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@  Improvements  In  or  relating  to  burner  tips. 

  The  invention  provides  a  gas  burner  tip  A  in  the  form 
of  a  cylindrical  barrel  (1)  closed  at  its  outer  end  except  for 
an  opening  (8)  in  an  end  wall  (5)  that  is  oblique  to  the 
cylindrical  surfaces.  The  cylindrical  surface  also  contains  a 
further  opening  (9),  smaller  than  the  opening  (8). 

In  a  furnace  burner,  a  plurality  of  similar  tips  A  may  be 
arranged  uniformly  disposed  around  a  ring  past  which 
swirling  air  is  directed.  The  tips  are  similarly  orientated  and 
the  discharge  of  gas  through  them  is  effective  to  restrain 

aberrations  in  the  swirl  of  the  air.  These  tips  may  be  inter- 
spersed  with  other  similar  tips  orientated  similarly  to  each 
other  but  differently  orientated  with  respect  to  the  first. 



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

T h e r e   a r e   f u r n a c e   b u r n e r   a r r a n g e m e n t s   in  w h i c h  

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

a  r i n g   of  b u r n e r   t i p s   f rom  w h i c h   c o m b u s t i o n   gas   i s  

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

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

f e r e n t i a l   v a r i a t i o n s   in  a i r   f l o w .   A  c o n s e q u e n c e   i s  

t h a t   t h e   c o m b i n a t i o n   of  t h e   gas   w i t h   a i r   i s   no t   r e g -  

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

a c o u s t i c   f r e q u e n c y   of  t h e   f u r n a c e   i s   s u c h   t h a t  

R a y l e i g h ' s   c r i t e r i o n   i s   s a t i s f i e d ,   t h e n   t h e   c o m b u s t i o n  

p u l s a t i o n s   may  be  s u s t a i n e d ,   l e a d i n g   to   e x c e s s i v e  

f u r n a c e   v i b r a t i o n 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  

of  t h i s   p r o b l e m   and  of  ways  in  w h i c h   more  r e g u l a r   c o m -  

b u s t i o n   m i g h t   be  o b t a i n e d .  

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   a  gas   b u r n e r   t i p   in  t h e   fo rm  of  a  c y l i n d e r   c l o s e d  

at   one  end  e x c e p t   f o r   an  o p e n i n g   in  an  end  w a l l   t h a t  

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

o p e n i n g   of  s m a l l e r   a r e a   l y i n g   w h o l l y   in  t h e   p a r t   of  t h e  

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

a c r o s s   w h i c h   t h e   end  w a l l   l i e s   s y m m e t r i c a l l y .  



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  shows   a  gas   b u r n e r   t i p   in  s i d e   v i e w ;  

F i g u r e   2  shown  t h e   b u r n e r   t i p   of  F i g u r e   1  f r o m  

a b o v e ;   a n d  

F i g u r e   3  i l l u s t r a t e s   an  end  v i e w ,   f r o m  i n s i d e   t h e  

f u r n a c e ,   of  a  b u r n e r   m o u n t e d   at  an  o p e n i n g   in  a  f u r n a c e  

w a l l .  

The  t i p   A  shown  in  F i g u r e   1  has   a  b a r r e l   1  o f  

w h i c h   t h e   o u t e r   d i a m e t e r   i s   a b o u t   27mm.  I t s  l e n g t h   i s  

a b o u t   70mm  and  at  t h e   l o w e r   end  i s   a  m o u n t i n g   f l a n g e   2 .  

C e n t r a l l y ,   at   i t s   u p p e r   end ,   t h e r e   i s   a  r i d g e   3  a b o u t  

8mm  w i d e   and  f l a t   end  w a l l s   4  a n d  5   s l o p e   down  s y m -  

m e t r i c a l l y   f rom  t h e   s i d e s   of  t h e   r i d g e   3  at   a b o u t   4 5 ° .  

