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@  Burners  for  soaking  pit  furnaces. 

©  A  burner  (10)  for  soaking  pit  furnaces  produces  es- 
sentially  complete  combustion  of  the  gas  and  air  mixed  in 
the  burner.  The  burner  includes  a  tubular  inner  wall  struc- 
ture  (16)  and  an  outer  housing  (22)  spaced  from  the  inner 
wall  to  form  a  hollow  interior  (26)  between  the  inner  wall 
and  the  housing.  The  inner  wall  terminates  adjacent  a  sur- 
rounding  portion  (31)  of  the  housing  to  form  a  narrow 
opening  (30)  from  the  hollow  interior  which  extends  around 
the  periphery  of  the  inner  wall  structure.  A  gas  supply  pipe 

^m  (32)  located  in  the  hollow  interior  surrounds  the  inner 
<wal l   structure  (16)  and  directs  the  flow  of  gas  under  pres- 

sure  toward  the  narrow  peripheral  opening  (30).  The  inner 
wall  (16)  forms  an  air  supply  pipe  and  air  is  forced  under 

C0  pressure  through  the  air  supply  pipe  and  past  the  narrow 
CO  opening. 
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sentially  complete  combustion  of  the  gas  and  air  mixed  in 
the  burner.  The  burner  includes  a  tubular  inner  wall  struc- 
ture  (16)  and  an  outer  housing  (22)  spaced  from  the  inner 
wall  to  form  a  hollow  interior  (26)  between  the  inner  wall 
and  the  housing.  The  inner  wall  terminates  adjacent  a  sur- 
rounding  portion  (31)  of  the  housing  to  form  a  narrow 
opening  (30)  from  the  hollow  interior  which  extends  around 
the  periphery  of  the  inner  wall  structure.  A  gas  supply  pipe 
(32)  located  in  the  hollow  interior  surrounds  the  inner 
wall  structure  (16)  and  directs  the  flow  of  gas  under  pres- 
sure  toward  the  narrow  peripheral  opening  (30).  The  inner 
wall  (16)  forms  an  air  supply  pipe  and  air  is  forced  under 
pressure  through  the  air  supply  pipe  and  past  the  narrow 
opening. 



B a c k g r o u n d  

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

f u r n a c e s   f o r   s t e e l   m i l l s   and  t h e   l i k e .  M o r e   p a r t i c u l a r -  

l y ,   t h e   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   i n   a  b o t t o m -  

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

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

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

i n g   p i t   f u r n a c e .  

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

a  s o a k i n g   p i t   f u r n a c e   f o r   h e a t i n g   t h e   i n g o t s   t o   a  t e m p e r a -  

t u r e   o f   a b o u t   2 4 0 0 ° F .   The  h e a t e d   i n g o t s   s o a k   a t   t h a t  

t e m p e r a t u r e   t o   u n i f o r m l y   h e a t   t h e m   t h r o u g h o u t   u n t i l   t h e y  

a r e   m a l l e a b l e   e n o u g h   to   be  r o l l e d .   In   a  c o m m o n l y  u s e d  

s o a k i n g   p i t   h a v i n g   a  p r i o r   a r t   b u r n e r ,   i t   p r e s e n t l y   t a k e s  

f r o m   a b o u t   3  t o   4  h o u r s   to   h e a t   a  s t e e l   i n g o t   t o   a  t e m p e r a -  

t u r e   o f   a b o u t   2 4 0 0 ° F   and  a n o t h e r   4  h o u r s   o r   so   t o   s o a k  

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

b u r n e r   i s   u s e d   in   a  b o t t o m - f i r e d   s o a k i n g   p i t .   T h e  

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

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

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



m i x e s   w i t h   gas   f l o w i n g   f rom  t h e   p i p e .   The  b u r n e r   p r o -  
d u c e s   a  y e l l o w   f l a m e ,   i n d i c a t i n g   i n c o m p l e t e   c o m b u s t i o n  

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

in  e x c e s s i v e   o x i d e   s c a l e   b u i l d u p   on  t h e   s u r f a c e   of  t h e  

s t e e l   i n g o t s .   The  s c a l e   a c t s   as  an  i n s u l a t o r   w h i c h  

i n c r e a s e s   t h e   t i m e   and  e n e r g y   r e q u i r e d   to   h e a t   up  a n d  

s o a k   t h e   s t e e l   i n g o t s .   M o r e o v e r ,   t h e   s c a l e   b u i l d u p   o n  

