
J  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  @  Publication  number:  - 0 1 4 3   5 1 0  

Office  europeen  des  brevets  ^   ̂  

EUROPEAN  PATENT  APPLICATION 

Application  number:  84305370.3  ©  Int.  CI.4:  F  23  D  17/00,  F  23  C  7 / 0 2  

Date  of  filing:  07.08.84 

®  Priority:  08.08.83  US  521255  @  Applicant:  AQUA-CHEM  INC.,  3707  North  Richards 
Street,  Milwaukee,  Wisconsin  (US) 

®  ^ate  of  publication  of  application:  05.06.85  @  |  nventor  :  AQUA-CHEM  INC.,  3707  North  Richards  Street, Bulletin  85/23  Milwaukee,  Wisconsin  (US) 

@  Designated  Contracting  States  :  AT  BE  CH  DE  FR  QB  IT  @  Representative  :  Fisher,  Bernard  et  al,  Raworth,  Moss  & 
LI  LU  NL  SE  Cook  36  Sydenham  Road,  Croydon  Surrey  CR0  2EF  (GB) 

@  Bio-mass  suspension  burner. 

  A  bio-mass  suspension  burner  for  use  with  furnaces  or 
boilers  includes  a  delivery  system  (12)  for  injecting  particulate 
solid  fuel  into  a  combustor  (14).  A  primary  air  stream  mixes  with 
and  conducts  the  fuel  into  the  combustor  (14).  Secondary  air  is 
introduced  at  the  point  of  ignition,  while  tertiary  air  is  introduced 
tangentially  to  maintain  a  cyclonic  vortex.  The  burning,  gasified 
fuel  exits  the  combustor  (14)  through  a  nozzle  where  quartiary  air 
is  introduced  to  burn  the  gas.  Proper  flame  stability,  gasification 
and  ash  fushion  control  is  achieved  by  regulation  of  the  various  air 
streams. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  t he   a r t   o f  

f u e l   b u r n e r s   and  more  p a r t i c u l a r l y   to  t he   a r t   of  b u r n e r s  

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

The  p r i o r   a r t   c o n t a i n s   n u m e r o u s   e x a m p l e s   of  b u r n e r s  

d e s i g n e d   to  b u r n   a  wide  v a r i e t y   of  l i q u i d ,   g a s e o u s   a n d  

s o l i d   f u e l   m a t e r i a l s .   S i n c e   t he   p r e s e n t   i n v e n t i o n   r e l a t e s  

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

d e s c r i p t i o n   of  t he   p r i o r   a r t   w i l l   be  a d d r e s s e d   p r i m a r i l y  

to  c o m b u s t o r s   f o r   b i o - m a s s   f u e l s .   F u r t h e r m o r e ,   f o r  

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

w i l l   be  more  s p e c i f i c a l l y   a d d r e s s e d   to  wood  c o m b u s t o r s .  

For  many  y e a r s ,   r e s e a r c h e r s   have   been   w o r k i n g   on  d e v i c e s  

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

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

f u e l   p r i c e s   and  e n e r g y   s h o r t a g e s .   Wood  is   a  r e n e w a b l e  

r e s o u r c e   and  is  r e a d i l y   a v a i l a b l e   in  most   g e o g r a p h i c  

a r e a s .   F u r t h e r m o r e ,   s c r a p   wood  is   a v a i l a b l e   f o r   e n e r g y  

u s e .   O t h e r   b i o - m a s s   m a t e r i a l s   a r e   a l s o   a v a i l a b l e   i n  

c o m m e r c i a l l y   s i g n i f i c a n t   q u a n t i t i e s .  

