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Improvements  in  or  relating  to  axial  swirl  generators. 

N  

@  The  invention  provides  a  burner  that  may  be  mounted 
at  the  wall  (2)  of  a  furnace.  A  mixture  of  pulverised  fuel  and 
primary  air  is  discharged  through  a  duct  (4)  and  secondary 
air  is  discharged  through  a  duct  (8).  The  duct  (8)  includes 
a  portion  (16)  that  is  convergent  in  the  direction  of  flow.  The 
convergent  portion  (16)  houses  a  unit  in  the  form  of  two 
concentric  rings  (22)  and  (23)  between  which  are  connected 
swirl  inducing  vanes  (21).  The  unit  can  be  moved  between 
a  forward  position  in  which  secondary  air  can  pass  only 
between  the  vanes  and  a  retracted  position  in  which  part  of 
the  secondary  air  can  flow  between  the  vanes  and  part  can 
flow  as  an  envelope  around  the  unit. 



In  t h e   c o m b u s t i o n   of  p u l v e r i z e d   f u e l ,   good  m i x i n g  

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

c o m b u s t i o n .   In  a  known  b u r n e r ,   a  m i x t u r e   of  p u l v e r i s e d  

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

t h a t   l i e s   c o - a x i a l l y   of  a n o t h e r ,   and  s e c o n d a r y   a i r   i s  

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

The  p r e s e n t   i n v e n t i o n   a r o s e   f rom  a  c o n s i d e r a t i o n   o f  

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

a i r .  

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   t h e r e   i s   p r o v i d e d  

an  a n n u l a r   gas   f l o w   p a t h   h a v i n g   a  p o r t i o n   of  w h i c h   t h e  

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

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

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

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

r e c i p r o c a b l e   as  a  u n i t   in  t h e   g e n e r a l   d i r e c t i o n   of  f l o w  

b e t w e e n   a  p o s i t i o n   in  w h i c h   gas  can  p a s s   t h e   v a n e s   o n l y  

by  f l o w i n g   b e t w e e n  t h e  v a n e s   and  a  p o s i t i o n   in  w h i c h   s o m e  

of  t h e   a i r   can  f l o w   b e t w e e n   t h e   v a n e s   and  some  of  t h e  

a i r   can  f l o w   p a s t ,   o u t s i d e ,   t h e   v a n e s .  

When  t h e   v a n e s   a r e   w i t h d r a w n   f rom  t he   f i r s t   of  t h e s e  

p o s i t i o n s ,   t h e r e   w i l l   be  an  e n v e l o p e   of  gas  t e n d i n g   t o  

r e t a i n   t h e   gas  t h a t   has   b e e n   s e t   s w i r l i n g   by  t h e   v a n e s  

f rom  d i v e r g i n g   o u t w a r d l y .  

By  way  of  e x a m p l e ,   an  e m b o d i m e n t   of  t h e   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d   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   in  w h i c h :  



F i g u r e   1  i s   a  l o n g i t u d i n a l   s e c t i o n   t h r o u g h   a  

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

f u e l   in  a  f u r n a c e ;  

F i g u r e   2  i s   a  s e c t i o n   on  t h e   l i n e   I I  -   II   of  F i g u r e   1 ;  

F i g u r e   3  i s   a  s e c t i o n   on  l i n e   I I I  -   I I I   of  F i g u r e   2 ;  

a n d  

F i g u r e   4  i s   a  s e c t i o n   on  t h e   l i n e -   I V  -   IV  o f  

F i g u r e   2 .  

F i g u r e   1  i l l u s t r a t e s   a  b u r n e r   m o u n t e d   at   an  o p e n i n g   1 

in  f u r n a c e   w a l l   2.  C o a x i a l   w i t h   t h e   o p e n i n g   1  i s   d u c t   3 

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

can  be  d i s c h a r g e d   i n t o   t h e   f u r n a c e .   C o n c e n t r i c   w i t h   t h e  

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

( n o t   s h o w n ) .  

S e a l e d   at   i t s   l e a d i n g   end  a r o u n d   t h e   o p e n i n g   1  i s  

a  d u c t   8  f o r   s e c o n d a r y   a i r .   S e c o n d a r y   a i r   p a s s e s   t o  

t h e   d u c t   8  f rom  t h e   w i n d   box  9  t h r o u g h   s i x   p l a n e ,   e q u i -  

s p a c e d   and  r a d i a l l y   e x t e n d i n g   b l a d e s   10  t h a t   e x t e n d   b e t w e e n  

a  r e a r   w a l l   11  and  a  f l a n g e   12.  T h e  f l a n g e   12  e x t e n d s  

r a d i a l l y   o u t w a r d l y   f rom  t h e   w i d e r   end  of  a  c o n i c a l l y  

t a p e r i n g   p o r t i o n   16  t h a t   i s   c o n n e c t e d   at  i t s   n a r r o w e r   e n d  

to  t h e   d u c t   8 .  

