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A  ceramic  burner  for  gas,  particularly  for  a  hot-blast  stove  for  a  blast  furnace. 
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Burner  has  parallel  vertical  supply  ducts  (1,  2)  for  the 
two  combustion  components  (gas  and  air).  A  first  one  (1)  of 
said  ducts  opens  upwardly  at  a  first  outlet  (3)  which  is 
substantially  oblong  in  plan  view  and  the  second  (2)  of  said 
ducts  opens  at  a  plurality  of  second  outlets  (5a,  5b)  which 
are  located  on  either  side  of  and  above  the  first  outlet  (3), 
the  general  discharge  directions  of  the  second  outlets,  (5a, 
5b)  being  oblique  to  that  of  the  first  outlet  (3). 

The  first  outlet  (3)  has,  as  seen  in  plan  view,  a  slot 
shape  and  has,  in  its  long  sides,  a  plurality  of  recesses  (8) 
which  extend  outwardly  towards  the  second  outlets  (5a,  5b). 
The  second  outlets  (5a,  5b)  are  arranged  alongside  the  said 
long  sides  of  the  first  outlet  (3)  with  the  second  outlets  (5a, 
5b)  on  one  side  opposite  those  on  the  other  side.  The  re- 
cesses  (8)  are,  along  the  length  of  the  first  outlet  (3),  located 
alternately  in  said  long  sides  and,  on  each  said  long  side, 
directed  towards  alternate  ones  (5b)  of  said  second  outlets 
(5a,  5b). 



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

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

b l a s t   f u r n a c e .   The  i n v e n t i o n   a l s o   r e l a t e s   to   a  h o t - b l a s t  

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

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

in  t h e   c o m b u s t i o n   s h a f t   o f  t h e   s t o v e .   Ge rman   p a t e n t  

s p e c i f i c a t i o n   no .   1 , 8 0 3 , 9 8 4   i l l u s t r a t e s   a  c e r a m i c   b u r n e r  

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

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

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

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

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

two  s e t s   a b o v e   and  on  e i t h e r   s i d e   of  t h e   f i r s t   o u t l e t ,  

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

o b l i q u e   to   t h a t   of   t h e   f i r s t   o u t l e t .  

In  b u r n e r s   f o r   h o t   b l a s t   s t o v e s ,   i t   i s   of   m a j o r  

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

t h e   c o m b u s t i o n   gas   s h o u l d   be  l e f t   u n b u r n e d .   To  a v o i d  

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

i m p o s e d   in   t h i s   r e s p e c t   by  t h e   a u t h o r i t i e s   in  v a r i o u s  

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

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



as  p o s s i b l e ,   in  o r d e r   to  a c h i e v e   t h e   h i g h e s t   p o s s i b l e  

t e m p e r a t u r e   of  t h e   g a s e o u s   c o m b u s t i o n   p r o d u c t s .   T o  

a c h i e v e   b o t h   t h e s e   a i m s ,   i t   i s   n e c e s s a r y   f o r   t h e  

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

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

The  a b o v e - m e n t i o n e d   G e r m a n   s p e c i f i c a t i o n   d e s c r i b e s  

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

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

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

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

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

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

I t   now  a p p e a r s   t h a t   t h i s   m i x i n g   can  be  f u r t h e r   i m p r o v e d .  

I t  i s   t h e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

t h e   h o m o g e n i s a t i o n   of  t h e   g a s / a i r   m i x t u r e ,   so  as   t o  

a c h i e v e   a  more   c o m p l e t e   c o m b u s t i o n   of  t h e   c o m b u s t i o n   g a s .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e   f i r s t   o u t l e t   has   a  

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

o p p o s i t e   a l t e r n a t e   o n e s   of   s a i d   s e c o n d   o u t l e t s   on  e a c h  

s i d e ,   t h e   s e c o n d   o u t l e t s   on  one  s i d e   b e i n g   r e s p e c t i v e l y  

o p p o s i t e   t h o s e   on  t he   o t h e r   s i d e .   T h i s   a r r a n g e m e n t  

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

t h e   d e s i g n   shown  in  Ge rman   s p e c i f i c a t i o n   1 , 8 0 3 , 9 8 4 .   T h e  

