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©  Wood  burning  stove. 

A  combustor  (16)  having  a  plurality  of  cells  is  coupled  to 
the  primary  combustion  chamber  (12)  in  a  wood  burning 
stove  (10).  An  insulated  hot  zone  (14)  is  coupled  to  the  output 
(56)  of  the  combustor  (16)  for  combusting  the  exhaust  from 
the  combustor  (16). 



T h i s   i n v e n t i o n   r e l a t e s   to   wood  b u r n i n g   s t o v e s  

w h i c h   u t i l i z e   a  c o m b u s t o r   or   c a t a l y t i c   c o n v e r t e r .  

U S - A - 4 3 7 3 4 5 2   d i s c l o s e s   t h e   u s e   of  a  c a t a l y t i c  

c o n v e r t e r   in   a  wood  b u r n i n g   s t o v e .   The  c a t a l y t i c   c o n v e r t e r  

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

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

s u b s t a n c e s   p r e s e n t   in   g a s e s   a r i s i n g   f rom  b u r n i n g   wood  in   a  

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

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

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

p i p e   or  c h i m n e y ,   i s   g e n e r a l l y   known  as  c r e o s o t e .   M o r e  

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

m e t a l   c a t a l y s t s   on  a  s u i t a b l e   s u b s t r a t e   r e d u c e s   t h e  

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

b o i l i n g ,   more  v o l a t i l e   h y d r o c a r b o n s   p r e s e n t   in  t h e  

e x h a u s t   i s s u i n g   f rom  t h e   c o m b u s t i o n   of   wood .   As  t h e  

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

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

c a t a l y t i c   a c t i v i t y .   T h e .  e l e v a t e d   t e m p e r a t u r e   p y r o l y z e s   a n d  

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

in  t h e   smoke  as  s o l i d   p a r t i c l e s   and  o i l y   d r o p l e t s ,   c o n v e r -  

t i n g   them  to  v o l a t i l e   c o m p o u n d s   w h i c h   r e a d i l y   mix  w i t h  

o x y g e n   p r e s e n t   and   t h e r e b y   l e a d i n g   to   t h e i r   r a p i d   o x i d -  

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

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

t h e   i n l e t   gas  t e m p e r a t u r e ,   f l ow  r a t e   and  t h e   a m o u n t   o f  

o x i d i z a b l e   m a t e r i a l .   T h i s   t e m p e r a t u r e   i s   t y p i c a l l y   6 0 0 ° C  

to   900°C  f o r   a  p r o p e r l y   s i z e d   c a t a l y s t   s y s t e m .   At  t h e s e  

t e m p e r a t u r e s ,   o x i d a t i o n   p r o c e e d s   v e r y   r a p i d l y   to   c o m p l e -  

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

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

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

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

g e o m e t r y   to  p r o v i d e   b o t h   s a t i s f a c t o r y   c a t a l y t i c   p e r f o r m -  

a n c e   and  a  m i n i m a l   p r e s s u r e   d r o p   so  as  n o t   to   a d v e r s e l y  



a f f e c t   t h e   s t o v e   o p e r a t i o n .   T y p i c a l l y ,   t h e   c o n v e r t e r  

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

a l o n g   t h e   l e n g t h   of   t h e   c o n v e r t e r .   In  t h i s   c o n n e c t i o n ,  

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

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

t h e   c o n v e r t e r   in  a  wood  s t o v e   i s   c a r r i e d   f u r t h e r   to   c o m p -  
l e t i o n   as  t h e   c o n v e r t e r   l e n g t h   i s   i n c r e a s e d .   In  o t h e r  

w o r d s ,   t h e   r e a c t i o n s   r e q u i r e d   to   b r e a k   down  and  b u r n  

c o m p l e x   h y d r o c a r b o n s   i s   more  n e a r l y   c o m p l e t e d   in   c a t a l y t i c  

c o n v e r t e r s   of  i n c r e a s e d   l e n g t h .   In  c o n t r a s t ,   m a t e r i a l s  

e x i t i n g   f rom  a  c a t a l y t i c   c o n v e r t e r   in  a  wood  b u r n i n g   s t o v e  

