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@  Gas  burner. 

  A  burner  element  for  use  in  a  self  aerating  gas  fire, 
characterised  by  having  in  combination  an  apertured  or  self- 
porous,  solid  or  bonded  fibre  distribution  plate for  passage 
of  gas/air  mixture  without  striking  back  of  flame  and,  adja- 
cent  to  the  distribution  plate,  a  plaque  of  open-pore  ceramic 
foam  for  surface  combustion  of  said  mixture. 



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

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

Many  p r o p o s a l s   h a v e   b e e n   made  f o r   s o l i d - f u e l   e f f e c t  

gas   f i r e s   to   a c h i e v e   good   r e s u l t s   b o t h  a e s t h e t i c a l l y   a n d  

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

a r e   s t i l l   s o u g h t .  

We  h a v e   now  f o u n d   t h a t   an  e x c e p t i o n a l l y  

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

g i v e n   by  t h e   u se   in   c o m b i n a t i o n   of  a  s e l f   p o r o u s   o r  

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

f o r   e x a m p l e   be  of  s o l i d   c e r a m i c   or  even   m e t a l   b u t   i s  

p r e f e r a b l y   of  b o n d e d   c e r a m i c   f i b r e ,   and  d i s p o s e d  

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

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

f o a m .  

S o l i d   c e r a m i c s   and  b o n d e d   c e r a m i c   f i b r e   f o r   t h e  

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

b o t h   w e l l   e s t a b l i s h e d   m a t e r i a l s   in  t h e   a r t ,   s o l i d  

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

e a r l i e s t   d a y s   of  gas   f i r e s .   Bonded   c e r a m i c   f i b r e   h a s  

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

in  our   U.K.  P a t e n t   s p e c i f i c a t i o n   No.  1  436  842.   I t  

i s   c h a r a c t e r i s e d   by  an  open   s t r u c t u r e   of  r e f r a c t o r y  

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

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



t h a n   of   a  f i r e d   mass   of   c e r a m i c   c o n t a i n i n g   e m b e d d e d  

f i b r e s .   The  p o r o s i t y   ( v o i d )   v o l u m e   of  t h e   s t r u c t u r e  

i s   n o r m a l l y   60  or  65%  u p w a r d s   and  can   be  75  to   85%,  

e x c l u s i v e   of   gas   p a s s a g e s ,   and  t h e   c o n t i n u o u s   s e r v i c e  

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

l e a s t   1 0 0 0 ° C .   M a t e r i a l s   of  b o t h   t h e s e   k i n d s   a r e  

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

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

be  u s e d ,   t h e   p o r o s i t y   h a v i n g   t h e   same  e f f e c t   as  o p e n  

p a s s a g e s .  

C e r a m i c   foam  m a t e r i a l s  s u i t e d   f o r   t h e   s u r f a c e  

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

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

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

No.  WO  8 4 / 0 1 9 9 2   ( a p p l i c a t i o n   G B 8 3 / 0 0 2 8 2 ) ,   t h o u g h   t h e  

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

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

s p e c i f i e d   t h e r e .  

The  m a t e r i a l s   a r e   of   p o r o u s   c e r a m i c ,   t h r o u g h   t h e  

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

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

of   t h e   e l e m e n t .   I t   i s   made  by  i m p r e g n a t i n g   a  p r e c u r s o r  

m a t r i x   of   a  r e t i c u l a t e d   p o l y u r e t h a n e   f o a m ,   or   l i k e  

c o m b u s t i b l e   foam  m a t e r i a l ,   w i t h   a  c e r a m i c   s l i p   or   s l u r r y ,  

d r y i n g ,   and  f i r i n g   t h e   i m p r e g n a t e d   m a t e r i a l   so  as  t o  

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

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



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

or  o t h e r   foam  m a t r i x .   By  s e l e c t i o n   of  t h e   p r e c u r s o r  

foam  m a t r i x   and  c e r a m i c   i m p r e g n a n t ,   t h e   p o r o s i t y   of  t h e  

c e r a m i c   foam  can   be  d e t e r m i n e d   and  g r a d e d   in   t e r m s   o f  

t h e   n u m b e r   of  p o r e s   p e r   l i n e a r   u n i t ,   f o r   e x a m p l e   p o r e s  

p e r   l i n e a r   25mm  or  p e r   l i n e a r   i n c h .  