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



s e t s   of  s e c o n d   o u t l e t s   a r e   no  l o n g e r   d i r e c t e d   a l o n g s i d e  

one  a n o t h e r ,   c a u s i n g   t h e m   to  p e n e t r a t e   t h e   f l o w - s t r e a m   o f  

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

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

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

of   t he   c o m b u s t i o n   c o m p o n e n t   f r o m   t h e   f i r s t   o u t l e t .   T h i s  

i s   b e c a u s e   t h e   o u t l e t s   of   t h e   two  s e t s   a r e   n o t   l o c a t e d   a t  

a  d i s t a n c e   f r o m   one  a n o t h e r .   T h o r o u g h   m i x i n g   a n d  

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

r e c e s s e s   in   t he   s l o t   s h a p e   of  t h e   f i r s t   o u t l e t .   T h e s e  

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

of   t he   f i r s t   o u t l e t ,   r e s u l t i n g   in   a  r a p i d   and  e f f e c t i v e  

m i x i n g   and  h o m o g e n i s a t i o n   of  t h e   v a r i o u s   c u r r e n t s   of   g a s .  

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

n o t   so  much  by  s p r a y i n g   v a r i o u s   gas   j e t s   a c r o s s   o n e  

a n o t h e r ,   b u t   by  d i r e c t i n g   t h i n   s t r a t a   of  gas   t o w a r d s   o n e  

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

a c c e l e r a t e d   r a t e   on  a c c o u n t   of   i n c r e a s e d   t u r b u l e n c e .  

T h i s   a p p e a r s   t o  p r o d u c e   a  more   s e t t l e d   f l a m e  

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

g a s   t h a n   has   so  f a r   b e e n   p o s s i b l e   u s i n g   b u r n e r s   k n o w n  

h i t h e r t o .  

A  f u r t h e r   i m p r o v e m e n t  i n   t h e   f o r m a t i o n   of  m i x i n g  

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

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



o u t l e t s   l i e   in  p l a n e s   e x t e n d i n g   o u t w a r d s   and  u p w a r d s  

o b l i q u e l y   away  f r o m   t h e   f i r s t   o u t l e t ,   t he   r e c e s s e s   in  t h e  

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

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

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

p a r a l l e l   to   s a i d   p l a n e s   f r o m   s a i d   f i r s t   o u t l e t   so  as  t o  

i n t e r s e c t   t h e   r e s p e c t i v e   s a i d   a l t e r n a t e   o n e s   of  s a i d  

s e c o n d   o u t l e t s .   In  many  c a s e s ,   t h e   known  c e r a m i c   b u r n e r s  

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

In  o r d e r   to  k e e p   down  t h e   c o s t s   of  t h e   a p p a r a t u s ,   i t   i s  

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

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

as  p o s s i b l e   in  s h a p e .   I t   ha s   b e e n   f o u n d   t h a t   t h i s   m a y  b e  

a c h i e v e d   v e r y   e f f e c t i v e l y   when  t h e   r e c e s s e s   a r e   p r o v i d e d  

by  g r o o v e s   in  t h i s   m a n n e r .  

The  s h a p e   of  t h e   f l a m e ,   i t s   s t a b i l i t y ,   and  t h e  

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

i n f l u e n c e d   among  o t h e r   t h i n g s   by  t h e   l o c a t i o n   of   t h e s e  

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

c o m p o n e n t s   a r e   d i s c h a r g e d   in  r e l a t i o n   to   one  a n o t h e r .  

Good  r e s u l t s   may  be  a c h i e v e d   i f   t h e   o b l i q u e   p l a n e s   a r e  

i n c l i n e d   a t   an  a n g l e  0   of  15  to   450  r e l a t i v e   to   t h e  

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

s e c o n d   o u t l e t s   a r e   i n c l i n e d   a t   an  a n g l e   a  o f   30  to   70o  t o  

t h i s   v e r t i c a l   d i r e c t i o n .   P r e f e r r e d   v a l u e s   a r e   35  to   4 0 0  



f o r   a n g l e   @,  and  25  to   30o  f o r   a n g l e   B .  