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

r e a c t i o n s   a r e   q u i c k l y   q u e n c h e d   by  t h e   r e l a t i v e l y   c o l d  

c o n d i t i o n s   o u t s i d e   t h e   c o n v e r t e r ,   i . e . ,   t h e   s h o r t e r   t h e  

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

A  l o n g e r   c a t a l y t i c   c o n v e r t e r   may  e n h a n c e   t h e s e   r e a c t i o n s  

to   e n s u r e   t h a t   t h e   c o m p l e x   h y d r o c a r b o n s   a r e   f u l l y   b r o k e n  

down  and   b u r n e d ,   b u t   s u c h   c a t a l y t i c   c o n v e r t e r s   a r e   e x p e n -  
s i v e   and  u n d e s i r a b l y   add  to   t h e   p r e s s u r e   d r o p   w h i c h   c a n  

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

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   t o   p r o v i d e  

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

wood  b u r n i n g   s t o v 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 e r e   i s  

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

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

c e l l s ,   an  i n p u t   and  an  o u t p u t ,   s a i d   i n p u t   b e i n g   in   comm- 

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

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

t h e   e x h a u s t   f rom  s a i d   c o m b u s t o r .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e  

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

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

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

w i t h i n   t h e   s t o v e .   In  one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e  

h o t   zone   e x t e n d s   h o r i z o n t a l l y .   In  a n o t h e r   e m b o d i m e n t . o f  



t h e   i n v e n t i o n ,   t h e   h o t   zone  e x t e n d s   v e r t i c a l l y .  

In  a c c o r d a n c e   w i t h   one  p r e f e r r e d   e m b o d i m e n t   o f  

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

h a v i n g   a  t h e r m a l   c o n d u c t i v i t y   l e s s   t h a n   0 . 0 0 1 7   w a t t s / c m . ° C .  

( 0 . 1 0   B T U / h r .   f t . ° F . ) .   P r e f e r a b l y ,   t h e   i n s u l a t e d   h o t   z o n e  

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

0 . 0 0 1 4   w a t t s / c m .  ° C .   or   l e s s   ( 0 . 0 8   B T U / h r .   f t . ° F .   or   l e s s ) .  

The  h o t   zone   p r e f e r a b l y   has   an  o v e r a l l   l e n g t h  

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

g r e a t e r   t h a n   7 6 . 2   mm.  (3  i n c h e s ) .   P r e f e r a b l y ,   t h e   o v e r a l l  

l e n g t h   i s   l e s s   t h a n   762  mm.  (30  i n c h e s ) .  

P r e f e r a b l y ,   t h e   t h i c k n e s s   of   t h e   i n s u l a t i o n   i s  

a t   l e a s t   3 .8   mm.  ( 0 . 1 5   i n c h e s ) .   The  t h i c k n e s s   of  t h e  

i n s u l a t i o n   in  t h e   h o t   zone  i s   p r e f e r a b l y   a t   l e a s t   0 . 0 5  

u n i t s   p e r   u n i t   of   l e n g t h .  

In  t h e   a c c o m p a n y i n g   d r a w i n g s :  

FIG.  1  i s   an  e l e v a t i o n a l   v i e w   of  a  wood  b u r n i n g  

s t o v e   r e p r e s e n t i n g   a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

FIG.  2  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   t h e   w o o d  

b u r n i n g   s t o v e   of  FIG.  1;  a n d  

FIG.  3  i s   an  e l e v a t i o n a l   v i e w   of  a  wood  b u r n i n g  

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

R e f e r r i n g   to   FIGS.   1  and  2,  a  wood  b u r n i n g   s t o v e  

10  i s   shown  c o m p r i s i n g   a  p r i m a r y   wood  c o m b u s t i o n   c h a m b e r   12 

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

i n v e n t i o n ,   t h e   s t o v e   10  i n c l u d e s   a  s e c o n d a r y   c o m b u s t i o n  

c h a m b e r   or   h o t   zone  14  l o c a t e d   i m m e d i a t e l y   a b o v e   t h e '  

p r i m a r y   c o m b u s t i o n   c h a m b e r   1 2 .  