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

p r o d u c t i o n   p e r   i n g o t .   The  l a y e r   of  o x i d e   s c a l e   i s   r e -  

moved  f rom  t h e   i n g o t s   a f t e r   t h e y   a r e   s o a k e d   and  i s   u s e d  

in  l e s s   p r o f i t a b l e   l o w e r   g r a d e   s t e e l .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  b u r n e r   f o r   s o a k i n g  

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

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

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

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

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

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

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

t h e   s o a k i n g   t i m e   of  t h e   i n g o t s .   The  h o t t e r   f l a m e   a l s o  

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

of  gas   c o n s u m p t i o n   r e q u i r e d   to   h e a t   e a c h   i n g o t   i s   r e d u c e d .  

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

a c t   an  an  i n s u l a t o r ,   t h e   a m o u n t   of  h e a t   t r a n s f e r r e d   t o  

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

w h i c h   p r o v i d e s   an  a d d i t i o n a l   s a v i n g   in   h e a t i n g   and  s o a k -  

i ng   t i m e .   By  r e d u c i n g   s o a k i n g   t i m e ,   p r o d u c t i o n   can   b e  

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

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

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

and  f u r n a c e   s t r u c t u r e   i s   e x t e n d e d .  



Summary  of  t h e   I n v e n t i o n  

A c c o r d i n g   to   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   a  

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

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

t e r m i n a t i n g   a t   an  end  s p a c e d   c l o s e l y   a p a r t   f rom  an  a d j a -  

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

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

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

t h e   a d j a c e n t   p o r t i o n   of  t h e   h o u s i n g .   The  a i r   s u p p l y  

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

t h e   p i p e   and  p a s t   t h e   n a r r o w   p e r i p h e r a l   o p e n i n g .   G a s  

s u p p l y   means   f o r c e   gas   to   f l o w   u n d e r   p r e s s u r e   t h r o u g h  

t h e   n a r r o w   o p e n i n g   in  a  d i r e c t i o n   away  f rom  the   end  o f  

t h e   gas   s u p p l y   p i p e   so  t h a t   t h e   gas   m i x e s   w i t h   a i r   f l o w -  

ing   p a s t   t h e   n a r r o w   o p e n i n g .   T h i s   f o r m s   a  c o m b u s t i b l e  

g a s / a i r   m i x t u r e   in  w h i c h   t h e   gas   i s   m i x e d   so  w e l l   w i t h  

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

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

In  a n o t h e r   e m b o d i m e n t   of  t h e   b u r n e r ,   a  m i x i n g   c h a m b e r  

i n c l u d e s   a  t u b u l a r   i n n e r   w a l l   s t r u c t u r e   s p a c e d   i n w a r d l y  

f rom  a  s u r r o u n d i n g   o u t e r   h o u s i n g   to  fo rm  a  h o l l o w   i n t e r i o r  

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

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

an  a d j a c e n t   p o r t i o n   of  t h e   o u t e r   h o u s i n g   to   fo rm  a  n a r r o w  

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

t h e   i n n e r   w a l l .   Gas  s u p p l y   means   f o r c e   gas   u n d e r   p r e s -  

s u r e   to   f l o w   t h r o u g h   t h e   h o l l o w   i n t e r i o r   of  t h e   m i x i n g  

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

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

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

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

f l o w s   o u t   t h r o u g h   t h e   n a r r o w   o p e n i n g .   The  gas   and  a i r  

mix  so  w e l l   w i t h i n   t h e   c h a m b e r   t h a t   t h e   m i x t u r e   f l o w i n g  

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



when  i g n i t e d ,   r e s u l t i n g   in  a  c o n t i n u o u s ,   c l e a n - b u r n i n g ,  

b l u e   f l a m e .  

