
J  

A 1  

Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0  3 6 9   0 0 4  

Office  europeen  des  brevets  A 1  

E U R O P E A N   PATENT  A P P L I C A T I O N  
p u b l i s h e d   in  a c c o r d a n c e   with  Art .  

158(3)  E P C  

©  Application  number:  87904742.1  ©  Int.  CI.5:  F22B  1/02,  F23C  11 /02  

©  Date  of  filing:  20.07.87 

©  International  application  number: 
PCT/JP87/00530 

©  International  publication  number: 
WO  89/00659  (26.01.89  89/03) 

<  

©  Date  of  publication  of  application:  ©  Applicant:  EBARA  CORPORATION 
23.05.90  Bulletin  90/21  11-1,  Haneda  Asahi-cho 

Ota-ku  Tokyo,  144(JP) 
©  Designated  Contracting  States: 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  ©  Inventor:  OHSHITA,  Takahiro 
1502-36,  Kitahassaku-cho  Midori-ku 
Yokohama-shi  Kanagawa  226(JP) 
Inventor:  HIGO,  Tsutomu 
2-40,  Midorigahama  Chigasaki-shi 
Kanagawa  253(JP) 
Inventor:  KOSUGI,  Shigeru 
4-18-803,  Nakameguro  1-chome  Meguro-ku 
Tokyo  153(JP) 
Inventor:  INUMARU,  Naoki 
16-13,  Naritahigashi  4-chome  Suginami-ku 
Tokyo  166(JP) 
Inventor:  KAWAGUCHI,  Hajime 
2-3-3208-811,  Shiomidai  3-chome  Isogo-ku 
Yokohama-shi  Kanagawa  235(JP) 

©  Representative:  Wagner,  Karl  H.  et  al 
WAGNER  &  GEYER  Patentanwalte 
Gewuerzmuehlstrasse  5  Postfach  22  14  39 
D-8000  Munchen  22(DE) 

O ©   INTERNAL  CIRCULATION  TYPE  FLUIDIZED  BED  BOILER  AND  METHOD  OF  CONTROLLING  SAME. 

position  above  the  portion  of  the  air  distributing  plate 
from  which  a  gas  having  a  low  mass  velocity  is 
ejected,  with  a  heat  recovery  chamber  formed  be- 
tween  the  inclined  partition  wall  and  a  furnace  wall. 
The  inclined  partition  wall  is  formed  so  as  to  have  an 
angle  of  inclination  of  10°  -60°  with  respect  to  a 
horizontal  plane,  and  a  horizontal  projection  length  of 
1/6-1/2  of  the  horizontal  length  of  the  furnace  bot- 

2 ©   An  internal  circulation  type  fluidized  bed  boiler  in 
(vjwhich  a  fluidized  bed  primary  combustion  chamber 

is  formed  by  providing  above  the  portion  of  an  air 
distributing  plate  from  which  the  air  having  a  higher 

CLmass  velocity  is  ejected  an  inclined  partition  wall 
^   which  is  adapted  to  intercept  an  upward  flow  of  the 

fluidization  air  ejected  from  this  air  ejection  portion, 
and  turn  this  upward  flow  of  the  air  toward  the 
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torn.  The  method  of  controlling  this  fluidized  bed 
boiler  consists  of  the  steps  of  controlling  the  quantity 
of  heat  recovered  from  the  heat  recovery  chamber  in 
compliance  with  the  request  by  the  users  of  recov- 
ered  heat  by  suitably  regulating  the  flow  rate  of  the 
air  ejected  from  a  diffuser  for  the  heat  recovery 
chamber,  and  controlling  the  feed  rate  of  the  fuel 
supplied  to  the  fluidized  bed  primary  combustion 
chamber,  on  the  basis  of  the  temperature  of  the 
fluidized  bed  primary  combustion  chamber. 
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'  r  S P E C I F I C A T I O N  

INTERNAL  CIRCULATING  FLUIDIZED  BED  TYPE  BOILER  AND 
METHOD  OF  CONTROLLING  THE  SAME 

T e c h n i c a l   F i e l d :  

5  The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   f o r  

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

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

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

f l u i d i z e d   bed  as  w e l l   as  f o r   r e c o v e r i n g   t h e r m a l   e n e r g y   f r o m  

10  t h e   f l u i d i z e d   bed ,   and  a  m e t h o d   of  c o n t r o l l i n g   t h e   a m o u n t  

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

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

r e g u l a t e   t he   a m o u n t   of  t h e r m a l   e n e r g y   r e c o v e r e d   and  to  m a i n -  

t a i n   t h e   c o n s t a n t   t e m p e r a t u r e   in  t he   p r i m a r y   i n c i n e r a t i n g  

15  c h a m b e r   of  t h e   f l u i d i z e d   b e d .  

P r i o r   A r t :  

H e r e t o f o r e ,   as  a  c i r c u l a t i n g   f l u i d i z e d   bed   t y p e  

i n c i n e r a t o r ,   s u c h   o n e s   as  t h o s e   d i s c l o s e d   in   J a p a n e s e   P a t e n t  

P u b l i c a t i o n   Nos.   4 6 9 8 8 / 7 6   and  5 2 4 2 / 6 8   have   b e e n   k n o w n .  

20  One  e x a m p l e   of  t h e   a b o v e - m e n t i o n e d   c i r c u l a t i n g   t y p e  

f l u i d i z e d   bed  i n c i n e r a t o r   w i l l   be  e x p l a i n e d   by  r e f e r r i n g   t o  

F i g .   1 .  

A  d i f f u s i o n   p l a t e   2  i s   p r o v i d e d   a t   a  f u r n a c e   b o t t o m  

of  an  i n c i n e r a t o r   1  f o r   t h e   p u r p o s e   of  c a u s i n g   f l u i d i z a t i o n  

25  of  a  f l u i d i z i n g   med ium.   The  d i f f u s i o n   p l a t e   2  i s   i n c l i n e d  

so  t h a t   t h e   w a l l   s i d e   p r o v i d e d   w i t h   a  w a s t e   f e e d i n g   d e v i c e   3 

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

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

o p e n i n g   4 .  

30  F l u i d i z i n g   a i r   f e d   f r o m   a  b l o w e r   8  i s   b l o w n   u p w a r d l y  

f r o m   t h e   d i f f u s i o n   p l a t e   2  t h r o u g h   a i r   c h a m b e r s   5,  6  and  7  

to  f l u i d i z e   t h e   f l u i d i z i n g   m e d i u m .  

The  mass   f l o w   of  t h e   f l u i d i z i n g   a i r   b l o w n   up  f r o m  

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

35  p r o d u c e   a  f l u i d i z e d   bed ,   t h e   f l o w   b l o w n   up  f r o m   t h e   c h a m b e r  

7  b e i n g   t h e   l a r g e s t   and  t h a t   f r o m   t h e   c h a m b e r   5  b e i n g   t h e  

s m a l l e s t .  
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For   e x a m p l e ,   t he   mass  f l o w   is   s e l e c t e d   f rom  t h e  

f o l l o w i n g   r a n g e s ,   n a m e l y ,   t h a t   b l o w n   up  f rom  t he   a i r   c h a m b e r  

7  b e i n g   in   t h e   r a n g e   of  4  -  20  Gmf  ,  or  p r e f e r a b l y   6 - 1 2   Gmf  , 
t h a t   f r o m   t h e   a i r   c h a m b e r   6  b e i n g   in  t he   r a n g e   of  3  -  10  Gmf,  

5  or  p r e f e r a b l y   4 - 6   Gmf,  and  t h a t   f rom  t he   c h a m b e r   5  b e i n g  

in  t he   r a n g e   of  1  -  4  Gmf,  p r e f e r a b l y   1 - 2 . 5   Gmf .  

1  Gmf  is   a  v a l u e   of  t he   mass   f l o w   a t   w h i c h   t h e  

f l u i d i z a t i o n   i s   c o m m e n c e d .  

The  s t a t e   of  t he   f l u i d i z i n g   medium  is   c h a n g e d   f r o m  

10  a  s t a t i c   s t a t e ,   w h i c h   i s   r e f e r r e d   to  as  a  s t a t i c   bed ,   to  a  

d y n a m i c   s t a t e ,   w h i c h   i s   r e f e r r e d   to  as  a  f l u i d i z e d   bed ,   w i t h  

t h e   a b o v e   v a l u e   as  a  t h r e s h o l d   b e t w e e n   t he   two  s t a t e s .  

W h i l e   t h e   e x a m p l e   shown  in  F i g .   1  shows  t h r e e   a i r  

c h a m b e r s ,   t h e   number   i s   o p t i o n a l   and  may,  f o r   e x a m p l e ,   b e  

15  two  or  more  t h a n   f o u r   c h a m b e r s ,   and  t h e   mass   f l o w   of  t h e  

f l u i d i z i n g   a i r   i s   a r r a n g e d   to  be  l a r g e   f o r   t he   c h a m b e r   n e a r  
t h e   d i s c h a r g e   o p e n i n g   4  and  s m a l l   f o r   t he   c h a m b e r   r e m o t e  

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

J u s t   a b o v e   t h e   a i r   c h a m b e r s   7  and  6,  an  i n c l i n e d   w a l l  

20  9  i s   p r o v i d e d   to  s e r v e   as  a  d e f l e c t i n g   w a l l   f o r   i n t e r r u p t i n g  

p a s s a g e   of  t h e   u p w a r d   f l o w i n g   f l u i d i z i n g   a i r   so  as  t o  

d e f l e c t   t h e   a i r   t o w a r d s   t he   c o m b u s t i b l e   f e e d i n g   d e v i c e   3 .  

At  t h e   u p p e r   s i d e   of  t he   i n c l i n e d   w a l l   9,  an  i n c l i n e d  

s u r f a c e   10  whose   i n c l i n a t i o n   i s   o p p o s i t e   to  t h a t   of  t h e   w a l l  

25  9  i s   p r o v i d e d   to   p r e v e n t   t h e   f l u i d i z i n g   medium  f rom  b e c o m i n g  

p i l e d   up  t h e r e o n .  

The  i n c l i n a t i o n   of  t he   d i f f u s i o n   p l a t e   2  i s ,   in  t h e  

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

t i b l e s   to   be  c h a r g e d ,   p r e f e r a b l y   in  t he   r a n g e   of  5  -  1 5 ° ;  

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

i s   s m a l l ,   t h e   i n c l i n a t i o n   may  be  n i l   and  t h e   p l a t e   may  b e  

h o r i z o n t a l   s i n c e   t he   f l u i d i z i n g   medium  can  be  p u t   i n t o  

c i r c u l a t i o n   by  a d j u s t i n g   t he   f l o w   r a t e   of  t he   a i r   b l o w n  

f r o m   t h e   r e s p e c t i v e   a i r   c h a m b e r s .  

35  The  s u r f a c e   of  t h e   w a l l   9  may  be  e i t h e r   f l a t ,   c o n v e x  

or  c o n c a v e .   At  a  c e i l i n g   11  of  t h e   i n c i n e r a t o r ,   a  c o m b u s -  

t i o n   gas   e x h a u s t   12,  a  f e e d   c o n d u i t   13  f o r   f e e d i n g   l i q u i d  

w a s t e   g e n e r a t e d   upon   o p e r a t i n g   t h e   i n c i n e r a t o r ,   and  a  
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c o o l i n g   w a t e r   f e e d i n g   c o n d u i t   14  e t c .   a r e   p r o v i d e d .  

As  to  t h e   o p e r a t i o n   of  t h e   i n c i n e r a t o r   1,  t h e  

f l u i d i z i n g   a i r   i s   f e d   t h e r e i n t o   by  t h e   b l o w e r   8  and  t h e  

f l u i d i z i n g   a i r   i s   i n j e c t e d   in  r e g u l a t e d   a m o u n t s   of  mass   f l o w  

5  d e c r e a s i n g   in  t h e   o r d e r   of  t h e   c h a m b e r s   7,  6  and  5 .  

In  t h e   c o n v e n t i o n a l   f l u i d i z e d   bed ,   t h e   f l u i d i z i n g  

medium  moves   v i o l e n t l y   u p - a n d - d o w n ,   j u s t   l i k e   b o i l i n g   w a t e r ,  

to  p r o d u c e   a  f l u i d i z i n g   s t a t e .   H o w e v e r ,   t h e   f l u i d i z i n g  

medium  a t   t h e   p o r t i o n   n e a r   t h e   s i d e   w a l l   p r o v i d e d   w i t h   t h e  

10  c o m b u s t i b l e   f e e d i n g   d e v i c e   3  does   n o t   move  v i o l e n t l y   u p -  

a n d - d o w n   and  f o r m s   a  m o v i n g   bed  15  w h i c h   e x p e r i e n c e s   w e a k  

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

u p p e r   p o r t i o n   t h e r e o f   and  i s   s p r e a d   a t   t he   l o w e r   p o r t i o n   d u e  

to  t h e   d i f f e r e n c e   in  t he   mass   f l o w   of  t h e   a i r   i n j e c t e d   f r o m  

15  t he   r e s p e c t i v e   a i r   c h a m b e r s .   T h a t   i s ,   t h e   t r a i l i n g   end  o f  

t h e   m o v i n g   bed  e x t e n d s   a b o v e   t he   a i r   c h a m b e r   6  or  7  a n d ,  

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

mass   f l o w   f r o m   t h e s e   c h a m b e r s   so  as  to  be  d i s p l a c e d   t h e r e -  

f r o m ,   w h e r e b y   a  p a r t   of  t h e   m o v i n g   bed  15  a b o v e   t h e   a i r  

20  c h a m b e r   5  d e s c e n d s   by  g r a v i t y .   Wi th   s u c h   d o w n w a r d   m o v e m e n t  

of  t h e   bed   15,  t h e   f l u i d i z i n g   medium  i s   s u p p l e m e n t e d   f r o m  

t h e   f l u i d i z e d   bed  a c c o m p a n y i n g   a  c i r c u l a t i n g   f l o w   16  t o w a r d s  

t h e   u p p e r   p o r t i o n   of  t h e   bed  15  and  w i t h   t h e   r e p e t i t i o n   o f  

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

25  f o r m e d .  

The  f l u i d i z i n g   medium  moved  a b o v e   t h e   a i r   c h a m b e r s   6 

and  7  i s   b l o w n   u p w a r d l y   a g a i n s t   t h e   i n c l i n e d   w a l l   9  w h e r e  

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

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

30  r e a c h e s   t h e   u p p e r   p o r t i o n   of  t h e   m o v i n g   bed  15,  and  i s   t h e n  

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

e n d .  

The  c o m b u s t i b l e s   f e d   f r o m   t h e   f e e d i n g   d e v i c e   3  t o  

t h e   top   of  t h e   m o v i n g   bed  15  in  t h e   i n c i n e r a t o r   1  u n d e r   t h e  

35  s t a t e   j u s t   e x p l a i n e d   a r e   e n t r a i n e d   w i t h i n   t h e   d e s c e n d i n g  

m o v i n g   bed   15  and  move  d o w n w a r d s .  

