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Fluidized  bed  heat  exchanger. 
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A  fluidized  bed  heat  exchanger is  described  in  which  a  per- 
forate  support  plate  (20)  bears  relatively  lightweight  absorbent 
material  particles  and  relatively  heavy  fuel  ash  particles  in  a 
fluidized  bed  (18).  The  heat  exchanger  includes  a  drain  (42) 
through which a flow of air is forced upwardly into the bed  (18). 
The air flow  is  controlled  such  that  it  forms  an  air  screen  which 
retains  the  adsorbent  material  particles  in  the  bed  (18)  but 
allows  the  fuel  ash  particles  to  fall  into  the  drain  (43)  for 
discharge. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  f l u i d i z e d   bed  h e a t  

e x c h a n g e r   a n d ,   more   p a r t i c u l a r l y ,   to   a  h e a t   e x c h a n g e r   i n  

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

in  a  f l u i d i z e d   bed  and  a  m e t h o d   of  o p e r a t i o n   t h e r e o f .  

The  u se   of  f l u i d i z e d   b e d s   has   l o n g   b e e n   r e c o g n i z e d  

as  an  a t t r a c t i v e   way  of  g e n e r a t i n g   h e a t .   In  a  n o r m a l   f l u i d -  

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

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

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

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

r e l e a s e d   as  a  r e s u l t   of  t h e   c o m b u s t i o n   of  t h e   c o a l .   As  a  

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

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

f u e l .   The  b a s i c   a d v a n t a g e s   of  s u c h   an  a r r a n g e m e n t   i n c l u d e   a  

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

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

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

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

In  t h e   f l u i d i z e d   bed  c o m b u s t i o n   p r o c e s s ,   t h e  

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

by  s u i t a b l e   f e e d e r s ,   i n j e c t o r s ,   or  t h e   l i k e ,   and  c o a l   a s h  

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

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

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



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

a  s c r e w   c o o l e r ,   a  c o n v e y o r   b e l t ,   or  t h e   l i k e .   H o w e v e r ,   i n  

a r r a n g e m e n t s   in  w h i c h   t h e   s i z e   of  t h e   c o a l   e x t e n d s   o v e r   a  

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

t e n d   to   m i g r a t e   to   an  a r e a   a b o v e   t h e   d r a i n   p i p e   and  fo rm  a  

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

As  a  r e s u l t ,   t h e   h e a v y   p i e c e s   of  c o a l   a sh   do  n o t   d r a i n ,   b u t  

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

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

F u r t h e r m o r e ,   in  t h e   o p e r a t i o n   of  t h e   f l u i d i z e d  

b e d ,   in  o r d e r   to   m a x i m i z e   h e a t   t r a n s f e r   e f f i c i e n c y ,   i t   i s  

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

m a t e r i a l   in  t h e   b e d .   P r e c i s e   c o n t r o l   i s   d i f f i c u l t   to   a c h i e v e  

in  a  f l u i d i z e d   bed  in  w h i c h   new  m a t e r i a l   is   c o n t i n u o u s l y  

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

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

d e s c r i b e d   in  U n i t e d   S t a t e s   P a t e n t   No.4  335  661,   and  B r i t i s h  

P a t e n t   A p p l i c a t i o n   N o . 8 2   0 4 7 0 9 .  

In  a d d i t i o n   to   m a i n t a i n i n g   a  c o n t i n u o u s l y  

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

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

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

h e a v y   c o a l   ash  p a r t i c l e s   to   d i s c h a r g e   t h r o u g h   t h e   d r a i n .   I n  

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



f l u i d i z e d   bed  f o r   a  l o n g e r   t i m e   to   a d s o r b   more   s u l p h u r   f r o m  

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

a d s o r b e n t   m a t e r i a l   n e e d   be  c o n t i n u o u s l y   i n t r o d u c e d .   T h e r e  

is   an  a c c e p t a b l e   l o s s   or  a t t r i t i o n   of  a d s o r b e n t   m a t e r i a l  

in  t h e   n o r m a l   o p e r a t i o n   of  t h e   bed  by  t h e   r e d u c t i o n   of  t h e  

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

a c t i o n   of  t h e   bed  and  t h e   g r i n d i n g   of  t h e   p a r t i c l e s   a g a i n s t  

one  a n o t h e r ,   and  by  t h e   e n t r a i n m e n t   of  t h e   f i n e   a d s o r b e n t  

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

c a r r i e d   o u t   t h r o u g h   t h e   f l u 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   means   a r e  

p r o v i d e d   in  a  f l u i d i z e d   bed  h e a t   e x c h a n g e r   f o r   r e t a i n i n g  