I t   h a s   a p p e a r e d   t h a t   a  r e l a t i v e l y   s i m p l e   a n d  

e f f e c t i v e   c o n s t r u c t i o n   may  be  a c h i e v e d   i f   t h e   r e c e s s e s  

a r e   s q u a r e   in  s h a p e   as  s e e n   in   p l a n   v i e w   w i t h   a  s i d e  

l e n g t h   e q u a l   to   25  to   40%  of   t h e   w i d t h   of  t h e   s l o t - s h a p e  

of  t he   f i r s t   o u t l e t .  

The  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   w i l l   n o w  

be  d e s c r i b e d   by  way  of  n o n - l i m i t a t i v e   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 ,   in   w h i c h : -  

F i g .  1   i l l u s t r a t e s ,   in   p l a n   v i e w ,   t h e   t i p   of   a  

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

F i g .   2  i s   a  c r o s s   s e c t i o n   a l o n g   t h e   l i n e   I I - I I   i n  

F i g .   1  on  an  e n l a r g e d   s c a l e ,  

F i g .   3  s h o w s   one  s i d e   of   t h e   b u r n e r   v i e w e d   i n  

p e r s p e c t i v e   a l o n g   t h e   l i n e   I I I - I I I   in   F i g .   1 .  

The  i n s t a l l a t i o n   and  u se   of   t h e   i l l u s t r a t e d  

c e r a m i c   b u r n e r   of   t h e   i n v e n t i o n   in   t h e   c o m b u s t i o n   s h a f t  

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

t h e   s t a t e   of   t h e   a r t ,   as  d e s c r i b e d   f o r   e x a m p l e   in   G e r m a n  

p a t e n t   s p e c i f i c a t i o n   1 , 8 0 3 , 9 8 4 .   F u r t h e r   d e s c r i p t i o n   a n d  

e x p l a n a t i o n   a b o u t   t h i s   i s   t h e r e f o r e   s u p e r f l u o u s .  

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

1  in   t h e   b u r n e r   t i p   6  and  d i s c h a r g e d   a t   a  f i r s t   o u t l e t   3 

i n t o   a  c o m b u s t i o n   s h a f t   of   a  h o t - b l a s t   s t o v e .   The  o u t l e t  

3  h a s   an  e l o n g a t e   s l o t - s h a p e ,   as  s e e n   in   p l a n   v i e w .   Two 



b o u n d a r y   s u r f a c e s   10  ( s e e   F i g .   2)  of   t h e   b u r n e r   t i p  

e x t e n d   o u t w a r d s   and  u p w a r d s   a t   an  a n g l e   f rom  t h e   o u t l e t   3 

to   c o n n e c t   w i t h   t h e   w a l l   11  of  a  c o m b u s t i o n   s h a f t   w h i c h  

i s   p a r t l y   shown  in  F i g .   2  b u t   n o t   in  F i g .   1.  T h e  

s u r f a c e s   10  a r e   i n c l i n e d   a t   an  a n g l e   0  of   30o  to   t h e  

v e r t i c a l .  

On  e a c h   s i d e   of  t h e   s u p p l y   d u c t   1,  t h e r e   i s   an  a i r  

s u p p l y   d u c t   2  w h i c h   d i s c h a r g e s   v i a   an  o b l i q u e l y   e x t e n d i n g  

d u c t - s e c t i o n   4  i n t o   s e c o n d   o u t l e t s   5a  and  5b.   T h e s e  

s e c o n d   o u t l e t s   a r e   in   two  s e t s ,   one  on  e a c h   s i d e   of   t h e  

f i r s t   o u t l e t   3.  Each   s e t   has   o u t l e t s   5a  a l t e r n a t i n g   w i t h  

o u t l e t s   5b  as  e x p l a i n e d   f u r t h e r   b e l o w .   The  d i s c h a r g e  

a n g l e   o f  t h e s e   d u c t   s e c t i o n s   4  t h r o u g h   t he   o u t l e t s   5a  a n d  

5b  i s   i n d i c a t e d   in   F i g .   2  as  @,  w h e r e i n  a   i s   360 .   T h e  

o u t l e t s   5a  a r e   a t   t h e   l e v e l   of  t h e   p l a n e s   1 0 .  