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

as  p a p e r   t h a t   i s   l i g h t   in  w e i g h t   and  h i g h   in   e x o t h e r m i c  
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e n e r g y   a r e   m e r e l y   I n c i n e r a t e d   on  t he   s u r f a c e   of  t h e  

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

f l u i d i z i n g   med ium;   h o w e v e r ,   such   w a s t i n g   i s   p r e v e n t e d   i n  

t h e   c i r c u l a t i n g   t y p e   f l u i d i z e d   bed  and  s u c h   c o m b u s t i b l e s   a r e  

5  i n c i n e r a t e d   w i t h   c e r t a i n t y   w i t h i n   t he   d e s c e n d i n g   m o v i n g   b e d  

15  and  t h e   c i r c u l a t i n g   f l u i d i z e d   bed  16,  t h e r e b y   e n a b l i n g  

s u c h   c o m b u s t i b l e s   to  e f f e c t i v e l y   h e a t   t he   f l u i d i z i n g   m e d i u m .  

The  i n c o m b u s t i b l e s   c h a r g e d   t o g e t h e r   w i t h   t he   c o m b u s -  

t i b l e s   f i r s t l y   d e s c e n d   w i t h i n   t he   d e s c e n d i n g   m o v i n g   bed  1 5  

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

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

r a t e d   in  t h e   i n c o m b u s t i b l e s   ( f o r   e x a m p l e ,   t he   c o a t i n g s   o n  
e l e c t r i c   w i r e s )   a r e   i n c i n e r a t e d .   The  i n c o m b u s t i b l e s   r e a c h -  

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

15  d i s c h a r g e   o p e n i n g   4  due  to  t he   l a t e r a l   m o v e m e n t   of  t h e  

f l u i d i z i n g   medium  and  t he   i n c l i n a t i o n   of  t he   a i r   d i f f u s i o n  

p l a t e   2,  p a s s   t h r o u g h   a  v e r t i c a l   p a s s a g e   17  and  an  i n c o m b u s -  

t i b l e   d i s c h a r g e   c o n v e y o r   18,  and  a r e   d i s c h a r g e d   o u t w a r d l y  
a f t e r   t h e   f l u i d i z i n g   medium  is   s o r t e d   by  means   of  a  v i b r a t -  

20  i n g   s i e v e   1 9 .  

The  s o r t e d   f l u i d i z i n g   medium  or  f r e s h   f l u i d i z i n g  
medium  i s   f e d   to  t h e   i n c i n e r a t o r   1  by  a  t r a n s p o r t i n g   m e a n s  
20  s u c h   as  an  e l e v a t o r .  

N e x t ,   a n o t h e r   e x a m p l e   of  t he   c o n v e n t i o n a l   c i r c u l a t i n g  
25  f l u i d i z e d   bed  t y p e   i n c i n e r a t o r   i s   e x p l a i n e d   by  r e f e r r i n g   t o  

F i g .   2 .  

As  shown  in  F i g .   2,  a t   t h e   i n t e r n a l   b o t t o m   p o r t i o n  
of  t he   i n c i n e r a t o r ,   a  d i f f u s i o n   p l a t e   22  f o r   t h e   f l u i d i z i n g  
a i r   i s   p r o v i d e d .   The  o p p o s i t e   edge   p o r t i o n s   of  t he   a i r  

30  d i f f u s i o n   p l a t e   22  a r e   a r r a n g e d   to  be  l o w e r   t h a n   t h e   c e n t r a l  

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

c o n f i g u r a t i o n   of  a  h i l l   (a  c h e v r o n   s h a p e )   in   s e c t i o n   a p p r o x -  
i m a t e l y   s y m m e t r i c a l   a b o u t   t he   c e n t e r   l i n e   42  of  t h e   i n c i n e r -  

a t o r   and  an  i n c o m b u s t i b l e   d i s c h a r g e   o p e n i n g   24  i s   c o u p l e d   t o  
35  e a c h   of  t h e   o p p o s i t e   edge   p o r t i o n s .  

The  f l u i d i z i n g   a i r   f e d   f rom  a  b l o w e r   28  i s   i n j e c t e d  

u p w a r d l y   f r o m   t h e   a i r   d i f f u s i o n   p l a t e   22  t h r o u g h   a i r  

c h a m b e r s   25,  26  and  27.  The  mass   f l o w   of  t he   f l u i d i z i n g  
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a i r   i n j e c t e d   f rom  e a c h   of  t h e   a i r   c h a m b e r s   25  and  27  a t   t h e  

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

bed  b u t   t h e   mass   f l o w   i n j e c t e d   f r o m   t h e   c e n t r a l   a i r   c h a m b e r  

26  i s   made  s m a l l e r   t h a n   t h a t   f r om  t he   f o r m e r .  

5  For   e x a m p l e ,   t h e   mass   f l o w   f o r   t h e   f l u i d i z i n g   a i r  

'  i n j e c t e d   f rom  t h e   a i r   c h a m b e r s   25  and  27  i s   s e l e c t e d   to   b e  

in  t h e   r a n g e   of  4  -  20  Gmf,  p r e f e r a b l y   in  t h e   r a n g e   of  6  -  

12  Gmf,  w h i l e   t h e   mass   f l o w   f o r   t h e   f l u i d i z i n g   a i r   i n j e c t e d  

f rom  t h e   a i r   c h a m b e r   26  i s   s e l e c t e d   to  be  in  t h e   r a n g e   o f  

10  0 . 5 - 3   Gmf,  p r e f e r a b l y   in  t h e   r a n g e   of  1  -  2 . 5   Gmf .  

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

as  t h r e e   or  m o r e .   In  a  c a s e   w h e r e   t h e   n u m b e r   i s   more  t h a n  

t h r e e ,   t h e   mass   f l o w   of  t h e   f l u i d i z i n g   a i r   i s   a r r a n g e d   to  b e  

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

15  t h e   c h a m b e r s   n e a r   t h e   o p p o s i t e   edge   p o r t i o n s .  

J u s t   a b o v e   t h e   a i r   c h a m b e r s   25  and  27  a t   t h e   o p p o s i t e  

edge   p o r t i o n s ,   i n c l i n e d   w a l l s   29  a r e   p r o v i d e d   as  d e f l e c t i n g  

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

t o w a r d s   t h e   c e n t e r   of  t he   i n c i n e r a t o r .  

20  Above  t h e   i n c l i n e d   w a l l s   29,  i n c l i n e d   s u r f a c e s   3 0  

e a c h   h a v i n g   an  i n c l i n a t i o n   o p p o s i t e   to   t h a t   of  t h e   w a l l s   2 9  

a r e   p r o v i d e d   so  as  to  p r e v e n t   t he   f l u i d i z i n g   medium  f r o m  

p i l i n g   u p .  
The  i n c l i n a t i o n   of  t h e   d i f f u s i o n   p l a t e   22  i s   p r e f e r -  

25  a b l y   in  t h e   o r d e r   of  5  -  15  0  in  t h e   c a s e   w h e r e   t h e   c o m b u s -  

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

I t   n e e d   n o t   be  g i v e n   an  i n c l i n a t i o n   in  t h e   c a s e   w h e r e  

no  i n c o m b u s t i b l e s   a r e   c o n t a i n e d   w i t h i n   t h e   c o m b u s t i b l e s .  

The  s u r f a c e   of  t h e   i n c l i n e d   w a l l s   29  may  be  e i t h e r  

30  f l a t ,   c o n v e x   or  c o n c a v e .  

At  a  c e i l i n g   p o r t i o n   31  w i t h i n   t h e   i n c i n e r a t o r ,   a  

c o m b u s t i b l e   c h a r g e   o p e n i n g   34  c o m m u n i c a t i n g   w i t h   an  o u t l e t  

33  of  a  c o m b u s t i b l e   f e e d i n g   d e v i c e   23  i s   p r o v i d e d   in  o p p o s -  

i n g   r e l a t i o n   to  t h e   c e n t r a l   a i r   c h a m b e r   26  and  an  e x h a u s t  

35  gas   d i s c h a r g e   p o r t i o n   32  i s   a l s o   p r o v i d e d .  

The  i n c l i n e d   w a l l   29  may  be  c o n s t r u c t e d   as  a  w a l l  

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

f l u i d i z i n g   a i r   i s   p a s s e d   so  as  to  be  p r e - h e a t e d .  
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As  to  t he   o p e r a t i o n   of  t h i s   i n c i n e r a t o r ,   t h e  

f l u i d i z i n g   a i r   i s   f e d   t h e r e i n t o   by  a  b l o w e r   28  and  i t   i s  

i n j e c t e d   a t   a  l a r g e   mass   f l o w   f rom  t he   a i r   c h a m b e r s   25  a n d  

27  and  a t   a  s m a l l   mass   f l o w   f rom  t he   a i r   c h a m b e r   2 6 .  

5  In  t h e   c o n v e n t i o n a l   f l u i d i z e d   bed ,   t h e   f l u i d i z i n g  

medium  moves   u p - a n d - d o w n   v i o l e n t l y   in  a  m a n n e r   s i m i l a r   t o  

b o i l i n g   w a t e r   to  f o rm  t he   f l u i d i z i n g   s t a t e ;   h o w e v e r   in  t h e  

c a s e   of  F i g .   2,  t he   f l u i d i z i n g   medium  a b o v e   t he   a i r   c h a m b e r  

26  does   n o t   p r o d u c e   t h i s   v i o l e n t   u p - a n d - d o w n   m o t i o n   a n d  

10  f o r m s   a  m o v i n g   bed  in  a  s t a t e   of  weak  f  l u i d i z a t i o n .   T h e  

w i d t h   of  t h i s   m o v i n g   bed  i s   n a r r o w   a t   t h e   u p p e r   p o r t i o n  

t h e r e o f   and  s p r e a d s   ou t   l a t e r a l l y   a t   t h e   t r a i l i n g   ends   i n  

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

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

15  c h a m b e r s   25  and  27  i s   b l o w n   u p w a r d l y   w h e r e   t h e   f l u i d i z i n g  

medium  i s   s u b j e c t e d   to  i n j e c t i o n   of  t he   f l u i d i z i n g   a i r   a t  

t h e   l a r g e   mass   f l o w .   Thus  a  p a r t   of  t h e   f l u i d i z i n g   m e d i u m  

in  t he   t r a i l i n g   end  i s   d i s p l a c e d   t h e r e f r o m   u p w a r d l y   so  t h a t  

t h e   bed  j u s t   a b o v e   t h e   a i r   c h a m b e r   26  d e s c e n d s   d o w n w a r d l y  

20  u n d e r   g r a v i t y .   Above  t h i s   m o v i n g   bed ,   t h e   f l u i d i z i n g   m e d i u m  

is   s u p p l e m e n t e d ,   as  e x p l a i n e d   h e r e u n d e r ,   f r om  t he   f l u i d i z e d  

bed  a c c o m p a n i e d   by  a  c i r c u l a t i n g   f l o w   36.  Wi th   t h e   r e p e t i -  
t i o n   of  t h e   a b o v e ,   a  c e r t a i n   p a r t   of  t he   f l u i d i z i n g   m e d i u m  

a b o v e   t h e   a i r   c h a m b e r   26  b e c o m e s   a  mass   to  f o rm  a  m o v i n g   b e d  

25  35  t h a t   g r a d u a l l y   d e s c e n d s   and  d i f f u s e s .  

The  f l u i d i z i n g   medium  moved  a b o v e   t h e   a i r   c h a m b e r s   2 5  

and  27  i s   b l o w n   u p w a r d l y   a g a i n s t   t he   i n c l i n e d   w a l l s   29  w h e r e  

i t   i s   d e f l e c t e d   and  w h i r l e d   t o w a r d s   t he   c e n t e r   of  t h e   i n c i n -  

e r a t o r   in   t h e   u p w a r d   d i r e c t i o n ;   h o w e v e r ,   due  to  t h e   s u d d e n  

30  i n c r e a s e   of  t h e   s e c t i o n a l   a r e a   of  t he   i n c i n e r a t o r ,   i t   l o s e s  

i t s   u p w a r d l y   m o v i n g   v e l o c i t y   s u c h   as  to  move  o n t o   t h e   top   o f  

t h e   d e s c e n d i n g   m o v i n g   bed  35,  g r a d u a l l y   d e s c e n d s ,   and  i s  

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

end  of  t h e   m o v i n g   bed .   A  p a r t   of  t he   f l u i d i z i n g   m e d i u m  

35  c i r c u l a t e s   as  c i r c u l a t i n g   f l o w s   36  w i t h i n   t h e   f l u i d i z e d   b e d .  

When  c o m b u s t i b l e s   a r e   c h a r g e d   t h r o u g h   t h e   c o m b u s t i b l e  

c h a r g e   o p e n i n g   34  of  t he   i n c i n e r a t o r   u n d e r   t he   f l u i d i z e d  

s t a t e   as  a b o v e   e x p l a i n e d ,   t he   c o m b u s t i b l e s   f a l l   on  t h e   t o p  
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of  t h e   d e s c e n d i n g   m o v i n g   bed  35.  S i n c e   t h e   f l u i d i z i n g  

medium  n e a r   t h e   top   b e h a v e s   in  s u c h   a  m a n n e r   as  to   f l o w  

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

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

5  and  e m b e d d e d   in  t h e   top   of  t he   d e s c e n d i n g   m o v i n g   bed  3 5 .  

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

c e r t a i n t y   e n t r a i n e d   w i t h i n   t h e   d e s c e n d i n g   m o v i n g   bed  35  a n d  

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

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

10  to   t h e   h e a t i n g   of  t h e   f l u i d i z i n g   medium;   t h e y   a r e   w i t h  

c e r t a i n t y   i n c i n e r a t e d   w i t h i n   t he   d e s c e n d i n g   m o v i n g   bed  3 5  

and  c i r c u l a t i n g   f l o w s   36  to  e f f e c t i v e l y   h e a t   t h e   f l u i d i z i n g  

m e d i u m .  

W i t h i n   t he   m o v i n g   bed  35,  h e a t   d e c o m p o s i t i o n   of  t h e  

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

g a s .   In  s u c h   c a s e ,   s i n c e   t he   g e n e r a t e d   c o m b u s t i b l e   gas  i s  

d i f f u s e d   in   t h e   h o r i z o n t a l   d i r e c t i o n s   as  t he   f l u i d i z i n g  

medium  d e s c e n d s   and  d i f f u s e s   and  i s   b u r n t   w i t h i n   t h e   f l u i d -  

i z e d   bed ,   t h e   e x o t h e r m i c   e n e r g y   d e r i v e d   f rom  t he   b u r n i n g   o f  

20  t h e   gas   i s   made  e f f e c t i v e   to  h e a t   t he   f l u i d i z i n g   m e d i u m .  