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

of   s p e n t   f u e l   i n t o   t h e   bed  d r a i n   f o r   d i s c h a r g e .   P r e f e r r e d  

s u c h   means   f o rm  an  u p w a r d   f l o w   of  a i r   f rom  t h e   b e d  

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

p a r t i c l e s   in  t h e   bed  w h i l e   p e r m i t t i n g   t h e   d i s c h a r g e   of  t h e  

r e l a t i v e l y   h e a v y   f u e l   a sh   p a r t i c l e s .   The  a i r   f l o w   can   o f  

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

a r e   a d m i t t e d   to   t h e   d r a i n   p i p e .   By  t h i s   m e a n s ,   a  f l u i d i z e d  

bed  h e a t   e x c h a n g e r   can   be  o p e r a t e d   in  s u c h   a  way  t h a t  

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

and  in  w h i c h   t h e   a s h   i s   p r e v e n t e d   f rom  c l o g g i n g   t h e   d r a i n  

p i p e ,   w h i l e   t h e   a sh   i s   p e r m i t t e d   to   d i s c h a r g e   t h r o u g h   t h e  



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

f rom  d o i n g   so.   The  e x c h a n g e r   can  a l s o   be  o p e r a t e d   in  s u c h  

a  m a n n e r   t h a t   t h e   l e v e l   of  t h e   f l u i d i z e d   bed  is   p r e c i s e l y  

c o n t r o l l e d .  

A  f l u i d i z e d   bed  h e a t   e x c h a n g e r   e m b o d y i n g   t h e  

p r e s e n t   i n v e n t i o n   has   a  p e r f o r a t e   p l a t e   s u p p o r t i n g   a  

f l u i d i z e d   bed  of  p a r t i c u l a t e   m a t e r i a l   and  a  d r a i n   p i p e   t o  

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

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

f l u i d i z e d   bed  a b o v e   t h e   d r a i n   p i p e ,   t h e r e b y   p r e v e n t i n g   t h e  

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

of  a i r   a l s o   r e s u l t s   in  a  low  d e n s i t y   a r e a   in  t h e   f l u i d i z e d  

bed  in  a  g e n e r a l l y   c o n i c a l   r e g i o n   a b o v e   t h e   i n l e t   to   t h e   d r a i n  

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

m a t e r i a l   in  t h e   r e g i o n   a b o v e   t h e   d r a i n   p i p e .   T h u s ,   t h e  

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

t h e   low  d e n s i t y   r e g i o n   and  to  s i n k   i n t o   t h e   d r a i n   p i p e .   T h e  

f l o w   of  c o m p r e s s e d   a i r   is   s e l e c t e d   so  t h a t   i t   f o r m s   a  s e p a r a t -  

ing   a i r   s c r e e n   by  w h i c h   t h e   r e l a t i v e l y   l i g h t   p a r t i c l e s   o f  

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

h e a v i e r   c o a l   ash   p a r t i c l e s   a r e   p u l l e d   by  g r a v i t y   down  t h r o u g h  

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

t h e   a r e a   in  t h e   f l u i d i z e d   bed  a r o u n d   t h e   i n l e t   to   t h e   d r a i n  

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



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

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

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

t h r o u g h   t h e   d r a i n   p i p e .   S i n c e   t h e   c o a l   a sh   p a r t i c l e s   in  a n  

h e a t   e x c h a n g e r   of  t h e   i n v e n t i o n   can  d r a i n   r e l a t i v e l y  

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

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

can  t h e n   be  a d j u s t e d   w h e r e b y   t h e   l e v e l   of  t h e   f l u i d i z e d  

bed  can   be  p r e c i s e l y   c o n t r o l l e d .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  w a y  

of  e x a m p l e   and  w i t h   r e f e r e n c 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  

w h e r e i n : -  

F i g u r e   1  i s   a  v e r t i c a l   s e c t i o n a l   v i e w   of  t h e  

f l u i d i z e d   bed  h e a t   e x c h a n g e r   of  t h e   p r e s e n t   i n v e n t i o n ,   a n d  

F i g u r e   2  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w   o f  

t h e   d r a i n   p i p e   of  F i g u r e   1 .  