The  f o r w a r d   end  of  t h e   d u c t   2,  t u b e   4  and  d u c t   8  l i e  

at  t h e   l e v e l   of  t h e   o u t e r   s u r f a c e   of  t h e   w a l l   2 .  

To  i n d u c e   s w i r l   i n t o   t h e   s e c o n d a r y   a i r ,   a  u n i t   2 0 ,  

c o m p r i s i n g   a  s e t   of  s i m i l a r   and  e q u i s p a c e d   v a n e s   2 1 ,  

i s   d i s p o s e d   w i t h i n   t h e   t a p e r i n g   p o r t i o n   16.  The  u n i t  

c o m p r i s e s   an  i n n e r   r i n g   22  of  c o n s t a n t   c r o s s - s e c t i o n   t h a t  

can  r e c i p r o c a t e   a l o n g   t he   d u c t   3  and  an  o u t e r   r i n g   23  s o  



s h a p e d   t h a t   at   t h e   mos t   f o r w a r d   p o s i t i o n   to  w h i c h   t h e  

u n i t   can  move  (  in  w h i c h   p o s i t i o n   i t   i s   shown  i n  

F i g u r e   1 ) ,   t h e   o u t e r   r i n g   23  m a t e s   w i t h   t h e   t a p e r i n g  

p o s i t i o n   16.  Bo th   r i n g s   22  and  23  e x t e n d   f rom  end  t o  

end  of  t h e   v a n e s ;   r i n g   22  e x t e n d s   a  l i t t l e   r e a r w a r d l y   o f  

t h e m .  

The  v a n e s   21  a r e   e a c h   c o n n e c t e d   at   t h e i r   e d g e s   t o  

b o t h   r i n g s   22  and  23.   The  w i d e r   end   21a  of  e a c h   v a n e  

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

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

o u t l e t   f r o m   t h e   u n i t   20,  t h e   e d g e s   of  t h e   v a n e s   21  a r e  

i n c l i n e d   to   t h e   r a d i u s   at   an  a n g l e   in  t h e   o r d e r   of  4 5 ° .  

As  a  r e s u l t   of  t h e   s h a p i n g   of  t h e   v a n e s ,   t h e   o v e r l a p  

( s e e x   of  in  F i g u r e   4)  b e t w e e n   t hem  at  t h e   r a d i a l l y  

o u t e r   p a r t   of  t h e   u n i t   i s   l e s s   t h a n   t h e   o v e r l a p   ( s e e   y  
of  F i g u r e   3)  b e t w e e n   t h e m   at   t h e   r a d i a l l y   i n n e r   p a r t   o f  

t h e   u n i t .  

C o n n e c t e d   to  t h e   r e a r   end  of  e v e r y   f o u r t h   vane   21  

i s   a  r o d   30  t h a t   e x t e n d s   r e a r w a r d l y   f rom  t h e   vane   3 0 ,  

p a r a l l e l   to   t h e   a x i s ,   and  t h r o u g h   t h e   r e a r   w a l l   11.  T h e  

end  of  e a c h   r o d   30  t h a t   p r o j e c t s   b e y o n d   t h e   r e a r   w a l l   11  

i s   t h r e a d e d   and  c a r r i e s   a  s c r e w   member   31.  By  t u r n i n g  

t h e   s c r e w   m e m b e r s   31  on  t h e   r o d s   30,  t h e   u n i t   20  can  b e  

moved  b a c k   f rom  t h e   p o s i t i o n   in  w h i c h   i t   i s   shown  i n  

F i g u r e   1  to   p o s i t i o n   i n d i c a t e d   in   b r o k e n   l i n e s   i n  

F i g u r e   1.  When  t h e   u n i t   i s   in  i t s   mos t   f o r w a r d   p o s i t i o n ,  

a l l   t h e   s e c o n d a r y   a i r   mus t   p a s s   b e t w e e n   t h e   v a n e s   2 1  

and  s o  b e  c a u s e d   to  s w i r l .   I t   w i l l   a l s o   be  a c c e l e r a t e d .  

