   c r o s s - s e c t i o n   of  t h e  



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

t i o n .  

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

s p a r k   i g n i t e r   in   a  t u b e   35  in  one  or  more  of  t h e   c o m b u s -  

t o r s   40.  C r o s s   f l a m e   t u b e   c o n n e c t o r s   i n d i c a t e d   by  r e f e r -  

e n c e   c h a r a c t e r   37  a r e   e m p l o y e d   to  i g n i t e   t h e   o t h e r   c o m -  

b u s t o r s  4 0 .  

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

p r o d u c e   p a r t   of  t h e   t o t a l   f u e l   c o m b u s t i o n   in   t h e   s y s t e m   3 0  

e n a b l e s   c o m p e n s a t i o n   to   be  made  f o r   d r o p o f f   in   c a t a l y t i c  

a c t i v i t y   w i t h   t u r b i n e   o p e r a t i o n   t i m e .   As  p r e v i o u s l y  

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

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

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

w i t h o u t   t he   p r o d u c t i o n   of  an  u n a c c e p t a b l e   N O  p e n a l t y .  
G a s e s   f l o w   d o w n s t r e a m   w i t h i n   t h e   c o m b u s t o r  

b a s k e t   40  f rom  t h e   p r i m a r y   c o m b u s t i o n   zone   50  to  t h e   e n t r y  

to  a  s e c o n d a r y   zone   54  w h e r e   t h e   s e c o n d a r y   f u e l   n o z z l e s   4 6  

i n j e c t   f u e l   a l o n g   an  i n j e c t i o n   p l a n e   p r e f e r a b l y   w i t h   r e -  

s p e c t i v e   s u r r o u n d i n g   j e t s   of  a i r   t h r o u g h   s i d e w a l l   s c o o p s  
55  f o r   m i x i n g   w i t h   t h e   p r i m a r y   gas  f l o w .   The  r e s u l t a n t  

mix  e x p a n d s   as  i t   p a s s e s   t h r o u g h   an  o u t w a r d l y   f l a r e d  

d i f f u s e r   56  w h i c h   f o r m s   an  end  p o r t i o n   of  t h e   b a s k e t   4 0 .  

I t   t h e n   e n t e r s   a  c a t a l y t i c   r e a c t i o n   e l e m e n t   in   t h e   c a t -  

a l y t i c   u n i t   3 6 .  

P r o p e r   p e n e t r a t i o n   of  s e c o n d a r y   a i r   j e t s   i n t o  

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

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

them.   I f   p e n e t r a t i o n   i s   e x c e s s i v e ,   t h e   c e n t e r   of  t h e  

c a t a l y s t   e l e m e n t   r e c e i v e s   too  much  f u e l ;   i f   t oo   l i t t l e  

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

t o o   much  f u e l .   For   o p t i m u m   m i x i n g ,   t he   maximum  p e n e t r a -  

t i o n   s h o u l d   be  33%  of  t h e   t u b u l a r   c o m b u s t o r   d i a m e t e r .  

Wi th   p r o p e r   j e t   p e n e t r a t i o n ,   good  a t o m i z a t i o n   o f  

s e c o n d a r y   f u e l   ( s u c h   as  30  m i c r o n   d r o p l e t s )   i s   t h e   key  t o  

a c h i e v i n g   r a p i d   f u e l   v a p o r i z a t i o n .   Wi th   p r e h e a t   to  8 0 0 ° F ,  

30  m i c r o n   . f u e l   d r o p l e t s   a re   n o r m a l l y   c o m p l e t e l y   v a p o r i z e d  



w i t h i n   a  few  i n c h e s   of  t h e   i n j e c t i o n   p l a n e ,   b u t   e v e n   d r o p s  

as  l a r g e   as  90  m i c r o n s ,   of  w h i c h   t h e r e   w o u l d   n o r m a l l y   b e  

v e r y   few,   s h o u l d   be  more  t h a n   99%  v a p o r i z e d   a t   t h e   c a t a -  

l y s t   i n l e t .  

The  d i f f u s e r   56  i s   e m p l o y e d   b e c a u s e   a  s m a l l e r  

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

t h e   c o m b u s t o r   b a s k e t   40  as  c o m p a r e d   to   t h e   p a t h   d i a m e t e r  

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

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

i m p r o v e d   f u e l / a i r   m i x i n g   and  b e t t e r   f u e l / a i r   u n i f o r m i t y  

a c r o s s   t h e   f a c e   of  t h e   c a t a l y s t .   On  t h e   o t h e r   h a n d ,   t h e  

u s e   of  a  l a r g e r   b a s k e t   d i a m e t e r   e n a b l e s   u s e   of  a  l a r g e r  

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

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

c o m b u s t i o n   e f f i c i e n c y .  