The  l o n g   s i d e   w a l l s   of   t h e   s u p p l y   d u c t   1  h a s  

g r o o v e s   7  of   a  s q u a r e   c r o s s   s e c t i o n   w h i c h   c o n t i n u e   a s  

s i m i l a r l y   s h a p e d   g r o o v e s   9  on  r e a c h i n g   t h e   s u r f a c e   of   t h e  

b u r n e r   t i p   6.  The  g r o o v e s   9  o p e n   i n t o   t h e   d u c t   s e c t i o n s  

4  a t   t he   o u t l e t s   5b .   T h i s   e f f e c t i v e l y   r e s u l t s   in  t h e  

o u t l e t s   5b  b e i n g   s e t   b a c k   f r o m   t h e   o u t l e t s   5a  by  a n  

a m o u n t   e q u a l   to   t h e   d e p t h   of  t h e   g r o o v e s .   O u t l e t s   5a  a n d  

5b  a l t e r n a t e   w i t h   e a c h   o t h e r   w i t h i n   e a c h   s e t   of  o u t l e t s  

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

o u t l e t s   r e l a t i v e   to  t h e   o t h e r .   The  g r o o v e s   7  f o r m   a  



s q u a r e   r e c e s s ,   as  s e e n   in   F i g .   1,  in  t he   o u t l e t   3  a t   t h e  

p o i n t   w h e r e   t h i s   o u t l e t   3  d i s c h a r g e s   f r o m   s u p l y   d u c t   1 .  

As  F i g .   1  s h o w s ,   t h e s e   r e c e s s e s   a l t e r n a t e   f r o m   one  s i d e  

of   t he   o u t l e t   3  to   t h e   o t h e r ,   in  t h e   l o n g i t u d i n a l  

d i r e c t i o n   of   t h e   o u t l e t   3 .  

F i g .   3  i l l u s t r a t e s   t h e   s i d e   of  t h e   b u r n e r   i n  

p e r s p e c t i v e ,   f r o m   w h i c h   t h e   c o u r s e   of   t h e   g r o o v e s   7  and  9 

and  the   r e c e s s e d   p o s i t i o n   of  o u t l e t s   5b  r e l a t i v e   t o  

o u t l e t s   5a  a r e   c l e a r l y   v i s i b l e .  

F i g .   1  i l l u s t r a t e s   how  o u t l e t s   5a  and  5b  o f   o n e  

s e t   on  one  s i d e   of  o u t l e t   3  a r e   e a c h   a r r a n g e d   in  t h e   s a m e  

p l a n e   ( i . e .   d i r e c t l y   o p p o s i t e )   a s  a n   o u t l e t   5a  or  5b  f r o m  

t h e   o t h e r   s e t   on  t h e   o t h e r   s i d e   of  o u t l e t   3.  A i r   f o r  

c o m b u s t i o n   d i s c h a r g e d   f r o m   t h e s e   s e t s   of   o u t l e t s   5a  a n d  

5b  d o e s   n o t   t h e r e f o r e  f l o w   t h r o u g h   t h e   c e n t r a l   g a s  

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

of   t he   r e c e s s e s   8  and  t h e   e f f e c t i v e l y   r e c e s s e d   p o s i t i o n  

of   o u t l e t s   5b ,   as  i n d i c a t e d   in  t h e   d r a w i n g s ,   g i v e   r i s e   t o  

an  e x c e p t i o n a l l y   t u r b u l e n t   t r a n s i t i o n   l a y e r   b e t w e e n   t h e  

c u r r e n t s   of  g a s   and  a i r ,   as  a  r e s u l t   of  w h i c h   more   o r  

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

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

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

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

a i r .  