W h i l e   t he   c o m b u s t i o n   of  b i o - m a s s   m a t e r i a l s   has   been   k n o w n  

s i n c e   t he   e a r l y   days   of  m a n k i n d ,   t he   b u r n i n g   of  wood  in  a  

c o n t r o l l e d   m a n n e r   has   r e c e i v e d   l e s s   a t t e n t i o n   f rom  t h e  

s c i e n t i f i c   c o m m u n i t y   t h a n   has   been   t he   c a s e   w i t h   t h e  

b u r n i n g   of  o t h e r   f u e l s   s u c h   as  g a s ,   o i l   or  c o a l .   I n  

r e a l i t y ,   t he   b u r n i n g   of  wood  r e m a i n s   s o m e w h a t   of  an  a r t   a s  

o p p o s e d   to  a  d e v e l o p e d   s c i e n c e .   To  u n d e r s t a n d   the   r e a s o n  

f o r   t he   f a i l u r e s   of  p a s t   i n v e n t i v e   e f f o r t s ,   i t   is  n e c e s a r y  

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

c o m b u s t i o n   of  s u c h   s o l i d   f u e l s .  



Two  p r i m a r y   f a c t o r s   a re   p a r t i c l e   s i z e   and  m o i s t u r e  

c o n t e n t .   P a r t i c l e   s i z e   is  i m p o r t a n t   b e c a u s e   s m a l l  

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

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

P a r t i c l e   v o l u m e   or  mass  i n c r e a s e s   as  the   cube   of  i t s  

d i a m e t e r ,   w h i l e   s u r f a c e   a r e a   i n c r e a s e s   o n l y   as  t he   s q u a r e  
of  t he   d i a m e t e r .   B u r n i n g   t i m e   i s ,   t h e r e f o r e ,   d i r e c t l y  

p r o p o r t i o n a l   to  p a r t i c l e   s i z e .   M o i s t u r e   is   i m p o r t a n t  

b e c a u s e   the   w e t t e r   t he   wood,   t he   more  d i f f i c u l t   i t   is   t o  

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

s m a l l   p a r t i c l e s   of  d ry   wood  be  u s e d   in  any  e f f i c i e n t   wood 

b u r n i n g   s y s t e m .  

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

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

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

r e a c t i v i t y   of  t he   f u e l   w i t h   the   o x i d i z e r ,   b u r n i n g  

t e m p e r a t u r e ,   r e s i d e n c e   t i m e   in  t he   c o m b u s t i o n   z o n e ,   a n d  

the   i n t i m a c y   of  m i x i n g   of  t he   f u e l   and  o x i d i z e r .  

S e v e r a l   t y p e s   of  s u s p e n s i o n   f i r i n g   s y s t e m s   a r e   known  f o r  

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

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

b u r n i n g   g a s e s ,   and  t h e r e   is  no  bed  of  f u e l   s u p p o r t e d   by  a  

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

in  t he   f l a m e   u n t i l   c o n s u m e d   or  e x t i n g u i s h e d .   L a m i n a r   o r  

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

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

p a r a l l e l   s t r e a m s .   L a m i n a r   or  a x i a l   f l o w   b u r n e r s   a r e  

commonly   u s e d   in  l a r g e   b o i l e r s ,   u s u a l l y   w i t h   s e v e r a l  

i n d i v i d u a l   b u r n e r s   f i r i n g   in  a  common  f u r n a c e .   S u c h  

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

q u a l i t y   of  c o m b u s t i o n   d e p e n d s   upon  t he   m a n n e r   in  w h i c h   t h e  

b u r n e r s   a r e   a r r a n g e d .  



F u r n a c e s   f i r e d   by  a  s i n g l e   s u s p e n s i o n   b u r n e r   g e n e r a l l y   u s e  

some  form  of  c y c l o n i c   or  v o r t e x   c o m b u s t i o n   s y s t e m   w h e r e  

f u e l   is  i n j e c t e d   t a n g e n t i a l l y   i n t o   a  c y l i n d r i c a l   o r  

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

r e v o l v e s   a b o u t   the   a x i s   of  t he   f l a m e .   C y c l o n i c   f u r n a c e s  

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

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

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

g e n e r a l l y   l i m i t e d   to  l i q u i d   and  gas  f u e l   f i r i n g ,   and  i f  

wood  is  t h e   c h o s e n   f u e l ,   the   c o m b u s t i o n   s y s t e m   mus t   b e  

v e r y   e f f i c i e n t .  