Even  i f   h e a v y   and  b u l k y   m a t e r i a l s   s u c h   as  b o t t l e s   a n d  

l umps   of  m e t a l   or  t h e   l i k e   a r e   c h a r g e d   on  t h e   s u r f a c e   of  t h e  

d e s c e n d i n g   m o v i n g   bed  35,  t h e y   a r e   n o t   c a u s e d   to  i n s t a n t a -  

n e o u s l y   f a l l   o n t o   t h e   top   of  t h e   a i r   c h a m b e r   26  b u t   a r e  

25  s u s p e n d e d   by  t h e   m o v i n g   bed  35  and  a r e   g r a d u a l l y   l o w e r e d  

t o w a r d s   t h e   i n c o m b u s t i b l e   d i s c h a r g e   o p e n i n g   24  t o g e t h e r  

w i t h   t h e   f l o w s   of  t h e   f l u i d i z i n g   m e d i u m .  

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

s i z e   a r e   d r i e d ,   g a s i f i e d   or  i n c i n e r a t e d   w i t h i n   t h e   d e s c e n d -  

30  i n g   m o v i n g   bed  35  d u r i n g   t h e   g r a d u a l   d o w n w a r d   t r a v e l   a n d  

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

t i m e   t h e y   r e a c h   t h e   t r a i l i n g   end  of  t h e   m o v i n g   bed  so  t h a t  

t h e y   do  n o t   i n t e r f e r e   w i t h   t h e   f o r m a t i o n   of  t h e   f l u i d i z e d  

b e d .  

35  A c c o r d i n g l y ,   i t   i s   n o t   n e c e s s a r y   to  p r e - s h r e d   t h e  

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

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

f e e d i n g   d e v i c e   23.  Thus  t h e   s h r e d d e r   or  t h e   s h r e d d i n g   s t e p  
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may  be  o m i t t e d   so  as  to  make  t he   f a c i l i t y   c o m p a c t .  

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

bed  35  r a p i d l y   d i f f u s e   in  t he   f l u i d i z i n g   medium  and ,   t h u s ,  

t h e   i n c i n e r a t i n g   e f f i c i e n c y   is   i n c r e a s e d .  

5  The  medium  s i z e   i n c o m b u s t i b l e s   f e d   t h r o u g h   t h e  

c o m b u s t i b l e   f e e d i n g   d e v i c e   23  f i r s t l y   move  d o w n w a r d l y   a n d  

l a t e r a l l y   w i t h i n   t he   d e s c e n d i n g   m o v i n g   bed  35  and ,   d u r i n g  

s u c h   m o v e m e n t ,   any  c o m b u s t i b l e s   ( f o r   e x a m p l e   t he   c o a t i n g   o n  

e l e c t r i c   w i r e s )   u n i t a r i l y   a t t a c h e d   to  or  i n c o r p o r a t e d   in  t h e  

10  i n c o m b u s t i b l e s   a r e   i n c i n e r a t e d .   The  i n c o m b u s t i b l e s   t h a t  

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

d i s c h a r g e   o p e n i n g s   24  due  to  t he   l a t e r a l   m o v e m e n t   of  t h e  

f l u i d i z i n g   medium  and  t he   i n c l i n a t i o n   of  t he   d i f f u s i o n   p l a t e  

22  and  a r e   d i s c h a r g e d   t h r o u g h   v e r t i c a l   p a s s a g e s   3 7 .  

15  T h e n c e ,   t he   i n c o m b u s t i b l e s   a r e   d e l i v e r e d   by  a  

c o n v e y o r   38  to  a  s i e v e   ( n o t   shown)   and  t he   f l u i d i z i n g   m e d i u m  

is   s o r t e d .  

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

shown  in  t h e   f o r e g o i n g   F i g s .   1  and  2,  t h e   f l u i d i z i n g   m e d i u m  

20  i s   c o m p o s e d   of  s o l i d   g r a i n s   w h i c h   u s u a l l y   have   a  s i z e   o f  

1  mm  or  so  and  t h e   i n c i n e r a t o r   i s   o p e r a t e d   a t   t he   f l u i d i z i n g  

medium  t e m p e r a t u r e   of  600  -  800  °C,  t he   e x h a u s t   gas  t e m p e r a -  

t u r e   b e i n g   750  -  950  °C. 

The  e x h a u s t   gas  i s   c o o l e d   to  a p p r o x i m a t e l y   300  °C  by  a  

25  gas   c o o l i n g   c h a m b e r   or  a i r   p r e - h e a t e r   and  d i s c h a r g e d   t h r o u g h  

a  c h i m n e y   s t a c k   a f t e r   r e m o v a l   of  m i n u t e   p a r t i c l e s ,   or  a f t e r  

r e c o v e r i n g   t h e r m a l   e n e r g y   by  means   of  a  b o i l e r   p r o v i d e d   d o w n -  

s t r e a m   of  t h e   e x h a u s t   gas  d i s c h a r g e   o p e n i n g   f o r   t he   p u r p o s e  
of  u t i l i z i n g   t h e   w a s t e   t h e r m a l   e n e r g y ,   or  a f t e r   p a s s i n g  

30  t h r o u g h   U - s h a p e d   c o n d u i t s   of  a  w a t e r   wa rmer   i n s e r t e d   in   t h e  

f r e e   b o a r d   p o r t i o n   21  or  41,  e t c .   and  r e c o v e r i n g   more  of  t h e  

t h e r m a l   e n e r g y ,   or  b e i n g   c o o l e d   as  t he   d u s t   i s   r e m o v e d .  

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

i s   h i g h   and  t h e   f l u i d i z i n g   medium  is   h e a t e d   o v e r   a  p r e d e t e r -  

35  m i n e d   t e m p e r a t u r e ,   f o r   e x a m p l e   to  more  t h a n   800  *C,  t h e r e   i s  

a  p o s s i b i l i t y   t h a t   t he   f l u i d i z i n g   medium  w i l l   be  s i n t e r e d  

s u c h   as  to  make  t h e   f l u i d i z e d   bed  i n o p e r a b l e   i f   a l k a l i n e  

m e t a l   c o m p o u n d s   a r e   i n c l u d e d   in  t h e   c o m b u s t i b l e s .   In  s u c h  
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c a s e s ,   i t   has   b e e n   t he   p r a c t i c e   to  l o w e r   t h e   t e m p e r a t u r e  

of  t h e   f l u i d i z i n g   medium  to  a  p r e d e t e r m i n e d   t e m p e r a t u r e   b y  

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

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

5  to  r e c o v e r i n g   t h e r m a l   e n e r g y   h e l d   in  t h e   f l u i d i z i n g   m e d i u m  

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

med ium;   h o w e v e r   t h e r e   have   b e e n   s e v e r a l   p r o b l e m s   in   t h a t ,  

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

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

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

t h e   f l u i d i z i n g   med ium,   b u t   a l s o   a  t h e r m a l   e n e r g y   r e c o v e r i n g  

o p e r a t i o n   a l w a y s   has   to  be  in  o r d e r   to  p r o t e c t   t h e   t h e r m a l  

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

u n n e c e s s a r y .   T h e r e f o r e ,   t h e   o p e r a t i o n   has   n o t   b e e n   f r e e  

15  of  t h e s e   d r a w b a c k s .  

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

f l u i d i z i n g   bed  t y p e   b o i l e r ,   t h e r e   a r e   two  k i n d s   as  n o t e d  

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

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

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

t h a t   a r e   s c a t t e r e d   f rom  t h e   f l u i d i z e d   b e d .  

(1)  a  f l u i d i z e d   bed  b o i l e r   of  n o n - r e c y c l i n g   t y p e   ( r e f e r -  

r e d   to  as  a  c o n v e n t i o n a l   f l u i d i z e d   bed  b o i l e r   or  b u b b l i n g  

t y p e   b o i l e r ) ,   a n d  

25  (2)  a  f l u i d i z e d   bed  b o i l e r   of  r e c y c l i n g   t y p e .  

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

c o n d u i t s   a r e   a r r a n g e d   w i t h i n   t h e   f l u i d i z e d   bed  and  t h e   h e a t  

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

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

30  b u r n i n g   f u e l s   a t   t h e   h i g h   t e m p e r a t u r e   and  t h e   f l u i d i z i n g  

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

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

medium  (a  r e c y c l i n g   s o l i d ) ,   m e r g e s   i n t o   a  f l o w   of  c o m b u s t i o n  

gas  and  i s   d i r e c t e d   to   a  h e a t   t r a n s f e r r i n g   p o r t i o n   p r o v i d e d  

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

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

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

p a r t   of  t h e   c o m b u s t i o n   g a s ,   and  t h e   name  of  t h i s   k i n d   o f  
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b o i l e r   b e i n g   g i v e n   on  a c c o u n t   of  t he   k i n d   of  r e c y c l i n g   n o t e d  

a b o v e   . 
In  t h e   f l u i d i z e d   bed  t y p e   b o i l e r ,   a  v a r i e t y   of  f u e l s  

h a v i n g   d i f f e r e n t   c h a r a c t e r i s t i c s   may  be  i n c i n e r a t e d   a c c o r d -  

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

d r a w b a c k s   h a v e   r e c e n t l y   b e e n   n o t i c e d .   In  r e g a r d   to  t h e  

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

f u e l   f e e d i n g   s y s t e m ,   t he   r e q u i r e m e n t   f o r   a  l a r g e   q u a n t i t y   o f  

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

10  c o n d u i t s ,   e t c .   h ave   b e e n   r e c o g n i z e d   as  d r a w b a c k s   i n h e r e n t  

t h e r e t o ,   and  i t   has   b e e n   r e a l i z e d   t h a t   t he   r e c y c l i n g   t y p e  
is   c a p a b l e   of  s o l v i n g   t h e s e   i n h e r e n t   d r a w b a c k s ;   h o w e v e r ,  

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

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

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

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

in  c o l d   s t a r t i n g .  

D i s c l o s u r e   of  I n v e n t i o n :  

The  i n v e n t o r s   of  t h i s   a p p l i c a t i o n   have   b e e n   i n v e s -  

20  t i g a t i n g   t h e   a b o v e   p r o b l e m s   in  o r d e r   to  s e e k   a p p r o p r i a t e  
s o l u t i o n s   t h e r e t o   and  have   f o u n d   the   f o l l o w i n g   m a t t e r s   to  b e  

e f f e c t i v e .   T h a t   i s ,   in  t he   c i r c u l a t i n g   f l u i d i z e d   bed  t y p e  

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

i n s i d e   of  t h e   i n c i n e r a t o r   w a l l   and  a b o v e   t he   end  p o r t i o n   o f  

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

p r i m a r y   i n c i n e r a t i n g   c h a m b e r   of  t he   f l u i d i z e d   bed  and  p r o v i -  
s i o n   f o r   a  t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   i s   a l s o   m a d e  

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

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

30  so  t h a t   t h e   r e c o v e r y   c h a m b e r   c o m m u n i c a t e s   a t   t h e   u p p e r   a n d  

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

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

to  p a s s   h e a t i n g   medium  t h e r e t h r o u g h   b e i n g   i n s e r t e d   i n t o  

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

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

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

p a r t i t i o n   w a l l .   The  h e a t e d   f l u i d i z i n g   medium  i n t r o d u c e d  

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

f l u i d i z i n g   gas  b l o w n   f rom  t h e   d i f f u s e r   and  r e g u l a t e d   in   a n  

a m o u n t   o f   0  -  3  Gmf  or  p r e f e r a b l y   0 - 2   Gmf  to  f o r m   a  s t a t i c  

bed  or  a  d e s c e n d i n g   m o v i n g   bed  of  t h e   f l u i d i z i n g   m e d i u m  

5  so  t h a t   t h e   t h e r m a l   e n e r g y   of  t h e   f l u i d i z i n g   medium  i s  

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

c o n d u c t i n g   c o n d u i t s .   The  i n v e n t o r s   f o u n d   t h a t ,   by  t h e  

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

t h e   t e m p e r a t u r e   of  t he   p r i m a r y   i n c i n e r a t i n g   c h a m b e r   of  t h e  

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

e f f e c t i v e l y   r e c o v e r i n g   t h e   t h e r m a l   e n e r g y   by  t h e   t h e r m a l  

c o n d u c t i n g   c o n d u i t s   in  t h e   f l u i d i z e d   zone   w h e r e   t h e   d e g r e e  

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

The  i n v e n t o r s   have   f u r t h e r   i n v e s t i g a t e d   and  d e v e l o p e d  

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

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

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

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

and  f o u n d   i t   p o s s i b l e   to  f o rm  an  e f f e c t i v e   c i r c u l a t i n g  

20  f l u i d i z e d   bed  u s i n g   t h e   f l u i d i z i n g   medium  h e a t e d   in   t h e  

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

h e a t e d   f l u i d i z i n g   medium  r e q u i r e d   in   t h e   t h e r m a l   e n e r g y  

r e c o v e r y   c h a m b e r   by  a r r a n g i n g   t he   i n c l i n a t i o n   of  t h e  

i n c l i n e d   p a r t i t i o n   w a l l   to  be  10  -  60  0  or  p r e f e r a b l y   25  -  

25  45°   r e l a t i v e   to   t h e   h o r i z o n   and  t h e   p r o j e c t i o n   l e n g t h   of  t h e  

i n c l i n e d   p a r t i t i o n   w a l l   in  t h e   h o r i z o n t a l   d i r e c t i o n   on  t h e  

b o t t o m   of  t h e   i n c i n e r a t o r   to  be  1 /6   -  1 /2   or  p r e f e r a b l y   1 / 4  

-  1 /2   of  t h e   h o r i z o n t a l   l e n g t h   of  t he   b o t t o m   of  t h e   i n c i n -  

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

30  f u l l y   mee t   t h e   demand  f rom  u s e r s   u t i l i z i n g   t h e   r e c o v e r e d  

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

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

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

t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   by  r e g u l a t i o n   of  t h e   t h e r m a l  

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

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

r a t e ,   p r e s s u r e   and  t e m p e r a t u r e   of  t h e   v a p o r   or  t h e  

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

c o n t r o l l i n g   t h e   d e s c e n d i n g   r a t e   of  t he   f l u i d i z i n g   medium  i n  
t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   in  r e s p o n s e   to  v a r i a -  

t i o n s   in   t h e   d e m a n d s   f rom  t he   u s e r s ,   f o r   e x a m p l e   t h o s e  

5  r e g a r d i n g   t h e   v a p o r   p r e s s u r e   and  t e m p e r a t u r e   and  t h e   r e g u l a -  

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

in  r e s p o n s e   to  t h e   demands   f rom  the   u s e r s   or  b a s e d   upon   t h e  

t e m p e r a t u r e   in  t he   p r i m a r y   c h a m b e r .  