T h e s e   and  o t h e r   a s p e c t s   of  t h e   i n v e n t i o n   w i l l   b e  

more   f u l l y   u n d e r s t o o d   by  r e f e r r i n g   to  t h e   f o l l o w i n g  

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



D r a w i n g s  

.  FIG.  1  i s   a  s e m i - s c h e m a t i c ,   c r o s s - s e c t i o n a l  

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

ing   to   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ,   t h e   c r o s s -  

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

t h e   c e n t e r   of  t h e   b u r n e r ;  

FIG.   2  i s   a  s e m i - s c h e m a t i c ,   c r o s s - s e c t i o n a l   v i e w  

s h o w i n g   an  a l t e r n a t e   fo rm  of  t h e   b u r n e r   a c c o r d i n g   t o  

t h i s   i n v e n t i o n ,   t h e   c r o s s - s e c t i o n a l   v i e w   b e i n g   t a k e n  

on  a  s e c t i o n   l i n e   t h r o u g h   t h e   c e n t e r   of  t h e   b u r n e r ;  

a n d  

FIG.   3  i s   a  s e m i - s c h e m a t i c ,   c r o s s - s e c t i o n a l   v i e w  

s h o w i n g   an  a l t e r n a t e   fo rm  of  t h e   b u r n e r   shown  in  FIG.  2 

and  t a k e n   on  a  s e c t i o n   l i n e   t h r o u g h   the   c e n t e r   of  t h e  

b u r n e r .  



D e t a i l e d   D e s c r i p t i o n  

FIG.   1  shows  a  b o t t o m - f i r e d   s o a k i n g   p i t   f u r n a c e  

h a v i n g   a  s i n g l e   b u r n e r   10  e x t e n d i n g   t h r o u g h   a  f l o o r   12  

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

w a l l s   ( no t   shown)   e x t e n d i n g   a b o v e   t h e   f l o o r ,   and  a  

s o a k i n g   p i t   c o v e r   14  a b o v e   t h e   s i d e   w a l l s   f o r   f o r m i n g  

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

b u r n e r   1 0 .  

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

a i r   s u p p l y   p i p e   16  e x t e n d i n g   a r o u n d   a  c i r c u l a r   o p e n i n g  

18  in   t h e   f l o o r   12  of  t h e   s o a k i n g   p i t   f u r n a c e .   The  a i r  

s u p p l y   p i p e   16  i s   c o n n e c t e d   to   a  s o u r c e   of  a i r   u n d e r  

p r e s s u r e   f l o w i n g   t h r o u g h   an  a i r   t u n n e l   20  b e l o w   t h e  

s o a k i n g   p i t   f l o o r   12.  A i r   f l o w i n g   in   t h e   a i r   t u n n e l   20  

i s   f o r c e d   to   f l o w   u p w a r d l y   t h r o u g h   t h e   a i r   s u p p l y   p i p e   1 6 .  

A  r i n g - s h a p e d   h o u s i n g   22  e x t e n d s   a b o v e   t h e   f l o o r  

of  t h e   s o a k i n g   p i t   and  s u r r o u n d s   t h e   e x t e r i o r   p o r t i o n  

of  t h e   a i r   s u p p l y   p i p e   16  w h i c h   p r o j e c t s   a b o v e   t h e   o p e n -  

i ng   in   t h e   s o a k i n g   p i t   f l o o r   12.  The  h o u s i n g   22  i s   m a d e  

f rom  a  h e a t - r e s i s t a n t   m a t e r i a l   s u c h   as  s t e e l ,   or   a  

r e f r a c t o r y   m a t e r i a l   s u c h   as  c e r a m i c   or   b r i c k .   The  h o u s i n g  

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

m a t i c a l l y   a t   24.  A  m a j o r   u p r i g h t   p o r t i o n   of  t h e   h o u s i n g  

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

of  t h e   a i r   s u p p l y   p i p e   16  to   p r o v i d e   a  s u b s t a n t i a l l y  

e n c l o s e d   a n n u l a r   h o l l o w   i n t e r i o r   s p a c e   or   c h a m b e r   26  

s u r r o u n d i n g   t h e   e x t e r i o r   w a l l   of  t h e   a i r   s u p p l y   p i p e   16  

a b o v e   t h e   o p e n i n g   1 8 .  
An  u p p e r   i n t e r i o r   w a l l   p o r t i o n   of   t h e   h o u s i n g   t a p e r s  

i n w a r d l y   t o w a r d   t h e   end  of  t h e   a i r   s u p p l y   p i p e   16  t o  

