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54)  Apparatus  for  processing  industrial  gases. 

©  An  apparatus  is  provided  for  processing,  e.g.  incinerat-  are  disposed  within  the  central  chamber  (30)  or  adjacent  to 
ing,  industrial  gases.  The  apparatus  is  of  the  type  having  a  tne  central  chamber  (30). 
centrally  disposed  chamber  (30).  At  least  three  separate  heat 
exchange  beds  (12,  13,  14)  are  disposed  around  the 
periphery  of  the  chamber  (30).  Each  of  the  heat  exchange 

*™  beds  (12,  13,  14)  contains  heat  exchange  packing  elements 
(11).  An  inlet  means  (19)  is  coupled  to  each  bed  (12,  13,  14) 
for  conducting  gases  to  the  bed  (12,  13,  14)  for  passage 

00  therethrough  into  the  chamber  (30).  An  outlet  means  (46)  is 
N  coupled  to  each  bed  (12,  13,  14)  for  conducting  gases  away 
(0  from  the  bed  (12,  13,  14)  after  the  gases  have  passed 

outwardly  from  the  chamber  (30)  through  the  bed  (12,  13, 
00  14).  A  heating  means  (39),  preferably  disposed  within  the 
J*  chamber  (30),  provides  heat  to  the  chamber  (30).  The 
^   improvement  in  this  apparatus  comprises  providing  at  least 
q   one  heat  transfer  conduit  (50),  preferably  substantially 

vertically  within  each  bed  (12,  13,  14).  A  means  is  provided 
^   for  withdrawing  heat  transfer  fluid  from  the  conduit  (50). 
yj  Alternatively,  and  preferably,  the  heat  transfer  conduits  (50) 

Croydon  Printing  Company  Ltd. 

A n   apparatus  is  provided  for  processing,  e.g.  incinerat- 
ing,  industrial  gases.  The  apparatus  is  of  the  type  having  a 
centrally  disposed  chamber  (30).  At  least  three  separate  heat 
exchange  beds  (12,  13,  14)  are  disposed  around  the 
periphery  of  the  chamber  (30).  Each  of  the  heat  exchange 
beds  (12,  13,  14)  contains  heat  exchange  packing  elements 
(11).  An  inlet  means  (19)  is  coupled  to  each  bed  (12,  13,  14) 
for  conducting  gases  to  the  bed  (12,  13,  14)  for  passage 
therethrough  into  the  chamber  (30).  An  outlet  means  (46)  is 
coupled  to  each  bed  (12,  13,  14)  for  conducting  gases  away 
from  the  bed  (12,  13,  14)  after  the  gases  have  passed 
outwardly  from  the  chamber  (30)  through  the  bed  (12,  13, 
14).  A  heating  means  (39),  preferably  disposed  within  the 
chamber  (30),  provides  heat  to  the  chamber  (30).  The 
improvement  in  this  apparatus  comprises  providing  at  least 
one  heat  transfer  conduit  (50),  preferably  substantially 
vertically  within  each  bed  (12,  13,  14).  A  means  is  provided 
for  withdrawing  heat  transfer  fluid  from  the  conduit  (50). 
Alternatively,  and  preferably,  the  heat  transfer  conduits  (50) 

are  disposed  within  the  central  chamber  (30)  or  adjacent  to 
the  central  chamber  (30). 





T h i s   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   in   a n  

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

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

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

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

S t e a m   g e n e r a t o r s   d e s i g n e d   to  e x t r a c t   h e a t   f r o m  

w a s t e   g a s e s   a r e   known  in  t h e   a r t .   See ,   f o r   e x a m p l e , .  

U .S .   P a t e n t   Nos .   2 , 3 3 6 , 8 3 3   to   B a d e n h a u s e n ,   a n d  

2 , 0 4 8 , 4 6 6   to   H a y s .   Hays  d e s c r i b e s   a  h e a t   e x c h a n g e r  

d e s i g n   in   a  s t e a m   g e n e r a t o r   w h e r e i n   an  e l o n g a t e d   bed   o f  

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

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

i s   p a s s e d   v e r t i c a l l y   t h r o u g h - t h e   mass   of  p a r t i c l e s .  

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

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

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

U .S .   P a t e n t   No.  2 , 9 6 7 , 0 9 4   to  M i t c h e l l   p r o v i d e s  

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

w i t h   a d d i t i o n a l   a i r   and  f u e l   in   a  c e n t r a l   gas   m i x i n g  

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

t h e   t e m p e r a t u r e   of  t h e   g a s e s   a b o v e  a   t h r e s h h o l d   t e m p e r a -  

t u r e   l e v e l .   A l t e r n a t i v e l y ,   M i t c h e l l   p r o p o s e s   to  r e a c h  

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

c o m b u s t i o n   p r o m o t e r s .   The  gas   m i x i n g   zone   i s   an  e l o n g a t e d  

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

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

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



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

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

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

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

h i g h   h e a t   t r a n s f e r   r a t e s .   M i t c h e l l ,   e l i m i n a t e s   h i g h  

p r e s s u r e   d r o p s   and   u n e v e n   t e m p e r a t u r e   p a t t e r n s   s a i d   t o  

e x i s t   in   H a y s ,   b u t   r e q u i r e s   t h e   b a f f l e d   f l o w   of   g a s e s  
o v e r   t h e   h e a t   t r a n s f e r   c o n d u i t s ,   n e c e s s i t a t i n g   a  c o m -  

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

r a t e s .  