A  c a t a l y t i c   c o n v e r t e r   or  c o m b u s t o r   16  i n c l u d e s  

an  i n p u t   54  c o u p l e d   to  and  in   c o m m u n i c a t i o n ' w i t h   t h e  

p r i m a r y   c o m b u s t i o n   c h a m b e r   12  and  an  o u t p u t   56  c o u p l e d   t o  

and  in  c o m m u n i c a t i o n   w i t h   t h e   c o m b u s t i o n   c h a m b e r   14 

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

ways  17.  The  c o n v e r t e r   16  i s   l o c a t e d   p h y s i c a l l y   b e t w e e n  

t h e   p r i m a r y   c o m b u s t i o n   c h a m b e r   12  and  t h e   s e c o n d a r y   c o m b -  

u s t i o n   c h a m b e r   14.  A  h e a t   e x c h a n g e r   18  i s   l o c a t e d   i m m e d -  

i a t e l y   a b o v e   and  in  c o m m u n i c a t i o n   w i t h   t h e   h o t   zone  1 4 .  



The  h e a t   e x c h a n g e r   18  a l s o   c o m m u n i c a t e s   w i t h   a  f l u e   2 0  

so  as  to   e x h a u s t   t h e   c o m b u s t i o n   p r o d u c t s   f rom  t h e   w o o d  

b u r n i n g   s t o v e   t h e r e t h r o u g h .  

The  p r i m a r y   c o m b u s t i o n   c h a m b e r   12  i n c l u d e s   a  

g r a t e   22.  An  ash   d o o r   24  i s   l o c a t e d   i m m e d i a t e l y   b e l o w  

t h e   g r a t e   22  and  a  wood  l o a d i n g   d o o r   26  i s   l o c a t e d   a b o v e  

t h e   g r a t e   2 2 .  

In  o r d e r   to   s u p p l y   o x y g e n   f o r   c o m b u s t i o n   in   t h e  

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

i n g   28  i s   p r o v i d e d   a t   t h e   r e a r   of   t h e   c h a m b e r   12.  A 

- s e c o n d a r y   c o m b u s t i o n   a i r   m a n i f o l d   30  i s   p r o v i d e d   i n c l u d i n g  

a  p l u r a l i t y   of  o p e n i n g s   32  l o c a t e d   i m m e d i a t e l y   b e l o w   t h e  

c a t a l y t i c   c o n v e r t e r   16.  T e r t i a r y   c o m b u s t i o n   a i r   i s  

p r o v i d e d   t h r o u g h   an  o p e n i n g   33  in   t h e   r e a r   of   t h e   h o t   z o n e  

1 4 .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   t h e   s e c o n d -  

a ry   c o m b u s t i o n   c h a m b e r   or  h o t   zone   14  i s   h e a v i l y   i n s u l a t e d  

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

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

t h e   c a t a l y t i c   c o n v e r t e r   16  and  t h e   p r i m a r y   c o m b u s t i o n  

c h a m b e r   12.  In  t h i s   c o n n e c t i o n ,   i n s u l a t i o n   34  i s   p r o v i d e d  

a l o n g   a  l o w e r   h o r i z o n t a l   w a l l   36  s e p a r a t i n g   t h e   p r i m a r y  

c o m b u s t i o n   c h a m b e r   12  f rom  t h e   s e c o n d a r y   c o m b u s t i o n   c h a m -  

b e r   14,  an  u p p e r   h o r i z o n t a l   w a l l   38  s e p a r a t i n g   t h e   s e c o n d -  

a r y   c o m b u s t i o n   c h a m b e r   14  f rom  t h e   h e a t   e x c h a n g e r   1 8 ,  

s i d e   w a l l s   40  and  42  and  an  end  w a l l   4 4 .  