R e f e r e n c e   n u m e r a l   6  r e f e r s   in  g e n e r a l   to   a n  

e n c l o s u r e   f o r m i n g   a  m a j o r   p o r t i o n   of  t h e   f l u i d i z e d   bed  h e a t  

e x c h a n g e r   w h i c h   may  be  in   t h e   fo rm  of  a  b o i l e r ,   a  c o m b u s t o r ,  

a  p r o c e s s   r e a c t o r   or  any  s i m i l a r   d e v i c e .   The  e n c l o s u r e   6 

c o m p r i s e s   a  f r o n t   w a l l   8,  a  r e a r   w a l l   10,  and  two  s i d e w a l l s ,  

one  of  w h i c h   i s   shown  by  t h e   r e f e r e n c e   n u m e r a l   12.  Each   w a l l  

is  f o r m e d   by  a  p l u r a l i t y   of  v e r t i c a l l y   e x t e n d i n g   t u b e s   14  

d i s p o s e d   in  s p a c e d ,   p a r a l l e l   r e l a t i o n s h i p   and  c o n n e c t e d  



t o g e t h e r   by  a  p l u r a l i t y   of  e l o n g a t e d   f i n s   16  e x t e n d i n g   f o r  

t h e   e n t i r e   l e n g t h s   of  t h e   t u b e s   14  and  c o n n e c t e d   to   d i a m e t r i -  

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

The  u p p e r   p o r t i o n   of  t h e   e n c l o s u r e   6  is   n o t   shown  f o r   t h e  

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

c o m p r i s e s   a  c o n v e c t i o n   s e c t i o n ,   a  r o o f   and  an  o u t l e t   f o r  

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

c o n v e n t i o n a l   m a n n e r .  

A  bed  of  p a r t i c u l a t e   m a t e r i a l ,   shown  in  g e n e r a l  

by  t h e   r e f e r e n c e   n u m e r a l   18,  i s   d i s p o s e d   w i t h i n   t h e   h e a t  

e x c h a n g e r   6  and  r e s t s   on  a  p l a t e   20  e x t e n d i n g   h o r i z o n t a l l y  

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

p l u r a l i t y   of  p e r f o r a t i o n s   21.  The  bed  18  can  c o m p r i s e   a  

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

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

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

f u e l   m a t e r i a l .  

An  a i r   p l e n u m   22  i s   p r o v i d e d   i m m e d i a t e l y   b e l o w  

t h e   p e r f o r a t e d   p l a t e   20  and  an  a i r   i n l e t   p i p e   24  i s   p r o v i d e d  

t h r o u g h   t h e   p l e n u m   f o r   d i s t r i b u t i n g   a i r   f rom  an  e x t e r n a l  

s o u r c e   ( n o t   shown)  to   t h e   p l e n u m   u n d e r   t h e   c o n t r o l   of  a  

v a l v e   26.  S i n c e   t h e   v a l v e   26  can  be  of  a  c o n v e n t i o n a l   d e s i g n ,  

i t   w i l l   n o t   be  d e s c r i b e d   in  any  f u r t h e r   d e t a i l .   A  bed  l i g h t -  

o f f   b r u n e r   28  i s   m o u n t e d   t h r o u g h   t h e   f r o n t   w a l l   18  i m m e d i a t e l y  



m o u n t e d   t h r o u g h   t h e   f r o n t   w a l l   18  i m m e d i a t e l y   a b o v e   t h e  

p l a t e   20  f o r   i n i t i a l l y   l i g h t i n g   o f f   t h e   bed  18  d u r i n g  

s t a r t u p .  

T h r e e   o v e r b e d   f e e d e r s   30,  32  and  34  a r e   p r o v i d e d  

w h i c h   e x t e n d   t h r o u g h   a  s i d e w a l l   12.  The  f e e d e r s   30,  32  a n d  

34  r e c e i v e   p a r t i c u l a t e   c o a l   f rom  i n l e t   d u c t s   or  t h e   l i k e ,  

and  a r e   c o n t r o l l e d   by  v a l v e s   or  o t h e r   f l o w   c o n t r o l   d e v i c e s  

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

18.  The  f e e d e r s   30,  32  and  34  can  o p e r a t e   by  g r a v i t y  

d i s c h a r g e   or  can   be  in  t h e   fo rm  of  s p r e a d e r   f e e d e r s   or  a n y  

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

to   t h e   f e e d e r s   30,  32  and  34  and  c o n t r o l l e d   by  i d e n t i c a l  

d e v i c e s   can   a l s o   be  p r o v i d e d   t h r o u g h   one  or  more   of  t h e  

f r o n t   w a l l   8,  t h e   r e a r   w a l l   10  and  t h e   o t h e r   s i d e   w a l l   1 2 ,  

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

p r o v i d e d   f o r   d i s c h a r g i n g   t h e   a d s o r b e n t   o n t o   t h e   bed  1 8 .  