The  f l a r e d   s h a p e   of  t h e   d i f f u s e r   56  i s   f o r m e d   t o  

p r e v e n t   h o t   gas   f l o w   s e p a r a t i o n   ( i . e .   to  p r e v e n t   t u r b u l e n t  

l a y e r   f o r m a t i o n   n e a r   t h e   d i f f u s e r   w a l l ) .   Back  p r e s s u r e  
f rom  t h e   c a t a l y s t   s t r u c t u r e   p r o v i d e s   f o r c e s   n e e d e d   t o  

e x p a n d   gas   s t r e a m l i n e s   o u t   to  t h e   d i f f u s e r   w a l l   and  p r e -  
v e n t   t u r b u l e n t   l a y e r   b u i l d u p .  

To  p r o t e c t   t h e   c a t a l y t i c   e l e m e n t   and  t h e   c o m -  

b u s t o r   b a s k e t   40,  t h e   s y s t e m   o p e r a t e s   so  t h a t   t h e   r e s i -  

d e n c e   t i m e   f o r   t h e   g a s e o u s   m i x t u r e   ( i n   t h i s   c a s e ,   p r e -  
h e a t e d   to   8 0 0 ° F )   in  t h e   s e c o n d a r y   f u e l   p r e p a r a t i o n   z o n e   5 4  

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

50.  In  t h i s   way,  f l a m e   i s   c o n t a i n e d   in   t h e   p r i m a r y   c o m -  

b u s t i o n   z o n e   50  away  f rom  t h e   c a t a l y t i c   e l e m e n t .   T h u s ,  

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   p l a n e   58  i s   s p a c e d   f rom  t h e  

c a t a l y s t   f a c e   by  a  d i s t a n c e   w h i c h   i s   s u f f i c i e n t   to  p e r m i t  

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

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

i s   l e s s   t h a n   t h e   c r i t i c a l   d i s t a n c e   w h i c h   a l l o w s   t h e   f u e l -  

a i r   m i x t u r e   to  a u t o - i g n i t e   b e f o r e   i t   c r o s s e s   t he   s e c o n d a r y  

zone   54  i n t o   t h e   c a t a l y t i c   e l e m e n t .   N o r m a l l y ,   t h e   f u e l -  

a i r   m i x t u r e   i s   d r i v e n   a c r o s s   t h e   zone   54  w i t h i n   s e v e r a l  

m i l l i s e c o n d s   to   a v o i d   a u t o - i g n i t i o n .  



The  s e c o n d a r y   f u e l   n o z z l e s   46  a r e   s u p p o r t e d  

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

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

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

m i n e d   a n g l e   of  s p r e a d .   Each  n o z z l e   46  i s   c o n n e c t e d   ( s e e  

F i g u r e   5)  to  a  t u b u l a r   f u e l   s u p p l y   l i n e   60  w h i c h   i s   s u p -  

p o r t e d   c o a x i a l l y   w i t h i n   an  o u t e r   t u b u l a r   a i r   l i n e   62.  T h e  

a i r   t u b e   62  in   t u r n   i s   s u p p o r t e d   by  a  s l i d i n g   r a i l   a r -  

r a n g e m e n t   64  ( s e e   F i g u r e   4)  w h i c h   i n c l u d e s   a  b r a c k e t   65  

a t t a c h e d   to  t h e   s i d e w a l l   of  t h e   c o m b u s t o r   b a s k e t   40.  A 

f l e x i b l e   j o i n t   69  ( F i g u r e   3)  p r o v i d e s   f o r   l o n g i t u d i n a l  

e x p a n s i o n   of  t h e   f u e l   n o z z l e   a s s e m b l y .  