C y c l o n i c   c o m b u s t o r s   may  be  e i t h e r   of  two  b a s i c   t y p e s ,  

i . e . ,   s i n g l e   v o r t e x   or  d o u b l e   v o r t e x .   In  s i n g l e   v o r t e x  

s y s t e m s ,   t he   f u e l   e n t e r s   one  end  of  the   c o m b u s t o r   and  h o t  

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

c o m b u s t o r ,   some  or  a l l   of  t he   f u e l   is  i n j e c t e d  

t a n g e n t i a l l y   n e a r   t he   end  f rom  w h i c h   t h e   f l a m e   e x i t s .  

B u r n i n g   p r o g r e s s e s   in  two  c o n c e n t r i c   r o t a t i n g   s t r e a m s .  

W h i l e   t h e   p r e s e n t   i n v e n t i o n   is  no t   to  be  l i m i t e d   to  a n y  

p a r t i c u l a r   t y p e   of  v o r t e x ,   and  in  f a c t   can  be  u s e d   w i t h  

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

in  t he   r e m a i n i n g   d e s c r i p t i o n   to  a  s i n g l e   v o r t e x   t y p e .  

The  s y s t e m   of  t he   p r e s e n t   i n v e n t i o n   is   mos t   s u i t a b l e   f o r  

use  w i t h   d ry   f u e l s   as  p o i n t e d   ou t   a b o v e .   Commonly ,   i n  

wood  b u r n i n g ,   " d r y "   r e f e r s   to  wood  h a v i n g   a  m o i s t u r e  

c o n t e n t   of  l e s s   t h a n   12%.  M o r e o v e r ,   i t   is  d e s i r a b l e   t o  

have   a  h i g h l y   r e a c t i v e   f u e l ,   i . e . ,   wood  or  wood  c h a r  

h a v i n g   a  r e l a t i v e l y   h i g h   o x y g e n   c o n t e n t .   Oxygen   c o n t e n t s  

b e t w e e n   35-45%  a r e   mos t   a d v a n t a g e o u s .   I t   i s   a l s o  

i m p o r t a n t   in  b u r n i n g   wood  to  have   a  r e l a t i v e l y   low  a s h  

c o n t e n t ,   f o r   e x a m p l e ,   l e s s   t h a n   6%  and  a  r e l a t i v e l y   h i g h  

ash   f u s i o n   t e m p e r a t u r e ,   f o r   e x a m p l e ,   o v e r   a b o u t   2 2 0 0 ° F .  

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

v a r y ,   and  none  of  t h e s e   f a c t o r s   is  deemed  to  be  l i m i t i n g  

as  to  t he   s c o p e   of  t h e   i n v e n t i o n .  



I t   is  a l s o   known  t h a t   the   c o m b u s t i o n   a i r   may  be  i n t r o d u c e d  

in  a  v a r i e t y   of  ways  and ,   in  some  i n s t a n c e s ,   in  m u l t i p l e  

s t a g e s   f o r   m i n i m i z i n g   the   g e n e r a t i o n   of  n i t r o g e n   o x i d e s .  

For  e x a m p l e ,   one  s y s t e m   f o r   b u r n i n g   wood  is  d i s c l o s e d   i n  

U n i t e d   S t a t e s   L e t t e r s   P a t e n t   No.  3 , 8 5 6 , 4 5 5   i s s u e d   o n  

D e c e m b e r   24,  1974  to  Otway  et  a l .   f o r   " M e t h o d   a n d  

A p p a r a t u s   For  M i x i n g   and  T u r b u l a t i n g   P a r t i c u l a t e   F u e l   W i t h  