A  p a i r   of  h o r i z o n t a l   h e a d e r s   40  a r e   c o n n e c t e d   i n  

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   t u b e s   14  f o r m i n g   t h e   f r o n t  

w a l l   8  and  t h e   r e a r   w a l l   10,  and  a n o t h e r   p a i r   of  h o r i z o n t a l  

h e a d e r s   42  a r e   c o n n e c t e d   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  

t u b e s   14  f o r m i n g   t h e   s i d e   w a l l s   12.  I t   i s   u n d e r s t o o d   t h a t  

h e a d e r s   s i m i l a r   to   t h e   h e a d e r s   40  and  42  a r e   p r o v i d e d   i n  

c o m m u n i c a t i o n   w i t h   t h e   u p p e r   e n d s   of  t h e   w a l l s   8,  10  and  1 2 .  

As  a  r e s u l t ,   a  f l u i d   to   be  h e a t e d   can   be  s e q u e n t i a l l y   o r  



s i m u l t a n e o u s l y   p a s s e d   t h r o u g h   t h e   w a l l s   8,  10  and  12  t o  

p i c k   up  t h e   h e a t   f rom  t h e   f l u i d i z e d   bed  in  a  c o n v e n t i o n a l  

m a n n e r .  

As  can  be  s e e n   in  g r e a t e r   d e t a i l   in  F i g u r e   2 ,  

a  d r a i n   43  e x t e n d s   t h r o u g h   t h e   a i r   p l e n u m   22  and  i n c l u d e s   a  

o u t e r   p i p e   44,  an  i n n e r   p i p e   46  d e f i n i n g   a  t h r o a t   c o n c e n t r i -  

c a l l y   d i s p o s e d   w i t h i n   t h e   o u t e r   p i p e   44,  and  a  b e v e l l e d  

c o l l a r   48  s e c u r e d   b e t w e e n   t h e   o u t e r   and  i n n e r   d i s c h a r g e  

p i p e s   44  and  46  a t   t h e i r   u p p e r   e n d s   so  t h a t   an  u p p e r   e d g e  

of  t he   b e v e l l e d   c o l l a r   48  i s   l e v e l   w i t h   t h e   l o w e r   s u r f a c e  

of  t h e   p e r f o r a t e d   p l a t e   20  to   fo rm  a  g r a d u a l l y   n a r r o w i n g  

i n l e t   f o r   t h e   p a r t i c u l a t e   c o a l   ash   e n t e r i n g   t h e   d r a i n   4 3 .  

The  i n l e t   is   p o s i t i o n e d   a t   an  o p e n i n g   49  d e f i n e d   in  t h e  

p e r f o r a t e d   p l a t e   20.  The  b e v e l l e d   c o l l a r   48  may  be  s e c u r e d  

in  any  s u i t a b l e   m a n n e r ,   as  by  t h r e a d e d l y   c o n n e c t i n g   t h e  

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

46  and  w e l d i n g   t h e   b e v e l l e d   c o l l a r  t o   t h e   o u t e r   p i p e   4 4 .  

The  o u t e r   p i p e   44  i s   s u p p o r t e d   by  a  t h r e a d e d   c o n n e c t i o n   o r  

o t h e r   s u i t a b l e   c o n n e c t i o n   to   an  a n n u l a r   f l a n g e   50  d e p e n d i n g  

f rom  t h e   l o w e r   s u r f a c e   of  t h e   p e r f o r a t e d   p l a t e   20.  T h e  

o u t e r   and  i n n e r   p i p e s   44  and  46  e x t e n d   d o w n w a r d l y   t h r o u g h   a  

b o t t o m   w a l l   52  of  t h e   p l e n u m   22  w h e r e   t h e y   a r e   g u i d e d   by  a  

c o l l a r   54  i n t e r p o s e d   b e t w e e n   t h e   o u t e r   p i p e   44  and  an  a n n u l a r  

f l a n g e   56  d e p e n d i n g   f rom  t h e   l o w e r   w a l l   52  of  t h e   p l e n u m   2 2 .  