U.S .   P a t e n t   No,  3 , 8 9 5 , 9 1 8   to   M u e l l e r ,   t h e  

e n t i r e   d i s c l o s u r e   of  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   b y  

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

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

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

c e n t r a l   c h a m b e r .   Each   bed  has   an  i n l e t   and  an  o u t l e t  

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

in  t h e   d e s i r e d   d i r e c t i o n .   T h i s   a p p a r a t u s ,   as  w e l l   a s  

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

i n e f f i c i e n t   when  t h e   gas  e n t e r i n g   t h e   a p p a r a t u s   h a s   a  

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

t h e   g a s .   The  a p p a r a t u s   of  M u e l l e r   c a n n o t   u t i l i z e   a n d  
r e c o v e r   t h i s   e x c e s s   h e a t .   T h e  g a s  l e a v i n g   t h e   a p p a r a t u s  

e x i t s   a t   a  v e r y   h i g h   t e m p e r a t u r e   and  an  a u x i l i a r y   h e a t  

r e c o v e r y   u n i t   m u s t   be  a d d e d   to   t h e   u n i t   to   r e c o v e r  

t h i s   e x c e s s   h e a t   v a l u e .   The  u n i t   d e s c r i b e d   in   M u e l l e r  

i s   p r e s e n t l y   m a n u f a c t u r e d   by  The  R e g e n e r a t i v e  

E n v i r o n m e n t a l   E q u i p m e n t   Company ,   I n c .   ( " R e e c o " )   o f  

M o r r i s   P l a i n s ,   New  J e r s e y   as  t h e   RETHERM®  SYSTEM. 



I t   is   an  o b j e c t   of  t h i s   i n v e n t i o n   to   o v e r c o m e  

some  of  t h e   d e f i c i e n c i e s   of  t h e   p r i o r   a r t   w a s t e   h e a t  

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

and  p r o v i d e   a n  i m p r o v e d   and  more  e f f i c i e n t   a p p a r a t u s  

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

A c c o r d i n g   to   t he   i n v e n t i o n   t h e r e   is   p r o v i d e d  

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

l e a s t   t h r e e   s e p a r a t e   h e a t - e x c h a n g e   beds   d i s p o s e d  

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

t a i n i n g   h e a t   e x c h a n g e   p a c k i n g   e l e m e n t s ,   an  i n l e t  

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

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

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

away  f rom  t he   bed  a f t e r   t h e   g a s e s   have   p a s s e d   o u t w a r d l y  

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

f o r   p r o v i d i n g   h e a t   to   t h e   c h a m b e r ,   t he   i m p r o v e m e n t  

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

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

to   t he   c o n d u i t   and  means  f o r   w i t h d r a w i n g   h e a t  

t r a n s f e r   f l u i d   f rom  t he   c o n d u i t .  

The  i n v e n t i o n   f u r t h e r   p r o v i d e s   an  a p p a r a t u s   f o r  

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

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

beds   d i s p o s e d   a r o u n d   t he   p e r i p h e r y   of  t he   c h a m b e r ,   e a c h  

bed  c o n t a i n i n g   h e a t   e x c h a n g e   p a c k i n g   e l e m e n t s ,   an  i n l e t  

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

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

c o u p l e d   to   e a c h   bed  f o r   c o n d u c t i n g   g a s e s   away  f rom  t h e   b e d  

a f t e r   t he   g a s e s   have   p a s s e d   o u t w a r d l y   f rom  the   c h a m b e r  

t h r o u g h   the   bed  and  a  h e a t i n g   means   f o r   p r o v i d i n g   h e a t   t o  

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

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

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

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



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   a  p e r s p e c t i v e   v i e w ,   p a r t i a l l y  

in   s e c t i o n   of  an  e m b o d i m e n t   of   an  a p p a r a t u s   of  t h i s  

i n v e n t i o n ;  

F IG.   2  i s   a  d i a g r a m m a t i c   v i e w   s h o w i n g   t h e  

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

r e l a t i o n   to   t h e   c e n t r a l   c h a m b e r   and  h e a t   e x c h a n g e  

b e d s ;  

F IG.   2A  i s   a  d i a g r a m m a t i c   v i e w   of  a  p r e f e r r e d  

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

F IG. '   3  i s   a  p l a n   v i e w   of  t h e   e m b o d i m e n t   o f  

t h e   a p p a r a t u s   of  t h i s   i n v e n t i o n   d e p i c t e d   in   FIG.   1 ;  