In  t h e   p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,  

t h e   i n s u l a t i o n   i s   c h a r a c t e r i z e d   by  a  t h e r m a l   c o n d u c t i v i t y  

l e s s   t h a n   0 . 0 0 1 7   w a t t s / c m .  ° C .   ( 0 . 1 0   B T U s / h r .   f t .  ° F . )   a n d  

p r e f e r a b l y ,   a  t h e r m a l   c o n d u c t i v i t y   of  0 . 0 0 1 4   w a t t s / c m ° C .  

( 0 . 0 8   B T U s / h r .   f t .   °F)  or   l e s s .   Such  h i g h   t e m p e r a t u r e  

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

t h e   s e c o n d a r y   c h a m b e r   or  h o t   zone   14  a r e   s u f f i c i e n t l y   h i g h  

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

to   b r e a k   down  and   b u r n   c o m p l e x   h y d r o c a r b o n s .  



In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   of   c o p e n d i n g  

E u r o p e a n   p a t e n t   a p p l i c a t i o n   No.  w h i c h   c l a i m s  

p r i o r i t y   f r o m   U . S . S . N .   351168   f i l e d   22nd  F e b r u a r y ,   1 9 8 2  

and  w h i c h   i s   in   t h e   name  of  t h e   p r e s e n t   a p p l i c a n t s ,   a  

l e a k a g e   p a t h   46  i s   p r o v i d e d   a d j a c e n t   or  a l o n g s i d e   t h e  

c a t a l y t i c   c o n v e r t e r   16  a t   t h e   r e a r   w a l l   44  of   t h e   s e c o n d -  

a ry   c o m b u s t i o n   c h a m b e r   14.  F u r t h e r   d e t a i l s   c o n c e r n i n g  

t h e   n a t u r e   and  f u n c t i o n   of  t h e   l e a k a g e   p a t h   46  a r e   d e s c r -  

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

As  shown  in  FIG.  2,  t h e   s t o v e   10  a l s o   i n c l u d e s  

a  b y p a s s   a d j a c e n t   t h e   s e c o n d a r y   c o m b u s t i o n   c h a m b e r   1 4 .  
'The  b y p a s s   i n c l u d e s   a  d a m p e r   48  w h i c h   i s   a d a p t e d   to   p i v o t  
a b o u t   a . p o i n t   50  so  as  to   open   and  c l o s e   a  p a s s a g e w a y   52  

d i r e c t l y   b e n e a t h   t h e   f l u e   20.  The  b y p a s s   i s   i n t e n d e d   t o  

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

t h e   l o a d i n g   d o o r   i s   o p e n e d   as  d i s c l o s e d   in   E u r o p e a n  

p a t e n t   s p e c i f i c a t i o n   No.  0 0 3 7 2 8 1   A.  The  d a m p e r   48  i s  

t h e r e f o r e   a d a p t e d   to   open   and  c l o s e   t h e   p a s s a g e w a y   52  a s  

a  d o o r   26  i s   o p e n e d   and  c l o s e d .  

In  t h e   e m b o d i m e n t   of  t h e   i n v e n t i o n   shown  in   F I G .  

1,  t h e   l e n g t h   L  of  t h e   h o t   zone  14  e x t e n d s   h o r i z o n t a l l y .  

The  l e n g t h   L  as  u s e d   h e r e i n   i s   i n t e n d e d   to   i n d i c a t e   t h e  

o v e r a l l   d i m e n s i o n   of  t h e   h o t   zone   w h i c h   i s   p a r a l l e l   t o  

t h e   p a t h   t h e   e x h a u s t   g a s e s   t r a v e l .  