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

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

e l e m e n t s   on  t h e   m a r k e t ,   p a r t i c u l a r l y   in  r e s p e c t   of  t h e  

s i z e   and  d i s t r i b u t i o n   of  t h e   g a s / a i r   p a s s a g e s ,   d e s i g n e d  

on  c r i t e r i a   w e l l   known  p e r   se  to   p r e v e n t   t h e   f l a m e  

s t r i k i n g   b a c k   b u t   to   o f f e r   o n l y   t h e   min imum  r e s i s t a n c e  

to   p a s s a g e   of  t h e   g a s / a i r   m i x t u r e   and  t h u s   g i v e   a  l o w  

p r e s s u r e   d r o p .   A  u n i f o r m   or  n o n - u n i f o r m   d i s t r i b u t i o n  

of  g a s / a i r   p a s s a g e s   may  be  p r o v i d e d ,   t h a t   i s   to   s a y  

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

i n c r e a s e   a t   one  l o c a t i o n   and  d e c r e a s e   a t   a n o t h e r .   T h e  

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

h e a t   i s   n o t   r a d i a t e d   b a c k w a r d s   f rom  i t ,   a  p r o p e r t y  

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

to   e a r l i e r .  

The  p o r o u s   p l a q u e   g i v e s   an  e x c e l l e n t   a p p e a r a n c e   b u t  

i s   f r e e   of  t h e   l i m i t a t i o n s   s e t   on  u se   and  n a t u r e   of  t h e  

p o r o u s   c e r a m i c   foam  m a t e r i a l   when  i t   i s   n o t   o n l y   g i v i n g  

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

c o n t r o l l i n g   t h e   g a s / a i r   f l o w   and  p r e v e n t i n g   s t r i k i n g  

b a c k .   I t   can  be  of  u n i f o r m   t h i c k n e s s   or  h a v e   t h i c k   a n d  



t h i n   a r e a s   as  r e q u i r e d ,   and  t h e   s u r f a c e   can   be  s h a p e d  

and   i f   r e q u i r e d   g l a z e d   o r   c o l o u r e d   to   s i m u l a t e   c o a l ,  

c o k e ,   o r   wood  f u e l .   A s  s t a t e d   a b o v e   t h e   p o r o u s   p l a q u e  

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

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

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

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

b u r n e r   box  a r e   a v o i d e d .   M o r e o v e r   p o t e n t i a l   f r a g i l i t y  

of   t h e   f oam  p l a q u e   in   m a n u f a c t u r e   or   u s e   i s   n o t   a n  

i m p o r t a n t   p r o b l e m ,   so  t h a t   t h e   c l o s e   s p e c i f i c a t i o n s  

o t h e r w i s e   r e q u i r e d   a r e   u n n e c e s s a r y .   The  foam  p l a q u e  

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

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

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

t h e   i n v e n t i o n   i s   shown  by  way  of  e x a m p l e   i n   t h e   d r a w i n g s  

i n   w h i c h :  

F i g .   1  i s   a  p l a n   of   a  b a s e   w i t h   t h e   r a d i a n t   b u r n e r  

e l e m e n t   o m i t t e d ;   a n d  

F i g .   2  i s   a  l o n g i t u d i n a l   a x i a l   s e c t i o n   of  a  c o m p l e t e  

g a s   b u r n e r   a s s e m b l y .  

