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[54)  Improvement  in  or  relating  to  fire  grates. 
A  solid-fuel  fire  grate  is  made-up  of  hollow  steel  tubes 

(13)  which  extend  between  side  sections  (3,  5)  of  a  domestic 
wrap-around  boiler.  The  tubes  (13)  are  curved  and  one  end 
(13a)  is  lower  than  the  opposite  end  (13b).  This  provides  a 
water  flow  through  the  tubes  (13)  when  the  grate  is  in  use, 
providing  water  heating  and  circulation  in  the  boiler.  Cold 
water  is  supplied  through  inlets  7,  and  hot  water  is  provided 
through  outlets  9.  A flue  has  an  inlet  6  and  an  upper  outlet  8. 



T h i s   i n v e n t i o n   r e l a t e s   to   f i r e   g r a t e s   a n d  

p a r t i c u l a r l y ,   bu t   not   e x c l u s i v e l y ,   to   such   a  g r a t e  
when  in  c o m b i n a t i o n   w i t h   a  b o i l e r .  

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

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

t he   g r a t i n g   e n a b l i n g   the   c o a l   to   b u r n   f r e e l y   w i t h   g o o d  

a c c e s s   of  a i r ,   and  e n a b l i n g   ash   to   d r o p   b e t w e e n   t h e  

g r a t i n g   i n t o   an  ash  b i n .   Such  g r a t e s   a r e   u s u a l l y  

i n c o r p o r a t e d   in  f i r e   a r r a n g e m e n t s   s u c h   as  to  be  s u r r o u n d e d  

on  a l l   b u t   one  s i d e   by  f i r e   b r i c k s   or  s i m i l a r   c e r a m i c  

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

room  in  w h i c h   the   g r a t e   i s   l o c a t e d .   Fumes  f rom  s o l i d  

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

a  f l u e   and  ou t   i n t o   t he   a t m o s p h e r e   v i a   a  c h i m n e y .  

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

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

a  ho t   w a t e r   s u p p l y   f o r   w a s h i n g   p u r p o s e s ,   or  to  s u p p l y  

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

r a d i a t o r s   so  as  to  c o n s t i t u t e   a  s o l i d   f u e l   c e n t r a l   h e a t i n g  

s y s t e m   w h i c h   has   an  open  f i r e   as  i t s   h e a t   s o u r c e ,   o r  
a l t e r n a t i v e l y   a  c l o s e d   s o l i d   f u e l   b u r n i n g   a p p l i a n c e .  

In  s u c h   a d a p t e d   s y s t e m s   as  m e n t i o n e d   a b o v e ,   t h e  

g r a t e   is   c o n v e n t i o n a l l y   l o c a t e d   a d j a c e n t   a  w a t e r   c o n t a i n e r ,  



and  h e a t   e x c h a n g e   b e t w e e n   t h e   f i r e   and  w a t e r   in  t h e  

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

Thus  t he   h o t   w a t e r   t a n k   of  s u c h   a  s y s t e m   may  be  l o c a t e d  

at   t he   b a c k   or  s i d e s   of  a  f i r e   g r a t e ,   and  be  p r o v i d e d  

w i t h   a  c o l d   w a t e r   i n l e t   and  h o t   w a t e r   o u t l e t   to   t h e  

r a d i a t o r s   and  h o t   w a t e r   s t o r a g e   p o i n t .   To  s e c u r e   a  g o o d  

h e a t   e x c h a n g e   in   s u c h   a  s y s t e m ,   t h a t   i s   to   p r o v i d e  

e f f i c i e n t   h e a t i n g   of  t he   w a t e r ,   t h e r e   m u s t   be  a  l a r g e  

s u r f a c e   a r e a   w h i c h   i s   common  to   t h e   f i r e  .   and  to   t h e   t a n k .  

Thus  t h e   f i r e s   g e n e r a l l y   u s e d   in   s u c h   a  s y s t e m   have   to   b e  

e x t r e m e l y   h o t   and  a l s o   l a r g e .   Thus   t h e r e   i s   in   t h i s   c a s e  

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

and  m a i n t e n a n c e   of  t he   s y s t e m .   M o r e o v e r ,   s i n c e   i t   i s  

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

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

b e t w e e n   t h e   l i g h t i n g   of  a  f i r e   in  t h e   g r a t e   and  t h e  

p l e n t i f u l   s u p p l y   of  ho t   w a t e r . .  