In  one  of  t h e   end  w a l l s   5  i s   a  c i r c u l a r   o p e n i n g   8 

of  j u s t   o v e r   20mm  d i a m e t e r .   A  c i r c u l a r   o p e n i n g   9  o f  

s m a l l e r   d i a m e t e r ,   15mm,  i s   f o r m e d   in  t h e   c y l i n d r i c a l   w a l l  

of  t h e   b a r r e l   a b o u t   h a l f   way  b e t w e e n   t h e   r i d g e   3  and  t h e  

t o p   of  t h e   f l a n g e   2.  The  d i a m e t r i c a l   p l a n e   of  t h e   b a r r e l  

1  t h a t   c o n t a i n s   t h e   c e n t r e   of  t h e   o p e n i n g   8  i s   d i s p l a c e d  

f rom  t h a t   w h i c h   c o n t a i n s   t h e   c e n t r e   of  t h e   o p e n i n g   9 

by  221 2°.  The  o p e n i n g   9  t h u s   l i e s   w h o l l y   w i t h i n   t h e  

d i a m e t r i c a l   p l a n e   of  t h e   b a r r e l   1  t h a t   b i s e c t s  

t h e   r i d g e   3  and  a c r o s s   w h i c h   t h e   end  w a l l   5  l i e s   s y m m e t -  

r i c a l l y .  

F i g u r e   3,  shows   s i x   b u r n e r   t i p s   m o u n t e d   in  t h e   o p e n -  

i n g   10  in  t h e   w a l l   of  a  f u r n a c e .   The  b o u n d a r y   of  t h e y  

o p e n i n g   10  t a p e r s   f rom  a  c i r c l e   11  in  t h e   i n n e r   f a c e   o f  

t h e   w a l l   to  a  c i r c l e   12  in  t h e   o u t e r   f a c e .   O u r w a r d l y  f r o m  

t h e   o u t e r   f a c e   of  t h e   f u r n a c e   w a l l . t h e r e   e x t e n d s   a  d u c t  



( n o t   s h o w n )   t h r o u g h   w h i c h   a i r   can   f l o w   to  d i s c h a r g e  

t h r o u g h   t h e   o p e n i n g   10  w i t h   a  s w i r l   in  t h e   a n t i -  

c l o c k w i s e   d i r e c t i o n .   An  o i l   b u r n e r   13  i s   a r r a n g e d  

to  d i s c h a r g e   c e n t r a l l y   t h r o u g h   t h e   o p e n i n g   10,  t h e  

o u t l e t   end  of  t h e   b u r n e r   14  b e i n g   a b o u t   m i d - w a y   b e t w e e n  

t h e   f a c e s   of  t h e   f u r n a c e   w a l l .  

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

common  ma in   ( n o t   s h o w n )   l y i n g   o u t s i d e   t h e   f u r n a c e ,   a r e  

d i s p o s e d   e q u i - s p a c e d   a r o u n d   a  c i r c l e   t h a t   i s   c o n c e n t r i c  

w i t h   t h e   b u r n e r   14,  t h e   l e a d i n g   e n d s   of  t h e   b u r n e r   t i p s  

A  l y i n g   f o r w a r d   of  t h e   o i l   b u r n e r   14  b u t   r e a r w a r d l y   o f  

t h e   i n n e r   f a c e   of  t h e   f u r n a c e   w a l l .   T h r e e   of  t h e   t i p s ,  

A1,  a r e   so  a r r a n g e d   t h a t   gas   d i s c h a r g i n g   f rom  t h e   u p p e r  

o p e n i n g ,   8,  i s   d i s c h a r g e d   a p p r o x i m a t e l y   t o w a r d s   t h e  

a x i s ,   b u t   at  a  s l i g h t   a n g l e   so  t h a t   t h e   gas  has   a  s w i r l  

in  t h e   c l o c k w i s e   d i r e c t i o n .   Gas  d i s c h a r g i n g   f rom  t h e  

l o w e r   o p e n i n g s   9  w i l l   be  more   o b l i q u e   to   t h e   a x i s   b u t  

w i l l   a l s o   s w i r l   in  t h e   c l o c k w i s e   d i r e c t i o n .  

The  o t h e r   t h r e e   t i p s ,   A2,  a r e   each   d i s p o s e d   b e t w e e n  

two  of  t h e   t i p s   A1  and  a r e   a r r a n g e d   so  t h a t   gas   d i s -  

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

a n t i c l o c k w i s e   d i r e c t i o n   of  r o t a t i o n   and  f l o w   p a s t ,  

o u t w a r d l y   o f ,   t h e   t i p s   A 1 .  

