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@  Radiant  heat  emitters. 

  A  ceramic  radiant  heat  emitter  for  surface  combustion  of 
gas/air  mixtures,  in  which  a  series  of  aligned  slots  extend  within 
the  body  of  the  emitter  and  open  at  the  combustion  face  to  pass 
the  gas/air  mixture  from  a  distribution  face  of  the  body  to  the 
combustion  face  and  secure  combustion  without  striking  back  of 
flame  into  the  body,  the  emitter  having  a  built-up  construction  of 
spaced  ceramic  components  in  which  the  slots  are  formed  by 
gaps  between  opposed  faces  of  the  components. 



The  i n v e n t i o n   r e l a t e s   to   r a d i a n t   h e a t   e m i t t e r s   o r  

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

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

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

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

i s   p e r m e a b l e   to   t h e   g a s / a i r   m i x t u r e ,   b u t   t h e s e   h a v e   t h e  

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

p r e - m i x   s y s t e m s   and   m o r e o v e r   r e s i s t a n c e   to   gas   f l o w  

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

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

t e m p e r a t u r e s   ( a p p r o x i m a t e l y   1 0 0 0 ° C )   t h e y   a r e   s u b j e c t   t o  

h i g h   t h e r m a l   s t r e s s e s   c a u s i n g   c r a c k i n g   in   s e r v i c e .  

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

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

f r e q u e n t   r e p l a c e m e n t .  

C a s t i n g   f r o m   n o n - p e r m e a b l e   m a t e r i a l s   o f ,   f o r  

e x a m p l e ,   f i b r e   and  c e r a m i c   c l a y s ,   has   a l s o   p r o v e d  

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

t h e   gas   m i x t u r e :   w i t h d r a w a b l e   p i n s   as  u s e d   f o r   e x a m p l e  

in   t h e   m a n u f a c t u r e   of   e l e m e n t s   in   ou r   U.K.  P a t e n t  

S p e c i f i c a t i o n   N o .  1   436  842  a r e   c o m p l i c a t e d   and  i n  

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

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

of  f i b r e   and  b o n d i n g   c l a y .  



We  h a v e   l o o k e d   a t   t h e   p r o b l e m   a f r e s h   in   t h e   l i g h t  

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

w h i c h   a r e :   p r o v i s i o n   f o r   p a s s a g e   of  t h e   g a s / a i r  

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

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

e l e m e n t .   We  h a v e   r e a l i s e d   t h a t   a  s l o t t e d  

s t r u c t u r e ,   made  up  f rom  s e p a r a t e   c o m p o n e n t s ,   c a n  

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

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

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

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

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

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

w i t h i n   t h e   b o d y   of   t h e   e m i t t e r   and  o p e n   a t   t h e  

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

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

and   s e c u r e   c o m b u s t i o n   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  

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

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

b e t w e e n   o p p o s e d   f a c e s   of  t h e   c o m p o n e n t s .   S u c h  

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

made  s u i t a b l e   t o   a l l o w   a s s e m b l y   of  e l e m e n t s   in   a n y  

d e s i r e d   s i z e   f r o m   s t a n d a r d   c o m p o n e n t s .   S e p a r a t e   o r  



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

the  s l o t s   are  0.2  to  0.4  to  1.2  or  1.3mm  a c r o s s ,   so  flame  c a n n o t  

s t r i k e   b a c k .   The  c e r a m i c   c o n s t r u c t i o n ,   p a r t i c u l a r l y  

when  of  b o n d e d   f i b r e ,   g i v e s   low  h e a t   c o n d u c t i v i t y .  

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

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

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

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

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

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

i n t o   two  or  more   s i m i l a r   p a r t s ,   a s s e m b l e d   on  t i e   r o d s  

w i t h   t h e   d i v i s i o n s   s t a g g e r e d   so  t h a t   t h e   d i v i d i o n s   in   a  

g i v e n   r i n g   a r e   b r i d g e d   by  a n o t h e r   r i n g   and  a  b o d y  

h o l d i n g   t o g e t h e r   as  a  u n i t   i s   f o r m e d .   S i m i l a r  

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

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

in   s p a c e d   rows   and  g a p s   b e t w e e n   t h e c o m p o n e n t s   in   a  r o w  

b r i d g e d   by  t h e   c o m p o n e n t s   in   o t h e r   r o w s .  