R e f e r r i n g   to   t h e   e m b o d i m e n t   of  t h e   i n v e n t i o n  

shown  in  FIG.   3,  a  s t o v e   100  c o m p r i s e s   a  p r i m a r y   c o m b u s t -  

ion   c h a m b e r   112  in   t h e   l o w e r   p o r t i o n   of  t h e   s t o v e   1 0 0  

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

or  h o t   zone   114  l o c a t e d   a b o v e .   A  c a t a l y t i c   c o n v e r t e r   o r  
c o m b u s t o r   116  h a v i n g   an  i n p u t   c o u p l e d   t o , p f d   c o m m u n i c a t i n g  
w i t h   t h e   c o m b u s t i o n   c h a m b e r   112  and  an  o u t p u t   c o u p l e d   t o  

and  c o m m u n i c a t i n g   w i t h   t h e   h o t   zone   114  i s   l o c a t e d   g e n e r -  

a l l y   b e t w e e n   t h e   c h a m b e r   112  and  t h e   h o t   zone  114 .   T h e  

c a t a l y t i c   c o n v e r t e r   116  i s   m o u n t e d   in   a  s t a i n l e s s   s t e e l  

r i n g   118  h a v i n g   an  a x i s   120  of  r o t a t i o n   in   a  d i r e c t i o n  

as  i n d i c a t e d   by  a r r o w s   122.   An  a r e a   124  of   l e a k a g e  



b e t w e e n   t h e   c y l i n d r i c a l   w a l l   of  i n s u l a t i o n  1 2 6   and  t h e  

c h a m b e r   114  i s   p r o v i d e d   in  a c c o r d a n c e   w i t h   t h e   a f o r e s a i d  

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

a r e a   124  is   a  f u n c t i o n   of   t h e   r o t a t i o n a l   p o s i t i o n   of  t h e  

r i n g   1 1 8 .  

As  shown  in  FIG.  3,  t h e   p r i m a r y   c o m b u s t i o n  

c h a m b e r   112  i n c l u d e s   an  o p e n i n g   128  f o r   s u p p l y i n g   c o m b u s -  

t i o n  a i r   to   t h e   c h a m b e r   112.  The  s e c o n d a r y   c o m b u s t i o n  

c h a m b e r   a i r   i s   s u p p l i e d   to  t h e   c a t a l y t i c   c o n v e r t e r   116  a s  

w e l l   as  t h e   s e c o n d a r y   c o m b u s t i o n   c h a m b e r   114  t h r o u g h   a  
m a n i f o l d   1 3 0 .  

The  i n s u l a t e d   w a l l s   126  of   t h e   h o t   zone   1 1 4  

e n s u r e   t h a t   h i g h   t e m p e r a t u r e s   can  be  a t t a i n e d   and  m a i n -  

t a i n e d   w i t h i n   t h e   h o t   zone   114  so  as  t o   c o m p l e t e   t h e  

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

In  t h i s   c o n n e c t i o n ,   t h e   i n s u l a t i o n   126  p r e f e r a b l y   has   a  

t h e r m a l   c o n d u c t i v i t y   l e s s   t h a n   0 . 0 0 1 7   w a t t s / c m . ° C .   ( 0 . 1 0  

B T U s / h r .   f t .   ° F . ) ,   w i t h   a  t h e r m a l   c o n d u c t i v i t y   of  0 . 0 0 1 4  

w a t t s / c m .  ° C .   ( 0 . 0 8   B T U s / h r .   f t .   °F.)   or   l e s s   b e i n g   m o r e  

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

zone   114  i n c l u d e   v a r i o u s   a l u m i n a   s i l i c a t e   f i b r e s .   T h e s e  

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

names   " K a o w o o l "   by  B a b c o c k   and  W i l c o x   Co.  and  t h e   t r a d e  

n a m e " F i b e r f r a x " b y   C a r b o r u n d u m   Co.  T h e s e   r e f r a c t o r i e s   a r e  

a v a i l a b l e   in   b l a n k e t   fo rm  and  may  be  c u t   and  e n c l o s e d  

w i t h i n   m e t a l   h o u s i n g s   as  shown  or  d i r e c t l y   c e m e n t e d   i n  

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

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

p l a c e .  