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

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

p o s s i b l y   n o n - d o m e s t i c   p u r p o s e s ;   w h e r e   t h e   f i r e s   r e q u i r e d  

a r e   no t   n e c e s s a r i l y   e x t r e m e l y   h o t ;   and   w h e r e   a  r e l a t i v e l y  

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

h e a t i n g .  

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

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

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

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

by  v i r t u e   of  t h e   p r o x i m i t y   of  t h e   t u b e s   to  t he   s o u r c e   o f  

h e a t .  

When  u s e d   f o r   e x a m p l e   d o m e s t i c a l l y ,   a  g r a t e  

a c c o r d i n g   to   t h e   i n v e n t i o n   may  be  c o m b i n e d   f o r   e x a m p l e  

w i t h   a  wrap   r o u n d   b o i l e r .   Thus   in   u s e   w a t e r   p a s s i n g   t h r o u g h  

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

b o i l e r   w h e r e   a  l a r g e   v o l u m e   of  h e a t e d   w a t e r   may  be  s t o r e d  

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

r a d i a t o r   s y s t e m .   W a t e r   f l o w   t h r o u g h   t h e   t u b e s   may  b e  



p r o v i d e d   by  a  pump  f o r   t h i s   p u r p o s e ,   or   by  t he   s p e c i f i c  

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

w h i c h   a r e   g i v e n   h e r e i n a f t e r .  



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

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

t u b e s   p r e f e r a b l y   b e i n g   of  s u b s t a n t i a l l y   s q u a r e   s e c t i o n ,   f o r  

e x a m p l e   20  mm  s q u a r e ,   and  f o r m e d   f r o m   s t e e l .   O p t i o n a l l y  

the   g r a t e   may  have   f u r t h e r   t u b e s   or  o t h e r   s t r u c t u r a l  

e l e m e n t s   w h i c h   fo rm  a  f r o n t   to   t h e   g r a t e ,   b u t   as  i s  

common  w i t h   c o n v e n t i o n a l   g r a t e s ,   t h e r e   may  be  no  f r o n t   b a r .  

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

f i t t i n g   of   an  a l l   n i g h t   b u r n e r   so  as  to   p r e s e n t   a  c o s m e t i c  

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

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

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

t h e   g r a t e   t u b e s   f rom  f a l l i n g   i n t o   t h e   room  in  w h i c h   t h e  

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

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

b u r n i n g   c h a r a c t e r i s t i c s   of  t h e   g r a t e .  

As  i s   u s u a l ,   a b o v e   t h e   g r a t e   t h e r e   may  be  d i s p o s e d  

a  f l u e   to  t a k e   away  t he   f u m e s   f r o m   t h e   b u r n i n g   m a t e r i a l .  

I t   i s   a  f e a t u r e   of  t h e   i n v e n t i o n   t h a t   w a t e r   in  t h e   t u b e s  

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

n a m e l y   a t   t h e   p o i n t   of  t h e   f i r e .  

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

w i t h   a  b o i l e r ,   w h i c h   may  be  in  t h e   f o rm  of   a  w r a p   r o u n d  

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

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

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

w h i c h   p r e s e n t s   to  t he   u s e r   a  f i r e p l a c e   of  d i m e n s i o n   1 4 " .   H e n c e  

l i t t l e   f u e l   i s   r e q u i r e d   to  s t o c k   t h e   f i r e ,   w h i l s t   a t   t h e  

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

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

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

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

b o i l e r   d e p e n d s   on  the   n u m b e r   and  s i z e   of  t h e   r a d i a t o r s  

w h i c h   make  up  t he   s y s t e m .   T y p i c a l l y ,   one  s e c t i o n   or  s i d e  

of  t he   w r a p   r o u n d   b o i l e r   may  c o n t a i n   an  i n l e t   and  o u t l e t  



to  s e r v e   as  a  s t o r a g e   s e c t i o n   f o r   a  g r a v i t y   f ed   c y l i n d e r  

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

As  m e n t i o n e d   above   t h e   g r a t e   n e e d   no t   be  c o n s t i t u t e d  