The  gas   b u r n e r   a s s e m b l y   i l l u s t r a t e d   by  F i g s .   1  a n d  

2  h a s   a b a s e   c o m p r i s i n g   a  m e t a l   t r a y   box  1,  f o r m i n g   a  

m i x i n g   c h a m b e r ,   h a v i n g   i n s e r t e d   t h r o u g h   one  end  an  a i r  

i n l e t  t u b e   2  w i t h   a  v e n t u r i   m o u t h   3  i n t o   w h i c h   i s  

d i r e c t e d   a  p e r   se  known  gas   i n j e c t o r   j e t   4  c a r r i e d   b y  

an  o p e n - b o t t o m ,   a i r - i n l e t   b r a c k e t   5  on  t h e   end  of  t h e  

box   1.  In  F i g .   1  t h e   t o p   of  t h e   b r a c k e t   5  i s   b r o k e n  



away  to   show  t h e   j e t   4  and  v e n t u r i   m o u t h   3.  The  t u b e   2 

e x t e n d s   more   t h a n   h a l f   way  a l o n g   t h e   box  1  and  o p e n s  

b e n e a t h   a  s h i e l d   6  w h i c h   b a f f l e s   d i r e c t   u p w a r d   f l o w   o f  

g a s / a i r   m i x t u r e   i n d u c e d   t h r o u g h   t h e   t u b e   2  by  t h e   g a s  

j e t   e n t r a i n i n g   a t m o s p h e r i c   a i r   t h r o u g h   t h e   open   b o t t o m  

of  t h e   b r a c k e t   5 .  

The  r a d i a n t   b u r n e r   e l e m e n t   s u r m o u n t i n g   t h e   m i x t u r e  

c h a m b e r   i n c l u d e s   a  p l a q u e   7  of  c e r a m i c   foam  m a t e r i a l   a s  

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

s h a p e s   12.  C l o s e l y   b e l o w   t h e   p l a q u e   7  t h e r e   i s  

p r o v i d e d   a  f l a t   p l a t e   of  b o n d e d   c e r a m i c   f i b r e   8  a l s o   a s  

b e l o w .  

The  a r r a n g e m e n t   of  t h e   box  1  and  t u b e   2  o p e n i n g  

b e l o w   t h e   s h i e l d   6  e n s u r e s   c i r c u l a t i o n   of  t h e   g a s / a i r  

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

t h e   p l a t e   8  and  p l a q u e   7  to   e m e r g e   and  b u r n   a t   t h e  

r a d i a n t   s u r f a c e   9.  The  d i m e n s i o n s   and  p r o p o r t i o n s   o f  

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

r e q u i r e m e n t s   of  t h e   f i r e   as  a  w h o l e   and  t h e   p o r o s i t y  

and  t h i c k n e s s   of  t h e   m a t e r i a l   of  t h e   p l a q u e   7  a n d  

p l a t e   8  and  t h e   s i z e   of  t h e   gas   j e t   4  a r e   s e l e c t e d   t o  

s u i t   a  g i v e n   gas   and  s u p p l y   p r e s s u r e ,   f r om  m a i n s   o r  

b o t t l e .  

The  s e l e c t i o n   of  gas   i n j e c t o r j e t   s i z e s   i s   c a r r i e d  

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

and  h e a t   o u t p u t ,   w e l l   known  in  t h e   a r t .   The  s i z e  

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



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

p r o p a n e ,   n a t u r a l   g a s   and  town  g a s ,   i . e .   gas   m a n u f a c t u r e d  

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

g a s   t y p e   and  p r e s s u r e   a r e   f o r   e x a m p l e   shown  in   t h e   PCT 

s p e c i f i c a t i o n   G B 8 3 / 0 0 2 8 2   r e f e r r e d   to   h e r e i n ,   t o   w h i c h  

r e f e r e n c e   may  be  m a d e ,   p a r t i c u l a r l y   a t   p a g e s   6  and  7 .  

As  a l r e a d y   s t a t e d   h o w e v e r ,   t h e r e   i s   no  r e s t r i c t i o n   t o  

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

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

i n v e n t i o n .  