1.  A  c e r a m i c   b u r n e r   f o r   g a s ,   f o r   a  c o m b u s t i o n   c h a m b e r  

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

v e r t i c a l   s u p p l y   d u c t s   ( 1 , 2 )   f o r   t h e   two  c o m b u s t i o n   c o m p o n e n t s  

( g a s   and  a i r ) ,   a  f i r s t   one   (1)  of  s a i d   d u c t s   o p e n i n g   u p w a r d l y  

a t   a  f i r s t   o u t l e t   (3)  w h i c h   i s   s u b s t a n t i a l l y   o b l o n g   in   p l a n  

v i e w   and  t h e   s e c o n d   (2)  of  s a i d   d u c t s   o p e n i n g   a t   a  p l u r a l i t y  

of  s e c o n d   o u t l e t s   ( 5 a , 5 b )   w h i c h   a r e   l o c a t e d   on  e i t h e r   s i d e  

of  and  a b o v e   t h e   f i r s t   o u t l e t   ( 3 ) ,   t h e   g e n e r a l   d i s c h a r g e  

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

f i r s t   o u t l e t ,  

c h a r a c t e r i s e d   in   t h a t :  

as  s e e n   in   p l a n   v i e w ,   t h e   f i r s t   o u t l e t   (3)  h a s   a  s l o t   s h a p e  

and   h a s ,   in   i t s   l o n g   s i d e s ,   a  p l u r a l i t y   of  r e c e s s e s   (8)  w h i c h  

e x t e n d   o u t w a r d l y   t o w a r d s   t h e   s e c o n d   o u t l e t s   ( 5 a , 5 b )   w h i c h   a r e  

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

(3)  w i t h   t h e   s e c o n d   o u t l e t s   on  one   s i d e   o p p o s i t e   t h o s e   on  t h e  

o t h e r   s i d e ,   t h e   r e c e s s e s   (8)  b e i n g ,   a l o n g   t h e   l e n g t h   of  t h e  

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

e a c h   s a i d   l o n g   s i d e ,   d i r e c t e d   t o w a r d s   a l t e r n a t e   o n e s   (5b)   o f  

s a i d   s e c o n d   o u t l e t s .  

2.  A  b u r n e r   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   t h e   s e c o n d  

o u t l e t s   ( 5 a )   l o c a t e d   b e t w e e n   s a i d   a l t e r n a t e   o n e s   (5b)   of  s a i d  

s e c o n d   o u t l e t s   l i e   in  p l a n e s   (10 )   w h i c h   e x t e n d   o b l i q u e l y  

u p w a r d l y   away  f r o m   t h e   f i r s t   o u t l e t   (3)  on  t h e   two  s i d e s   t h e r e o f ,  

and  t h e   s a i d   r e c e s s e s   (8)  a r e   f o r m e d   by  r e c t a n g u l a r - s e c t i o n  



g r o o v e s   (7)  w h i c h   e x t e n d   u p w a r d l y   t o   t h e   f i r s t   o u t l e t   (3)  i n  

t h e   s i d e   w a l l s   of  t h e   f i r s t   d u c t   ( 1 ) ,   s a i d   g r o o v e s   (7)  e x t e n d -  

i n g   o b l i q u e l y   p a r a l l e l   to   s a i d   p l a n e s   (10)   ( a t   9)  f r o m   s a i d  

f i r s t   o u t l e t   (3)  so  as   to   i n t e r s e c t   t h e   r e s p e c t i v e   s a i d  

a l t e r n a t e   o n e s   (5b )   of  s a i d   s e c o n d   o u t l e t s .  

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

p l a n e s   (10)   a r e   e a c h   a t   an  a n g l e   (β)  i n   t h e   r a n g e   15°  t o   4 5 °  

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

o u t l e t s   ( 5 a , 5 b )   a r e   e a c h   a t   an  a n g l e   (@)  in   t h e   r a n g e   30°  t o  

70°  to   t h e   v e r t i c a l .  

4.  A  b u r n e r   a c c o r d i n g   t o   c l a i m   3  w h e r e i n . 3 5 °   <  a  <  4 0 °  

a n d  2 5 °   <  β   <  3 0 ° .  

5.  A  b u r n e r   a c c o r d i n g   t o   a n y  o n e   of  c l a i m s   1  to   4 

w h e r e i n   s a i d   r e c e s s e s   (8)  a r e   s q u a r e   in   s h a p e   as  s e e n   in   p l a n  

v i e w   and  h a v e   a  d e p t h   w h i c h   i s   e q u a l   t o   20  t o   30%  of  t h e   w i d t h  

of  t h e   s a i d   f i r s t   o u t l e t   ( 3 ) .  
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