A  h e a t   e x c h a n g e r   132  i s   l o c a t e c t ' a b o v e   t h e  

s e c o n d a r y   c o m b u s t i o n   c h a m b e r   114.  The  h e a t   e x c h a n g e r   1 3 2  

may  i n c l u d e   w a t e r - f i l l e d   c o i l s   l o c a t e d   in   a r e a   136  w h i c h  

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

c o i l s .   A  f l u e   134  i s   c o u p l e d   to   t h e   h o t   zone   114  t h r o u g h  

t h e   h e a t   e x c h a n g e r   1 3 2 .  



In  g e n e r a l ,   i t   has   b e e n   f o u n d   d e s i r a b l e   t o  

p r o v i d e   a  t h i c k n e s s   of   i n s u l a t i o n   of  a t   l e a s t   3 . 8   mm 

( 0 . 1 5   i n c h e s )   in   t h e   w a l l s   of   t h e   h o t   z o n e s   14  and  1 1 4 .  

In  a d d i t i o n ,   i t   has   b e e n   f o u n d   t h a t   t h e   t h i c k n e s s   o f  

t h e   w a l l s   in   t h e   s e c o n d a r y   c o m b u s t i o n   c h a m b e r s   14  a n d  

114  and  s h o u l d   be  a t   l e a s t   0 . 0 5   u n i t s   p e r   u n i t   l e n g t h ,  

e . g .   3 . 8   mm  ( 0 . 1 5   i n c h e s )   t h i c k   f o r   e a c h   76 .2   mm  ( 3  

i n c h e s )   of  l e n g t h .   I t   ha s   a l s o   b e e n   f o u n d   t h a t   t h e   h o t  

zone   s h o u l d   be  g r e a t e r   t h a n   76 .2   mm  (3  i n c h e s )   i n   l e n g t h  

w i t h   762  mm  (30  i n c h e s )   r e p r e s e n t i n g   a  m a x i m u m .  

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

t h e   d e t a i l s   c o n c e r n i n g   t h e   s e c o n d a r y   c o m b u s t i o n  c h a m b e r   14 

and  114,   t h e   f o l l o w i n g   a n a l y s i s   i s   p r e s e n t e d .  
The  h e a t   c o n t e n t   of  t h e   gas  s t r e a m   e x i t i n g   t h e  

c o m b u s t o r   i s   g i v e n   b y :  

w h e r e :  

m  =  m a s s   f l o w   r a t e  -   k g . / m i n .   ( l b m / m i n . )  

Cp  =  g a s   s p e c i f i c   h e a t  -   c a l . / k g .  ° C   ( B T U / l b m ° F . )  

T   =  g a s   t e m p e r a t u r e   l e a v i n g   c o m b u s t o r  -   °C  ( ° F . )  

I f   t h e   gas  s t r e a m   l o s e s   no  more  t h a n   20%  of   i t s  

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

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

c o n d i t i o n s .  

A s s u m i n g   t h a t   t h e   gas   t e m p e r a t u r e   in  t h e   i n s u l -  

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

t h r o u g h   t h e   i n s u l a t i o n   i s   t h e   d o m i n a n t   mode  of   h e a t  

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

g i v e n   b y :  

w h e r e :  

Q  =  h e a t   f l u x  -   w a t t s / m i n .   ( B T U / m i n . )  

k  =  t h e r m a l   c o n d u c t i v i t y   of  t h e   i n s u l a t i o n  -  

w a t t s / c m . ° C .   ( B T U / h r .   f t .   ° F . )  