T h a t   i s ,   t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   t o  

10  (1)  An  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r  

c h a r a c t e r i z e d   in   t h a t   i t   c o m p r i s e s :  

a  p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r   c o n -  
s t r u c t e d   b y :  

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

15  an  i n c i n e r a t o r   and  a d a p t e d   to  i n j e c t   f l u i d i z i n g   a i r   u p w a r d l y  
u n d e r   a  mass   f l o w   t h a t   i s   a t   l e a s t   g r e a t e r   a t   one  s i d e   t h a n  
t h a t   a t   t h e   o t h e r   s i d e ;   a n d  

an  i n c l i n e d   p a r t i t i o n   w a l l   p r o v i d e d   a b o v e   t h e  

p o r t i o n   of  s a i d   d i f f u s i o n   p l a t e   w h e r e   t he   mass   f l o w   i s  

20  g r e a t e r   so  as  to  i n t e r f e r e   w i t h   t he   u p w a r d   f l o w   of  t h e  

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

p o r t i o n   a b o v e   s a i d   o t h e r   s i d e   of  t he   d i f f u s i o n   p l a t e   w h e r e  
t h e   mass   f l o w   i s   s m a l l e r ;  

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

25  i n c l i n e d   p a r t i t i o n   w a l l   and  a  s i d e   w a l l   of  t h e   i n c i n e r a t o r  

or  b e t w e e n   t h e   two  i n c l i n e d   p a r t i t i o n   w a l l s ;  

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

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

s i n k   f l u i d   t h e r e t h r o u g h ;   a n d  

30  an  a i r   d i f f u s e r   p r o v i d e d   a t   t he   l o w e r   p o r t i o n   of  s a i d  

t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   and  t he   b a c k   s i d e   of  s a i d  

i n c l i n e d   p a r t i t i o n   w a l l ;  

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

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

35  p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r ,   s a i d   i n c l i n e d  

p a r t i t i o n   w a l l   b e i n g   i n c l i n e d   by  10  0  -  60  0  r e l a t i v e   to  t h e  

h o r i z o n   and  t h e   p r o j e c t i o n   l e n g t h   t h e r e o f   in  t h e   h o r i z o n t a l  

d i r e c t i o n   b e i n g   made  1 /6   -  1 /2   of  t he   h o r i z o n t a l   l e n g t h   o f  



EP  0  369  004  A1 

the   i n c i n e r a t o r   b o t t o m ,   a  m o v i n g   bed  b e i n g   f o r m e d   a b o v e  

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

f l o w   is   s m a l l e r   so  t h a t   t he   f l u i d i z i n g   medium  d e s c e n d s   a n d  

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

5  bed  b e i n g   f o r m e d   a b o v e   t he   p o r t i o n   of  t h e   d i f f u s i o n   p l a t e  

w h e r e   t h e   mass   f l o w   of  t h e   f l u i d i z i n g   a i r   i s   g r e a t e r   so  t h a t  

t h e   f l u i d i z i n g   medium  is   a c t i v e l y   f l u i d i z e d   and  c i r c u l a t e d  

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

f l u i d i z i n g   medium  is   i n t r o d u c e d   i n t o   s a i d   t h e r m a l   e n e r g y  

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

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

c i r c u l a t i n g   f l u i d i z e d   bed  b e i n g   e f f e c t e d   by  r e g u l a t i o n   o f  

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

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

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

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

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

(2)  A  m e t h o d   of  c o n t r o l l i n g   an  i n t e r n a l   r e c y c l i n g   t y p e  
f l u i d i z e d   bed  b o i l e r   c o n s t r u c t e d   by  c o m p r i s i n g :  

20  a  p r i m a r y   f l u i d i z e d   bed   i n c i n e r a t i n g   c h a m b e r   c o n -  
s t r u c t e d   b y :  

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

an  i n c i n e r a t o r   and  a d a p t e d   to  i n j e c t   f l u i d i z i n g   a i r   u p w a r d l y  

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

25  t h a t   a t   t h e   o t h e r   s i d e ;   a n d  

an  i n c l i n e d   p a r t i t i o n   w a l l   p r o v i d e d   a b o v e   t h e  

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

g r e a t e r   so  as  to  i n t e r f e r e   w i t h   t h e   u p w a r d   f l o w   of  t h e  

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

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

t h e   mass   f l o w   i s   s m a l l e r ;  

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

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

or  b e t w e e n   t h e   b a c k   s i d e s   of  two  i n c l i n e d   p a r t i t i o n   w a l l s ;  

35  a  h e a t   e x c h a n g i n g   s u r f a c e   means   p r o v i d e d   w i t h i n   s a i d  

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

s i n k   f l u i d   t h e r e t h r o u g h ;   a n d  

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

i n c l i n e d   p a r t i t i o n   w a l l ;  

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

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

5  p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r ,  

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

a i r   i n j e c t e d   f rom  s a i d   d i f f u s i o n   p l a t e   i s   r e g u l a t e d   so  t h a t   . 
a  m o v i n g   bed  i s   f o r m e d   a b o v e   t he   p o r t i o n   of  s a i d   d i f f u s i o n  

p l a t e   w h e r e   t he   i n j e c t e d   mass   f l o w   is   s m a l l e r   w i t h   t h e  

10  f l u i d i z i n g   medium  d e s c e n d i n g   and  d i f f u s i n g   w i t h i n   t h e   m o v i n g  

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

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

f l u i d i z i n g   a i r   i s   g r e a t e r   w i t h   t h e   f l u i d i z i n g   medium  b e i n g  

a c t i v e l y   f l u i d i z e d   and  c i r c u l a t e d   t o w a r d s   a  p o s i t i o n   a b o v e  

15  s a i d   m o v i n g   bed   and  a  p a r t   of  t he   f l u i d i z i n g   medium  b e i n g  

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

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

f l u i d i z i n g   a i r   b e i n g   i n j e c t e d   f rom  t he   d i f f u s e r   in   s a i d  

r e c o v e r y   c h a m b e r   so  as  to  c a u s e   t he   f l u i d i z i n g   medium  w i t h i n  

20  s a i d   r e c o v e r y   c h a m b e r   to  d e s c e n d   and  r e c y c l e   in  t he   s t a t e   o f  

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

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

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

in   s a i d   r e c o v e r y   c h a m b e r   b a s e d   on  d e m a n d s   f rom  t h e   u s e r   s i d e  

25  u t i l i z i n g   t h e   g e n e r a t e d   v a p o r   and  h o t   w a t e r ,   and  t h e   a m o u n t  

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

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

p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r .  

B r i e f   E x p l a n a t i o n   of  D r a w i n g s :  

30  F i g s .   1  and  2  a r e   s e c t i o n a l   v i e w s   e x p l a i n i n g   t h e  

c o n v e n t i o n a l   c i r c u l a t i n g   t y p e   f l u i d i z e d   bed  i n c i n e r a t o r ;  

F i g .   3  i s   a  s c h e m a t i c   i l l u s t r a t i o n   e x p l a i n i n g   t h e   p r i n c i p l e  

of  t he   p r e s e n t   i n v e n t i o n ;   F i g .   4  i s   a  s e c t i o n a l   v i e w   of  a n  

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

35  o u t l i n e   t h e   c o n s t r u c t i o n   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   5  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

a m o u n t   of  a i r   f o r   f l u i d i z a t i o n   (Gmf)  a t   t he   p o r t i o n   b e l o w  

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

r e c y c l e d ;   F i g .   6  i s   a  g r a p h   i n d i c a t i n g   t he   r e l a t i o n s h i p  

b e t w e e n   t he   a m o u n t   of  d i f f u s i n g   a i r   (Gmf)  in   t h e   t h e r m a l  

e n e r g y   r e c o v e r y   c h a m b e r   and  t he   d e s c e n d i n g   r a t e   of  t h e  

5  downward   m o v i n g   bed  in  t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r ;  

F i g .   7  i s   a  g r a p h   i n d i c a t i n g   t he   r e l a t i o n s h i p   b e t w e e n   t h e  

mass   f l o w   f o r   f l u i d i z a t i o n   (Gmf)  and  t h e   o v e r a l l   t h e r m a l  

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

b o i l e r ;   F i g .   8  i s   a  g r a p h   i n d i c a t i n g   t h e   r e l a t i o n s h i p  

10  b e t w e e n   t h e   d i f f u s i o n   mass   f l o w   (Gmf)  in   t h e   t h e r m a l   e n e r g y  

r e c o v e r y   c h a m b e r   and  t he   o v e r a l l   t h e r m a l   c o n d u c t i n g   c o e f f i -  

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

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 ;   F i g .   9  i s   a  g r a p h   s h o w -  

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

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

F i g s .   10  and  11  show  v a r i a t i o n s   in   t h e   f u e l   f e e d i n g   a m o u n t ,  

v a p o r   p r e s s u r e   and  t h e   f l u i d i z e d   bed  t e m p e r a t u r e   r e l a t i v e   t o  

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

i z i n g   mass   f l o w   f o r   t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   i n  

20  r e s p o n s e   to   s t e p w i s e   c h a n g e   of  t h e   v a p o r   f l o w   r a t e ;   F i g .   1 2  

shows  s i m i l a r   v a r i a t i o n s   r e l a t i v e   to  t h e   l a p s e   of  t i m e   i n  

r e s p o n s e   to   l u m p w i s e   c h a n g e   of  t he   v a p o r   f l o w   r a t e ;   F i g s .   1 3  

and  14  a r e   s e c t i o n a l   d r a w i n g s   e x p l a i n i n g   o t h e r   e m b o d i m e n t s  

of  t h e   i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r   a c c o r d -  

25  i n g   to  t h e   p r e s e n t   i n v e n t i o n ;   F i g .   15  i s   a  s e c t i o n a l   s i d e  

v i e w   of  an  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r  

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

w h i c h   i s   p a r t i c u l a r l y   a d a p t e d   f o r   u se   as  a  s m a l l   b o i l e r ;  

F i g .   16  i s   a  s e c t i o n   t a k e n   in  a  p l a n   v i e w   on  a  l i n e   s h o w n  

30  by  t h e   a r r o w s   A  -  A  in  t h e   d r a w i n g   of  t h e   e m b o d i m e n t   s h o w n  

in  F i g .   15  w h i c h   p a r t i c u l a r l y   i l l u s t r a t e s   t h e   s e c t i o n   i n  

p l a n   v i e w   of  an  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   b e d  

b o i l e r   a d a p t e d   f o r   use   in  a  c i r c u l a r l y   p a c k a g e d   b o i l e r ;   a n d  

F i g s .   17  -  19  i l l u s t r a t e   f l u i d i z i n g   p a t t e r n s   in   a  p r i m a r y  

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

b e t w e e n   t h e   h o r i z o n t a l   l e n g t h   L  of  t h e   i n c i n e r a t o r   b o t t o m  

and  t h e   p r o j e c t i o n   l e n g t h   $,  of  t he   i n c l i n e d   p a r t i t i o n   w a l l  

in   t h e   h o r i z o n t a l   d i r e c t i o n .  
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H e r e i n a f t e r ,   t he   p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d  

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

In  F i g .   3,  a  d i f f u s i o n   p l a t e   52  i s   p r o v i d e d   a t   t h e  

b o t t o m   of  an  i n c i n e r a t o r   51  f o r   i n t r o d u c i n g   f l u i d i z i n g   a i r  

5  f e d   by  a  b l o w e r   57  t h r o u g h   a  f l u i d i z i n g   a i r   f e e d i n g   c o n d u i t  

53,  t he   d i f f u s i o n   p l a t e   52  b e i n g   c o n f i g u r e d   in  t he   s h a p e   o f  

a  h i l l   ( c h e v r o n   s h a p e )   a p p r o x i m a t e l y   s y m m e t r i c a l   a b o u t   t h e  

c e n t e r   l i n e   of  t h e   i n c i n e r a t o r   so  t h a t   t h e   o p p o s i t e   e n d  

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

10  f l u i d i z i n g   a i r   f e d   f rom  t he   b l o w e r   57  i s   a r r a n g e d   to  b e  

i n j e c t e d   u p w a r d l y   f rom  t he   a i r   d i f f u s i o n   p l a t e   52  t h r o u g h  

a i r   c h a m b e r s   54,  55  and  56  and  t he   mass   f l o w   of  t h e   f l u i d i z -  

i n g   a i r   i n j e c t e d   f r o m   t he   o p p o s i t e   end  a i r   c h a m b e r s   54  a n d  

56  i s   a r r a n g e d   to  be  s u f f i c i e n t   to  f o rm  t h e   f l u i d i z e d   bed  o f  

15  t h e   f l u i d i z i n g   medium  w i t h i n   t he   i n c i n e r a t o r   51,  w h i l e   t h e  

mass   f l o w   of  t h e   f l u i d i z i n g   a i r   i n j e c t e d   f rom  t h e   c e n t e r  

a i r   c h a m b e r   55  i s   s e l e c t e d   to  be  s m a l l e r   t h a n   t h a t   f r o m   t h e  

f o r m e r   as  e x p l a i n e d   b e f o r e   in  c o n n e c t i o n   w i t h   t he   e x a m p l e s  
of  p r i o r   a r t .  

20  I n c l i n e d   p a r t i t i o n   w a l l s   58  a r e   p r o v i d e d   a b o v e   t h e  

o p p o s i t e   end  a i r   c h a m b e r s   54  and  56  as  a  d e f l e c t i n g   w a l l  

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

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

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

25  d i r e c t i o n s   of  t h e   a r r o w s   shown  b e i n g   g e n e r a t e d   due  to  t h e  

p r e s e n c e   of  t h e   i n c l i n e d   p a r t i t i o n   w a l l s   58  and  t h e   d i f f e r -  

e n c e   in  t h e   mass   f l o w   of  t h e   i n j e c t e d   f l u i d i z i n g   a i r .   On 

t h e   o t h e r   h a n d ,   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r s   59  a r e  

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

30  t i o n   w a l l s   59  and  s i d e   w a l l s   of  t he   i n c i n e r a t o r   so  t h a t   a  

p a r t   of  t h e   f l u i d i z i n g   medium  may  be  i n t r o d u c e d   d u r i n g   t h e  

o p e r a t i o n   i n t o   t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r s   5 9  

b e y o n d   t h e   u p p e r   ends   of  t he   i n c l i n e d   p a r t i t i o n   w a l l s   5 8 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t he   i n c l i n e d   p o r t i o n   of  t h e  

35  i n c l i n e d   p a r t i t i o n   w a l l   i s   a r r a n g e d   to  i n c l i n e   by  10  -  6 0 ° ,  

or  p r e f e r a b l y   25  -  45  0  r e l a t i v e   to  t h e   h o r i z o n   and  t h e  

p r o j e c t i o n   l e n g t h   SL  t h e r e o f   in  t he   h o r i z o n t a l   d i r e c t i o n  

r e l a t i v e   to   t h e   i n c i n e r a t o r   b o t t o m   is   a r r a n g e d   to  be  1 /6   -  
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1 / 2 ,   or  p r e f e r a b l y   1 /4   -  1 /2   of  t h e   h o r i z o n t a l   l e n g t h   L  o f  

t h e   i n c i n e r a t o r   b o t t o m .  

The  a n g l e   of  t he   i n c l i n a t i o n   r e l a t i v e   to   t h e   h o r i z o n  

and  t he   p r o j e c t i o n   l e n g t h   in  t h e   h o r i z o n t a l   d i r e c t i o n   of  t h e  

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

f l u i d i z i n g   s t a t e   of  t h e   f l u i d i z i n g   medium  in  t h e   p r i m a r y  

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

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

I n c i d e n t a l l y ,   t he   m e a n i n g   of  "L"  and  "SI"  and  t h e   f l o w i n g  

10  modes   of  t h e   f l u i d i z i n g   medium  a r e   shown  in  F i g .   1 7 .  