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

a p p e a r a n c e ,   p a r t   of   t h e   e l e m e n t   f a c e   i s   s e a l e d   w i t h   a  

r e f r a c t o r y   g l a z e   c o l o u r e d   o r   u n c o l o u r e d   f o r   " u n b u r n t  

f u e l "   and   " a s h "   a r e a s ,   and  s h a p e d   to   r e s e m b l e   s o l i d   f u e l .  

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

a v a i l a b l e   p o r e   p a s s a g e   f o r   g a s / a i r   m i x t u r e   to   b u r n   a t  

t h e   e l e m e n t   f a c e   and   t h e   d e s i g n   and  a d j u s t m e n t   of   t h e  

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

DISTRIBUTION  PLATE 

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

was  "TRITON"  ( T r a d e   Mark)   f i b r e ,   an  a l u m i n o - s i l i c a t e  

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

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



The  d i s t r i b u t i o n   p l a t e   was  made  by  v a c u u m   c a s t i n g  

f r o m   a  s l u r r y   c o m p r i s i n g   5  p a r t s   by  w e i g h t   of  " T r i t o n "  

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

0 . 3 c m   in  " M a n e s t r y   R o t o g r a n   Mk.  I I I "   s i e v e   t y p e  

g r a n u l a t o r   or  s i m i l a r   m a c h i n e ,   2  p a r t s   by  w e i g h t   o f  

C h i n a   c l a y   and  0 .1   p a r t   by  w e i g h t   of  b o r o n   p h o s p h a t e  

m i x e d   w i t h   80  p a r t s   of  w a t e r   in   a  b l u n g e r .   No 

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

a b o u t   0.1%  of  t h e   s o l i d s   c o n t e n t   of  t h e   s l u r r y .  

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

was  d r i e d   in   h o t   a i r   and  t h e n   f i r e d   to   r e a c h   a b o u t   1 0 5 0 ° C  

f o r   n o t   l e s s   t h a n   h a l f   an  h o u r ,   g i v i n g   a  m a t e r i a l   s t r o n g  

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

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

s t e e l   t o o l   or  s i m i l a r   i m p l e m e n t .  

The  c l a y ,   in   t h e   a m o u n t   u s e d ,   was  f o u n d   n o t   t o  



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

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

f i b r e   s t r u c t u r e .   C o n s i d e r a b l e   v a r i a t i o n s   in   b i n d e r  

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

a  g i v e n  c l a y   or   o t h e r   b i n d e r ,   f o r   e x a m p l e   c o l l o i d a l  

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

on  t h e  o n e   h a n d ,   and   u n d u l y   s l o w   c a s t i n g   and  l o w  

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

b i n d e r   i s   a b o u t   2  p a r t s   by  w e i g h t   to   5  of  f i b r e .   T h e  

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

t h a n   t h e   v o l u m e   o f  t h e   f i b r e .  

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

m a t e r i a l   was  0 . 3  B . T h . U .  p e r   i n c h   t h i c k n e s s   p e r   s q u a r e  

f o o t   p e r   h o u r   p e r   °F  t e m p e r a t u r e   d i f f e r e n c e ,   w h i c h   a t  

1  B . T h . U . / h   =  0 . 2 9 3 W   ( J / s )   i s   4 .32W  p e r   cm.  t h i c k n e s s  

p e r   s q u a r e   m e t r e   p e r   h o u r   p e r   °C  t e m p e r a t u r e   d i f f e r e n c e ,  

a t   a  t e m p e r a t u r e   of   t h e   m a t e r i a l   of  6 0 0 ° F   ( 3 1 6 ° C ) .  