F IG .   4  i s   an  e n l a r g e d   v i e w   in  p e r s p e c t i v e  

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

a p p a r a t u s   shown  i n   FIGS.   1  and  3 ;  

FIG.   5  i s   a  s e c t i o n a l   v i e w   of  t h e   p o r t i o n   of   t h e  

a p p a r a t u s   shown  in   FIG.   4  t a k e n   a l o n g   l i n e   5-5  o f  

FIG.   4;  a n d  

FIG.   6  i s   a  d i a g r a m m a t i c   p l a n   v i e w   of   a n  

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

The  a p p a r a t u s   o f   t h i s   i n v e n t i o n   i s   an  i m p r o v e m e n t  

o v e r   t h e   a p p a r a t u s   d e s c r i b e d   in  U.S.   P a t e n t   No.  3 , 8 9 5 , 9 1 8  

to   M u e l l e r .   As  i n d i c a t e d   p r e v i o u s l y ,   t h e   e n t i r e  

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

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

a p p a r a t u s ,   t h e   r e a d e r   i s   r e f e r r e d   to   t h a t   p a t e n t .  



I n f e r r i n g   now  to   F IGS.   1 - 6 ,   t h e r e   i s   shown  a n  

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

d e s i g n a t e d   ( 1 0 ) .   The  g a s e s   a r e   u s u a l l y   c o m b u s t i b l e  

w a s t e   g a s e s   and  may  i n c l u d e   e n t r a i n e d   l i q u i d s ,   s o l i d s  

a n d / o r   a  f u e l   w h i c h  m a y   be  i g n i t e d .   R e f e r r i n g   t o   t h e  

e m b o d i m e n t s   d e p i c t e d   in   FIG.  1  and  FIG.  5,  t h e   a p p a r a t u s  

(10)  c o m p r i s e s   t h r e e   h e a t   e x c h a n g e   b e d s   (12,   13  and  1 4 )  

c o n t a i n i n g   h e a t   e x c h a n g e   e l e m e n t s   ( 1 1 ) ,   e . g .   c e r a m i c  

p a c k i n g   e l e m e n t s :   As  shown  in  FIG.  3,  t h e   b e d s  

(12,   13  and  14)  a r e ,   p r e f e r a b l y ,   d i s p o s e d   s u b s t a n t i a l l y  

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

f i c a t i o n   c h a m b e r   ( 3 0 ) .   W a s t e   g a s e s   f rom  i n d u s t r i a l  

or  o t h e r   p r o c e s s e s   a r e   c o n v e y e d   to  t h e   b e d s   (12 ,   13  

and  14)  by  gas   i n l e t   ( 1 6 ) .   I n l e t   (16)  i s   c o n n e c t e d   t o  

a  d i s t r i b u t o r   c o n d u i t   (18)  t h a t   can   f e e d   t h e   g a s e s   t o  

any  of   t h e   h e a t   e x c h a n g e   b e d s   (12,   13  and  1 4 ) .  

R e f e r r i n g   to  FIGS.   1,  4  and  5,  t h e   d i s t r i b u t o r  

c o n d u i t   (18)  i s   c o u p l e d  b y   c o n n e c t i n g  p i p e s   (19)  t o  

t h e   b o t t o m s   of  t h e   f l u e s   (22,  23  and  24)  a s s o c i a t e d  

w i t h   t h e   b e d s   (12 ,   13  and  14,  r e s p e c t i v e l y ) .   D a m p e r  

v a l v e s   (20)  a r e   u s e d   to   c o n t r o l   t h e   f l o w   of   gas   to   a n y  
s e l e c t e d   f l u e   or  f l u e s   and  t h e i r   a s s o c i a t e d   h e a t  

e x c h a n g e   b e d s .   The  d a m p e r   v a l v e s   (20)  may  be  m a n u a l l y  

c o n t r o l l e d ,   b u t   a l t e r n a t i v e l y   may  be  a r r a n g e d   f o r  

e l e c t r o - m e c h a n i c a l ,   p n e u m a t i c   or   o t h e r   t y p e   o p e r a t i o n  

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

f l u e  b e d s   (22,   23  and  24)  a r e   c o n t a i n e d   w i t h i n   a  

v e r t i c a l   s u p p o r t   s t r u c t u r e   (32,  33  and  34)  h a v i n g  

w a l l s   (25)  made ,   f o r   e x a m p l e ,   of  m e t a l ,   i n t e r n a l l y  

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



The  b e d s   (12,   13  and  14)  a r e   f i l l e d   w i t h   h e a t  

e x c h a n g e   e l e m e n t s   (11)  made  o f ,   f o r   e x a m p l e ,  

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

t h e   t r a d e m a r k   " I n t e r l o x "   or  " S u p e r   I n t e r l o x "   o r  

" S u p e r   I n t e r l o x "   by  t h e   N o r t o n   C h e m i c a l   C o m p a n y .  