C o n c a v e   e l e m e n t s   may  be  c o n s t r u c t e d ,   or  c y l i n d r i c a l  

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

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

s e r v i n g   to   c o n t a i n   and   d i s t r i b u t e   t h e   g a s / a i r   m i x t u r e .  

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

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

e l e m e n t   i s   c o n s t r u c t e d   on  s i m i l a r   p r i n c i p l e s ,   t o w a r d s   a  

p a r t i c u l a r   s p o t .  



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

c e r a m i c   f i b r e   w h i c h   i s   w e l l   known  in  t h e   a r t   and  b o t h  

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

c a s t i n g   and  f i r i n g   i s   d e s c r i b e d   in   d e t a i l   in   ou r   U . K .  

P a t e n t   S p e c i f i c a t i o n   N o .  1   436  842  t h e   d i s c l o s u r e   o f  

w h i c h   i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   T h e  

e l e m e n t s   r e t a i n   t h e   h i g h   t h e r m a l   s h o c k   r e s i s t a n c e ,   l o w  

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

to   i n   t h a t   s p e c i f i c a t i o n .  

The  e l e m e n t s   may  be  m o u n t e d   in   m e t a l   or  c e r a m i c  

h o l d e r s   f e d   w i t h   gas   and   a i r   by  a  j e t   and  v e n t u r i   i n  

p e r   se  c o n v e n t i o n a l   way  o r i f   d e s i r e d   by  g a s / a i r   p r e m i x e d  

s y s t e m s .   When  c y l i n d r i c a l   t h e y   may  be  of  any   g e n e r a l l y  

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

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

an  a r c ,   w h e t h e r   s u b s t a n t i a l l y   360°  or   s m a l l e r   i f   s o  

r e q u i r e d .  

E l e m e n t s   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  

i l l u s t r a t e d   by  way  of  e x a m p l e   in   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 s   a  v i e w   of   a  h a l f   r i n g   in   p l a n   a n d  

c r o s s - s e c t i o n a l   e l e v a t i o n ;  

F i g .   2  i s   a  s e c t i o n a l   e l e v a t i o n   of  an  e l e m e n t  

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

F i g .   3  i s   a  v i e w   of   c o m p o n e n t s   f o r   a  f u r t h e r  

e l e m e n t ;  



F i g .   4  i s   a  v i e w   of  t h a t   e l e m e n t   m o u n t e d   f o r   u s e ;  

F i g .   5  i s   a  v i e w ,   c o r r e s p o n d i n g   to   F i g .   1,  o f  

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

F i g .   6  i s   a  s e c t i o n a l   e l e v a t i o n   of  t h a t   e l e m e n t  

m o u n t e d   f o r   u s e .  

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

r i n g s   1  c l a m p e d   t o g e t h e r   by  s p r i n g   l o a d e d   s c r e w e d   t i e  

r o d s   2  p a s s i n g   t h r o u g h   h o l e s   3  and  h a l f   h o l e s   4  i n  

t h e   h a l f   r i n g s .   The  w h o l e   a s s e m b l y   i s   f e d   w i t h   g a s  

in   p e r   se  c o n v e n t i o n a l   m a n n e r   by  a  j e t   5  w h i c h   i n d u c e s  

a i r   i n t o   a  v e n t u r i   6  m o u n t e d   on  t h e   same  m e t a l   b a s e  

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

p l a t e   i s   r e f e r e n c e d   7.  As  s e e n   in   F i g .   2  an  e n d  

cap   8  c l o s e s   t h e   e l e m e n t ,   w h i c h   i s   c o n s t r u c t e d   b y  

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

two  h a l f   r i n g s   a r e   b r i d g e d   by  t h e   n e x t   two  h a l f   r i n g s  

d i s p o s e d   a t   90°  to   t h e m ,   t h e   w h o l e   b e i n g   c l a m p e d  

t o g e t h e r   by  t h e   f o u r   t i e  r o d s   w i t h   s p a c e r s   9  b e t w e e n  

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

d i m e n s i o n s .   T h e s e   s p a c e r s   as  shown  a r e   m e t a l   w a s h e r s  

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

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

on  t h e   gas   b e i n g   b u r n e d   and  to   some  e x t e n t   t h e   p r e s s u r e  