An  e f f e c t   of  t h e   r o t a t i o n   of  t h e   gas   w i l l   be  t o  

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

t h e   a x i s   of  t h e   b u r n e r   and  so  t e n d   to  d e c o u p l e   t h e   z o n e  

in  w h i c h   gas   and  a i r   i s   m i x e d   and  b u r n e d   f rom  t h e  

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

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

by  an  a x i a l   o i l   b u r n e r   so  t h a t   gas   and  o i l   may  



be  b u r n e d   t o g e t h e r   to   g i v e   a  d u a l   f i r i n g   b u r n e r   i . e .  

a  b u r n e r   in  w h i c h   t h e   two  f u e l s   may  be  b u r n t .  

S i n c e   t h e   c o m b u s t i o n   in   t h e   p u r e   gas   b u r n e r   i s  

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

n e i g h b o u r i n g   b u r n e r s   u s i n g   o n l y   gas   and  o n l y   o i l  -  

i s   e a s i l y   a t t a i n e d .   A l s o ,   t h e   d e t a i l e d   r e s i d u a l  

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

o n l y   o i l   a r e   no t   e n h a n c e d   by  b u r n e r   i n t e r a c t i o n   a n d  

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

f o r   s i n g l e - f u e l   f i r i n g .   Dua l   f i r i n g   b r o a d e n s   t h e  

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

e f f e c t i v e l y   d a m p e n i n g   any  t e n d e n c i e s   to  p u l s a t e ,   b u t  

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

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

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

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

u s e s .  

In  use   of  t h e   t i p s   t h a t   h a v e   b e e n   d e s c r i b e d , t h e  

f l a m e   w i l l   t e n d   to  be  r e m o v e d   f rom  t h e   p o i n t   of  f u e l  

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

p r o v i d e d   on  gas  s p u d s   may  be  d i s p e n s a b l e .   A  b e n e f i t  

of  t h i s   w o u l d   be  t h e   r e s u l t a n t   l o w e r   a i r   v e l o c i t i e s .  

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

t h a t   t h e   o p e n i n g   9  may  be  r e p l a c e d   by  two  or   more   o p e n -  

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

m e t r i c a l   p l a n e   a c r o s s   w h i c h   t h e   end  w a l l   5  l i e s  

s y m m e t r i c a l l y .  

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

In  p a r t i c u l a r ,   a l l   t i p s   in  a  r i n g   may  be  s i m i l a r l y  

o r i e n t a t e d   in  t h e   way  t h a t   t h e   t i p s   A1  a r e   o r i e n t a t e d .  

W h i l s t   gas  f rom  t h e s e   t i p s   i s   d i r e c t e d   i n w a r d l y ,   n o n e  

is   d i r e c t e d   d i r e c t l y   to  t h e   a x i s ,   b u t   at  an  a n g l e   s u c h  

as  to  t e n d   to   i n d u c e   o r d e r l y   s w i r l .  



1.  A  gas   b u r n e r   t i p   in  t h e   fo rm  of  a  c y l i n d e r   c l o s e d  

at  one  end  e x c e p t   f o r   an  o p e n i n g   in  an  end  w a l l   t h a t  

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

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

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

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

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

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

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

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

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

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

3  A  gas   b u r n e r   t i p   as  c l a i m e d   in  c l a i m   2  in  w h i c h  

t h e   a n g l e   b e t w e e n   t h e   p l a n e s   i s   2 2 3 ° .  

4.  A  gas   b u r n e r   c o m p r i s i n g   a  c y l i n d r i c a l   d u c t   a n d  

means   a s s o c i a t e d   w i t h   t h e   d u c t   by  w h i c h   a i r   can  b e  

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

and  a  p l u r a l i t y   of  gas   t i p s   as  c l a i m e d   in  any  o f  

c l a i m s   1  to  3  d i s p o s e d   c o n c e n t r i c a l l y   a r o u n d   t h e   a x i s  

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

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

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

of  t h e   a i r .  

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

is   i n t e r s p e r s e d   w i t h   t h e   t i p s   s p e c i f i e d   in  c l a i m   4 

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

an  a d j a c e n t   p a i r   of  t h e   t i p s   s p e c i f i e d   in  c l a i m   4,  t h e  



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

so  t h a t   gas  f rom  b o t h   o p e n i n g s   of  e a c h   i s   d i r e c t e d  

p a s t ,   o u t w a r d l y   of  t h e   t i p s   s p e c i f i e d   in  c l a i m   4,  a n d  

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