R e f e r r i n g   to   FIGS.   1,  2,  4  and  5,  t h e s e   e l e m e n t s   ( 1 1 )  

a r e   h e l d   a t   t h e   i n n e r m o s t   p o r t i o n   of  t h e   bed  by  a  

p l u r a l i t y   of  c a n t e d   r e f r a c t o r y   or   m e t a l l i c   l o u v e r s   ( 2 7 )  

s u b s t a n t i a l l y   a d j a c e n t   t o   c h a m b e r   ( 3 0 ) ,   and  a t   t h e  

o u t e r m o s t   p o r t i o n   of   t h e   bed   by  a  s c r e e n ,   mesh  o r  

p l u r a l i t y   of   l o u v e r s   ( 2 8 ) .   A l t e r n a t i v e l y ,   as  shown  i n  

FIG.   2A,  t h e   e l e m e n t s   (11)  may  be  h e l d   a t   t h e   i n n e r -  

m o s t   p o r t i o n   of  t h e   bed   by  a  s c r e e n   or   mesh  (27a)   w h i c h  

i s   w a t e r   c o o l e d   by  t h e   h e a t   t r a n s f e r   c o n d u i t s   ( 5 0 ) .  

Each   bed   (12,   13  and   14)  and  f l u e   (22,   23  and  2 4 )  

i s   t o p p e d   by  a  r e f r a c t o r y   l i n e d   m e t a l l i c   c o v e r   ( 2 6 ) .  

The  c e n t r a l   c h a m b e r   (30)  i s   g e n e r a l l y   c y l i n d r i c a l   i n  

c r o s s - s e c t i o n ,   w i t h   a  r e f r a c t o r y   l i n e d   dome  ( 3 1 ) .  

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

v a l v e   (20)  and  c o n n e c t i n g   p i p e   (19)  e n t e r s   one  of  t h e  

f l u e s   (22,   23  and  24)  and  t h e n   p a s s e s   t h r o u g h   t h e  

s c r e e n   (28)  i n t o   and  t h r o u g h   t h e   b e d s   (12 ,   13  and  1 4 )  

and   o v e r   h e a t   t r a n s f e r   c o n d u i t s   (50)  ( d i s c u s s e d   b e l o w ) .  

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

t h e   s e t t i n g   o f   d a m p e r   v a l v e s   (20)  and  ( 4 4 ) .   The  g a s  

i s   t h e n   d i r e c t e d   o u t w a r d   and  u p w a r d   t h r o u g h   l o u v e r s   ( 2 7 )  

i n t o   t h e   c e n t r a l   c h a m b e r   ( 3 0 ) .   R e f e r r i n g   to   FIG.  4,  j u s t  

o u t s i d e   of  e a c h   s e t   of   l o u v e r s   (27)  t h e r e   i s   an  a n g l e d  

g a s - d e f l e c t i n g   b a f f l e   (35,   36  and  3 7 ) .  



The  c h a m b e r   (30)  i s   f u r n i s h e d   w i t h   a  h e a t i n g  

m e a n s ,   p r e f e r a b l y   a t   l e a s t   one   g a s ,   e l e c t r i c   or  o i l  

b u r n e r   (39)  p r o j e c t i n g   t o w a r d s   t h e   c e n t e r   of  t h e  

c h a m b e r   (30)  t h r o u g h   an  a p e r t u r e   f o r m e d   in  t h e   c u r v e d  

w a l l   ( 3 8 ) .   B u r n e r   (39)  in  c o m b i n a t i o n   w i t h   t h e  

b u r n i n g   g a s ,   may  g e n e r a t e   w i t h i n   c h a m b e r   (30)  a n  

i n t e n s e   h e a t   of  t h e   o r d e r   of  a b o u t   750°C .   to  a b o u t  

1 1 0 0 ° C . ,   b u r n i n g   a l l   of  t h e   gas   and  any  i m p u r i t i e s  

c o n t a i n e d   t h e r e i n .   The  h e a t i n g   means   may  be  u s e d   j u s t   f o r  

i g n i t i n g   a  gas   w h i c h   i s   s u f f i c i e n t   to  s u s t a i n   c o m b u s t i o n ,  

may  be  u s e d   c o n t i n u o u s l y   to  m a i n t a i n   an  a p p r o p r i a t e  

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

or   i n t e r m i t t e n t l y   as  t h e   gas   c o m p o s i t i o n   v a r i e s .   T h e  

o x i d i z e d   and  p u r i f i e d   gas  i s   t h e n   w i t h d r a w n   f r o m  

c h a m b e r   ( 3 0 ) ,   p a s s i n g   t h r o u g h   a  s e l e c t e d   one  of  t h e   o t h e r  

b e d s   and  o v e r   t h e   c o n d u i t s   ( 5 0 ) .  