The  o u t e r   and  i n n e r   p i p e s   44  and  46  t e r m i n a t e   a t   l o w e r   e n d s  

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

a n n u l a r   p l a t e   58  w h i c h   e x t e n d s   r a d i a l l y   o u t w a r d   f rom  t h e  

l o w e r   end  of  t h e   i n n e r   p i p e   46.  The  f l a t   a n n u l a r   p l a t e   58  

i n c l u d e s   a  p l u r a l i t y   of  a p e r t u r e s   62  s p a c e d   o u t w a r d   f rom  t h e  

o u t e r   p i p e   44  f o r   r e c e i v i n g   f a s t e n e r s ,   s u c h   as  n u t s   a n d  

b o l t s   63,  to   c o n n e c t   t h e   f l a n g e   58  to   a  c o m p r e s s e d   a i r  

i n l e t   a s s e m b l y   6 4 .  

The  c o m p r e s s e d   a i r   i n l e t   a s s e m b l y   64  i n c l u d e s  

a  c o m p r e s s e d   a i r   i n l e t   p i p e   66  h a v i n g   a  l a t e r a l   i n l e t   p o r t  

68  w h i c h   i s   c o n n e c t e d   to   a  s o u r c e   of  c o m p r e s s e d   a i r   ( n o t  

s h o w n ) ,   t h e   f l o w   of  c o m p r e s s e d   a i r   to   t h e   i n l e t   p i p e   66  

b e i n g   c o n t r o l l e d   b y  a v a l v e   70.  The  c o m p r e s s e d   a i r   i n l e t  

p i p e   66  i n c l u d e s   a  r a d i a l l y   e x t e n d i n g   u p p e r   f l a n g e   72  

i n c l u d i n g   a  p l u r a l i t y   of  a p e r t u r e s   74  by  w h i c h   t h e   n u t s   a n d  

b o l t s   63  can   c o n n e c t   t h e   f l a n g e   72  to   t h e   f l a n g e   58.  An 

i n n e r   p i p e   76,  i n c l u d i n g   a t   i t s   u p p e r   end  an  o u t w a r d l y  

f l a r i n g   f r u s t o c o n i c a l   p l a t e   78  h a v i n g   a  p l u r a l i t y   o f  

p e r f o r a t i o n s   80,  i s   p o s i t i o n e d   c o n c e n t r i c a l l y   w i t h i n   t h e  

c o m p r e s s e d   a i r   i n l e t   p i p e   66.  The  f r u s t o c o n i c a l   p l a t e   78  

i n c l u d e s   a  c e n t r a l   a p e r t u r e   81  t h r o u g h   w h i c h   t h e   d r a i n i n g  

c o a l   a sh   p a r t i c l e s   can  p a s s .   The  u p p e r   end  of  t h e  

f r u s t o c o n i c a l   p l a t e   78  i n c l u d e s   an  o u t w a r d l y   e x t e n d i n g  

f l a n g e   82  w h i c h   o v e r l i e s   t h e   f l a n g e   72  and  i n c l u d e s   a p e r t u r e s  



84  in  a l i g n m e n t   w i t h   t h e   a p e r t u r e s   74,  so  t h a t   t h e   f l a n g e  

82  can  be  c l a m p e d   b e t w e e n   t h e   f l a n g e s   72  and  58  when  t h e  

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

86  e x t e n d s   r a d i a l l y   o u t w a r d   f rom  t h e   l o w e r   end  of  t h e  

i n n e r   p i p e   76  b e y o n d   t h e   a i r   i n l e t   p i p e   66  so  as  to   d e f i n e ,  

w i t h   t h e   a i r   i n l e t   p i p e   66,  t h e   i n n e r   p i p e   76  and  t h e  

f r u s t o c o n i c a l   p l a t e   78,  an  a n n u l a r   p l e n u m   c h a m b e r   8 8 .  

A  s u i t a b l e   d e v i c e ,   such   as  a  r o t a r y   f e e d e r   9 0 ,  

i s   s e c u r e d   a t   t h e   l o w e r   end  of  t h e   i n n e r   p i p e   76  to   c o n t r o l  

t h e   d i s c h a r g e   of  t h e   c o a l   a s h .   A l t h o u g h   a  r o t a r y   f e e d e r   h a s  

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

d e v i c e s ,   s u c h   as  s c r e w   f e e d e r s ,   can   be  e m p l o y e d .  