f o r m   an  a n n u l a r   b a f f l e   28  l o c a t e d   a b o v e   t h e   c h a m b e r   26  

and  s u r r o u n d i n g   t h e   u p p e r   end  p o r t i o n   of  t h e   a i r   s u p p l y  

p i p e   16.  The  i n s i d e   edge   31  of  t h e   b a f f l e   28  i s   s p a c e d  

a p a r t   f rom  t h e   e x t e r i o r   of  t h e   a i r   s u p p l y   p i p e   16  to   f o r m  



n a r r o w   a n n u l a r   o p e n i n g   30  a t   t h e   t o p   of  t h e   h o u s i n g   2 2 .  

The  n a r r o w   o p e n i n g   30  i s   l o c a t e d   i m m e d i a t e l y   a d j a c e n t  

t h e  e x t e r i o r   u p p e r   end  p o r t i o n   of  t h e   a i r   s u p p l y   p i p e   a n d  

e x t e n d s   e n t i r e l y   a r o u n d   t h e   p e r i p h e r y   of  t h e   a i r   s u p p l y  

p i p e .   The  n a r r o w   o p e n i n g   30  i s   l o c a t e d   i m m e d i a t e l y   a d j a -  

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

ing   b e i n g   s e p a r a t e d   f rom  t h e   i n s i d e   s u r f a c e   of  t h e   a i r  

s u p p l y   p i p e   16  s o l e l y   by  t h e   w a l l   t h i c k n e s s   of  t h e   p i p e ,  

w h i c h   in  one  e m b o d i m e n t   i s   l e s s   t h a n   a b o u t   one  i n c h .  

The  p e r i p h e r a l   o p e n i n g   30  i s   n a r r o w   in  r e l a t i o n   to   t h e  

d i a m e t e r   of  t h e   a i r   s u p p l y   p i p e .   P r e f e r a b l y ,   t h e   w i d t h  

of  t h e   o p e n i n g   i s   l e s s   t h a n   a b o u t   20%  of  t h e   d i a m e t e r  

of  t h e   a i r   s u p p l y   p i p e .   In  one  e m b o d i m e n t ,   t h e   a i r  

s u p p l y   p i p e   16  has   an  i n s i d e   d i a m e t e r   of  24  i n c h e s ,   a n d  

t h e   w i d t h   of  t h e   n a r r o w  o p e n i n g   30  i s   in   t h e   r a n g e   o f  

a b o u t   1/2  to   a b o u t   2  i n c h e s .  

The  b a f f l e   p o r t i o n   of  t h e   h o u s i n g   22  c o v e r s   t h e   t o p  

of  t h e   h o l l o w   c h a m b e r   26,  and  t h e   i n s i d e   a n n u l a r   e d g e   3 1  

of  t h e   b a f f l e   28  e x t e n d s   a b o v e   t h e   t o p   e d g e   33  of  t h e  

a i r   s u p p l y   p i p e   16  so  t h a t   t h e   n a r r o w   o p e n i n g   30  i s  

a c t u a l l y   f o r m e d   a b o v e   t h e   t o p   e d g e   33  of  t h e   a i r   s u p p l y  

p i p e .   T h u s ,   t h e   n a r r o w   o p e n i n g   30  a b o v e   t h e   i n t e r i o r  

of  t h e   c h a m b e r   26  f a c e s   r a d i a l l y   i n w a r d l y   t o w a r d   t h e  

c e n t e r l i n e   of  t h e   a i r   s u p p l y   p i p e   1 6 .  

An  a n n u l a r   gas   s u p p l y   p i p e   32  d i s p o s e d   w i t h i n   t h e  

c h a m b e r   26  s u r r o u n d s   t h e   e x t e r i o r   w a l l   of  t he   a i r   s u p p l y  

p i p e   16.  The  a n n u l a r   gas   s u p p l y   p i p e   32  i s   c o n n e c t e d  

to  a  gas   l i n e   34  f o r   s u p p l y i n g   a  s o u r c e   of  gas   u n d e r  

p r e s s u r e   to   t h e   i n t e r i o r   of  t h e   gas   s u p p l y   p i p e   3 2 .  