R e f e r r i n g   to  FIGS.   1 ,   3,  4  and  5,  t h e   gas   may  b e  

moved  t h r o u g h   t h e   a p p a r a t u s   by ,   f o r   e x a m p l e ,   a  n e g a t i v e  

p r e s s u r e   p r o d u c e d   by  t h e   a c t i o n   of   e x h a u s t   b l o w e r   ( 4 0 ) .  

B l o w e r   (40)  i s   c o n n e c t e d   by  c o n d u i t   s e c t i o n   (41)  a n d  

c i r c u l a r   c o n d u i t   (42)  v i a   v a l v e   (44)  and  c o n d u i t  

s e g m e n t s   (46)  to   f l u e s   (22,   23  and  2 4 ) .   The  c o n d u i t  

s e g m e n t s   (46)  a r e   c o n n e c t e d   to   t h e   f l u e s   (22,   23  and  2 4 )  

a t   p o i n t s   h i g h e r   on  t h e   v e r t i c a l \ s u p p o r t   s t r u c t u r e s  

(32,   33  and  34)  t h a n   t h e   c o r r e s p o n d i n g   p o i n t s  a t   w h i c h  

c o n n e c t i n g   p i p e s   (19)  a r e   c o n n e c t e d .  

R e f e r r i n g   t o  F I G S .   4  and  5,  a t   l e a s t   o n e ,   a n d  

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

t r a n s f e r   c o n d u i t s   (50)  a r e   p a s s e d   t h r o u g h   e a c h   h e a t  

e x c h a n g e   bed   (12,   13  and  14)  and  t h r o u g h   t h e   h e a t  

e x c h a n g e   e l e m e n t s   ( 1 1 ) .   As  i n d i c a t e d   in  FIG.  5,  t h e  

c o n d u i t s   (50)  a r e   a d j a c e n t   t h e   c e n t r a l   c h a m b e r   ( 3 0 ) .  

A l t e r n a t i v e l y ,   t he   h e a t   t r a n s f e r   c o n d u i t s   (50)  may  p a s s  

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

(50)  a r e   v e r t i c a l ,   b u t   t h e   i n v e n t i o n   i s   n o t   to   be  s o  

l i m i t e d .  



FIG.   2  i s   a  d i a g r a m m a t i c   v i e w   s h o w i n g   t h e   p l a c e m e n t  

of  t h e   h e a t   t r a n s f e r   c o n d u i t s   ( 5 0 a ,   5 0 b ,  a n d   5 0 c ) ,   i n  

r e l a t i o n   to   t h e   c e n t r a l   c h a m b e r   ( 3 0 ) ,   h e a t   e x c h a n g e  

bed  (12 ,   13  and  14)  and  i n n e r m o s t   l o u v e r s   ( 2 7 ) .  

C o n f i g u r a t i o n   A  shows  v e r t i c a l   c o n d u i t s   50a  w i t h i n   t h e  

h e a t   e x c h a n g e   b e d ;   C o n f i g u r a t i o n   B  shows  v e r t i c a l   c o n d u i t s  

50b  w i t h i n   t h e   c e n t r a l   c h a m b e r   and  a d j a c e n t   t h e   b e d  

(12,   13  and   1 4 ) ;   and  C o n f i g u r a t i o n   C  shows   v e r t i c a l  

c o n d u i t s   50c  w i t h i n   t h e   bed   (12,   13  and  14)  a n d  

a d j a c e n t   t h e   c e n t r a l   c h a m b e r   ( 3 0 ) ,   i . e . ,   j u s t   o u t s i d e  

l o u v e r s   ( 2 7 ) .  

C o n f i g u r a t i o n   B  a n d  C   a r e   h i g h l y   p r e f e r r e d .  

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

c o n d u i t s   in   t r a n s f e r r i n g   t h e   h e a t   to  t h e   h e a t   e x c h a n g e  

f l u i d .  

FIG.   2A  shows   a n o t h e r   e m b o d i m e n t   of  t h e   c o n d u i t s  

( 5 0 )  w h e r e i n   s c r e e n   27  ( a ) _ h o l d s   e l e m e n t s   ( 1 1 )  

in   t h e   bed   and  t h e   c o n d u i t s   (50)  c o o l   t h e   s c r e e n  

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

C o n d u i t s   (50)  may  be  p l a c e d   in   a  c l o s e l y   n e s t e d  

and   s t a g g e r e d   a r r a n g e m e n t   to  c a u s e   a  c o n t i n u o u s  

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

o v e r   t h e   c o n d u i t s   ( 5 0 ) .   T h i s   p r o v i d e s   a  c o n t i n u o u s  

m i x i n g   of   t h e   g a s .   In  t h e   e m b o d i m e n t   d e p i c t e d   i n  

FIGS.   4  and  5,  h o w e v e r ,   t h e   c o n d u i t s   (50)  a r e   w i t h i n  

e a c h   bed   a d j a c e n t   to   t h e   c e n t r a l   c h a m b e r   (30)  j u s t  

o u t s i d e   l o u v e r s   (27)  and  n o t   n e s t e d   and  s t a g g e r e d .  