In  o p e r a t i o n ,   t h e   v a l v e   26  a s s o c i a t e d   w i t h   t h e  

a i r   i n l e t   p i p e   24  i s   o p e n e d   to   a l l o w   a i r   to   p a s s   up  t h r o u g h  

t h e   p l e n u m   22  and  t h r o u g h   t h e   p e r f o r a t i o n s   21  in  t h e   p e r f o r a t -  

ed  p l a t e   20.  The  l i g h t - o f f   b u r n e r   28  i s   t h e n   f i r e d   to   h e a t  

t h e   m a t e r i a l   in  t h e   bed  u n t i l   t h e   t e m p e r a t u r e   of  t h e  

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

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

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

the   f e e d e r s   30,  32  and  34,  and  a d s o r b e n t   m a t e r i a l   i s  

d i s c h a r g e d   f rom  o t h e r   f e e d e r s   ( no t   shown)  o n t o   t h e   u p p e r  

s u r f a c e   of  t h e   bed  18  as  n e e d e d .  

A f t e r   t h e   bed  18  has   b e e n   f l u i d i z e d   and  h a s  



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

w i t h   t h e   f o r e g o i n g ,   t h e   l i g h t - o f f   b u r n e r   28  i s   t u r n e d   o f f  

w h i l e   t h e   f e e d e r s   30,  32  and  34  c o n t i n u e   to   d i s t r i b u t e  

p a r t i c u l a t e   f u e l   to   t h e   u p p e r   s u r f a c e   of  t h e   bed  i n  

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

w a t e r ,   to   be  h e a t e d   i s   p a s s e d   i n t o   t h e   h e a d e r s   40  and  42  

w h e r e   i t   p a s s e s   s i m u l t a n e o u s l y ,   or  in  s e q u e n c e ,   t h r o u g h   t h e  

t u b e s   14  f o r m i n g   t h e   w a l l s   8,  10  and  12  to   add  h e a t   f rom  t h e  

f l u i d i z e d   bed  to  t h e   f l u i d   b e f o r e   i t   is   p a s s e d   to   e x t e r n a l  

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

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

c h a m b e r   88  t h r o u g h   t h e   c o m p r e s s e d   a i r   i n l e t   p o r t   68  by  t h e  

m a n i p u l a t i o n   of  t h e   v a l v e   70.  The  c o m p r e s s e d   a i r   f l o w s  

t h r o u g h   t h e   p e r f o r a t i o n s   80  in   t h e   f r u s t o c o n i c a l   p l a t e   78  

and  i n c r e a s e s   in  v e l o c i t y   when  i t   e n t e r s   t h e   t h r o a t  

d e f i n e d   by  t h e   i n n e r   d r a i n   p i p e   46,  f rom  w h i c h   i t   f l o w s  

d i r e c t l y   u p w a r d   t h r o u g h   t h e   f l u i d i z e d   bed  18,  c r e a t i n g  

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

a b o v e   t h e   d r a i n   43.  T h e r e   i s   a  g r e a t e r   v o l u m e   of  c o m p r e s s e d  

a i r   f l o w i n g   u p w a r d l y   o v e r   t h e   d r a i n   43  t h a n   in  any  o t h e r  

r e g i o n   of  t h e   f l u i d i z e d   bed  18.  As  a  r e s u l t ,   t h e   b e d  

m a t e r i a l   o v e r   t h e   d r a i n   43  i s   p r e v e n t e d   f rom  a c c u m u l a t i n g  

a r o u n d   t h e   i n l e t   to   t h e   d r a i n  .   In  a d d i t i o n ,   t h e   m a t e r i a l   o f  



t h e   f l u i d i z e d   bed  18  t e n d s   to   m i g r a t e   t o w a r d   t h e   low  d e n s i t y  

r e g i o n   o v e r   t h e   d r a i n   43.  F u r t h e r m o r e ,   t h e   d i a m e t e r   of  t h e  

i n n e r   d r a i n   p i p e   46  and  t h e   f l o w   of  a i r   f rom  t h e   c o m p r e s s e d  

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

t h e   d r a i n   43  d e f i n e s   an  a i r   s c r e e n   s e p a r a t i n g   t h e  

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

t h e   h e a v i e r   c o a l   a sh   p a r t i c l e s .   T h u s ,   when  t h e   p a r t i c u l a t e  

m a t e r i a l   of  t h e   f l u i d i z e d   bed  18  moves   i n t o   t h e   low  d e n s i t y  

r e g i o n   o v e r   t h e   d r a i n   43,  t h e   f l o w   of  c o m p r e s s e d   a i r   f r o m  

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

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

p a r t i c l e s   to  s i n k   i n t o   t h e   d r a i n   43,  f rom  w h i c h   t h e y   a r e  

d i s c h a r g e d   by  t h e   r o t a r y   f e e d e r   90  or  o t h e r   s u i t a b l e  

d i s c h a r g e   d e v i c e .  