The  a i r   t u b e   62  i s   s u p p o r t e d   a t   i t s   c a s i n g   e n t r y  

end  by  a  m o u n t i n g   p l a t e   66  w h i c h   i s   b o l t e d   to  a  f l a n g e   o n  

a  s l e e v e   70  as  i n d i c a t e d   a t   68.  The  s l e e v e   70  i s   s e c u r e d  

s u i t a b l y   to  t h e   t u r b i n e   c a s i n g   32  and  i t   t h u s   p r o v i d e s   a n  

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

i n t o   t h e   s p a c e   w i t h i n   t h e   c a s i n g   32.  A l l   s e c o n d a r y   f u e l  

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

ance   s i m p l y   by  r e m o v i n g   t h e   b o l t s   68  and  f i r s t   s l i d i n g   t h e  

t u b u l a r   a s s e m b l y   so  t h a t   mount   63  s l i d e s   f r e e   of  t h e   r a i l  

b r a c k e t   65  and  t h e n   c o n t i n u i n g   to  s l i d e   t he   a s s e m b l y   u n t i l  

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

Wi th   t h e   p r o v i s i o n   of  t h e   a i r   s u p p l y   l i n e   62  

a b o u t   t h e   f u e l   l i n e   60,  a i r   c o o l i n g   i s   p r o v i d e d   f o r   t h e  

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

i n j e c t i o n   n o z z l e s .   By  s u p p l y i n g   s e c o n d a r y   f u e l   a t   t h e  

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

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

a u t o - i g n i t i o n   in   t h e   f u e l   p r e p a r a t i o n   zone   54  as  a  r e s u l t  

of  a d d e d   t i m e   r e q u i r e d   to  r a i s e   t h e   i n j e c t e d   f u e l   to  t h e  

a u t o - i g n i t i o n   t e m p e r a t u r e .  

The  c o o l i n g   a i r   a l s o   a t o m i z e s   t h e   f u e l   to  a  f u e l  

fog   as  i t   i s   i n j e c t e d   t h r o u g h  t h e   s c o o p s   55  i n t o   t h e  

c o m b u s t o r   f u e l   p r e p a r a t i o n   zone   54.  An  a d d i t i o n a l   a i r   j e t  

j o i n s   t h e   n o z z l e   f l o w   in  t h e   s c o o p   55  and  p r o v i d e s   a n y  
a d d i t i o n a l   a i r   n e e d e d   to  a c h i e v e   t he   d e s i r e d   f u e l - a i r  



r a t i o   ( p r e f e r a b l y   l e a n )   in   t h e   f u e l   p r e p a r a t i o n   zone   5 4 .  

The  s c o o p   s i z e   and  n o z z l e   p l a c e m e n t   b o t h   can   be  v a r i e d   t o  

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

The  d i a m e t e r   of  t h e   c a t a l y t i c   e l e m e n t   i s   d e t e r -  

m i n e d   m a i n l y   by  t h e   maximum  a l l o w a b l e   r e f e r e n c e   gas  v e l -  

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

p r e s s u r e   l o s s .   H i g h e r   gas  v e l o c i t i e s   r e q u i r e   l o n g e r   c a t a -  

l y s t   b e d s   and  r e s u l t   in   h i g h e r   e m i s s i o n s .   The  mass   t r a n s -  

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

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

v e l o c i t y   in   l a m i n a r   f l o w ,   b u t   t h e   e f f e c t   of   r e f e r e n c e  

v e l o c i t y   on  t h e   mass   t r a n s f e r   r a t e   d e c r e a s e s   w i t h   a n  

i n c r e a s e   in   c h a n n e l   R e y n o l d s   n u m b e r .   T h u s ,   t h e   m a x i m u m  

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

by  t h e   r e s t r i c t i o n   of  p r e s s u r e   l o s s e s .   H o w e v e r ,   t h e   l o w  

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

o p e r a b i l i t y   may  be  d e t e r m i n e d   by  f l a s h b a c k   c o n s i d e r a t i o n s  

in   t h e   f u e l   p r e p a r a t i o n   z o n e .  

The  c a t a l y t i c   e l e m e n t   i n c l u d e s   a  can   w i t h i n  

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

s u p p o r t e d   by  s u i t a b l e   means .   The  c a t a l y s t   c h a r a c t e r i s t i c s  

can   be  as  f o l l o w s :  
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With   o p e r a t i o n   of  t h e   c a t a l y t i c   c o m b u s t o r s   30  i n  

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

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

a t   e f f i c i e n t   o p e r a t i n g   t e m p e r a t u r e s   above   2 2 0 0 ° F .   A s  

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

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

l o a d i n g   u n t i l   47%  l o a d   i s   r e a c h e d .   At  t h a t   p o i n t ,   t h e  

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

and  c u t s   b a c k   on  t he   p r i m a r y   f u e l   s u p p l y .   F u r t h e r   l o a d  

i n c r e a s e s   a r e   t h e n   met  by  i n c r e a s e s   in   s e c o n d a r y   f u e l .  
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1.  A  c a t a l y t i c   c o m b u s t i o n   s y s t e m   f o r   a  s t a t i o n -  