The  l i n e a r   c o e f f i c i e n t   of   e x p a n s i o n   p e r   °C  was  4  x  1 0  

and  t h e   d e n s i t y   0 . 5 g / c c .   The  c o n t i n u o u s   s e r v i c e  

t e m p e r a t u r e   of   s u c h   m a t e r i a l   i s   o v e r   1 0 0 0 ° C   ( i . e .   t h e  

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

a g e n t   w i t h o u t   l o s s   of   s t r u c t u r e   or   s o f t e n i n g . )  

The  c a s t   b l o c k   was  of  s u c h   t h i c k n e s s   as  c o u l d   b e  

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

0 . 8 c m   and  2 . 0 c m ,   b u t   p r e f e r a b l y   a b o u t   1 . 1 c m ,   a f t e r  

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

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



The  c a s t i n g   t o o l   c o n s i s t e d   of  a  p l a t e   made  f r o m  

s i n t e r e d   b r o n z e   p o w d e r ,   2 2  -   36#,   p i e r c e d   w i t h   a  

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

a  f i n e   w i r e   g a u z e ,   to   n o m i n a l   BS  s t a n d a r d   72  m e s h .  

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

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

a r r a y   of  s t a i n l e s s   s t e e l   p i n s .   T h e s e   w e r e   a f f i x e d   t o  

a  s e c o n d ,   p l a i n   p l a t e   in   s u c h   f a s h i o n   as  to   e n a b l e   t h e m  

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

was  c o m p l e t e ,   so  f a c i l i t a t i n g   d e m o u l d i n g   of  t h e   c a s t  

b l o c k .  

The  p u r p o s e   of  t h e s e   p i n s   was  to   a l l o w   an  a r r a y   o f  

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

c a s t   b l o c k ,   to   be  p r o d u c e d   as  p a r t   of  t h e   c a s t i n g  

p r o c e s s   and  so  o b v i a t e   t h e   n e e d   f o r   any  s u b s e q u e n t  

d r i l l i n g .  

The  d i a m e t e r   and  a r r a n g e m e n t   of  t h e   p i n s   can  be  a n y  

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

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

h e a t i n g   (o r   " p i c t u r e " )   on  t h e   s u r f a c e   of  t h e   f i n a l  

a s s e m b l y .  

FOAM  PLAQUE 

The  p o l y u r e t h a n e   or  l i k e   p r e c u r s o r   m a t r i x   f o a m s ,  

by  t h e   use   of  w h i c h   t h e   c e r a m i c   foam  m a t e r i a l s   a r e   m a d e ,  

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



p o r o s i t y   s t a t e d   i n   p o r e s   p e r   l i n e a r   u n i t .   In  p r a c t i c e ,  

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

f a c t o r   w h i c h   may  be  as  much  a s  +   5  p o r e s   p e r   l i n e a r   25mm. 

T h i s   i s   due   to   t h e   i n e x a c t   n a t u r e   o f  t h e   p r e c u r s o r   f o a m  

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

c e r a m i c   foam  m a t e r i a l .   I t   m u s t   t h e r e f o r e   be  u n d e r s t o o d  

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

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

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

t h e   gas   b u r n e r s   of   t h e   p r e s e n t   i n v e n t i o n   i s   an  i m p o r t a n t  

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

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

a l o n e   as  a  b u r n e r .   When  c e r a m i c   foam  m a t e r i a l s   of  a  

p o r o s i t y   of  10  p o r e s   p e r   l i n e a r   25mm  a r e   u s e d ,   i t   m a y  

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

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

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

s a y   t h e   f l a m e   f r o n t   t r a v e l s   b a c k   f rom  t h e   o u t e r   f a c e   o f  

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

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

of   45  p o r e s   p e r   l i n e a r   25mm  a r e   u s e d ,   t h e   p o r e   s i z e   m a y  

be  t o o   s m a l l   to   p a s s   a  s u f f i c i e n t   q u a n t i t y   of  g a s / a i r  

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

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

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

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

p r e f e r r e d   r a n g e   i s   15  to   40  p o r e s   p e r   l i n e a r   25mm  a n d  



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

a b o u t   30  p o r e s   p e r   l i n e a r   25mm. 