T h e r e   i s   an  i n h e r e n t   r a t e   of  a t t r i t i o n   of  t h e  

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

by  t h e   c o l l i s i o n s   and  a b r a s i o n s   of  t h e   b o i l i n g   a c t i o n   o f  

t h e   f l u i d i z e d   bed  18  and  t h e   r e s u l t a n t   e n t r a i n m e n t   of  t h e  

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

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

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

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

43  and  a d d i t i o n a l   a d s o r b e n t   and  c o a l   is   c o n t i n u o u s l y   s u p p l i e d  

to  t h e   t o p   of  t h e   f l u i d i z e d   bed  18  to  m a i n t a i n   a  c o n t i n u o u s  



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

f l u i d i z e d   bed  18.  S i n c e   t h e   f l o w   of  c o a l   a sh   p a r t i c l e s   i n t o  

t h e   d r a i n   43  o c c u r s   f r e e l y ,   r a t h e r   t h a n   b e i n g   u p r e d i c t a b l y  

r e s t r i c t e d   or  b l o c k e d   by  a c c u m u l a t i o n s   a r o u n d   t h e   e n t r a n c e  

to  t h e   d r a i n   43,  i t   o c c u r s   a t   a  r e l a t i v e l y   c o n s t a n t   r a t e ,  

so  t h a t   t h e   r a t e   of  p a r t i c u l a t e   m a t e r i a l   b e i n g   f ed   to   t h e  

f l u i d i z e d   bed  18  can  be  a d j u s t e d ,   w h e r e b y   t h e   l e v e l   of  t h e  

f l u i d i z e d   bed  18  can  be  p r e c i s e l y   c o n t r o l l e d .   I f   i t   i s  

d e s i r e d   to   i n c r e a s e   t h e   r a t e   of  r e m o v a l   of  t h e   a d s o r b e n t  

m a t e r i a l   f rom  t h e   f l u i d i z e d   bed  18,  t h e   f l o w   of  c o m p r e s s e d  

a i r   t h r o u g h   t h e   d r a i n   p i p e   43  can   be  r e d u c e d   so  t h a t   t h e  

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

d r a i n   p i p e   43  a l o n g   w i t h   t h e   h e a v i e r   c o a l   a sh   p a r t i c l e s .   By 

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

d r a i n   43  i n t o   t h e   f l u i d i z e d   bed  18  t h e   s i z e   of  p a r t i c l e s  

w h i c h   w i l l   be  a l l o w e d   to   f a l l   t h r o u g h   t h e   d r a i n   43  can   b e  

c o n t r o l l e d .  



1.  A  f l u i d i z e d   bed  h e a t   e x c h a n g e r   c o m p r i s i n g   a n  

e n c l o s u r e   i n c l u d i n g   a  p e r f o r a t e   p l a t e   (20)  f o r   s u p p o r t i n g  

a  bed  (18)  of  p a r t i c u l a t e   m a t e r i a l   c o n t a i n i n g   a  f u e l   a n d  

an  a d s o r b e n t ,   means   ( 2 2 , 2 4 , 2 6 )   f o r   i n t r o d u c i n g   a i r   i n t o  

a  s a i d   bed  (18)  t h r o u g h   p e r f o r a t i o n s   (21)  in  t h e   p l a t e  

(20)  to   f l u i d i z e   s a i d   bed  ( 1 8 ) ,   f e e d i n g   means   (30,   32,  3 4 )  

f o r   i n t r o d u c i n g   p a r t i c u l a t e   m a t e r i a l   to   s a i d   bed  ( 1 8 ) ,   a n d  

a  d r a i n   (43)  h a v i n g   an  i n l e t   to   s a i d   bed  (18)  f o r   r e c e i v i n g  

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

CHARACTERISED  IN  THAT 

means   (64)  a r e   p r o v i d e d   f o r   r e t a i n i n g   t h e   a d s o r b e n t   m a t e r i a l  

in  s a i d   bed  (18)  while  p e r m i t t i n g   t h e   p a s s a g e   of  f u e l   a s h  

i n t o   t h e   d r a i n   ( 4 3 ) .  

2.  An  h e a t   e x c h a n g e r   a c c o r d i n g   to  C l a i m   1 

CHARACTERISED  IN  THAT  t h e   r e t a i n i n g   means   (64)  a r e   o p e r a b l e  

to  p r o v i d e   a  f l o w   of  a i r   t h r o u g h   t h e   d r a i n   (43)  and  i n t o  

s a i d   bed  ( 1 8 ) .  