I f   t he   a n g l e   of  i n c l i n a t i o n   of  t h e   i n c l i n e d   p o r t i o n  

is   e i t h e r   s m a l l e r   t h a n   10°  or  g r e a t e r   t h a n   60°  r e l a t i v e   t o  

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

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

15  d e t e r i o r a t e s .   T h i s   a n g l e   i s   p r e f e r a b l y   in   t h e   r a n g e   b e t w e e n  

25°  and  45*  and  i t   i s   p a r t i c u l a r l y   p r e f e r a b l e   i f   i t   i s   s e t  

a t   a p p r o x i m a t e l y   3 5 ° .  

In  t h e   c a s e   w h e r e   t he   p r o j e c t i o n   l e n g t h   SI  of  t h e  

i n c l i n e d   p a r t i t i o n   w a l l   in  t h e   h o r i z o n t a l   d i r e c t i o n   r e l a t i v e  

20  to   t h e   i n c i n e r a t o r   b o t t o m   i s   g r e a t e r   t h a n   1 /2   of  t h e   i n c i n -  

e r a t o r   b o t t o m   l e n g t h   L  as  shown  in  F i g .   18,  t h e   a m o u n t   o f  

f l u i d i z i n g   medium  d e f l e c t e d   f rom  t he   i n c l i n e d   p a r t i t i o n  

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

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

25  of  t h e   m o v i n g   bed  a t   t he   i n c i n e r a t o r   c e n t e r   as  w e l l   as  t h e  

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

i n c i n e r a t o r   c e n t e r .  

On  t h e   o t h e r   h a n d ,   in   a  c a s e   s u c h   as  t h a t   shown  i n  

F i g .   19  w h e r e   t h e   p r o j e c t i o n   l e n g t h   £  of  t h e   i n c l i n e d   p a r t i -  

30  t i o n   w a l l   r e l a t i v e   to  t h e   i n c i n e r a t o r   b o t t o m   i s   s m a l l e r   t h a n  

1 /6   of  t h e   i n c i n e r a t o r   b o t t o m   l e n g t h   L,  t h e   f o r m a t i o n   o f  

t h e   c i r c u l a t i n g   f l o w   in  t he   p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t -  

i n g   c h a m b e r   and  p a r t i c u l a r l y   t h e   f o r m i n g   mode  of  t h e   m o v i n g  

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

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

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

medium  i n t o   t h e   r e c o v e r y   c h a m b e r   b e c o m e s   i n s u f f i c i e n t .  

At  t h e   l o w e r   p o r t i o n   of  t h e   t h e r m a l   e n e r g y   r e c o v e r y  
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c h a m b e r   59  and  t he   b a c k   s i d e   of  t he   i n c l i n e d   p a r t i t i o n   w a l l  

58,  a  d i f f u s e r   62  f o r   t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   i s  

p r o v i d e d   f o r   i n t r o d u c i n g   gas  s u c h   as  a i r   f r om  a  b l o w e r   6 0  

t h r o u g h   a  f e e d i n g   c o n d u i t   61.  At  t h e   p o r t i o n   in  t h e   t h e r m a l  

5  e n e r g y   r e c o v e r y   c h a m b e r   59  a d j a c e n t   to  t he   p l a c e   w h e r e   t h e  

d i f f u s e r   62  i s   d i s p o s e d ,   an  o p e n i n g   p o r t   63  i s   p r o v i d e d   a n d  

t he   f l u i d i z i n g   medium  i n t r o d u c e d   i n t o   t he   t h e r m a l   e n e r g y  

r e c o v e r y   c h a m b e r   59  i s   c a u s e d   to  c o n t i n u o u s l y   or  i n t e r m i t -  

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

10  on  t he   o p e r a t i n g   mode,   and  r e c y c l e d   i n t o   t he   i n c i n e r a t i n g  

p o r t i o n   t h r o u g h   the   o p e n i n g   p o r t   6 3 .  

F i g .   4  shows  an  e m b o d i m e n t   b a s e d   on  t h e   p r i n c i p l e   o f  

F i g .   3 .  

The  d e s c e n d i n g   a m o u n t   of  t he   f l u i d i z i n g   medium  in  t h e  

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

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

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

i n c i n e r a t i n g   p o r t i o n .   T h a t   i s   t he   a m o u n t   of  f l u i d i z i n g  
medium  (Gi  )  i n t r o d u c e d   i n t o   t he   t h e r m a l   e n e r g y   r e c o v e r y  

20  c h a m b e r   i s   i n c r e a s e d   as  shown  in  F i g .   5  i f   t he   a m o u n t   o f  

f l u i d i z i n g   a i r   i n j e c t e d   f rom  t h e   d i f f u s i o n   p l a t e   52,  p a r t i c -  

u l a r l y   t h a t   f r o m   t he   end  a i r   c h a m b e r s   54  and  56  w h i c h   i s  

i n t e n d e d   to  c a u s e   f l u i d i z a t i o n   a t   t h e   i n c i n e r a t i n g   p o r t i o n ,  
i s   i n c r e a s e d .   F u r t h e r ,   as  shown  in  F i g .   6,  t h e   a m o u n t   o f  

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

r e c o v e r y   c h a m b e r   when  t h e   c h a n g e   i s   in  t h e   r a n g e   0 - 1   Gmf 

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

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

i n c r e a s e d   b e y o n d   1  Gmf.  T h i s   c o n s t a n t   a m o u n t   of  f l u i d i z i n g  

medium  i s   a l m o s t   e q u i v a l e n t   to  t he   a m o u n t   of  f l u i d i z i n g  

medium  (Gi)   i n t r o d u c e d   i n t o   t h e   t h e r m a l   e n e r g y   r e c o v e r y  
c h a m b e r   and  t h u s   t he   a m o u n t   of  f l u i d i z i n g   medium  d e s c e n d i n g  

35  in   t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   b e c o m e s   e q u i v a l e n t   t o  

a  v a l u e   c o r r e s p o n d i n g   to  Gi  .  By  c o n t r o l l i n g   t h e   a i r   a m o u n t  

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

t h e   d e s c e n d i n g   a m o u n t   of  f l u i d i z i n g   medium  in  t h e   t h e r m a l  
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e n e r g y   r e c o v e r y   c h a m b e r   59  may  be  r e g u l a t e d .  

The  d e s c e n t   of  t he   f l u i d i z i n g   medium  in  t h e   s t a t i c  

bed  when  in  t h e   r a n g e   of  0  -  1  Gmf  is   due  to  t h e   d i f f e r e n c e  

in  w e i g h t   of  t h e   f l u i d i z i n g   medium  ( t h e   d i f f e r e n c e   i n  

5  h e i g h t   of  t h e   f l u i d i z e d   b e d s )   as  b e t w e e n   t h e   t h e r m a l   e n e r g y  

r e c o v e r y   c h a m b e r   and  t he   p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g  

c h a m b e r   and ,   in  t he   c a s e   w h e r e   t he   mass   f l o w   i s   o v e r   1  Gmf ,  

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

or  a p p r o x i m a t e l y   e q u a l   to  t h e   o t h e r .   The  r e c y c l i n g   of  t h e  

10  f l u i d i z i n g   medium  i s   a s s i s t e d   by  a  d e f l e c t i n g   f l o w   w i t h   a  

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

i n c l i n e d   p a r t i t i o n   w a l l .  

Now,  t h e   r e l a t i o n s h i p   b e t w e e n   t h e   h e i g h t   of  t h e  

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

15  medium  ( t h e   d e f l e c t i n g   f l o w )   w i l l   be  e x p l a i n e d   in   d e t a i l .  

In  t h e   c a s e   w h e r e   t h e   s u r f a c e   of  t h e   f l u i d i z e d   bed  i s  

l o w e r   t h a n   t he   u p p e r   end  of  t he   i n c l i n e d   p a r t i t i o n   w a l l ,   t h e  

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

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

20  i n c l i n e d   p a r t i t i o n   w a l l   f r om  t h e   f l u i d i z e d   b e d ,   t h e   f l u i d i z -  

i n g   medium  b e i n g   a c c o m p a n i e d   t h e r e w i t h .   The  i n j e c t e d   a i r  

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

bed   and  f r e e d   f rom  t h e   f l u i d i z i n g   medium  w i t h   w h i c h   t h e  

f l u i d i z e d   bed  i s   f i l l e d ,   and  t h e   s e c t i o n a l   a r e a   of  t h e   a i r  

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

a i r   f l o w   is   d i f f u s e d   and  i t s   s p e e d   i s   r e d u c e d   to   a  f e w  

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

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

t h e   i n j e c t e d   a i r   f l o w   l o s e s   i t s   k i n e m a t i c   e n e r g y   to  f a l l  

30  due  to   g r a v i t y   and  t h e   f r i c t i o n   w i t h   t h e   e x h a u s t   gas   as  t h e  

g r a i n   s i z e   of  t h e   f l u i d i z i n g   medium  i s   t oo   l a r g e   ( a p p r o x i -  

m a t e l y   1  mm)  to  be  c a r r i e d   w i t h   t h e   a i r   f l o w .  

In  t h e   c a s e   w h e r e   t h e   s u r f a c e   of  t h e   f l u i d i z e d   b e d  

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

35  a  p a r t   of  t h e   f l u i d i z i n g   medium  g a t h e r e d   by  t h e   p a r t i t i o n  

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

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

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

e x p l o s i o n   of  b u b b l e s ,   i s   b o i l e d   u p w a r d l y   l i k e   f i r e   w o r k s  

j u s t   a b o v e   t h e   u p p e r   end  of  t he   i n c l i n e d   p a r t i t i o n   w a l l   a n d  

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

5  f l u i d i z i n g   medium  is   i n t r o d u c e d   in  a  l a r g e   a m o u n t   t o w a r d s  

t h e   b a c k   s i d e   of  t he   p a r t i t i o n   w a l l ,   i . e .   t he   t h e r m a l   e n e r g y  

r e c o v e r y   c h a m b e r .  

T h a t   i s ,   t h e   m o v i n g   d i r e c t i o n   of  t h e   i n j e c t e d  

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

10  b e c o m e s   h i g h e r   a b o v e   t h e   u p p e r   end  of  t he   i n c l i n e d   p a r t i t i o n  
w a l l .   T h e r e f o r e ,   t h e   a m o u n t   of  f l u i d i z i n g   medium  i n t r o d u c e d  

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

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

15  In  F i g .   5  i s   shown  t he   r e l a t i o n s h i p   b e t w e e n   t h e  
a m o u n t   of  f l u i d i z i n g   a i r   in  t he   p o r t i o n   b e l o w   t he   i n c l i n e d  

p a r t i t i o n   w a l l   in  t h e   p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g  
c h a m b e r   and  t h e   a m o u n t   of  f l u i d i z i n g   medium  r e c y c l e d   t h r o u g h  
t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   . 

20  For   e x a m p l e ,   d u r i n g   t he   o p e r a t i o n   u n d e r   t h e   s t a t e   Li  , 
i f   t h e   h e i g h t   of  t he   f l u i d i z e d   bed  i s   l o w e r e d   due  to  t h e  

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

e x a m p l e ,   b e l o w   1 / 1 0   of  t h a t   of  t he   f o r m e r   and  t h e r m a l   e n e r g y  
25  r e c o v e r y   c a n n o t   be  p e r f o r m e d .   T h u s ,   wha t   i s   i m p o r t a n t   i s  

t h e   a m o u n t   of  t h e   f l u i d i z i n g   a i r   and ,   i f   i t   i s   a r r a n g e d   t o  
be  more  t h a n   4  Gmf  and  p r e f e r a b l y   more  t h a n   6  Gmf,  t h e   v a l u e  
of  Gi/G0  i s   m a i n t a i n e d   o v e r   1  and  t he   r e q u i r e d   and  s u f f i -  

c i e n t   a m o u n t   of  t he   r e c y c l i n g   f l u i d i z i n g   medium  may  b e  

30  o b t a i n e d   even   i f   t he   h e i g h t   of  t he   f l u i d i z e d   bed  i s   c h a n g e d .  

F u r t h e r ,   by  a r r a n g i n g   t h e   mass   f l o w   of  t h e   a i r  

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

e n e r g y   r e c o v e r y   c h a m b e r   to  be  0  -  3  Gmf,  or  p r e f e r a b l y   0  -  

2  Gmf,  and  t h e   mass   f l o w   of  t h e   f l u i d i z i n g   a i r   i n j e c t e d   f r o m  

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

w a l l   to  be  4  -  20  Gmf  or  p r e f e r a b l y   6 - 1 2   Gmf,  t h a t   i s   b y  

a l w a y s   k e e p i n g   t h e   mass   f l o w   to  be  l a r g e r   a t   t h e   i n c i n e r a t -  

i n g   c h a m b e r   s i d e   t h a n   a t   t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r  
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s i d e ,   t h e   a m o u n t   of  f l u i d i z i n g   medium  f e d   b a c k   to   t h e  

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

e n e r g y   r e c o v e r y   c h a m b e r   may  be  r e g u l a t e d .  

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

5  c h a m b e r ,   i t   i s   r e f e r r e d   to  in  t he   a c a d e m i c   s e n s e   as  a  s t a t i c  

bed  in  t h e   c a s e   w h e r e   t he   mass   f l o w   is   0  -  1  Gmf  and  a  

f l u i d i z e d   bed  in  t h e   c a s e   w h e r e   t h e   mass   f l o w   is   o v e r   1  Gmf 

and  i t   i s   commonly   known  t h a t   a  min imum  mass   f l o w   of  2  Gmf 

i s   r e q u i r e d   f o r   g e n e r a t i n g   a  s t a b l e   f l u i d i z e d   bed .   On  t h e  

10  o t h e r   h a n d ,   in  t h e   c a s e   of  t h e   m o v i n g   bed  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   w h i c h   i s   a l w a y s   d e s c e n d i n g   and  m o v i n g ,   t h e  

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

mass   f l o w   is   i n c r e a s e d   to  t h e   o r d e r   of  a b o u t   1 . 5 - 2   Gmf 

w i t h o u t   c a u s i n g   t h e   d e s t r u c t i o n   of  t h e   m o v i n g   bed  by  t h e  

15  b u b b l i n g   p h e n o m e n o n .   I t   i s   a s s u m e d   t h a t   t h e   g r a i n s   of  t h e  

f l u i d i z i n g   medium  g r a d u a l l y   d e s c e n d   and  move  u n d e r   a  v i b r a t -  

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

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

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

20  I n s i d e   t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   5 9 ,  

t h e r m a l   c o n d u c t i n g   c o n d u i t s   65,  t h r o u g h   w h i c h   a  h e a t   s i n k  

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

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

medium  by  e f f e c t i n g   a  h e a t   t r a n s f e r   w i t h   t h e   f l u i d i z i n g  

25  med ium  d o w n w a r d l y   m o v i n g   in  t h e   t h e r m a l   e n e r g y   r e c o v e r y  

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

e n e r g y   r e c o v e r i n g   p o r t i o n   i s   g r e a t l y   v a r i e d   as  shown  i n  

F i g .   8  in  a  c a s e   w h e r e   t h e   a m o u n t   of  t h e   d i f f u s i n g   a i r   i n  

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

30  of  0  -  2  Gmf .  