Such   n e s t i n g   and  s t a g g e r i n g   of  t h e   c o n d u i t s   ( 5 0 )  

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

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

c o n f i g u r a t i o n s   may  be  u t i l i z e d .  

In  F IGS.   4  and  5,  c o n d u i t s   (50)  a r e   s u b s t a n t i a l l y  
s u r r o u n d e d   by  h e a t  e x c h a n g e   e l e m e n t s   ( 1 1 ) .   H i g h   h e a t  

t r a n s f e r   r a t e s   t o  t h e   c o n d u i t s   (50)  and  h e a t   t r a n s f e r  



f l u i d   ( e . g .   w a t e r )   w i t h i n   t h e   c o n d u i t s   (50)  a r e   p r o v i d e d  

by  r a d i a t i o n   f rom  t h e   h o t   e l e m e n t s   (11)  s u r r o u n d i n g  

t h e   c o n d u i t s   (50)  and  by  c o n v e c t i o n   f rom  t h e   t u r b u l e n t  

gas   p a s s i n g   o v e r   t h e   c o n d u i t s   ( 5 0 ) .  

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

l e v e l   of   a b o u t   9 5 0 ° C .   to   a b o u t   1 1 0 0 ° C .   d u r i n g   t h e   t r a n s f e r  

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

i t   e x i t s .   The  bed   t h r o u g h   w h i c h   i t   e x i t s   a l s o   h a s  

v e r t i c a l   h e a t   t r a n s f e r   c o n d u i t s   (50)  c o n t a i n e d   t h e r e i n .  

T h i s   p r o v i d e s   f o r   t h e   e f f i c i e n t   e x t r a c t i o n   of   a  l a r g e  

p o r t i o n   of  t h e   h e a t   f r o m   t h e   g a s e s .  

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

R e f e r r i n g   to   FIG.  1,  p r e f e r a b l y   a  s t e a m   drum  (52)  i s  

l o c a t e d   a b o v e   t h e   c h a m b e r _ ( 3 0 )   on  i t s   c e n t e r l i n e .  

The  s t e a m   drum  (52)  i s   c o n n e c t e d   by  c o n d u i t s   (50)  ( o r  

v i a   h e a d e r s - n o t   shown)  t o ,   f o r   e x a m p l e ,   mud  d r u m s   ( 5 4 )  

a t   t h e   l o w e r   end  of  t h e   a p p a r a t u s .   One  or  more   d o w n c o m e r  

p i p e s   ( 5 6 ) ,   e x t e r n a l   to   b e d s   (11,   12  and  13)  c o n n e c t  

t h e   s t e a m   drum  (52)  to   t h e   mud  drum  ( 5 4 ) .   Such   a  

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

c u l a t i o n   and  may  be  u t i l i z e d   w i t h   any  of  t h e   c o n d u i t  

c o n f i g u r a t i o n s   d e p i c t e d   in   F I G .  2   or  2A.  S t e a m   w h i c h   i s  

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

(50)  i s   r e t u r n e d   t h r o u g h   t h e   c o n d u i t s   (50)  to  t h e  

s t e a m   drum  (52)  f o r   t r a n s f e r   to  a  d e s i r e d   l o c a t i o n .  

FIG.  6  d e p i c t s   i n w a r d   f a c i n g   e x p a n s i o n   l o o p s  

(60)  in  t he   h e a d e r s   to  c o n d u i t s   ( 5 0 ) .   T h i s  p e r m i t s   t h e  

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



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

m a n n e r   to  t h a t   d e p i c t e d   in   U . S .   P a t e n t   3 , 8 9 5 , 9 1 8   t o  

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

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

i s   u t i l i z e d   to   p r o d u c e   s t e a m ,   h o t   w a t e r ,   e t c .   T h e  

a p p a r a t u s   of   t h i s   i n v e n t i o n   may  h a v e   any  number   o f  

b e d s   and  a s s o c i a t e d   b a f f l e s ,   i n l e t   and  o u t l e t   v a l v e s ,  

e t c .  

: O p t i o n a l l y ,   in   o r d e r   to   e n h a n c e   t h e   e f f i c i e n c y ,  

r e d u c e   f u e l   c o s t s ,  a n d   o b t a i n   more   e f f i c i e n t   c o n v e r s i o n  

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

e x c h a n g e   b e d s   (11,   12  and  13)  may  h a v e  a s s o c i a t e d  

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

The  c a t a l y s t s   may  be  a n y  o n e   of   t h e   known  c a t a l y s t s  

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

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

n i t r o g e n   and  c a r b o n   d i o x i d e .   Of  c o u r s e ,   t h e   p a r t i c u l a r  

c a t a l y s t   u s e d   w i l l   d e p e n d   on  many  t h i n g s   such   as  t h e  

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

t r e a t e d ,   t h e   t y p e   and  s i z e   of   t h e   h e a t   e x c h a n g e   e l e m e n t s ,  

e t c .  