The  t h i c k n e s s   of  t h e   c e r a m i c   foam  m a t e r i a l   i s   n o t  

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

any  g r e a t   e x t e n t   as  a  f u n c t i o n   of  t h i c k n e s s   of  t h e  

m a t e r i a l   f o r   a  g i v e n   p o r o s i t y .   H o w e v e r ,   i t   has   b e e n  

f o u n d   w i t h   a  foam  t h i c k n e s s   of  l e s s   t h a n   8mm  t h e r e   i s   a  

t e n d e n c y   to   l i g h t   b a c k .   T h i s   i s   b e l i e v e d   to   be  due  t o  

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

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

h i g h   h e a t   t r a n s f e r   b a c k .   At  t h e   t h i c k e r   end  of  t h e  

r a n g e   t h e r e   i s   no  b e n e f i t   in   u s i n g   a  b u r n e r   e l e m e n t  

t h i c k n e s s   g r e a t e r   t h a n   30mm,  as  b a c k   p r e s s u r e   i n c r e a s e s  

and  t h i s   can   l e a d   to   u n s t a b l e   c o m b u s t i o n   c o n d i t i o n s .  

The  t y p e   of  c e r a m i c   foam  m a t e r i a l   u s e d   and  i t s  

d e n s i t y   has   n o t   b e e n   f o u n d   to   be  a  c r i t i c a l   f a c t o r   i n  

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

i n v e n t i o n .   The  c e r a m i c   foam  m a t e r i a l   s e l e c t e d   s h o u l d  

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

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

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

C o r d i e r i t e   c e r a m i c s   h a v e   b e e n   f o u n d   to   be  p a r t i c u l a r l y  

s u i t a b l e .   S i m i l a r l y ,   t h e   b u l k   d e n s i t y   of  t h e   c e r a m i c  

foam  m a t e r i a l   i s   n o t   c r i t i c a l .   M a t e r i a l s   of  l o w  

d e n s i t y   t e n d   to   h a v e   l e s s   t h a n   a d e q u a t e   m e c h a n i c a l  

s t r e n g t h   and  t h o s e   of  t o o   h i g h   a  d e n s i t y   t e n d   to   h a v e  

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



by  c o n t i n u o u s   webs   of  t h e   c e r a m i c   m a t e r i a l .   C o r d i e r i t e  

foam  m a t e r i a l s   of   b u l k   d e n s i t i e s   in   t h e   r a n g e   0 . 1 3   t o  

0 . 2 5   g /cm3  h a v e   b e e n   f o u n d   to   work   s a t i s f a c t o r i l y .  

EXAMPLE 

A  b u r n e r   box  of  t y p e   s i m i l a r   to   t h a t   shown  in   F i g s .  

1  and  2  and  of  i n t e r i o r   l e n g t h   and  b r e a d t h   s u i t a b l e   f o r  

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

l e n g t h   18cm  and  b r e a d t h   13cm  was  u s e d .  

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

c l e a r   t h r o u g h   w i t h   p e r p e n d i c u l a r   h o l e s ,   0 . 1 6 c m   d i a m e t e r ,  

s e t   in   a  s q u a r e   a r r a y   a t   0 . 6 4 c m   c e n t r e s   l o n g i t u d i n a l l y  

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

u n - p i e r c e d   l a n d   of   1 . 5 c m   a l l   a r o u n d .   The  p l a t e   w a s  

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

s e a t i n g ,   b e i n g   h e l d   in   p l a c e   w i t h   a  m e t a l   b e z e l ,   w h i c h  

i t s e l f   was  f i r m l y   f i x e d   to   t h e   b u r n e r   b o x .   On  t h e  

p l a t e   was  c l i p p e d   a  foam  p l a q u e   as  a b o v e ,   of  s i m i l a r  

l i n e a r   d i m e n s i o n s   and  O . l c m   t h i c k ,   and  r a t e d   a t   a  

n o m i n a l   30  p o r e s   to   t h e   l i n e a r   i n c h   ( 2 . 5 4 c m ) .  