Now  t h e   c h a r a c t e r i s t i c s   s u c h   as  t h e   l o a d   r e s p o n s e  

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

bed  in   t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   w i l l   be  e x p l a i n e d .  

The  g e n e r a l   r e l a t i o n s h i p   b e t w e e n   t h e   o v e r a l l   t h e r m a l  

35  c o n d u c t i n g   c o e f f i c i e n t   and  t h e   mass   f l o w   f o r   f l u i d i z a t i o n   i s  

shown  in  F i g .   7.  B e t w e e n   t h e   v a l u e s   of  t h e   mass   f l o w   in  t h e  

r a n g e   of  0  -  1  Gmf,  t h e   i n c r e a s e   in  t h e   t h e r m a l   c o n d u c t i n g  

c o e f f i c i e n t   i s   s m a l l   and  i t   s u d d e n l y   i n c r e a s e s   when  t h e   m a s s  
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f l o w   b e c o m e s   o v e r   1  Gmf.  As  a  m e t h o d   f o r   t u r n i n g   down  t h e  

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

"Wing  P a n e l   Type"   was  i n t r o d u c e d   iii  DOE  R e p o r t ,   6021  ( 2 ) ,  

655  -  633  ( 1 9 8 5 )   and  t he   t h e r m a l   c o n d u c t i n g   c o e f f i c i e n t   i n  

5  r e s p o n s e   to   t h e   v a r i a t i o n   of  t he   f l u i d i z i n g   mass   f l o w   i s  

s t a t e d   to  be  i n s e n s i t i v e   ( s t a t i c   bed)   or  too   s e n s i t i v e  

( f l u i d i z e d   bed)   . 
I n c i d e n t a l l y ,   upon   r e v i e w i n g   c e r t a i n   f o r e i g n   p a t e n t  

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

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

i n c i n e r a t i n g   c h a m b e r   and  t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r  

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

a r e   c o n s t r u c t e d   w i t h   a  v e r t i c a l   o r i e n t a t i o n   and  t h e   f l u i d i z -  

i n g   medium  in  t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   i s   in  t h e  

15  mode  f o r   b e i n g   c h a n g e d   to  t he   s t a t i c   bed  and  to  t h e   f l u i d i z -  

i n g   bed ,   i t   b e i n g   t h e   s t a t i c   bed  when  t h e   t h e r m a l   e n e r g y  

r e c o v e r y   i s   s m a l l   in  a m o u n t   and  t he   f l u i d i z i n g   bed  in  w h i c h  

t h e   medium  i s   b l o w n   u p w a r d l y   f rom  t he   l o w e r   p o r t i o n   when  t h e  

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

20  i t   i s   d i f f i c u l t   to  p r o d u c e   a  d e f l e c t e d   f l o w   w i t h   a  v e r t i -  

c a l l y   o r i e n t e d   p a r t i t i o n   as  c o m p a r e d   to  t h e   c a s e   w h e r e   t h e  

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

c a s e   of  t h e   v e r t i c a l l y   o r i e n t e d   p a r t i t i o n   t h a t   t he   f l u i d i z -  

i n g   medium  i s   a r r a n g e d   in  b o t h   t h e   i n c i n e r a t i n g   c h a m b e r   a n d  

25  t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   to  be  in  a  f l u i d i z e d  

s t a t e   ( s i m i l a r   to  w a t e r )   so  t h a t   t he   f l u i d i z i n g   medium  i s  

c a u s e d   to   f l o w   b e t w e e n   t he   two  c h a m b e r s .  

The  r e l a t i o n s h i p   b e t w e e n   t he   o v e r a l l   t h e r m a l   c o n d u c t -  

i n g   c o e f f i c i e n t   and  t h e   mass   f l o w   f o r   f l u i d i z a t i o n   i s   s h o w n  

30  in   F i g .   8.  As  shown  in  F i g .   8,  i t   c h a n g e s   a l m o s t   l i n e a r l y  

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

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

c h a m b e r   may  be  c o n t r o l l e d   o p t i o n a l l y .   F u r t h e r ,   s u c h   c o n t r o l  

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

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

A l s o   i t   i s   s a i d   t h a t   t he   a b r a s i o n   r a t e   of  t he   t h e r m a l  

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

to  t h e   cube   p o w e r   of  t he   mass   f l o w   f o r   f l u i d i z a t i o n   and  s u c h  
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r e l a t i o n s h i p   i s   shown  in  F i g .   9.  A c c o r d i n g l y ,   t h e   p r o b l e m  

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

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

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

5  0 - 3   Gmf  or  p r e f e r a b l y   0 - 2   Gmf .  

In  o r d e r   to  r e g u l a t e   t he   a m o u n t   of  t h e r m a l   e n e r g y  

r e c o v e r e d ,   r e g u l a t i o n   of  t he   a m o u n t   of  r e c y c l i n g   f l u i d i z i n g  

medium  i s   e f f e c t e d ,   as  e x p l a i n e d   b e f o r e ,   w h i l e   e f f e c t i n g  

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

10  c i e n t .   T h a t   i s ,   i f   t he   a m o u n t   of  f l u i d i z i n g   gas   in   t h e   a i r  

c h a m b e r s   54  and  56  f o r   t h e   p r i m a r y   f l u i d i z e d   bed   i n c i n e r a t -  

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

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

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

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

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

as  t h e   e f f e c t   of  a  c o m b i n a t i o n   of  t h e   two  f a c t o r s .   F r o m  

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

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

20  of  p r e v e n t i n g   t he   t e m p e r a t u r e   of  t h e   f l u i d i z i n g   medium  f r o m  

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

As  a  means   f o r   i n t r o d u c i n g   t h e   d i f f u s i n g   gas   i n t o  

t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   59  ,  s e v e r a l   means   m a y  

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

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

( t h e   s i d e   f a c i n g   t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r )   so  a s  

to  e f f e c t i v e l y   u t i l i z e   t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r .  

A l s o ,   in   t h e   d i f f u s e r ,   t h e   open   p o r t s   f o r   i n j e c t i n g  

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

30  c l o s e r   to   t h e   t i p   end  of  t h e   d i f f u s e r   (as   t h e   h e i g h t   of  t h e  

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

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

The  r e s p e c t i v e   s i z e s   of  t he   open   p o r t s   a r e   p r e f e r a b l y  

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

35  i s   i n j e c t e d   o v e r   t h e   f u l l   l e n g t h   of  t h e   d i f f u s e r   62  w i t h   t h e  

d i f f u s i n g   a i r   a m o u n t   b e i n g   2  Gmf.  T h a t   i s ,   when  t h e   a b o v e  

i s   m e t ,   i t   i s   p o s s i b l e   to  o b t a i n   t h e   maximum  a m o u n t   o f  

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



EP  0  369  004  A1 

s u r f a c e s   in  t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   and  t h e  

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

s m a l l   o v e r   a l l   t h e   s u r f a c e s .  

In  F i g .   4,  n u m e r a l   66  i s   a  c o m b u s t i b l e   c h a r g e   i n l e t  

5  p r o v i d e d   a t   t h e   u p p e r   p o r t i o n   of  t he   i n c i n e r a t o r   51  and  6 7  

is   a  s t e a m   drum  f o r   f o r m i n g   a  c i r c u l a t i n g   p a s s a g e   ( n o t  

shown)   w i t h   t h e   t h e r m a l   c o n d u c t i n g   c o n d u i t s   65  in  t h e  

t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r s   59.  N u m e r a l   69  r e p r e s e n t s  
i n c o m b u s t i b l e   d i s c h a r g e   o u t l e t s   c o u p l e d   to  t h e   o p p o s i t e   e n d  

10  s i d e s   of  t h e   a i r   d i f f u s i o n   p l a t e   52  in  t he   b o t t o m   of  t h e  

i n c i n e r a t o r   51  and  70  i s   a  s c r e w   c o n v e y o r   p r o v i d e d   w i t h  

s c r e w s   71  e a c h   h a v i n g   a  h e l e x   o p p o s i t e   to  t h e   o t h e r .  

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

15  i t   may  be  d i s p o s e d   a t   t he   s i d e   of  t he   b o i l e r   as  a  s p r e a d e r  
66'   f o r   c h a r g i n g   c o a l ,   e t c .   t h e r e t h r o u g h .  

The  c o m b u s t i b l e s   F  c h a r g e d   t h r o u g h   t h e   c o m b u s t i b l e  

c h a r g e   i n l e t   66  or  66'   a r e   c i r c u l a t e d   and  i n c i n e r a t e d   in   t h e  

f l u i d i z i n g   medium  w h i c h   i s   c i r c u l a t i n g   u n d e r   t h e   i n f l u e n c e  

20  of  t he   c i r c u l a t i n g   f l o w   c a u s e d   by  t he   f l u i d i z i n g   a i r .   A t  
t h i s   t i m e ,   t h e   f l u i d i z i n g   medium  a t   t he   u p p e r   c e n t e r   a b o v e  

t h e   a i r   c h a m b e r   55  i s   n o t   a c c o m p a n i e d   by  a  v i o l e n t   u p - a n d -  
down  m o t i o n   t h e r e o f   and  f o r m s   a  d e s c e n d i n g   m o v i n g   bed  w h i c h  

i s   in   a  weak  f l u i d i z i n g   s t a t e .   The  w i d t h   of  t h i s   m o v i n g   b e d  

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

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

p o r t i o n s   a b o v e   t h e   a i r   c h a m b e r s   54  and  56  a t   t h e   o p p o s i t e  
s i d e   e n d s ,   t h u s   b e i n g   s u b j e c t e d   to  t h e   f l u i d i z i n g   a i r  

i n j e c t e d   a t   a  g r e a t e r   mass   f l o w   f rom  b o t h   a i r   c h a m b e r s   a n d  

30  b l o w n   u p w a r d l y .   A c c o r d i n g l y ,   a  p o r t i o n   of  e a c h   t r a i l i n g   e n d  

i s   d i s p l a c e d   and ,   t h u s ,   t h e   bed  j u s t   a b o v e   t he   a i r   c h a m b e r  

55  d e s c e n d s   u n d e r   g r a v i t y .   Above  t h i s   bed ,   t h e   f l u i d i z i n g  

medium  p i l e s   up  h a v i n g   b e e n   s u p p l e m e n t e d   f rom  t h e   f l u i d i z i n g  

b e d ,   as  e x p l a i n e d   l a t e r ,   and  t h e   f l u i d i z i n g   medium  a b o v e   t h e  

35  a i r   c h a m b e r   55  f o r m s   a  g r a d u a l l y   and  c o n t i n u o u s l y   d e s c e n d i n g  

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

The  f l u i d i z i n g   medium  moved  a b o v e   t h e   a i r   c h a m b e r s   5 4  

and  56  i s   b l o w n   u p w a r d l y   and  d e f l e c t e d   and  w h i r l e d   by  t h e  
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i n c l i n e d   p a r t i t i o n   w a l l s   58  t o w a r d s   t h e   c e n t e r   of  t h e   i n c i n -  

e r a t o r   51  and  f a l l s   on  t he   top   of  t h e   c e n t r a l   m o v i n g   b e d  

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

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

5  r e c o v e r y   c h a m b e r s   59  b e y o n d   t h e   u p p e r   p o r t i o n s   of  t h e  

i n c l i n e d   p a r t i t i o n   w a l l s .   In  t he   c a s e   w h e r e   t h e   d e s c e n d i n g  

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

c h a m b e r   59  i s   s l o w ,   t h e   a n g l e   of  r e p o s e   f o r   t h e   f l u i d i z i n g  

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

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

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

p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r .  

The  f l u i d i z i n g   medium  i n t r o d u c e d   i n t o   t h e   t h e r m a l  

e n e r g y   r e c o v e r y   c h a m b e r   59  f o r m s   a  g r a d u a l l y   d e s c e n d i n g  

15  m o v i n g   bed  due  to  t h e   gas  i n j e c t e d   f rom  t h e   d i f f u s e r   62  a n d  

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

c h a m b e r   f r o m   t h e   o p e n i n g   p o r t i o n   63  a f t e r   t h e   t h e r m a l  

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

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

20  t h e   d i f f u s e r   62  in   t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   59  i s  

s e l e c t e d   f rom  v a l u e s   in   t h e   r a n g e   of  0  -  3  Gmf  or  p r e f e r a b l y  

0 - 2   Gmf .  

The  r e a s o n   f o r   t h e   a b o v e   i s   t h a t ,   as  shown  in  F i g .   8 ,  

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

25  to   t h e   maximum  b e l o w   t h e   v a l u e   of  2  Gmf  and  t h e   a b r a s i o n  

r a t e   can  be  c o n t r o l l e d ,   as  shown  in  F i g .   9,  w i t h i n   a  s m a l l  

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

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

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

t h u s ,   t h e   t h e r m a l   c o n d u c t i n g   c o n d u i t s   65  a r e   s u b j e c t e d   t o  

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

d e g r e e   of  a b r a s i o n   of  t h e   t h e r m a l   c o n d u c t i n g   c o n d u i t s   65  i s  

made  q u i t e   s m a l l   b e c a u s e   t h e   f l u i d i z i n g   r a t e   in   t h i s   p o r t i o n  

35  i s ,   as  e x p l a i n e d   b e f o r e ,   low.   As  to  t h e   s p e e d   of  a i r   f l o w  

in  t h e   f l u i d i z i n g   a i r   mass   f l o w   r a n g e   0 - 2   Gmf,  i t   i s   q u i t e  

low,   f o r   e x a m p l e   s u c h   as  0  -  0 . 4   m / s e c .   ( s u p e r f i c i a l  

v e l o c i t y ) ,   a t   800  °C  w h i l e   i t   p r a c t i c a l l y   d e p e n d s   on  t h e  
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t e m p e r a t u r e   and  g r a i n   s i z e   of  t he   f l u i d i z i n g   m e d i u m .  

In  a  c a s e   w h e r e   t he   c o m b u s t i b l e s   a r e   m i x e d   w i t h  

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

of  t h e   f l u i d i z i n g   med ium,   t h e   i n c i n e r a t i o n   r e s i d u e   i s   d i s -  

5  c h a r g e d   t o g e t h e r   w i t h   a  p a r t   of  t he   f l u i d i z i n g   medium  by  t h e  

s c r e w   c o n v e y o r   70  d i s p o s e d   a t   t he   b o t t o m   of  t he   i n c i n e r a t o r .  