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

may  a l s o   be  i n c l u d e d   to  p r o v i d e   p a r t i c u l a r   f e a t u r e s   of  s t r e n g t h  
and  a p p e a r a n c e .   E s s e n t i a l l y ,   t h o u g h ,   t h e   g r a t e   i n c l u d e s  

h o l l o w   t u b e s   t h r o u g h   w h i c h  w a t e r   may  pass  and  w h i c h   t o g e t h e r  
c o n s t i t u t e   a  bed   f o r   c a r r y i n g   t h e   s o l i d  

f u e l .   A  t y p i c a l   g r a t e   and  w r a p   r o u n d   b o i l e r   a r r a n g e m e n t   m a y  
be  some  18"  h i g h   by  34"  w i d e ,   w i t h   a  s i d e   s e c t i o n   of  t h e   b o i l e r  

d i s p o s e d   on  e a c h   s i d e   of  a  14"  g r a t e .   The  b a l a n c e   o f  

t he   w i d t h   d i m e n s i o n ,   in  a  p r e f e r r e d   e m b o d i m e n t ,   i s   t a k e n   u p  
by  i n s u l a t i n g   m a t e r i a l   w h i c h   may  be  i n t e g r a l   w i t h   t h e  

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

e . g .   w i t h   s a n d   and  c e m e n t .   As  i n s u l a t i o n   t h e r e   may  b e  

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

The  g r a t e   i t s e l f   may  be  some  6"  a b o v e   t h e   b o t t o m  

of  t h e   a r r a n g e m e n t   so  as  to   a l l o w   a  m e a n s   f o r   c o l l e c t i n g  

ash  f rom  t h e   b u r n t   s o l i d   f u e l   to   be  i n c l u d e d   u n d e r   t h e  

g r a t e .   The  d e p t h   of  t h e   g r a t e   may  be  f o r   e x a m p l e  

10" ,   and  t h e   g r a t e   may  i n c o r p o r a t e   some  s i x   or   more   h o l l o w  

t u b e s ,   p r e f e r a b l y   e i g h t   h o l l o w   t u b e s   of  20  mm  s q u a r e  
s e c t i o n   to   p e r m i t   d i r e c t   w a t e r   h e a t i n g   at   t h e   s e a t   o f  

t he   f i r e .  - M a n y   o t h e r   d i m e n s i o n s   a r e   of  c o u r s e   p o s s i b l e ,  

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

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

a c c o r d i n g   to   t h e   i n v e n t i o n   i s   of   c o u r s e   p r o v i d e d   w i t h   a  
c o l d   w a t e r i n l e t   a t   t h e b o t t o m   and  a  h o t   w a t e r   o u t l e t   at  t h e   t o p .  

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

an  i n l e t   and  an  o u t l e t .   One  s i d e   may  d e l i v e r   h o t   w a t e r   to   a  

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

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

a  c e n t r a l   h e a t i n g   s y s t e m   may  be  n a t u r a l ,   i . e .   a  g r a v i t y  

s y s t e m ,   or  t h e   s y s t e m   may  i n c l u d e   an  e l e c t r i c   p u m p .  



I t   is   a  p a r t i c u l a r l y   p r e f e r r e d   development  of  t h e l n v e n t i o n  

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

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

of  t h e   f i r e .   T h i s   p e r m i t s   t h e   w a t e r   h e a t e d   in  t h e   t u b e s  

by  t he   f i r e   to  r i s e   n a t u r a l l y   (by   v i r t u e   of  t h e   d e n s i t y  

d i f f e r e n c e   b e t w e e n   h o t   and  c o l d   w a t e r )   i n t o   t h e   s i d e  

s e c t i o n s   of  t h e   b o i l e r .   I t   i s   a  p r e f e r r e d   d e v e l o p m e n t  
t h a t   t h e   c u r v e d   t u b e s   e x t e n d   i n t o   t h e   s i d e   s e c t i o n s   w i t h  

and  h e i g h t  
t h e   e x t e n s i o n / b e i n g   more  p r o n o u n c e d   i n t o   one  s i d e   t h a n   i n t o  

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

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

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

w h i c h   is   c o n t i n u o u s l y   d e l i v e r e d   to  t h e   o t h e r   s i d e  

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

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

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

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   s c o p e   of  t h i s  

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

a l s o   to   t h e   g r a t e   in  c o m b i n a t i o n   w i t h   t h e   b o i l e r  