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

f o r   e x a m p l e   may  be  0 .9mm  in  t h e   a x i a l   d i r e c t i o n ,   w h e n  

n a t u r a l   gas   ( m e t h a n e )   and  a i r   i s   to   be  u s e d   u n d e r  



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

so  t h a t   o n l y   a  v e r y   s m a l l   gap  i s   l e f t   b e t w e e n   t h e m  

w h e r e   t h e   two  h a l v e s   m e e t .   As  can   be  s e e n ,   t h e   h a l f  

r i n g s   a r e   c h a m f e r e d   a t   10,  g i v i n g   i m p r o v e d   p e r f o r m a n c e  

o v e r   a  p l a i n   c o n s t r u c t i o n .  

The  c o n s t r u c t i o n s   of  F i g .   3  to   6  a r e   g e n e r a l l y   t h e  

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

a r e   u s e d .   F i g s .   3  and  4  show  a  c o n c a v e   e l e m e n t   a n d  

i t s   m o u n t i n g ,   t h e   b a s e   p l a t e  7   of  F i g .   2  b e i n g  

r e p r e s e n t e d   by  a  box   7'  on  w h i c h   t h e   a s s e m b l e d   e l e m e n t  

i s   m o u n t e d   by  m e t a l   a n g l e s   11.  F i g s .   5  and   6  show  a  

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

i n n e r   r a t h e r   t h a n   t h e   o u t e r   f a c e ,   and  t h e   b a s e   p l a t e   7 

of   F i g .   2  i s   r e p r e s e n t e d   by  a  m o u n t i n g   h a v i n g   a  f i r s t  

d i s t r i b u t i o n   a n n u l u s   13  a t   t h e   b a s e   f e e d i n g   t h r o u g h   a  

p e r f o r a t e d   p l a t e   14  t o   a  s e c o n d   d i s t r i b u t i o n   a n n u l u s   15  

c l o s e d   by  a  p l a t e   16  w h i c h   i s   a  s l i d i n g   f i t   w i t h i n   t h e  

a n n u l u s   15  to   a c c o m m o d a t e   t h e r m a l   m o v e m e n t .  

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

t o   t h e   g a s / a i r   m i x t u r e   in   u s e ,   so  t h a t   t h e   f l o w  

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

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

e l e m e n t .  

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

w i t h   good   gas   c o n v e r s i o n   to   r a d i a n t   e n e r g y ,   h i g h  

a v e r a g e   s u r f a c e   t e m p e r a t u r e s   and  no  e v i d e n c e   of   f l a m e  



i n s t a b i l i t y .   R e s i s t a n c e   to   t h e r m a l   s h o c k   i s  

s a t i s f a c t o r y   and  s u r f a c e   e r o s i o n   i s   s u p e r i o r   to   l o w  

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



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

c o m b u s t i o n   of  g a s / a i r   m i x t u r e s ,   in   w h i c h   a  s e r i e s   o f  

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

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

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

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

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

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

f a c e s   of  t h e   c o m p o n e n t s .  

2.  A  r a d i a n t   h e a t   e m i t t e r   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   b o d y   i s   a  s t a c k   of  s u p e r p o s e d ,   s p a c e d  

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

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

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

in   a  g e n e r a l l y   r a d i a l   d i r e c t i o n   t o   a v o i d   hoop   s t r e s s  

i n   s e r v i c e .  

3.  A  r a d i a n t   h e a t   e m i t t e r   a c c o r d i n g   to   c l a i m   1 

o r   2,  h a v i n g   t h e   c o m p o n e n t s   in   d i v i d e d   s e t s   w i t h   t h e  

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

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

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



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

in  r e l a t i o n   to   t h o s e   in   t h e   s e t s   o p p o s e d   t o   t h e m   s o  

t h a t   a  body   h o l d i n g   t o g e t h e r   as  a  u n i t   i s   f o r m e d .  

4.  A  r a d i a n t   h e a t   e m i t t e r   a c c o r d i n g   to   a n y  

p r e c e d i n g   c l a i m ,   w h e r e i n   t h e   s l o t s   a r e   0 .2  to   1 . 3 m m  

a c r o s s .  

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

r a d i a n t   h e a t   e m i t t e r   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  

f e d   w i t h   g a s / a i r   m i x t u r e   by  means   of  a  gas   j e t   d i r e c t e d  

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

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