G e n e r a l l y ,   m o s t   o f   t h e   p r i o r   a r t   M u e l l e r   t y p e  

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

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

gas   a t   a  s p e c i f i e d   t e m p e r a t u r e   f o r   a  s p e c i f i e d   l e n g t h   o f  
t i m e   or   l o n g e r .   A  t y p i c a l   t e m p e r a t u r e   i s   1 6 0 0 ° F .   ( 8 7 1 ° C . )  
f o r   2  s e c o n d s .   Such   a  u n i t   w i l l   a l s o   be  d e s i g n e d   f o r   a  
maximum  gas   f l o w   r a t e .   G i v e n   t h e   d e s i g n   f l o w   r a t e ,  

t e m p e r a t u r e   and   t i m e ,   t h e   s i z e   of   t h e   c e n t r a l   c h a m b e r  

i s   d e t e r m i n e d .   The  d e s i g n   f i r i n g   r a t e   i s   f i x e d   a t   a  
maximum  to   a c c o m m o d a t e   s t a r t - u p s   and  v a r i a t i o n s   in   t h e  

e n e r g y   (BTU)  c o n t e n t   o f   t h e   g a s e s ,   i f   any .   The  e n e r g y  

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



For   e x a m p l e ,   a  u n i t   may  be  d e s i g n e d   f o r   a  2 5 , 0 0 0  

SCFM,  1 6 0 0 ° F .   ( 8 7 1 ° C . )   f o r   2  s e c o n d s   w i t h   a  v a r y i n g   BTU 

c o n t e n t   in   t h e   g a s e s   to   be  i n c i n e r a t e d .   A  f r e q u e n t  

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

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

e v o l v e d ,   s u c h   as  in   p l a s t i c s   m a n u f a c t u r e .   The  s o l v e n t s  

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

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

to   m e e t   OSHA or   o t h e r   s t a n d a r d s   f o r   w o r k e r   p r o t e c t i o n .  
In  t h e   p r i o r   a r t   M u e l l e r   t y p e   r e g e n e r a t i v e   i n -  

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

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

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

e n e r g y ) ,   and  t h e n   c o n t i n u e d   to   be  f i r e d   i f   t h e   g a s e s  
c o n t a i n   an  i n s u f f i c i e n t   a m o u n t   of   e n e r g y   to   m a i n t a i n  

t h e   g a s e s   a t   d e s i g n   t e m p e r a t u r e   ( e . g .   1 6 0 0 ° F . ,   8 7 1 ° C . ) .  

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

v a r i e d   to   m a i n t a i n   t h i s   d e s i g n   t e m p e r a t u r e .   I f   t h e r e  

i s   i n s u f f i c i e n t   e n e r g y  i n   t h e  g a s   to   m a i n t a i n   d e s i g n  

t e m p e r a t u r e   t h e n   t h e r e   w i l l   a l w a y s   be  a u x i l i a r y   f i r i n g  

to  m a i n t a i n   t h a t   t e m p e r a t u r e .   I f   t h e r e   i s   more  e n e r g y  
in  t h e   gas   t h a n   r e q u i r e d   to  m a i n t a i n   d e s i g n   t e m p e r a t u r e ,  

means   m u s t   be  s u p p l i e d   to   r e m o v e   p a r t   of   t h e   h e a t  

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

t e m p e r a t u r e   w i t h   v e r y   u n d e s i r a b l e   e f f e c t s .   S e v e r a l  

means   h a v e   b e e n   e m p l o y e d   in   t h e   p a s t .   One  i s   to   b y p a s s  

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

r e m o v e s   p a r t   of  t h e   e x c e s s   h e a t   b e f o r e   i t   r e - e n t e r s   a n  

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

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

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

e x c e s s   e n e r g y   in  t h e   g a s ,   i s   to   p a s s   t h e   gas   f r o m  

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

b e f o r e   e x i t i n g   to  t h e   e x h a u s t .   P a r t   of   t h e   h o t   g a s e s  

r e q u i r e d   to   be  b y p a s s e d   a r e   u s e d   to   m a i n t a i n   d e s i g n  



t e m p e r a t u r e   and   t h e   r e m a i n d e r   of  t h e   e x c e s s   h e a t  

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

or  s t e a m .  

The  a b o v e   d e s c r i b e d   e m b o d i m e n t   of  t he   i n v e n t i o n :  

1.  P r o v i d e s   n e a r l y   100%  e f f i c i e n c y   of   h e a t  

t r a n s f e r   f r o m   t h e   h o t   g a s e s   to   s t e a m   or   h o t   w a t e r .  