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

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

For   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n   and  to   s h o w  

how  t h e   same  may  be  c a r r i e d   i n t o   e f f e c t ,   r e f e r e n c e   w i l l  

now  be  made,   by  way  of  e x a m p l 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  i s   a  s c h e m a t i c   f r o n t   p e r s p e c t i v e - e l e v a t i o n  

of  a  g r a t e   a c c o r d i n g   to  t h e   i n v e n t i o n   in   c o m b i n a t i o n   w i t h  

a  wrap   r o u n d   b o i l e r ;   a n d  

F i g u r e   2  i s   a  s c h e m a t i c   c r o s s   s e c t i o n   t h r o u g h   t h e  

l i n e   A-A'  of  F i g u r e   1 .  

R e f e r r i n g   to   F i g u r e   1  t h e   g r a t e   i t s e l f   i s   g e n e r a l l y  

d e s i g n a t e d   1,  and  i s   s e e n   to   be  a r r a n g e d   in   c o n j u n c t i o n   w i t h  

a  w r a p   r o u n d  b o i l e r   c o m p r i s i n g . a   p a i r   of   s i d e   s e c t i o n s   3  
and  a  f u r t h e r   s e c t i o n   12  

and  5  c o m m u n i c a t i n g   t h r o u g h   a  r e a r   s e c t i o n   a l l  



f o r   c o n t a i n i n g   w a t e r .   Each   s i d e   s e c t i o n   i s   p r o v i d e d   w i t h  

a  c o l d   w a t e r   i n l e t   p i p e  7   and  a  h o t   w a t e r   o u t l e t   p i p e   9 .  

D i s p o s e d   b e t w e e n   t h e   s i d e   s e c t i o n s   3,  5  and  in  f r o n t  

of  t h e   r e a r   s e c t i o n   4  and  a r r a n g e d   a b o v e   t h e   g r a t e   1  i s  

a  f l u e - d e f i n i n g   b o i l e r   s e c t i o n   12  w i t h   a  f r o n t   f a c e   1 1 ,  

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

and  r e m o v i n g   f umes   g e n e r a t e d   by  s o l i d   f u e l   w h i c h   i s  

b u r n t   in  t he   g r a t e .   The  f l u e   has   an  i n l e t   6  and  a n  

u p p e r   o u t l e t   8 .  

The  g r a t e   1  c o m p r i s e s   a  p l u r a l i t y   of  s q u a r e  

s e c t i o n   h o l l o w   t u b e s   13,  o n l y   t h r e e   of  w h i c h   a r e   s h o w n ,  
f o r   c l a r i t y .   The  s q u a r e   s e c t i o n   h o l l o w   t u b e s   13  a r e  

c u r v e d ,   e a c h   h a v i n g   a  f i r s t   end  13a  p r o j e c t i n g   i n t o   t h e  

s i d e   s e c t i o n   5,  and  a  s e c o n d   end   13b  p r o j e c t i n g   i n t o   t h e  
and  h i g h e r  

s i d e   s e c t i o n   3;  t h e   e n d s   1 3 b  p r o j e c t   f u r t h e r / t h a n   t h e  

e n d s   13a ,   and  so  in   u s e   of  t h e   g r a t e   a  f l o w   of  w a t e r  

in  t h e   b o i l e r   i s   p r o m o t e d .   The  h o t   w a t e r   f o r m e d   in   t h e  

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

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

p i p e s   9.  The  o t h e r   p i p e   9  d e l i v e r s   h o t   w a t e r   i n t o   a  

d o m e s t i c   c y l i n d e r .   In  some  e m b o d i m e n t s   t h e   e n d s   13a  may  

be  r e m o v e d   so  t h a t   t h e   t u b e s   13  t e r m i n a t e   f l u s h   w i t h   t h e  

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

R e f e r r i n g   to   F i g u r e   2,  a  c r o s s   s e c t i o n   of  t h e  

a r r a n g e m e n t   of  F i g u r e   1  i s   s h o w n ,   n o t   to   s c a l e .   F r o m  

t h i s   i t   may  be  s e e n   t h a t   t h e   g r a t e   1  in   f a c t   c o m p r i s e s  

e i g h t   s q u a r e   s e c t i o n   h o l l o w   t u b e s   13  a r r a n g e d   t o  

c o n s t i t u t e   a  b a s e   upon   w h i c h   in   use   t h e   s o l i d   f u e l   i s  

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

h e a t s   w a t e r   c a r r i e d   in   t h e   t u b e s   and ,   as  e x p l a i n e d  

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

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

s t a y   10  to  g i v e   i t   r i g i d i t y   d u r i n g   c o n s t r u c t i o n   of  t h e  

f i r e p l a c e .  