When  t h e   u n i t   has   b e e n   r e t r a c t e d ,   o n l y   some  of  t h e   s e c o n d a r y  



a i r   p a s s e s   b e t w e e n   t h e   v a n e s ;   t h e   r e s t   p a s s e s   as  a n  

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

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

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

w h i c h   i t   s w i r l s .   I t   w i l l   t h u s   more  e f f e c t i v e l y   b e  

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

d i s c h a r g i n g   f rom  t h e   d u c t   3  and  so  be  more  e f f e c t i v e  

in  d i s p e r s i n g   t h e   j e t   of  p r i m a r y   a i r   and  f u e l   so  t h a t  

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

i m p r o v e d .  

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

m o v e m e n t   of  t h e   u n i t   20  c o u l d   be  e f f e c t e d   by  m e a n s  

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

c o n i c a l   b a f f l e   s h o u l d   be  l o c a t e d   a r o u n d   t h e   t u b e   4 

at  i t s   j u n c t i o n   w i t h   t h e   r e a r   w a l l   11  to   s t e e r   t h e   a i r  

f r o m   i t s   r a d i a l l y   i n w a r d   f l o w   p a s t   t h e   b l a d e s   10  t o  

i t s   a x i a l   f l o w   b e t w e e n   t h e   v a n e s   21.  The  e f f e c t   of  t h e  

b a f f l e   w i l l   be  to   i n h i b i t   t u r b u l a n c e   and  t h e   l o s s e s  

r e s u l t i n g   f rom  i t .  



1.  An  a n n u l a r   gas   f l o w   p a t h   h a v i n g   a  p o r t i o n   o f  

w h i c h   t h e   o u t e r   b o u n d a r y   has   a  c r o s s - s e c t i o n   t h a t  

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

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

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

w i t h i n   t h e   p o r t i o n   and  r e c i p r o c a b l e   as  a  u n i t   i n  

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

w h i c h   gas   can  p a s s   t h e   v a n e s   o n l y   by  f l o w i n g   b e t w e e n  

t h e   v a n e s   and  a  p o s i t i o n   in  w h i c h   some  of  t h e   s i r  

can  f l o w   b e t w e e n   t h e   v a n e s   and  some  of  t h e   a i r   c a n  

f l o w   p a s t ,   o u t s i d e ,   t h e   v a n e s .  

2.  An  a n n u l a r   gas   f l o w   p a t h   as  c l a i m e d   in  c l a i m   1 

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

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

b o u n d a r y   and  e x t e n d s   f rom  end  to  end  of  t h e   v a n e s .  

3.  An  a n n u l a r   gas   f l o w   p a t h   as  c l a i m e d   in  e i t h e r   o f  

c l a i m s   1  and  2  in  w h i c h   t h e   r a d i a l l y   o u t e r   e d g e s   o f  

t h e   v a n e s   a r e   c o n n e c t e d   ro  a  r i n g   t h a t   e x t e n d s   f r o m  

end  to  end  of  t h e   v a n e s   and  t h a t   m a t e s   w i t h   t h e   o u t e r  

b o u n d a r y   when  t h e   v a n e s   a r e   in  t h a t   p o s i t i o n   s p e c i f i e d  

f i r s t   in  c l a i m   1 .  

4.  An  a n n u l a r   gas  f l o w   p a t h   i s   c l a i m e d   in  any  of  t h e  

p r e c e d i n g   c l a i m s   in  w h i c h   t h e   w i d e r   end  of  t h e   v a n e s  

e a c h   e x t e n d   r a d i a l l y ,   and  e a c h   vane   t h e n   c u r v e s   t o -  

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

l e a v i n g   t h e   v a n e s   to  s w i r l .  



5.  An  a n n u l a r   gas  f l o w   p a t h   as  c l a i m e d   in  any  of   t h e  

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

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

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

t h a t   e x t e n d s   t r a n s v e r s e l y   to  t h e   a x i s   of  t h e   i n n e r  

b o u n d a r y   t h r o u g h   t h e   r e a r   w a l l   to   means   by  w h i c h   t h e  

s e p a r a t i o n   b e t w e e n   t h e   v a n e s   and  t h e   r e a r   w a l l   can   b e  

v a r i e d .  

6.  An  a n n u l a r   gas  f l o w   p a t h   as  c l a i m e d   in  any  of  t h e  

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

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

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

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

t a p e r i n g   p o r t i o n .  
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