T  =  room  t e m p e r a t u r e  -   °C.  ( ° F . )  

t  =  i n s u l a t i o n   t h i c k n e s s  -   cm.  ( f t . )  

A  =  a r e a   of   i n s u l a t i o n   e x p o s e d   t o   h o t   g a s e s  -  
2  2 cm.2  ( f t 2 )  

From  t h e   c r i t e r i o n   t h a t   no  more   t h a n   20%  of   t h e  

h e a t   c o n t e n t   of  t h e   gas   be  l o s t   in   t h e   i n s u l a t e d   z o n e ,   t h e  

f o l l o w i n g   f o r m u l a e   a r e   a p p l i c a b l e :  

T h i s   e q u a t i o n   can  be  s o l v e d   f o r   t h e   i n s u l a t i o n  

t h i c k n e s s   r e q u i r e d   f o r   v a r i o u s   l e n g t h s   of   i n s u l a t e d   z o n e s  

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

T  =  2 1 . 1 ° C .   ( 7 0 ° F . )  ,  

To  =  760°C .   ( 1 4 0 0 ° F . )  ,  

k  =  0 . 0 0 1 4   w a t t s / c m .  ° C .   ( 0 . 0 8   B T U / h r .   f t .   ° F . ,  

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

m =  1 9 . 2 7   k g . / h r .   ( 4 2 . 5   1 b m / h r . )  ,  

Cp  =  0 . 3 2 6   w a t t   h r . / k g .  ° C .   ( 0 . 2 8   BTU/ lbm  ° F . )  ,  

3 3 3 2  >   1 0 6 . 4   A  ,  
t  

A  =  cm.2  [ f t . 2 ] ,   a n d  

t  =  cm.  [ f t . ] .  

A l s o ,  

w h e r e :  

p  =  p e r i m e t e r   of  an  a x i a l   s e c t i o n . p f   t h e   i n s u l -  

a t e d   z o n e ,   a n d  

L  =  l e n g t h   of  t h e   i n s u l a t e d   z o n e .  

For   an  i n s u l a t e d   zone   w h i c h   has   t h e   same  p e r i -  

m e t e r   as  t h e   1 5 . 2 4   cm.  (6  i n c h )   i n s i d e   d i a m e t e r   of  t h e   c a n  

a r o u n d   t h e   c o m b u s t o r ,  

p  =  4 7 . 8 5   cm.  ( 1 . 5 7 f t . ) .  



I f   t h i s   v a l u e   i s   p u t   i n t o   e q u a t i o n   ( 2 ) ,   t h e  

f o l l o w i n g   e q u a t i o n   r e s u l t s ,  

In  t h i s   e q u a t i o n ,   t  and  L  can  be  in   e i t h e r  

i n c h e s   or   f e e t   or   cm.  The  f o l l o w i n g   t a b l e   f o r   t  can   b e  

g e n e r a t e d   f o r   v a r i o u s   v a l u e s   of   L .  

T h e s e   t h i c k n e s s e s   a r e   t h e   min imum  r e q u i r e d   t o  

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

t e m p e r a t u r e   of  t h e   g a s e s .   In  o t h e r   w o r d s ,   t h e   l o n g e r   t h e  

i n s u l a t e d   zone   i s ,   t h e   t h i c k e r   t h e   i n s u l a t i o n   w h i c h   i s  

r e q u i r e d   to   m a i n t a i n   t e m p e r a t u r e s   in  t h e   r e g i o n   w h e r e  

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

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

f rom  7 . 6 2   cm  (3  i n c h e s )   to   76 .2   cm  (30  i n c h e s ) .  