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

t h e   c h a m b e r   26,  and  a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y  

s p a c e d   a p a r t   u p r i g h t   s t a n d p i p e s   36  e x t e n d   a r o u n d   t h e   t o p  

of  t h e   gas   p i p e   and  a r e   d i r e c t e d   g e n e r a l l y   u p w a r d l y  

t o w a r d   t h e   n a r r o w   o p e n i n g   30  a b o v e   t h e   gas   s u p p l y   p i p e .  

In  one  e m b o d i m e n t ,   t h e   gas   s u p p l y   p i p e   32  has   a  r i n g  



d i a m e t e r   of  a b o u t   32  i n c h e s   and  an  i n s i d e   d i a m e t e r   o f  

a b o u t   4  i n c h e s .  

In  u s i n g   t h e   b u r n e r   10,  a  f u e l   s u c h   as  n a t u r a l   g a s  

or   c o k e   oven   gas   u n d e r   p r e s s u r e ,   p r e f e r a b l y   a b o u t   15  t o  

20  p s i   l i n e   p r e s s u r e ,   i s   i n t r o d u c e d   to   t h e   gas   s u p p l y  

p i p e   t h r o u g h   t h e   gas   l i n e   34.  The  gas   f l o w s   u p w a r d l y  

t h r o u g h   t h e   s p a c e d   a p a r t   s t a n d p i p e s   36  t o w a r d   t h e   n a r r o w  

a n n u l a r   o p e n i n g   30.  The  gas   f l o w s   t h r o u g h   a  m a j o r   p o r -  
t i o n   of  t h e   c h a m b e r   26  p r i o r   to   f l o w i n g   o u t   t h r o u g h   t h e  

o p e n i n g   30.  T h i s   p r o d u c e s   a  l a m i n a r ,   g e n e r a l l y   u n i f o r m  

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

30  g e n e r a l l y   in   t h e   d i r e c t i o n   of  t h e   a r r o w s   38  shown  i n  

FIG.   1.  S i m u l t a n e o u s l y , c o m b u s t i o n   a i r   i s   f o r c e d   u n d e r  

p r e s s u r e ,   say   15  to   20  p s i   l i n e   p r e s s u r e ,   t h r o u g h   t h e  

a i r   s u p p l y   p i p e   16  in   t h e   d i r e c t i o n   of  t h e   a r r o w s   4 0  

shown  in   FIG.   1.  The  a i r   f l o w s   in  an  u p w a r d   l a m i n a r  

s t r e a m   p a s t   t h e   a n n u l a r   n a r r o w   o p e n i n g   30.   The  b a f f l e  

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

f l o w i n g   o u t   t h r o u g h   t h e   n a r r o w   o p e n i n g   30  and  p r o d u c e s  

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

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

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

o p e n i n g   30,  w h i c h   i n t i m a t e l y   m i x e s   t h e   gas   w i t h   t h e   a i r  

s t r e a m .   The  gas   s t r e a m   i s   c o n t i g u o u s   w i t h   and  s u r r o u n d s  

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

of  gas   i n t o   i t ,   p r o d u c i n g   a  m i x i n g   e f f e c t   r e s u l t i n g   i n  

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

c l e a n - b u r n i n g   b l u e   f l a m e   when  i g n i t e d .   By  g e n e r a t i n g   a  

low  p r e s s u r e   r e g i o n   in   t h e   s t r e a m   of   f l o w   a b o v e   t h e  

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

n a r r o w   s i z e   of   t h e   o p e n i n g   30  and  t h e   gas   p r e s s u r e  

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

of  a  gas   j e t   s t r e a m   w h i c h   has   a  t e n d e n c y   to   b l o w  o u t .  