Ai r   For   S u b s e q u e n t   C o m b u s t i o n " .   In  t h i s   p a t e n t ,  

p a r t i c u l a t e   f u e l   is  mixed   w i t h   a  r e l a t i v e l y   s m a l l   q u a n t i t y  
of  a i r   and  s u p p l i e d   i n t o   one  end  of  a  c h a m b e r   so  as  t o  

p r o m o t e   t u r b u l e n c e   in  t he   m i x t u r e   as  i t   p a s s e s   a l o n g   t h e  

c h a m b e r   to  an  o u t l e t .   I g n i t i o n   t a k e s   p l a c e   at   t he   o u t l e t  

and  f u r t h e r   a i r   is  added   to  t he   m i x t u r e   in  the   r e g i o n   o f  

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

when  d i s c h a r g e d   t h e r e f r o m .   The  t u r b u l a t i o n   is  m a x i m i z e d  

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

a  c y c l o n i c   m o v e m e n t .   S u i t a b l e   g u i d e s   may  be  p r o v i d e d  

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

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

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

s h o u l d   be  s e l e c t e d   so  t h a t   t he   p r i m a r y   and  s e c o n d a r y   a i r ,  

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

c o m b u s t i o n   of  the   s u s p e n d e d   f u e l .  

A n o t h e r   d e v i c e   f o r   b u r n i n g   wood  f u e l   is   d i s c l o s e d   i n  

U n i t e d   S t a t e s   L e t t e r s   P a t e n t   No.  4 , 2 4 9 , 4 7 1   i s s u e d   o n  

F e b r u a r y   10,  1981  to  G u n n e r m a n   and  e n t i t l e d   " M e t h o d   a n d  

A p p a r a t u s   For  B u r n i n g   P e l l e t i z e d   O r g a n i c   F i b e r o u s   F u e l " .  

In  t h i s   p a t e n t ,   a  p e l l e t   of  s o l i d   f u e l   is   mixed   w i t h   a  

f l a m m a b l e   gas   or  l i q u i d   and  b u r n e d   in  a  c o m b u s t o r .   T h e  

c o m b u s t o r   c o n t a i n s   an  o v e r f i r e   s y s t e m   wh ich   is   d e s i g n e d  

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

number   of  s o l i d   c o m b u s t i b l e   p r o d u c t s   as  a s h .   T h e  

f l a m m a b l e   gas   mixed   w i t h   t he   s o l i d   f u e l   m a t e r i a l   may  b e  

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

The  wood  p a r t i c l e s   a r e   i n j e c t e d   i n t o   t he   f l a m m a b l e   g a s  

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

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



t he   b u r n i n g   f l a m m a b l e   gas   s t r e a m   wh ich   p a s s e s   a x i a l l y  

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

to  i n s u r e   p r o p e r   c o m b u s t i o n   of  t he   p a r t i c l e s   and  gas   a s  

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

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

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

of   a i r   i n t r o d u c t i o n   has   s t i l l   no t   been   o p t i m i z e d   in  t h e o r y  

or  p r a c t i c e .  

I t   is  a  p r i m a r y   o b j e c t i v e   of  the   p r e s e n t   i n v e n t i o n   t o  

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

e f f i c i e n t l y ,   i . e . ,   w i t h   a  r e d u c e d   v o l u m e   of  a sh   a n d  

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

A n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   a  

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

may  be  e a s i l y   s e p a r a t e d   by  g r a v i t y   f rom  the   g a s e o u s  

p r o d u c t s   of  c o m b u s t i o n .  

Yet  a n o t h e r   o b j e c t   of   t he   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e  

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

b i o - m a s s   b u r n e r .  

S t i l l   a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  t o  

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

c o m b u s t i o n .  

A  d i f f e r e n t   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e  

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

by  the   b u r n i n g   s y s t e m   of  t he   p r e s e n t   i n v e n t i o n   by  

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

Yet  a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   to  e m p l o y  

t he   ho t   ash   p a r t i c l e s   g e n e r a t e d   in  t he   s y s t e m   as  h e a t  

c a r r i e r s   and  to  m i n i m i z e   s l a g   f o r m a t i o n   by  c o n t r o l l i n g  

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

t e m p e r a t u r e .  