As  shown  h e r e i n ,   t h e   h o t   z o n e s   14  and  114  e x t e n d  

h o r i z o n t a l l y   and  v e r t i c a l l y .   I t   w i l l   h o w e v e r   be  a p p r e c -  

i a t e d   t h a t   t h e   h o t   z o n e s   may  e x t e n d   c i r c u i t o u s l y ,   i . e .  

e x t e n d   v e r t i c a l l y   and  h o r i z o n t a l l y .   One  s u c h   h o t   z o n e  

c o u l d   be  U - s h a p e d .   H o w e v e r ,   r e g a r d l e s s   of  t h e   h o t   z o n e  

c o n f i g u r a t i o n ,   t h e   o v e r a l l   l e n g t h   of  t h e   h o t   zone  a s  

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

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

The  c o m b u s t o r   or  c a t a l y t i c   c o n v e r t e r s   16  and  1 1 6  

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

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

t h e   p r i m a r y   c o m b u s t i o n   c h a m b e r s   12  and  112.   D e t a i l s   c o n -  

c e r n i n g   t h e   c a t a l y t i c   c o n v e r t e r s   16  and  116  a r e   s e t   f o r t h  



in   U S - A - 4 3 7 3 4 5 2   r e f e r r e d   to   a b o v e .   I t   w i l l   be  a p p r e c i a -  

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

v e r t e r s   16  and  116  b u t   w i t h o u t   a  c a t a l y s t   may  b e  

a d v a n t a g e o u s l y   u t i l i z e d   in   c o n n e c t i o n   w i t h   t h i s   i n v e n t i o n .  



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

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

c e l l s ,   an  i n p u t   and   an  o u t p u t ,   s a i d   i n p u t   b e i n g   i n  

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

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

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

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

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

. z o n e .  

3.  A  wood  b u r n i n g   s t o v e   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   s a i d   h o t   zone   e x t e n d s   h o r i z o n t a l l y .  

4.  A  wood  b u r n i n g   s t o v e   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   s a i d   h o t   zone   e x t e n d s   v e r t i c a l l y .  

5.  A  wood  b u r n i n g   s t o v 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 e r e i n   s a i d   i n s u l a t e d   h o t   zone   c o m p r i s e s   i n s u l -  

a t i o n   h a v i n g   a  t h e r m a l   c o n d u c t i v i t y   of   l e s s   t h a n   0 . 0 0 1 7  

w a t t s / c m .  ° C . ,   p r e f e r a b l y   s u b s t a n t i a l l y   0 . 0 0 1 4   w a t t s / c m . ° C .  

6.  A  wood  b u r n i n g   s t o v 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 e r e i n   t h e   l e n g t h   of  t h e   h o t   zone   i s   g r e a t e r   t h a n  

76 .2   mm,  b u t   l e s s   t h a n   762  mm. 

7.  A . w o o d   b u r n i n g   s t o v 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 e r e i n   t h e   i n s u l a t e d   h o t   zone   c o m p r i s e s   i n s u l a t e d  

w a l l s   h a v i n g   a  t h i c k n e s s   of  at   l e a s t   3 . 8  m m .  

8.  A  wood  b u r n i n g   s t o v 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 e r e i n   t h e   t h i c k n e s s   of  t h e   i n s u l a t e d   w a l l s   i s   a t  

l e a s t   0 . 0 5   u n i t s   p e r   u n i t   of  l e n g t h .  



9.  A  wood  b u r n i n g   s t o v 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 e r e i n   t h e   i n s u l a t e d   h o t   zone   c o m p r i s e s   i n s u l a t e d  

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

w h e r e  

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

m a t e r i a l ;  

A  =  a r e a   of  t h e   i n s u l a t i o n   e x p o s e d   to   h o t   g a s e s ;  

To  =  t e m p e r a t u r e   of  t h e   h o t   g a s e s ;  

T  =  room  t e m p e r a t u r e ;  

m  =  mass   f l o w   r a t e ;   a n d  

Cp  =  gas  s p e c i f i c   h e a t .  

10.  A  wood  b u r n i n g   s t o v 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 e r e i n   s a i d   c o m b u s t o r   c o m p r i s e s   a  c a t a l y t i c  

c o n v e r t e r .  
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