R e g a r d i n g   t h e   t h e r m a l   c o n d u c t i o n   in  t h e   t h e r m a l  

e n e r g y   r e c o v e r y   c h a m b e r   59,  in  a d d i t i o n   to  t he   t h e r m a l  

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

10  b e t w e e n   t h e   f l u i d i z i n g   medium  and  t he   t h e r m a l   c o n d u c t i n g  

c o n d u i t s   65,  t h e r e   i s   a n o t h e r   f o rm  of  t h e r m a l   c o n d u c t i o n  

t h a t   u t i l i z e s   t h e   r i s i n g   gas  m o v i n g   u p w a r d l y   as  t he   c o n d u c t -  

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

t h e   f l u i d i z i n g   medium  m o v e s .   In  t he   l a t t e r   c a s e ,   t h e r e   i s  

15  s u b s t a n t i a l l y   no  b o u n d a r y   l a y e r   b e t w e e n   t h e   s o l i d   a r t i c l e s  

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

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

a r t i c l e s ,   and  t h e   f l u i d i z i n g   medium  is   w e l l   a g i t a t e d   so  t h a t  

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

20  medium  may  be  n e g l e g i b l e ,   w h i c h   f a c t   may  no t   be  d i s r e g a r d e d  

in  a  c a s e   w h e r e   t h e   medium  is   s t a t i o n a r y ;   t h u s ,   q u i t e  

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

o b t a i n e d .   A c c o r d i n g l y ,   in   t h e   t h e r m a l   e n e r g y   r e c o v e r y  

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

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

e q u a l   to  10  t i m e s   t h a t   o b t a i n e d   in   t h e   c o n v e n t i o n a l   i n c i n -  

e r a t i n g   gas   b o i l e r .  

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

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

30  c o n d u c t i n g   s u r f a c e s   l a r g e l y   d e p e n d s   on  t he   s t r e n g t h   or  w e a k -  

n e s s   of  t h e   f l u i d i z a t i o n   and  t he   a m o u n t   of  r e c y c l i n g   f l u i d i -  

z i n g   medium  can  be  c o n t r o l l e d   by  r e g u l a t i n g   t h e   a m o u n t   o f  

gas   i n t r o d u c e d   f rom  t h e   d i f f u s e r   62.  A l s o ,   by  a r r a n g i n g   t h e  

t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   59  w i t h   i t s   m o v i n g   bed  to  b e  

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

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

e n e r g y   r e c o v e r y   a p p a r a t u s   in  w h i c h   t h e   t u r n i n g   down  r a t i o   i s  

l a r g e   and  t h e   f l u i d i z e d   bed  may  be  e a s i l y   c o n t r o l l e d .  
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In  a  b o i l e r   u s i n g   c o m b u s t i b l e s   h a v i n g   a  low  i n c i n e r -  

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

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

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

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

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

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

r e c o v e r y   i s   e f f e c t e d   b a s e d   on  t he   t e m p e r a t u r e   of  t h e  

f l u i d i z e d   b e d .  

10  H o w e v e r ,   in   t he   p r e s e n t   i n v e n t i o n   t h e   t h e r m a l  

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

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

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

c h a m b e r .   T h e r e f o r e ,   t he   v a r i a t i o n   in   t h e   t h e r m a l   e n e r g y  

15  i n p u t   i n t o   t h e   f l u i d i z e d   bed  b a s e d   on  t h e   v a r i a t i o n   in  t h e  

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

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

t h e r m a l   e n e r g y   r e c o v e r y   t a k i n g   p l a c e   in   t h e   t h e r m a l   e n e r g y  

r e c o v e r y   c h a m b e r   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   can   b e  

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

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

b e t w e e n   t h e   t h e r m a l   i n p u t   and  t he   t h e r m a l   r e c o v e r y   can  b e  

a b s o r b e d   as  a  t e m p o r a r y   c h a n g e   in  t he   t e m p e r a t u r e   of  t h e  

f l u i d i z i n g   medium  due  to  t h e   h e a t   s e n s i b i l i t y   s i n k i n g  

25  c a p a c i t y   of  t h e   f l u i d i z i n g   medium  f o r m i n g   t h e   f l u i d i z e d   b e d .  

A c c o r d i n g l y ,   t h e   t h e r m a l   e n e r g y   can  be  u t i l i z e d   w i t h o u t  

w a s t e   t h e r e o f   and  t h e   r e g u l a t i o n   of  t h e   v a p o r i z i n g   a m o u n t  

h a v i n g   good  r e s p o n s e   c h a r a c t e r i s t i c ,   w h i c h   c a n n o t   b e  

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

30  c o a l ,   can   be  o b t a i n e d .  

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

d i s c h a r g e   o p e n i n g s   69  a r e ,   as  shown  f o r   e x a m p l e   in  t h e  

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

p o r t s   63  and  t h e   o p p o s i t e   s i d e   ends   of  t h e   a i r   d i f f u s i o n  

35  p l a t e   in  t h e   i n c i n e r a t o r   51;  h o w e v e r ,   t h e   l o c a t i o n   i s   n o t  

l i m i t e d   to   t h a t   e x p l a i n e d   a b o v e .  

In  F i g .   4,  t h e   a i r   d i f f u s i o n   p l a t e   52  i s   i l l u s t r a t e d  

as  h a v i n g   t h e   s h a p e   of  a  h i l l ;   h o w e v e r ,   i f   t h e   a m o u n t   of  t h e  
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f l u i d i z i n g   a i r   i n j e c t e d   f rom  t he   a i r   c h a m b e r s   54  and  56  

i s   a r r a n g e d   to  be  more  t h a n   4  Gmf,  t h e   c i r c u l a t i n g   f l o w   i s  

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

to  t he   e f f e c t   of  t h e   i n c l i n e d   p a r t i t i o n   w a l l s   and ,   t h e r e -  

5  f o r e ,   t h e   a i r   d i f f u s i o n   p l a t e   52  may  be  made  a  h o r i z o n t a l  

one  in  t h e   c a s e   w h e r e   c o m b u s t i b l e s   s u c h   as  c o a l   c o n t a i n i n g   a  
few  i n c o m b u s t i b l e s   a r e   i n c i n e r a t e d .   A l s o ,   t h e   i n c o m b u s t i b l e  

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

As  e x p l a i n e d   a b o v e ,   t he   c a p a b i l i t y   of  t h e   f l u i d i z e d  

10  bed  b o i l e r   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   to  r e c o v e r  
t h e r m a l   e n e r g y   i s   q u i t e   s u p e r i o r .   Now,  t h e   m e t h o d   o f  

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

w i l l   be  e x p l a i n e d   b e l o w .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t he   a m o u n t   of  t h e r m a l  

15  e n e r g y   r e c o v e r e d   f rom  t he   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r  

i s   c o n t r o l l e d ,   in   r e s p o n s e   to  t he   demands   of  t he   u s e r  

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

a m o u n t   of  gas  i n j e c t e d   f rom  t he   d i f f u s e r   i n t o   t h e   t h e r m a l  

e n e r g y   r e c o v e r y   c h a m b e r .   A l s o ,   t he   r e g u l a t i o n   of  t h e  

20  t e m p e r a t u r e   in   t h e   p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g  
c h a m b e r   i s   e f f e c t e d   by  c o n t r o l l i n g   t he   f u e l   c h a r g i n g   a m o u n t  

b a s e d   on  s a i d   t e m p e r a t u r e   in  t h e   p r i m a r y   f l u i d i z e d   b e d  

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

b o i l e r   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   t h e r m a l  

25  c o n d u c t i n g   c o e f f i c i e n t   can  be  o p t i o n a l l y   a d j u s t e d   and  t h e  

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

p r e s e n t   i n v e n t i o n   i s   a b s o r b e d   as  v a r i a t i o n   in  t h e   s e n s i b l e  

h e a t   of  t h e   f l u i d i z i n g   medium  w h e r e b y   t h e   b o i l e r   can  b e  

c o n t r o l l e d   i n s t a n t a n e o u s l y   to  mee t   t h e   d e m a n d s   of  t h e   u s e r  
30  and  can  be  o p e r a t e d   u n d e r   s t a b l e   c o n d i t i o n s .  

The  e x p l a n a t i o n   i s   made  in  r e l a t i o n   to  F i g .   4 .  

For   e x a m p l e ,   in   a  c a s e   w h e r e   t h e   t e m p e r a t u r e   of  t h e   v a p o r  
w i t h d r a w n   f r o m   t h e   t h e r m a l   c o n d u c t i n g   c o n d u i t s   65  i s   i n s u f -  

f i c i e n t ,   a  d i f f u s i n g   a i r   r e g u l a t i n g   v a l v e   93  i s   r e g u l a t e d  

35  in   i t s   o p e n i n g   d i r e c t i o n   by  a  r e g u l a t o r   92  f o r   t h e   v a l v e   9 3  

b a s e d   on  t h e   t e m p e r a t u r e   s e n s e d   by  a  t h e r m o - s e n s o r   91  on  a  

v a p o r   w i t h d r a w i n g   c o n d u i t   90  so  as  to  i n c r e a s e   t h e   a m o u n t   o f  

d i f f u s i n g   a i r   i n j e c t e d   so  t h a t   t h e   a m o u n t   of  t h e r m a l   e n e r g y  
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r e c o v e r e d   i s   i n c r e a s e d   and  t he   v a p o r   t e m p e r a t u r e   i s   r a i s e d  

to  t h a t   d e m a n d e d   by  t h e   u s e r .  

The  t e m p e r a t u r e   of  t h e   p r i m a r y   f l u i d i z e d   bed  i n c i n -  

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

5  r e g u l a t i n g   t he   f u e l   f e e d i n g   a m o u n t   to  t h e   p r i m a r y   f l u i d i z e d  

bed  i n c i n e r a t i n g   c h a m b e r   a n d / o r   by  r e g u l a t i n g   t h e   a i r   f e e d -  

i n g   a m o u n t   to  t h e   a i r   c h a m b e r s   54,  55  and  56  b a s e d   on  t h e  

f l u i d i z e d   bed  t e m p e r a t u r e   s e n s e d   by  a  t h e r m o - s e n s o r   9 4 .  

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

10  f e d   to  t h e   p r i m a r y   f l u i d i z i n g   bed  i n c i n e r a t i n g   c h a m b e r   i s  

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

w h e r e   t h e   a m o u n t   of  v a p o r   d e m a n d e d   is   v a r i e d   due  to  a  l o a d  

v a r i a t i o n   on  t h e   u s e r ' s   s i d e ,   s i n c e   v a p o r   p r e s s u r e   i s   t h e  

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

15  in   t he   d e m a n d .  

The  r e s p o n s e   c h a r a c t e r i s t i c s   a r e   shown  in  F i g s .   1 0  

and  11  w h e r e i n   t h e   v a p o r   f l o w   r a t e   i s   c h a n g e d   by  +30%  s t e p -  

w i s e   f r o m   70%  to  1 0 0 % .  

F i g .   10  shows  t e s t   r e s u l t s   o b t a i n e d   when  t h e   a i r  

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

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

was  v a r i e d   by  +30%  s t e p w i s e l y ,   and  F i g .   11  shows  t e s t  

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

was  r e g u l a t e d   in   r e s p o n s e   to   t h e   +30%  s t e p w i s e   v a r i a t i o n   i n  

25  t h e   v a p o r   f l o w   r a t e .   Upon  c o m p a r i n g   t h e   two,   i t   i s   f o u n d  

t h a t   t h e   f l u i d i z e d   bed   t e m p e r a t u r e   and  t h e   v a p o r   f l o w   r a t e  

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

and  t h e   v a r i a t i o n   r a n g e   i s   a l s o   made  s m a l l   in   t h e   c a s e  

( F i g .   11)  w h e r e   t h e   d i f f u s i n g   a i r   a m o u n t   i s   r e g u l a t e d  

30  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   in  r e s p o n s e   to   t h e   v a r i a -  

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

f o r   t h e   c o n v e n t i o n a l   m e t h o d   shown  in  F i g .   1 0 .  

I n c i d e n t a l l y ,   t h e   v a r i a t i o n   r a n g e   of  t h e   f l u i d i z e d  

bed   t e m p e r a t u r e   was  a p p r o x i m a t e l y   ±12  °C  and  t h a t   o f  

35  t h e   v a p o r   p r e s s u r e   was  a p p r o x i m a t e l y   b e l o w   ± 0 . 3   k g /   cm2 

( 0 . 0 2 9   MPa)  in   t h e   c a s e   w h e r e   t h e   r e g u l a t i o n   was  e f f e c t e d  

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   as  shown  in  F i g .   1 1 .  

The  r e s p o n d i n g   c h a r a c t e r i s t i c s   a r e   a l s o   shown  i n  
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F i g .   12  when  t h e   v a p o r   f l o w   r a t e   i s   v a r i e d   l u m p w i s e l y   b y  

-60%  w h e r e i n   t h e   d i f f u s i n g   a i r   a m o u n t   in  t he   t h e r m a l   e n e r g y  

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

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

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

i s   a l m o s t   c o n s t a n t   and  t he   v a r i a t i o n   r a n g e   of  t h e   v a p o r  

p r e s s u r e   i s   s m a l l .  

N e x t ,   a n o t h e r   e m b o d i m e n t   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   w i l l   be  e x p l a i n e d   r e f e r r i n g   to  F i g .   13.  T h e  

10  e m b o d i m e n t   shown  in  F i g .   13  c o r r e s p o n d s   to  t he   c a s e   w h e r e i n  

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

in  F i g .   1  in  w h i c h   a  s i n g l e   c i r c u l a t i n g   f l u i d i z e d   bed  i s  

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

in  F i g .   3  w i t h   r e s p e c t   to  t he   m e a n i n g   and  f u n c t i o n   t h e r e o f .  

15  F i g .   14  shows  an  e m b o d i m e n t   to  be  u s e d   when  a  l a r g e  
s i z e   b o i l e r   i s   r e q u i r e d .   The  e m b o d i m e n t   shown  in  F i g .   1 4  

i s   c o n s t r u c t e d   by  c o m b i n i n g   t h e   two  i n t e r n a l   r e c y c l i n g   t y p e  
f l u i d i z e d   bed  b o i l e r s   shown  in  F i g .   4 .  

As  shown  in  F i g s .   4  and  14,  t h e   o p e r a t i o n   i s   e f f e c t e d  

20  w i t h o u t   d i f f i c u l t y   by  c h a r g i n g   f u e l s   f rom  t h e   c h a r g e   i n l e t  

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

as  c o a l   h a v i n g   a  g r a i n   s i z e   b e l o w   s e v e r a l   c e n t i m e t e r s   a r e  

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

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

25  of  f rom  t h e   c e i l i n g   and  y e t   s t i l l   h i g h e r   t h a n   t h e   s u r f a c e   o f  

t h e   f l u i d i z e d   bed  by  u s i n g   a  s u i t a b l e   t y p e   of  e q u i p m e n t   s u c h  

as  a  s p r e a d e r   a d a p t e d   to  s c a t t e r   t h e   f u e l   by  means   of  a  

r o t a r y   b l a d e .  