M o r e o v e r ,   t h e   n a r r o w   o p e n i n g   30  i n h i b i t s   any  t e n d e n c y   f o r  



p r e - i g n i t i o n   to   o c c u r   w i t h i n   t h e   c h a m b e r   26,  and  t h e  

p o r t i o n   of  t h e   b a f f l e   28  w h i c h   c o v e r s   t h e   c h a m b e r   k e e p s  

s c a l e   and  s o o t   f rom  b u i l d i n g   up  in  t h e   i n t e r i o r   of  t h e  

c h a m b e r   or  c l o g g i n g   t h e   gas   s u p p l y   p i p e .   I  have   l e a r n e d  

t h a t   by  i n t e r c h a n g i n g   t h e   gas   and  a i r   s u p p l y ,   i . e . ,   s o  

t h a t   t h e   gas   f l o w s   t h r o u g h   t h e   p i p e   16  and  a i r   f l o w s  

t h r o u g h   t h e   n a r r o w   o p e n i n g   30,  a  y e l l o w   f l a m e   is   p r o d u c e d ,  

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

FIG.  2  i l l u s t r a t e s   an  a l t e r n a t e   b u r n e r   a c c o r d i n g  

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

122 ,   s i m i l a r   to   h o u s i n g   22,  s u r r o u n d s   an  u p r i g h t   t u b u l a r  

i n n e r   w a l l   s t r u c t u r e   116  s i m i l a r   to   a i r   s u p p l y   p i p e   1 6 .  

An  i n t e r i o r   c h a m b e r   126  s i m i l a r   to   t h e   c h a m b e r   16  i s  

f o r m e d   b e t w e e n   t h e   i n s i d e   of  t h e   h o u s i n g   122  and  t h e  

e x t e r i o r   s u r f a c e   of  t h e   i n n e r   w a l l   s t r u c t u r e   116.   T h e  

t o p   of  t h e   h o u s i n g   122  has   an  i n w a r d l y   t a p e r i n g   a n n u l a r  

b a f f l e   128  s i m i l a r   to   t h e   b a f f l e   28,  and  a  n a r r o w   a n n u l a r  

o p e n i n g   130  i s   f o r m e d   a r o u n d   t h e   p e r i p h e r y   of  t h e   w a l l  

s t r u c t u r e   116  s i m i l a r   to   t h e   n a r r o w   a n n u l a r   o p e n i n g   30  

of  t h e   b u r n e r   shown  in  FIG.   I .  

An  a i r   t u n n e l   120  s i m i l a r   to   t h e   a i r   t u n n e l   20  

p r o v i d e s   a  s o u r c e   of  a i r   u n d e r   p r e s s u r e ;   bu t   in  t h e  

b u r n e r   of  FIG.  2,  t h e   a i r   i s   i n t r o d u c e d   to  t h e   i n t e r i o r  

of   t h e   c h a m b e r   126  t h r o u g h   a  p l u r a l i t y   of  c i r c u m f e r e n -  

t i a l l y   s p a c e d   a p a r t   a i r   i n l e t   o p e n i n g s   119  w h i c h   e x t e n d  

f rom  t h e   a i r   t u n n e l   120  i n t o   t h e   l o w e r   p o r t i o n   of  t h e  

c h a m b e r   126 .   The  a i r   i n l e t   o p e n i n g s   119  a r e   f o r m e d   i n  

a  p l a t e   121  w h i c h   r e s t s   on  t o p   of  t h e   f l o o r   112  of  t h e  

s o a k i n g   p i t .   The  p l a t e   121 ,   or   s i m i l a r   w a l l   s t r u c t u r e ,  

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

s t r u c t u r e   116  so  t h a t   a i r   f l o w i n g   in   t h e   a i r   t u n n e l  

f l o w s   o n l y   t h r o u g h   t h e   a i r   i n l e t   o p e n i n g s   119  and  i n t o  

t h e   c h a m b e r   126.   A  r o t a t a b l e   p l a t e   ( n o t   shown)   can   b e  

s u p e r i m p o s e d   on  t h e   p l a t e   121  and  r o t a t e   r e g i s t e r i n g  

o p e n i n g s   a d j a c e n t   t h e   o p e n i n g s   119  to  p r o v i d e   a  m e a n s  



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

c h a m b e r   126 .   An  a n n u l a r   gas   s u p p l y   p i p e   132  s i m i l a r   t o  

gas   s u p p l y   p i p e   32  i s   l o c a t e d   in   c h a m b e r   126  a b o v e   t h e  

a i r   i n l e t   o p e n i n g s   1 1 9 .  