The  a p p a r a t u s   o f   t h i s  i n v e n t i o n   p r o v i d e s   a n  

e x t r e m e l y   h i g h   e f f i c i e n c y   ( a l m o s t   100%)  in   h e a t   t r a n s f e r  

f r o m   t h e   h o t   g a s e s   in   t h e   c h a m b e r   to   t h e   s t e a m   or   w a t e r  
in   t h e   h e a t   t r a n s f e r   c o n d u i t .   The  o n l y   h e a t   l o s s e s  

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

e x t e r n a l   to   t h e   c h a m b e r ,   e . g .   p i p e s   c o n n e c t i n g   t h e   h e a t  

t r a n s f e r   c o n d u i t s   to   t h e   mud  drum  and  s t e a m   drum  a n d  

t h e   d o w n c o m e r ,   and  t h e s e   l o s s e s   c a n   be  a l m o s t  

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

2.  I s   in   e s s e n c e   a  " b a s e   l o a d "   o r  

" c o n s t a n t   s t e a m i n g "   b o i l e r .   Due  to   t h e   f a c t  

t h a t   t h e   t e m p e r a t u r e   i n s i d e   t h e   c h a m b e r   may  b e  

m a i n t a i n e d   c o m p a r a t i v e l y   c o n s t a n t ,   and  t h e   mass   f l o w  

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

b o i l e r "   e x i s t s .   T h i s   t y p e   b o i l e r   i s   o f t e n   v e r y   : 
d e s i r a b l e .  

3.  P r o v i d e s   t h e   o p t i o n   of   o v e r   f i r i n g   t o  

o b t a i n   a  b o i l e r   h a v i n g   a  h i g h   e f f i c i e n c y ;   a n d  

4.  I s   an  i n e x p e n s i v e   b o i l e r .  

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

e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   s c o p e   i s  

now  p a r t i c u l a r l y   s e t   f o r t h   in   t h e   a p p e n d e d   c l a i m s .  



1.  In  an  a p p a r a t u s   f o r   p r o c e s s i n g   i n d u s t r i a l  

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

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

a r o u n d   t h e   p e r i p h e r y   of  t h e   c h a m b e r ,   e a c h   bed  c o n t a i n i n g  

h e a t   e x c h a n g e   p a c k i n g   e l e m e n t s ,   an  i n l e t   means   c o u p l e d  

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

t h e r e t h r o u g h   i n t o   t h e   c h a m b e r ,   an  o u t l e t   means   c o u p l e d  

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

a f t e r   t h e   g a s e s   h a v e   p a s s e d   o u t w a r d l y   f rom  t h e   c h a m b e r  

t h r o u g h .  t h e   b e d ,   and  a  h e a t i n g   means   f o r   p r o v i d i n g   h e a t  

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

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

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

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

2 .   In  an  a p p a r a t u s   f o r   p r o c e s s i n g   i n d u s t r i a l  

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

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

a r o u n d   t h e   p e r i p h e r y   of  t h e   c h a m b e r ,   e a c h   bed  c o n t a i n i n g  

h e a t   e x c h a n g e   p a c k i n g   e l e m e n t s ,   an  i n l e t   means  c o u p l e d   t o  

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

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

e a c h   bed  f o r   c o n d u c t i n g   g a s e s   away  f rom  t h e   bed  a f t e r  

t h e   g a s e s   h a v e   p a s s e d   o u t w a r d l y   f rom  t h e   c h a m b e r   t h r o u g h  

t h e   bed  and  a  h e a t i n g   means   f o r   p r o v i d i n g   h e a t   to   t h e  

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

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

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

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

.3.  The  a p p a r a t u s   of   C l a i m   1,  w h e r e i n   t h e   h e a t  

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

4.  The  a p p a r a t u s   of   C l a i m   2,  w h e r e i n   t h e   h e a t  

t r a n s f e r   c o n d u i t   i s   a d j a c e n t   t h e   b e d s .  



5.  The  a p p a r a t u s   of  C l a i m s   1,  2,  3  or  4,  w h e r e i n  

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

6.  The  a p p a r a t u s   of  C l a i m   5,  f u r t h e r   c o m p r i s i n g :  

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

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

a  mud  drum  n e a r   t h e   b o t t o m   of  t h e   c h a m b e r ,  

e x t e r n a l   t h e r e t o ,   in   f l u i d   c o m m u n i c a t i o n   w i t h   t h e  

c o n d u i t s ;   a n d  

a t   l e a s t   one   d o w n c o m e r   e x t e r n a l   to   t h e   c h a m b e r  

c o n n e c t i n g   t h e   s t e a m   drum  and  mud  d r u m .  

7.  The  a p p a r a t u s   of  C l a i m s   1  or   2,  w h e r e i n   t h e  

h e a t i n g   m e a n s   i s   w i t h i n   t h e   c h a m b e r .  

8.  The  a p p a r a t u s   of  C l a i m   3  or   4,  w h e r e i n   t h e  

c o n d u i t s   a r e   c o n n e c t e d   by  an  e x p a n s i o n   h e a d e r .  

9.  The  a p p a r a t u s   of  C l a i m   3  or   4,  w h e r e i n   t h e  

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