The  b u r n e r   box  was  f e d   w i t h   n a t u r a l   g a s ,   a t   a b o u t  

7t  t o   8  i n s .   w . g .   ( a b o u t   20cm,   w a t e r   g a u g e )   t h r o u g h   a  

j e t   of  o r i f i c e   d i a m e t e r   0 . 1 5 5 c m ,   and  g a v e   e x c e l l e n t  

h e a t   o u t p u t   and  s t a b i l i t y .  

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

of   t h e   i n v e n t i o n   a r e : -  



-  The  a m o u n t   of  gas   b u r n t   a t   e a c h   p a r t   of  t h e  

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

c e r a m i c   foam  when  t h e   gas   p e r m e a b i l i t y   p e r   u n i t   a r e a   o f  

t h e   foam  i s   g r e a t e r   t h a n   t h a t   of  t h e   p l a t e ,   as  i s  

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

t h e   foam  p l a q u e   g i v e s   a  g o o d ,   e v e n   " p i c t u r e " ,   t h e  

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

as  a  b u r n e r .  

-  Ve ry   open   p o r e ,   t h i n   c e r a m i c   foam  may  be  u s e d  

w i t h o u t   any   d a n g e r   of  s t r i k i n g   b a c k .  

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

foam  i n t o   a  b u r n e r   m i x i n g   c h a m b e r   f o r   u s e .  

-  C o n v e r s i o n   of  gas   to   r a d i a n t   e n e r g y   as  good   a s  

or   h i g h e r   t h a n   t h a t   of  known  o n - c e r a m i c   or  o n - m e t a l  

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

a c h i e v e d .  

-  A v e r a g e   p l a q u e   s u r f a c e   t e m p e r a t u r e s   as  good   a s  

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

i n s p i r a t e d   b u r n e r s   can   be  a c h i e v e d .  

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

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

i n s i d e   t h e   foam  s u r f a c e .  



-  The  f r e q u e n c y   s p e c t r u m   of  e n e r g y   e m i s s i o n   c a n  

be  e x t e n d e d   a t   t h e   h i g h   f r e q u e n c y   e n d ,   w i t h o u t   h a v i n g  

to   a r t i f i c a l l y   a s p i r a t e   t h e   g a s / a i r   m i x i n g   s y s t e m .  

-  Damage  to   t h e   foam  p l a q u e   s u r f a c e ,   or  c r a c k i n g  

of  t h e   foam  p l a q u e   d o e s   n o t   s t o p   b u r n e r   o p e r a t i o n   o r  

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

-  Due  to   t h e   v e r y   l i g h t   foam  s e c t i o n s   w h i c h   a r e  

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

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



1.  A  b u r n e r   e l e m e n t   f o r   u se   in   a  s e l f   a e r a t i n g  

gas   f i r e ,   c h a r a c t e r i s e d   by  h a v i n g   in  c o m b i n a t i o n   a n  

a p e r t u r e d   or  s e l f - p o r o u s   s o l i d   or  b o n d e d   f i b r e  

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

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

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

f o r   s u r f a c e   c o m b u s t i o n   of  s a i d   m i x t u r e .  

2.  A  b u r n e r   e l e m e n t   a c c o r d i n g   to   c l a i m   1 ,  

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

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

3.  A  b u r n e r   e l e m e n t   a c c o r d i n g   to   c l a i m   1  or  2 ,  

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

is   g r e a t e r   t h a n   t h a t   of  t h e   d i s t r i b u t i o n   p l a t e .  

4.  A  b u r n e r   e l e m e n t   a c c o r d i n g   to   c l a i m   1,  2  o r  

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

and  o p t i o n a l l y   c o l o u r e d   or  g l a z e d   to   r e s e m b l e   s o l i d  

f u e l .  

5.  The  b u r n e r   e l e m e n t   of  c l a i m   1,  2,  3  or  4 

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

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



box  f o r   t h e   g a s / a i r   m i x t u r e ,   t h e   box  b e i n g   p r o v i d e d   w i t h  

a  gas   j e t   and  an  i n l e t   f o r   i n s p i r a t i o n   of  a i r .  
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