The  gas   s u p p l y   p i p e   132  i n c l u d e s   a  p l u r a l i t y   o f  

c i r c u m f e r e n t i a l l y   s p a c e d   a p a r t   u p r i g h t   s t a n d p i p e s   1 3 6  

d i r e c t e d   g e n e r a l l y   t o w a r d   t h e   n a r r o w   o p e n i n g   130.   A 

gas   l i n e   134  i n t r o d u c e s   gas   u n d e r   p r e s s u r e   to   t h e   i n t e r i o r  

of  t h e   gas   s u p p l y   p i p e   132,   and  gas   i s   d i r e c t e d   f rom  t h e  

s t a n d p i p e s   136  t h r o u g h   a  m a j o r   p o r t i o n   of  t h e   i n t e r i o r  

c h a m b e r   126  and  t o w a r d   t h e   n a r r o w   o p e n i n g   130.   A i r   u n d e r  

p r e s s u r e   f o r c e d   t h r o u g h   t h e   a i r   i n l e t   o p e n i n g s   119  p a s s e s  
a r o u n d   t h e   gas   p i p e ,   and  m i x e s   w i t h   gas   f l o w i n g   t h r o u g h  

t h e   c h a m b e r   126  t o w a r d   t h e   n a r r o w   o p e n i n g   130.   T h e  

i n t e r i o r   c h a m b e r   126  p r o v i d e s   a  m i x i n g   c h a m b e r   in  w h i c h  

t h e   gas   and  a i r   a r e   m i x e d ,   and  t h e   n a r r o w   o p e n i n g   p r o -  
d u c e s   a  r e s t r i c t i o n   in   t h e   c r o s s - s e c t i o n a l   a r e a   t h r o u g h  

w h i c h   t h e   g a s / a i r   m i x t u r e   f l o w s ,   r e s u l t i n g   in   an  i n t i m -  

a t e l y   m i x e d   c o m b u s t i b l e   g a s / 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   n a r r o w   o p e n i n g   130.   T h i s   i n t i m a t e l y   m i x e d   c o m b u s t i b l e  

m i x t u r e ,   when  i g n i t e d ,   p r o d u c e s   a  c l e a n - b u r n i n g   b l u e  

f l a m e   a t   t h e   t o p   of  t h e   b u r n e r .  

FIG.   3  shows  an  a l t e r n a t e   fo rm  of  t h e   b u r n e r   s h o w n  

in  FIG.   2  in   w h i c h   a  c l e a n - b u r n i n g   b l u e   f l a m e   a l s o   i s  

p r o d u c e d .   The  p e r f o r a t e d   p l a t e   121  of  FIG.   2  i s   r e p l a c e d  

w i t h   a  p l a t e   221  in  FIG.   3  h a v i n g   a  c e n t r a l   o p e n i n g   2 1 8  

f o r   r e c e i v i n g   t h e   s u p p l y   of  a i r   f rom  t h e   a i r   t u n n e l   2 2 0 .  

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

s t r u c t u r e   216  has   a  p l u g   223  f o r   d i r e c t i n g   t h e   f l o w   o f  

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

a i r   i n l e t   o p e n i n g s   219  l o c a t e d   b e l o w   t h e   p l u g   and  a r o u n d  

t h e   l o w e r   p o r t i o n   of  t h e   w a l l   s t r u c t u r e   216.   T h u s ,   t h e  

f l o w   of  a i r   f rom  t h e   a i r   t u n n e l   220  i s   d i r e c t e d   t h r o u g h  

t h e   o p e n i n g s   219  and  i n t o   t h e   c h a m b e r   226  w h e r e   t h e   a i r  

m i x e s   w i t h   t h e   gas   f rom  t h e   gas   p i p e   232  p r i o r   to   t h e  

g a s / 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   o p e n i n g   2 3 0 .  



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

a  h o u s i n g   22;  and  a i r   s u p p l y   p i p e   16  e x t e n d i n g   t h r o u g h  

t h e   h o u s i n g   and  t e r m i n a t i n g   a t   an  end  33  w h i c h   is   s p a c e d  

c l o s e l y   a p a r t   f rom  an  a d j a c e n t   p o r t i o n   31  of  t h e  

h o u s i n g   to  fo rm  a  n a r r o w   e l o n g a t e d   o p e n i n g   30  s u r r o u n d i n g  