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

t u b u l a r   s i d e w a l l   d e f i n 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   t h e r e -  

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

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

i n g   a  s e c o n d a r y   zone   d o w n s t r e a m   f rom  t h e   p r i m a r y   z o n e ,  

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

d a r y   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   c o m b u s t i o n   p r o d u c t  

f l o w   to  p r o v i d e   a  f u e l - a i r   m i x t u r e   a t   a  c o m b u s t o r   b a s k e t  

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

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

c a t a l y t i c   u n i t   to   r e c e i v e   t h e   o u t l e t   f l o w   f rom  s a i d   c o m -  

b u s t o r   b a s k e t ,   and  means   f o r   s u p p l y i n g   f u e l   to   s a i d   p r i -  

mary   n o z z l e   means   and  s a i d   s e c o n d a r y   i n j e c t i n g   m e a n s   in   a  

p r e d e t e r m i n e d   c o o r d i n a t e d   m a n n e r   c h a r a c t e r i z e d   i n   t h a t  

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

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

s e c t i o n   i s   a t   l e a s t   as  g r e a t   as  t h e   p r i m a r y   z o n e   c r o s s -  

s e c t i o n   o v e r   t h e   p r i m a r y   zone   u p s t r e a m   f rom  t h e   p r i m a r y  

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

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

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

d a r y   z o n e   f rom  t h e   f u e l   i n j e c t i o n   p l a n e   to  t h e   b a s k e t  

o u t l e t ,   s a i d   d i f f u s e r   end  p o r t i o n   h a v i n g   an  end  s i d e w a l l  

s e c t i o n  w h i c h   i s   o u t w a r d l y   f l a r e d   s u c h   t h a t   h o t   g a s  
s t r e a m s   move  t o w a r d   t h e   f l a r e d   end  s e c t i o n   s i d e w a l l .  



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

in   c l a i m   1  c h a r a c t e r i z e d   in   t h a t   a  t r a n s i s t o r   d u c t   i s  

p r o v i d e d ,   and  means   a r e   p r o v i d e d   f o r   r e l a t i v e l y   s u p p o r t i n g  

s a i d   c a t a l y t i c   u n i t   and  s a i d   t r a n s i t i o n   d u c t   so  t h a t   t h e  

h o t   gas  f l o w   i s   r e c e i v e d   by  s a i d   t r a n s i t i o n   d u c t   f rom  s a i d  

c a t a l y t i c  u n i t .  

3.  A  c a t a l y t i c   c o m b u s t i o n   s y s t e m   as  s e t   f o r t h  

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   s e c o n d a r y  

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

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

w a l l ,   f u e l   l i n e   means   c o n n e c t e d   to   e a c h   of  s a i d   s e c o n d a r y  

n o z z l e   means   to  form  a  s e c o n d a r y   f u e l   a s s e m b l y ,   means   f o r  

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

to  a  c a s i n g   of  t h e   t u r b i n e ,   and  means   f o r   r e l e a s a b l y  

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

to  s a i d   c o m b u s t o r   b a s k e t   so  t h a t   e a c h   s e c o n d a r y   f u e l  

a s s e m b l y   can   be  r e m o v e d   f rom  t h e   c a s i n g   when  t h e   a s s o -  

c i a t e d   m o u n t i n g   means   i s   d i s c o n n e c t e d   f rom  t he   c a s i n g .  

4.  A  c a t a l y t i c   c o m b u s t i o n   s y s t e m   as  s e t   f o r t h  

in   c l a i m   3  c h a r a c t e r i z e d   in   t h a t   e a c h   of  s a i d   f u e l   s u p p l y  

l i n e   means   c o m p r i s e s   an  i n n e r   f u e l   s u p p l y   t u b e   and  a  

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

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

and  o u t e r   t u b e s   b e i n g   c o n n e c t e d   to   t h e   a s s o c i a t e d   n o z z l e  

means   to   s u p p l y   a i r   and  f u e l   t h e r e t o   to  p r o v i d e   an  a i r  

a s s i s t e d   f u e l   i n j e c t i o n   s p r a y .  
5.  A  c a t a l y t i c   c o m b u s t i o n   s y s t e m   as  s e t   f o r t h  

in   c l a i m   4  c h a r a c t e r i z e d   in   t h a t   e a c h   of  s a i d   m o u n t i n g  

means   i s   f l e x i b l e   to  p e r m i t   t h e r m a l   g r o w t h   of  t h e   a s s o -  

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