3.  An  h e a t   e x c h a n g e r   a c c o r d i n g   to   C l a i m   2 

CHARACTERISED  IN  THAT  t h e   r e t a i n i n g   means   (64)  c o m p r i s e s  

an  a i r   p l e n u m   c h a m b e r   (88)  in  t h e   d r a i n   (43)  and  c o m m u n i c a t -  

ing  t h e r e w i t h .  

4.  An  h e a t   e x c h a n g e r   a c c o r d i n g   to   C l a i m   3 

CHARACTERISED  IN  THAT  t h e   p l e n u m   c h a m b e r   (88)  i s   a n n u l a r  

and  d e f i n e d   in  p a r t   by  a  f r u s t o c o n i c a l   p l a t e   ( 7 8 ) ,   p e r f o r a t -  



i o n s   (80)  in  t h e   p l a t e   (78)  p r o v i d i n g   s u c h   c o m m u n i c a t i o n .  

5.  An  h e a t   e x c h a n g e r   a c c o r d i n g   to   C l a i m   4 

CHARACTERISED  IN  THAT  w h e r e i n   t h e   f r u s t o c o n i c a l   p l a t e   ( 7 8 )  

has   a  c e n t r a l   a p e r t u r e   (81)  t h r o u g h   f o r   p a s s a g e   of  f u e l  

a sh   p a r t i c l e s .  

6.  An  h e a t   e x c h a n g e r   a c c o r d i n g   to   any  p r e c e d i n g  

C l a i m   CHARACTERISED  IN  THAT  t h e   i n l e t   to   t h e   d r a i n   ( 4 3 )  

i s   p o s i t i o n e d   a t   an  o p e n i n g   (49)  in  t h e   s u p p o r t   p l a t e   ( 2 0 ) .  

7.  An  h e a t   e x c h a n g e r   a c c o r d i n g   to   any  p r e c e d i n g  

C l a i m   CHARACTERISED  IN  THAT  t h e   d r a i n   (43)  c o m p r i s e s   a n  

o u t e r   p i p e   (44)  and  a  c o n c e n t r i c   i n n e r   p i p e   ( 4 6 ) ,   t h e  

i n n e r   p i p e   (46)  d e f i n i n g   a  t h r o a t .  

8.  A  m e t h o d   of  o p e r a t i n g   a  f l u i d i z e d   bed  ( 1 8 )  

d e f i n e d   on  a  p e r f o r a t e d   s u p p o r t   p l a t e   (20)  c o m p r i s i n g  

s u p p l y i n g   p a r t i c u l a t e   m a t e r i a l   to   t h e   f l u i d i z e d   bed  ( 1 8 )  

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

m a t e r i a l ;   s u p p l y i n g   f l u i d i z i n g   a i r   to   t h e   bed  (18)  t h r o u g h  

p e r f o r a t i o n s   (21)  in  t h e   s u p p o r t   p l a t e   ( 2 0 ) ;   h o u s i n g   t h e  

f u e l   in  t h e   f l u i d i z e d   bed  (18)  by  w h i c h   r e l a t i v e l y   h e a v y  

f u e l   a s h   p a r t i c l e s   a r e   f o r m e d ;   CHARACTERISED  IN  THAT 

t h e   f u e l   a sh   p a r t i c l e s   a r e   d i s c h a r g e d   t h r o u g h   a  d r a i n   ( 4 3 )  

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

bed  ( 1 8 ) .  

9.  A  m e t h o d   a c c o r d i n g   to   C l a i m   8  CHARACTERISED  I N  

THAT  t h e   a d s o r b e n t   m a t e r i a l   i s   p r e v e n t e d   f rom  e n t e r i n g   t h e  



d r a i n   (43)  by  an  a i r   s c r e e n   f o r m e d   by  a  f l o w   of  a i r  

t h r o u g h   s a i d   d r a i n   (43)  and  i n t o   t h e   f l u i d i z e d   b e d  

( 1 8 ) ,   w h i c h   a i r   f l o w   is   c o n t r o l l e d   to   p e r m i t   t h e   p a s s a g e  

of  f u e l   a sh   i n t o   t h e   d r a i n   ( 4 3 ) .  

10.  A  m e t h o d   a c c o r d i n g   to  C l a i m   8  or  C l a i m   9 

CHARACTERISED  IN  THAT  t h e   s u p p l y   of  p a r t i c u l a t e   m a t e r i a l  

to  t h e   bed  (18)  is   a d j u s t e d   to  c o n t r o l   t h e   l e v e l   o f  

p a r t i c u l a t e   m a t e r i a l   t h e r e i n .  
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