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

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

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

t h r o u g h   i t   to   f l o w   away  f rom  t h e   end  of  t he   p i p e   a n d  

p a s t   t h e   n a r r o w   p e r i p h e r a l   o p e n i n g ;   and  gas   s u p p l y  

means   34  f o r c i n g   gas   to  f l o w   u n d e r   p r e s s u r e   t h r o u g h   s a i d  

n a r r o w   o p e n i n g   and  away  f rom  t h e   gas   s u p p l y   p i p e   so  t h a t  

t h e   gas   m i x e s   w i t h   a i r   f l o w i n g   p a s t   s a i d   n a r r o w   o p e n i n g  

to  fo rm  a  c o m b u s t i b l e   g a s / a i r   m i x t u r e   in   t h e   v i c i n i t y   o f  

s a i d   n a r r o w   o p e n i n g .  

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

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

p e r i p h e r y   of  t h e   a i r   s u p p l y   p i p e .  

3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m s   1  or  2  in  w h i c h  

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

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

e x t e r i o r   p o r t i o n   of  t h e   a i r   s u p p l y   p i p e ;   and  in  w h i c h  

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

of  t h e   h o u s i n g .  



4.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   3  in   w h i c h   t h e  

gas   s u p p l y   means   c o m p r i s e s   a  gas   s u p p l y   p i p e   32  

s u r r o u n d i n g   an  e x t e r i o r   p o r t i o n   of  t h e   a i r   s u p p l y   p i p e ;  

and  t h e   gas   s u p p l y   p i p e   i n c l u d e s   means   36  f o r   d i r e c t i n g  

t h e   f l o w   of  gas   f rom  w i t h i n   t h e   h o l l o w   i n t e r i o r   of  t h e  

h o u s i n g   o u t   t h r o u g h   t h e   n a r r o w   o p e n i n g   a d j a c e n t   t h e   e n d  

of  t h e   a i r   s u p p l y   p i p e .  

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

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

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

a t   t h e   e n d s   of  u p r i g h t   s t a n d p i p e s   36  d i r e c t e d   t o w a r d   t h e  

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

6.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  to   3  i n  

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

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

h o l l o w   i n t e r i o r   of  t h e   h o u s i n g   p r i o r   to   t h e   gas   f l o w i n g  

t h r o u g h   t h e   n a r r o w   o p e n i n g   so  as  to   p r o d u c e   a  

s u b s t a n t i a l l y   u n i f o r m   f l o w   of  gas   t h r o u g h   t h e   n a r r o w  

o p e n i n g .  

7.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m   i n  

w h i c h   t h e   h o u s i n g   i n c l u d e s   b a f f l e   means   28  a d j a c e n t   t h e  

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

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

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

8.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

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

a i r   s u p p l y   p i p e ;   and  a  s u p p l y   of  gas   u n d e r   p r e s s u r e  
c o n n e c t e d   to   t h e   gas   s u p p l y   m e a n s .  



9.  A  s o a k i n g   p i t   f u r n a c e   f o r   h e a t i n g   i n g o t s   a n d  

h a v i n g   a  b u r n e r   a c c o r d i n g   to  c l a i m   8  e x t e n d i n g   i n t o   t h e  

f u r n a c e .  

10.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m   i n  

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

20%  of  t h e   d i a m e t e r   of  t he   a i r   s u p p l y   p i p e .  

11.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m   i n  

w h i c h   t h e   n a r r o w   o p e n i n g   i s   b e t w e e n   a b o u t   1/2  to  2  i n c h e s  

in  w i d t h .  

12.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m   i n  

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

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

e x t e r i o r   p o r t i o n   of  t h e   a i r   s u p p l y   p i p e ;   and  in  w h i c h  

t h e   gas   s u p p l y   means   f o r c e s   gas   to   f l o w   t h r o u g h   t h e  

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

a i r   s u p p l y   p i p e   so  t h a t   gas   f l o w s   o u t   t h r o u g h   t h e   n a r r o w  

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

t h e   f l o w   of  a i r   f r om  t h e   a i r   s u p p l y   p i p e ,   and  in  w h i c h  

t h e   gas   f l o w   t h r o u g h   t h e   n a r r o w   o p e n i n g   is   s e p a r a t e d   f r o m  

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

t h e   w a l l   t h i c k n e s s   of  t h e   a i r   s u p p l y   p i p e .  
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