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

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

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

w i t h o u t   p r o v i d i n g   an  i n l e t   a t   t h e   c e i l i n g .   A l s o   i t   i s  

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

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

35  s p r e a d e r   j u s t   e x p l a i n e d   so  as  to  i n c i n e r a t e   them  b o t h   m i x e d  

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

h e r e i n   a b o v e   e x p l a i n e d   a r e   t he   s o r t   t h a t   a r e   p r e f e r a b l y  
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a p p l i e d   to  b o i l e r s   t h a t   a r e   medium  or  l a r g e   in  s i z e .   As  f o r  

s m a l l   p a c k a g e   b o i l e r s ,   i t   i s   d e s i r a b l e   f o r   them  to  be  m a d e  

more  c o m p a c t   and ,   t h u s ,   an  e m b o d i m e n t   d e s i g n e d   to  s u c h   e n d  

is   i l l u s t r a t e d   in  F i g .   15.  In  t he   e m b o d i m e n t   shown  i n  

5  F i g .   15,  t h e   t h e r m a l   c o n d u c t i n g   c o n d u i t s   65  shown  w i t h i n   t h e  

bed  in  F i g .   4  a r e   o r i e n t e d   in  an  a l m o s t   v e r t i c a l   d i r e c t i o n  

and  a r e   e x t e n d e d   to   an  e x h a u s t   gas  h e a t   c o n d u c t i n g   p o r t i o n  

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

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

10  a l s o   s e r v e   as  means   f o r   u n i t a r i l y   c o u p l i n g   a  top   w a t e r  

c h a m b e r   91  and  a  b o t t o m   w a t e r   c h a m b e r   9 2 .  

By  a r r a n g i n g   t he   a p p r o x i m a t e l y   v e r t i c a l   e v a p o r a t i n g  

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

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

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

b l e   to   u t i l i z e   them  as  m e m b e r s   f o r   r e i n f o r c i n g   t h e   b o i l e r  

body   as  w e l l   as  to  e l i m i n a t e   t he   n e e d   f o r   a u x i l i a r y   d e v i c e s  

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

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

20  i n c l u d i n g   t h a t   in   t h e   c o n d u i t s   w i t h i n   t h e   bed  i s   a u t o m a t i -  

c a l l y   c i r c u l a t e d .  

F u r t h e r ,   a  f l u i d i z e d   bed  b o i l e r   and  an  e x h a u s t   g a s  

b o i l e r   can  be  c o m b i n e d   as  a  u n i t a r i l y   s t r u c t u r e   so  t h a t   a n  

i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r   can  be  m a d e  

25  e c o n o m i c a l l y   a v a i l a b l e   in  a  s m a l l   s i z e .  

The  c o n s t r u c t i o n   and  f u n c t i o n   of  t h e   p r e s e n t   i n v e n -  

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

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

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

30  t h r o u g h   t h e   f r e e   b o a r d   a t   t h e   p o r t i o n   a b o v e   t h e   i n c i n e r a t i n g  

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

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

u p p e r   p o r t i o n   of  t h e   g r o u p .   I t   i s   t h e n   moved  d o w n w a r d l y   i n  

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

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

t r a n s f e r .   At  t h i s   o c c a s i o n ,   a  p a r t   of  t h e   u n b u r n t   a s h  

c o l l e c t e d   by  means   of  b a f f l e   p l a t e s   93  due  to  t h e   i n e r t i a -  

g r a v i t y   i s   c a u s e d   to   f a l l   t o w a r d s   t h e   m o v i n g   bed  in  t h e  
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t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   so  t h a t   t he   u n b u r n t   a sh   i s  

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

in  t h a t   m o v i n g   bed ,   t h e r e b y   i m p r o v i n g   t he   i n c i n e r a t i n g  

e f f i c i e n c y .  

5  The  a b o v e   s i t u a t i o n   i s   p a r t i c u l a r l y   e f f e c t i v e   w h e n  

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

to  be  i n c i n e r a t e d .   H o w e v e r ,   in  o t h e r   c a s e s   w h e r e   a  f u e l  

o t h e r   t h a n   c o a l   i s   e m p l o y e d   and  the   u n b u r n t   a sh   t h e r e o f   m a y  
n o t   s c a t t e r   w i d e l y ,   means   f o r   r e c y c l i n g   t he   u n b u r n t   a sh   m a y  

10  n o t   be  n e e d e d .  

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

e x a m p l e   as  a  t y p e   a l l o w i n g   c h a r g i n g   f rom  t he   top   as  i l l u s -  

t r a t e d ,   i t   i s   p r e f e r a b l e   to  b low  t he   s e c o n d a r y   i n c i n e r a t i n g  

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

15  By  t he   a r r a n g e m e n t   a b o v e ,   an  a i r   c u r t a i n   e f f e c t   b r o u g h t  
a b o u t   t h e   s e c o n d a r y   a i r   i s   e x p e c t e d   to  p r e v e n t   f i n e   f u e l  

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

t o g e t h e r   w i t h   t h e   i n c i n e r a t i o n   e x h a u s t   gas  as  w e l l   as  t o  

p e r f o r m   an  e f f e c t i v e   a g i t a t i o n   and  m i x i n g   o p e r a t i o n   in   t h e  

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

s u f f i c i e n t   c o n t a c t   b e t w e e n   o x y g e n   in  t he   s e c o n d a r y   a i r   a n d  

t h e   u n b u r n t   a sh   in  t h e   e x h a u s t   gas  ,  t h e r e b y   i m p r o v i n g   t h e  

i n c i n e r a t i n g   e f f i c i e n c y   and  l o w e r i n g   t he   d e n s i t y   of  NO  a n d  
X 

CO,  e t c .  

25  F i g .   16  i s   a  p l a n a r   s e c t i o n a l   v i ew   t a k e n   a l o n g   t h e  

l i n e   shown  by  t h e   a r r o w   A  -  A  in  F i g .   15  and  i t   p a r t i c u l a r l y  
i l l u s t r a t e s   an  e x a m p l e   of  a  c i r c u l a r   t y p e   b o i l e r .   In  a  c a s e  
w h e r e   i t   i s   a  s m a l l   s i z e   p a c k a g e   b o i l e r ,   i t   i s   n o t   p a r t i -  

c u l a r l y   n e c e s s a r y   to  make  i t   a  c i r c u l a r   t y p e   as  shown  i n  

30  F i g .   16,  b u t   m a n u f a c t u r i n g   t he   a r r a n g e m e n t   of  t h e   t h e r m a l  

c o n d u c t i n g   c o n d u i t s   i s   made  e a s y   i f   i t   i s   made  c i r c u l a r .  

I n c i d e n t a l l y ,   in  t h e   e m b o d i m e n t s   shown  in  F i g s .   4 ,  

13  and  14,  e t c . ,   i t   i s   p r e f e r a b l e   to  a r r a n g e   them  in  a  

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

35  
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SCOPE  OF  CLAIMS 

1.  An  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r  

c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s :  

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

5  s t r u c t e d   by  an  a i r   d i f f u s i o n   p l a t e   p r o v i d e d   a t   t h e   b o t t o m   o f  

an  i n c i n e r a t o r   and  a d a p t e d   to  i n j e c t   f l u i d i z i n g   a i r   u p w a r d l y  

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

t h a t   a t   t h e   o t h e r   s i d e ;  

an  i n c l i n e d   p a r t i t i o n   w a l l   p r o v i d e d   a b o v e   t h e   p o r t i o n  

10  of  s a i d   d i f f u s i o n   p l a t e   w h e r e   t h e   mass   f l o w   i s   g r e a t e r   s o  

as  to  i n t e r f e r e   w i t h   t h e   u p w a r d   f l o w   of  t he   f l u i d i z i n g   a i r  

and  t h e r e b y   to  d e f l e c t   t h e   a i r   t o w a r d s   t he   p o r t i o n   a b o v e  

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

i s   s m a l l e r ;  

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

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

or  b e t w e e n   t h e   b a c k   s i d e s   of  two  i n c l i n e d   p a r t i t i o n   w a l l s ;  

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

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

20  s i n k   f l u i d   t h e r e t h r o u g h ;   a n d  

an  a i r   d i f f u s e r   p r o v i d e d   a t   t he   l o w e r   p o r t i o n   of  s a i d  

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

i n c l i n e d   p a r t i t i o n   w a l l ;  

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

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

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

p a r t i t i o n   w a l l   b e i n g   i n c l i n e d   by  10°  -  60°  r e l a t i v e   to  t h e  

h o r i z o n   and  t h e   p r o j e c t i o n   l e n g t h   t h e r e o f   in   t h e   h o r i z o n t a l  

d i r e c t i o n   b e i n g   a r r a n g e d   to  be  1 /6   -  1 /2   of  t h e   h o r i z o n t a l  

30  l e n g t h   of  t h e   i n c i n e r a t o r   b o t t o m ,   a  m o v i n g   bed  b e i n g   f o r m e d  

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

mass   f l o w   i s   s m a l l e r   so  t h a t   t h e   f l u i d i z i n g   med ium  d e s c e n d s  

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

f l u i d i z e d   bed  b e i n g   f o r m e d   a b o v e   t h e   p o r t i o n   of  t h e   d i f f u -  

35  s i o n   p l a t e   w h e r e   t h e   mass   f l o w   of  t h e   f l u i d i z i n g   a i r   i s  

g r e a t e r   so  t h a t   t h e   f l u i d i z i n g   medium  i s   a c t i v e l y   f l u i d i z e d  

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

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

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

bed  and  s a i d   c i r c u l a t i n g   f l u i d i z e d   bed  b e i n g   e f f e c t e d   b y  

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

5  d i f f u s i o n   p l a t e   and  t h e   r e g u l a t i o n   of  t he   f l u i d i z i n g   a i r  

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

c i r c u l a t i o n .  

10  2.  An  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r   a s  

c l a i m e d   in   C l a i m   1  w h e r e i n   t h e   mass   f l o w   of  t h e   a i r   i n j e c t e d  

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

r e c o v e r y   c h a m b e r   i s   in   t he   r a n g e   of  0  -  3  Gmf,  or  p r e f e r a b l y  

0 - 2   Gmf  and  t h e   mass   f l o w   of  t h e   f l u i d i z i n g   a i r   i n j e c t e d  

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

i s   in  t h e   r a n g e   of  4  -  20  Gmf  or  p r e f e r a b l y   6 - 1 2   Gmf .  

3.  An  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r   a s  

c l a i m e d   in  C l a i m   1  or  2  w h e r e i n   t he   i n c l i n e d   p a r t i t i o n   w a l l  

i s   i n c l i n e d   by  25  -  45°  r e l a t i v e   to  t h e   h o r i z o n .  

20  4.  An  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r   a s  

c l a i m e d   in   C l a i m   1  or  2  w h e r e i n   t h e   i n c l i n e d   p a r t i t i o n   w a l l  

i s   i n c l i n e d   by  35°  r e l a t i v e   to  t he   h o r i z o n .  

5.  An  i n t e r n a l   r e c y c l i n g   t y p e   f l u i d i z e d   bed  b o i l e r   a s  

c l a i m e d   in   C l a i m   1,  2,  3  or  4  w h e r e i n   t he   i n c l i n e d   p a r t i t i o n  

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

h o r i z o n t a l   d i r e c t i o n   i s   1 /4   -  1 /2   of  t he   h o r i z o n t a l   l e n g t h  

of  t he   b o t t o m   of  s a i d   i n c i n e r a t o r .  

6.  A  m e t h o d   of  c o n t r o l l i n g   an  i n t e r n a l   r e c y c l i n g   t y p e  

f l u i d i z e d   bed  b o i l e r   c o n s t r u c t e d   by  c o m p r i s i n g :  

30  a  p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r   c o n -  

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

an  i n c i n e r a t o r   and  a d a p t e d   to  i n j e c t   f l u i d i z i n g   a i r   u p w a r d l y  

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

t h a t   a t   t h e   o t h e r   s i d e ;  

35  an  i n c l i n e d   p a r t i t i o n   w a l l   p r o v i d e d   a b o v e   t h e   p o r t i o n  

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

as  to  i n t e r f e r e   w i t h   t h e   u p w a r d   f l o w   of  t h e   f l u i d i z i n g   a i r  

and  t h e r e b y   to  d e f l e c t   t h e   a i r   t o w a r d s   t h e   p o r t i o n   a b o v e  
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s a i d   o t h e r   s i d e   of  t h e   d i f f u s i o n   p l a t e   w h e r e   t h e   mass   f l o w  

i s   s m a l l e r ;  

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

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

5  or  b e t w e e n   t h e   b a c k   s i d e s   of  two  i n c l i n e d   p a r t i t i o n   w a l l s ;  

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

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

s i n k   f l u i d   t h e r e t h r o u g h ;   a n d  

an  a i r   d i f f u s e r   p r o v i d e d   a t   t h e   l o w e r   p o r t i o n   of  s a i d  

10  t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   and  t h e   b a c k   s i d e   of  s a i d  

i n c l i n e d   p a r t i t i o n   w a l l ;  

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

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

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

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

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

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

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

f l u i d i z i n g   medium  d e s c e n d i n g   and  d i f f u s i n g   w i t h i n   t h e   m o v i n g  

20  bed ,   and  a  c i r c u l a t i n g   f l u i d i z e d   bed  i s   f o r m e d   a b o v e   t h e  

p o r t i o n   of  t h e   d i f f u s i o n   p l a t e   w h e r e   t he   mass   f l o w   of  t h e  

f l u i d i z i n g   a i r   i s   g r e a t e r   w i t h   t h e   f l u i d i z i n g   medium  b e i n g  

a c t i v e l y   f l u i d i z e d   and  c i r c u l a t e d   t o w a r d s   a  p o s i t i o n   a b o v e  

s a i d   m o v i n g   bed  and  a  p a r t   of  t he   f l u i d i z i n g   medium  b e i n g  

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

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

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

r e c o v e r y   c h a m b e r   so  as  to  c a u s e   t h e   f l u i d i z i n g   medium  w i t h i n  

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

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

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

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

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

u t i l i z i n g   t h e   g e n e r a t e d   v a p o r   and  h o t   w a t e r ,   and  t h e   a m o u n t  

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

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

p r i m a r y   f l u i d i z e d   bed  i n c i n e r a t i n g   c h a m b e r .  
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7.  A  m e t h o d   of  c o n t r o l l i n g   t he   i n t e r n a l   r e c y c l i n g   t y p e  

f l u i d i z e d   bed  b o i l e r s   as  c l a i m e d   in  C l a i m   6  w h e r e i n   t h e   m a s s  

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

t h e   t h e r m a l   e n e r g y   r e c o v e r y   c h a m b e r   i s   in  t he   r a n g e   of  0  -  

5  3  Gmf  or  p r e f e r a b l y   0 - 2   Gmf  and  t he   mass   f l o w   of  t h e  

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

i n c l i n e d   p a r t i t i o n   w a l l   i s   in  t he   r a n g e   of  4  -  20  Gmf  o r  

p r e f e r a b l y   6 - 1 2   Gmf.  
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