A n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   a  

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

c o m p a c t   in  s t r u c t u r e   and  wh ich   can  be  e c o n o m i c a l l y  

m a n u f a c t u r e d .  

A n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a  

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

b o i l e r s   and  f u r n a c e s   and  w h i c h   may  be  a u t o m a t i c a l l y  

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

A  s t i l l   f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e   a  

s y s t e m   w h i c h   may  be  u s e d   w i t h   o i l   or  gas  f u e l s   or  a n y  
c o m b i n a t i o n   of  such   f u e l s ,   w i t h   or  w i t h o u t   wood,   in  t h e  

e v e n t   wood  or  o t h e r   b i o - m a s s   m a t e r i a l   is  no t   p r e s e n t   i n  

s u f f i c i e n t   q u a n t i t y .  

How  t h e s e   and  o t h e r   o b j e c t s   of  t he   p r e s e n t   i n v e n t i o n   a r e  

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

s p e c i f i c a t i o n   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   d r a w i n g s .   I n  

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

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

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

s h o u l d   be  d r i e d   and  c o m m i n u t e d   i f   r e q u i r e .   A  v a r i a b l e  

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

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

e a s y   i g n i t i o n .   T e r t i a r y   a i r   is   i n t r o d u c e d   t a n g e n t i a l l y  

f rom  the   c o m b u s t o r   w a l l   to  m a i n t a i n   a  c y c l o n i c   v o r t e x ,  

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

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

t e m p e r a t u r e   b e l o w   the   a sh   f u s i o n   p o i n t .   F i n a l l y ,   t h e  

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

c o m b u s t o r   t h r o u g h   a  h i g h   t e m p e r a t u r e   n o z z l e   whe re   a  f o u r t h  

a i r   s t r e a m   is   i n t r o d u c e d .   P r e h e a t e d   q u a r t i a r y   a i r   b u r n s  

t he   gas  g e n e r a t e d   in  t he   c o m b u s t o r   a t   a  t e m p e r a t u r e   a b o v e  

t he   f u s i o n   t e m p e r a t u r e   of  t he   a s h .   Means  a r e   p r o v i d e d   f o r  



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

q u a r t i a r y   a i r   f low  r a t e s .   The  c o m b u s t o r   t y p i c a l l y   has   a  

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

r e f r a c t o r y   f l a m e   n o z z l e   is  p r o v i d e d .   Means  f o r   i g n i t i n g  

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

be  p r o v i d e d .   The  p r i m a r y   n o v e l t y   of  t he   p r e s e n t   i n v e n t i o n  

is   t he   s t a g e d   a r r a n g m e n t   of  c o m b u s t i o n   a i r   i n j e c t o r s   a n d  

t he   use   of  f o u r t h   s t a g e   a i r   i n j e c t e d   d i r e c t l y   i n t o   t h e  

f l a m e   in  such   a  m a n n e r   as  to  p r o d u c e   i n t i m a t e   m i x i n g   o f  

h e a t e d   a i r   and  b u r n i n g   g a s .  

FIGURE  1  is  a  p e r s p e c t i v e   v i ew  of  a  s u s p e n s i o n   b u r n e r   a n d  

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

p r e s e n t   i n v e n t i o n   b e i n g   shown  in  g e n e r a l   f o r m ;  

FIGURE  2  is  a  more  d e t a i l e d   p e r s p e c t i v e   v iew  of  t he   a i r  

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

p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

FIGURE  3  is   a  l o n g i t u d i n a l   s e c t i o n   t h r o u g h   the   c o m b u s t o r  

of  t he   a s s e m b l y   of  F i g u r e   1  s h o w i n g   t h e   i n t e r n a l   d e t a i l s  

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

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

i l l u s t r a t i n g   t he   p r e s e n t   i n v e n t i o n ;  

FIGURE 4   is  a  p e r s p e c t i v e   v iew  of  a  s u s p e n s i o n   b u r n e r   a n d  

f i r e t u b e   b o i l e r   a s s e m b l y   a c c o r d i n g   to  an  a l t e r n a t e   fo rm  o f  

t h e   i n v e n t i o n .  