In  t h e   e m b o d i m e n t   s h o w n   in  F i g u r e s   1  and  2 ,  

t h e   t h i c k n e s s   of  t h e   t u b e   w a l l s   and  of  t he   b o i l e r  

w a l l s   may  be  a  c o n s t a n t   6  mm.  T h i s   t h i c k n e s s   p r o v i d e s  

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

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

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

h e a t   t r a n s f e r   f rom  t he   f i r e   i n t o   t h e   w a t e r .   One  w a y  

of  a c h i e v i n g   s u c h   a  r e d u c t i o n   in   t h i c k n e s s   in  a  

g e n e r a l l y   6  mm  t h i c k   b o i l e r ,   i s   to   p r o v i d e   t h i n n e r ,  

f o r   e x a m p l e   3  mm  t h i c k ,   c h e e k   p l a t e s   to   p r o v i d e   a  

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

w h i c h   a r e   a d j a c e n t   to   t h e   f i r e   and  i n t o   w h i c h   r u n  

t h e   end  r e g i o n s   of  t h e   t u b e s   13.   The  main  p a r t   of  t h e  

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

b r e a s t ,   w h i l e   t h e   tubes  13  t o g e t h e r   w i t h   t h e   c h e e k  
r e p l a c e a b l e  

p l a t e s   c o u l d   f o rm  a  s e p a r a t e / u n i t .   E a c h   c h e e k   p l a t e  

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

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

g r a p h i t e   w a s h e r   and  p a s t e   b e i n g   p r o v i d e d   b e t w e e n   t h e  

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

i n n e r   p e r i p h e r y   o f  

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

j o i n   b e t w e e n   t h e   two  i s   w a t e r t i g h t .   The  t h i n n e r  

c h e e k   p l a t e s   w i l l   h a v e   p o r t i o n s   d i r e c t l y   a d j a c e n t  

to   t he   f i r e   and  h e a t   t r a n s f e r   h e r e   w i l l   be  g r e a t l y  

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

r e i n f o r c e d   w i t h   r e i n f o r c i n g   r i b s .  

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

be  p r o v i d e d   in   a  s i m i l a r   m a n n e r   i n  t h e   b o i l e r   w a l l l l ,  

j u s t   above   t h e   f l u e   i n l e t   6 .  

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

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

h o l l o w   g r a t e   t u b e s   can  be  p r o v i d e d   in   t u b e s   w h i c h   a r e  

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

have   b e e n   s o - f a r   d e s c r i b e d   a n d / o r   i l l u s t r a t e d .   T h u s ,  

f o r   e x a m p l e ,   i t   may  be  p o s s i b l e   to   p r o v i d e   s t r a i g h t  

g r a t e   t u b e s   e a c h   of  w h i c h   i s   l o w e r   at   one  end  t h a n   a t  



t he   o t h e r   e n d .   When  t h e   w a t e r   in  t h e   t u b e s  i s   h e a t e d  

i t   w i l l   p r o v i d e   a  f l o w   f r o m   t h e   l o w e r   end  to  t h e  

h i g h e r   e n d .   A l t e r n a t i v e l y  g r a t e   t u b e s   may  be  p r o v i d e d  

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

l a r g e r   i n t e r n a l   c r o s s - s e c t i o n   a t   one  end  t h a n   a t   t h e  

o t h e r   e n d .   W a t e r ,   when  h e a t e d   in  s u c h   a  t u b e ,   w i l l  

t e n d   to   e x p a n d   and  f l o w   t o w a r d s   t h e   t u b e   end  w i t h   t h e  

l a r g e r   i n t e r n a l   c r o s s - s e c t i o n .  

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

of  t h e   i n v e n t i o n   h a v e   t h e   a d v a n t a g e   t h a t   a  f l o w   of  w a t e r  

i s   p r o v i d e d   t h r o u g h   t h e   f i r e   g r a t e   members   t h e m s e l v e s .  