F i g u r e   1  shows  in  g e n e r a l l y   s c h e m a t i c   form  a  b u r n e r   a n d  

b o i l e r   a s s e m b l y   10  w h i c h   i n c l u d e s   an  and  f u e l   d e l i v e r y  

s y s t e m   12,  a  c o m b u s t o r   14  and  a  b o i l e r   16.  The  p r e s e n t  

i n v e n t i o n   r e l a t e s   p r i m a r i l y   to  t h e   c o m b u s t o r   s y s t e m   14,  s o  

the   a i r   and  f u e l   s y s t e m   12  and  the   b o i l e r   16  w i l l   b e  

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

w i t h   r e s p e c t   to  the   b o i l e r   16.  W h i l e   t h e   i l l u s t r a t i o n  

shows  t h e   c o m b u s t o r   14  u s e d   w i t h   a  f i r e t u b e   b o i l e r ,   i t  

mus t   be  c l e a r l y   u n d e r s t o o d   a t   t he   o u t s e t   t h a t   t h e  

s u s p e n s i o n   b u r n e r   of  t he   p r e s e n t   i n v e n t i o n   may  be  u s e d  

w i t h   a  wide   v a r i e t y   of  o t h e r   t y p e s   of  b o i l e r s   ( s u c h   a s  

w a t e r t u b e )   or  w i t h   f u r n a c e s   of  many  d i f f e r e n t   d e s i g n s .  

With   r e s p e c t   to  t he   f u e l   d e l i v e r y   s y s t e m   12,  i t   w i l l   b e  

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

f u e l s ,   i . e . ,   o i l   and  n a t u r a l   g a s ,   to  t he   c o m b u s t o r   14  a n d  

i t   s h o u l d   be  m e n t i o n e d   h e r e   t h a t   t he   a p p a r a t u s   of  t h e  

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

a  t i m e .   When  b i o - m a s s   is  u n a v a i l a b l e   or  in  s h o r t   s u p p l y ,  

gas   can  be  i n j e c t e d   i n t o   c o m b u s t o r   14  t h r o u g h   an  i n l e t   19 

or  o i l   can  be  i n j e c t e d   t h r o u g h   o i l   i n l e t   20.  F u r t h e r  

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

w i l l   become  a p p a r e n t   f rom  t he   more  d e t a i l e d   F i g u r e   3 .  

The  a i r   and  f u e l   d e l i v e r y   s y s t e m   12  is   shown  in  g r e a t e r  

d e t a i l   in  F i g u r e   2  to  i n c l u d e   a  f i r s t   p r i m a r y   a i r   f an   2 2  

h a v i n g   a  d r i v e   s h a f t   23  and  a  s e c o n d   a i r   fan   24  d r i v e n   b y  

s h a f t   25.  I t   w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  t h e  

a r t   t h a t   t he   f a n s   may  be  r e g u l a t e d   by  s u i t a b l e   d r i v e  

c o n t r o l s   ( n o t   shown)   and  t h a t   m o t o r s   ( n o t   shown)   w i l l   b e  

p r o v i d e d   as  t h e   power   s o u r c e s   f o r   t h e   two  f a n s .   Not  s h o w n  



in  t h i s   d r a w i n g ,   b u t   shown  in  F i g u r e   3,  is  a  d u c t   26  f o r  

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

22  so  t h a t   t h e   p a r t i c l e s   a r e   e n t r a i n e d   in  t h e   p r i m a r y   a i r  

s t r e a m .   The  a m o u n t   of  a i r   a d m i t t e d   to  f an   24  i s  

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

t he   d a m p e r   r e g u l a t o r  s h o w n   a t   21  in  F i g u r e   1.  As  is   a l s o  

a p p a r e n t   f rom  F i g u r e   1,  i f   o i l   is   u s e d   as  t he   f u e l   s o u r c e ,  

i t   is  i n j e c t e d   w i t h   t h e   p r i m a r y   a i r   by  f an   2 2 .  