The  s e a t   of  t h e   f i r e   i s   by  f a r   i t s   h o t t e s t   p a r t ,   a n d  

so  t h e   b e s t   h e a t i n g   e f f e c t   t a k e s   p l a c e   on  w a t e r   i n  

t h e   t u b e s   13  as  o p p o s e d   to   t h e   h e a t i n g   e f f e c t   o n  

t h e   w a t e r   i n   t h e   w r a p - a r o u n d   b o i l e r .   I f   t he   t u b e s  

13  w e r e   h o r i z o n t a l   t u b e s   w i t h   c o n s t a n t   i n t e r n a l  

c r o s s   s e c t i o n   and  w i t h   no  a d d i t i o n a l   means   of  p r o v i d i n g  

w a t e r   f l o w   t h r o u g h   t h e m ,   t h e   h e a t e d   w a t e r   in  t h e  

t u b e s   c o u l d   n o t   f l o w   e f f e c t i v e l y   t h r o u g h   t h e   t u b e s .   T h e  

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

s p o t s   in   t h e   m a t e r i a l   of  t h e   t u b e s ,   and  t he   t u b e s  

w o u l d   s o o n   b u r n   away .   A  c o n t i n u a l   f l o w   of  w a t e r   t h r o u g h  

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

g r a t e   l i f e .   When  t h e   t i m e   d o e s   come  to  r e p l a c e   a  

g r a t e   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 i s   c a n  

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

c h e e k   p l a t e s   as  d e s c r i b e d   p r e v i o u s l y .  
F i n a l l y ,   a t   t h e   t o p   s u r f a c e   of  t he   b o i l e r  

s e c t i o n   12,  in   f r o n t   of  t h e   f l u e   o u t l e t   8,  a  p l a t e   m a y  
be  w e l d e d   f o r   s u p p o r t i n g   a  t h r o a t   c l o s u r e   p l i n t h   b r i c k  

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

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

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

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



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

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

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

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

h e a t i n g   of  w a t e r   in  t h e   t u b e s   by  v i r t u e   of  t h e  

p r o x i m i t y   of  t h e   t u b e s   to   t h e   s o u r c e   of  h e a t .  

2.  A  f i r e   g r a t e   a c c o r d i n g   to   c l a i m   1,  w h e r e i n  

t he   t u b e s   a r e   s h a p e d   a n d / o r   a r r a n g e d   s u c h   t h a t ,   i n  

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

t h r o u g h   t h e   t u b e s .  

3.  A  f i r e   g r a t e   a c c o r d i n g   to   c l a i m   2,  w h e r e i n  

one  end  of  t h e   t u b e s   i s   h i g h e r   t h a n   t h e   o t h e r   e n d .  

4.  A  f i r e   g r a t e   a c c o r d i n g   to   c l a i m   2  or  3 ,  

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

are   t h e   t u b e s   at   a  c e n t r a l   r e g i o n   of  t h e   g r a t e  

a r r a n g e m e n t .  

5.  A  f i r e   g r a t e   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 ,   w h i c h   i s   p a r t   of  a  s o l i d   f u e l   b o i l e r   w i t h   t h e  

ends   of  t h e   t u b e s   b e i n g   in   c o m m u n i c a t i o n   w i t h   t h e  

i n t e r i o r   of  t h e   b o i l e r .  

6.  A  f i r e   g r a t e   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

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

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

t he   b o i l e r .  

7.  A  f i r e   g r a t e   a c c o r d i n g   to   any  of  t h e   p r e c e d i n g  

c l a i m s ,   e x c e p t   c l a i m   4,  w h e r e i n   t h e   t u b e s   a r e   s t r a i g h t .  

8.  A  f i r e   g r a t e   a c c o r d i n g   to   c l a i m   2,  or  any  o f  

c l a i m s   3  t o  7   when  a p p e n d e d   to   c l a i m   2,  w h e r e i n   t h e  

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

t h a n   a t   t h e   o t h e r   e n d ,  

9.  A  f i r e   g r a t e   a c c o r d i n g   to   c l a i m   5,  or  any  o f  

c l a i m s   6  to   8  when  a p p e n d e d   to   c l a i m   5,  w h e r e i n   t h e   b o i -  

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

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

above   i t .  
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