A  b u r n e r   h o u s i n g   27  is   c o u p l e d   to  f a n s   22  and  24.  H o u s i n g  

27  is  g e n e r a l l y   c y l i n d r i c a l   in  c o n f i g u r a t i o n .   Fan  22  i s  

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

o u t l e t   d u c t   28  w h i c h   p a s s e s   l o n g i t u d i n a l l y   t h r o u g h   h o u s i n g  

27  and  t e r m i n a t e s   a t   a  f u e l   and  a i r   d i f f u s e r  3 0   o f  

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

s w i r l   to  t he   f u e l   and  p r i m a r y   a i r   as  i t   e x i t s   t he   b u r n e r  

h o u s i n g   27.  Fan  24  is   c o u p l e d   to  h o u s i n g   27  in  t h i s  

e m b o d i m e n t   t h r o u g h   a  s e c o n d   fan   e x i t   d u c t   32  w h i c h   p a s s e s  

r a d i a l l y   t h r o u g h   t h e   w a l l   of  h o u s i n g   27.  Ai r   i n t r o d u c e d  

t h r o u g h   d u c t   32  l e a v e s   t h e   h o u s i n g   t h r o u g h   a  s e c o n d   s w i r l  

i n d u c i n g   a i r   d i f f u s e r   34  l o c a t e d   in  g e n e r a l l y   s u r r o u n d i n g  

r e l a t i o n s h i p   to  d i f f u s e r   30.  I t   w i l l   be  n o t i c e d   f r o m  

F i g u r e   2  t h a t   t he   v a n e s   of  t h e   r e s p e c t i v e   a i r   d i f f u s e r s  

a r e   o r i e n t e d   to  c a u s e   t he   s e c o n d a r y   a i r   and  p r i m a r y   a i r  

and  f u e l   f l o w s   to  s w i r l   in  t he   same  d i r e c t i o n .  

The  a i r   d i f f u s e r s   30  and  34  t e r m i n a t e   i n w a r d l y   of  t h e  

b u r n e r   m o u n t i n g   p l a t e   36  and  t he   s p a c e   38  b e t w e e n   p l a t e   36  

and  the   f o r w a r d   end  of  the   d i f f u s e r   30  p r o v i d e s   a  

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

as  an  a l t e r n a t e   f u e l .   I n l e t   19  is   shown  in  F i g u r e   2  and  i t  

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

c h a m b e r   40  s u r r o u n d i n g   s p a c e   38.  Gas  is   i n t r o d u c e d   i n t o  

s p a c e   38  t h r o u g h   t he   p l u r a l i t y   of  h o l e s   43  l o c a t e d   in  t h i s  

a r e a .   I t   w i l l   a l s o   be  a p p r e c i a t e d   f rom  F i g u r e   2  t h a t   a n  

i g n i t o r   44  is  p r o v i d e d   in  s p a c e   38  t h r o u g h   an  i g n i t i o n  

mount   45.  T h i s   d e v i c e   may  be  of  any  c o n v e n t i o n a l   d e s i g n  

and  w i l l   no t   be  d e s c r i b e d   in  any  d e t a i l .  



The  a b o v e   and  f u r t h e r   f e a t u r e s   of  t he   p r e s e n t   i n v e n t i o n  

w i l l   become  a p p a r e n t   f rom  an  e x a m i n a t i o n   of  F i g u r e   3  w h e r e  

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

d e t a i l s   of  t he   c o m b u s t o r   s y s t e m   14.  P l a t e   36  of  h o u s i n g  

27  is  c o u p l e d   to  a  f i r s t   end  of  a  g e n e r a l l y   c y l i n d r i c a l  

c o m b u s t o r   h o u s i n g   50  t h r o u g h   a  m a t c h i n g   p l a t e   52  on  t h e  

l e f t   end  t h e r e o f .   C o m b u s t o r   h o u s i n g   50  may  be  made  o f  

m e t a l   and  i n c l u d e s   a  r e f r a c t o r y   l i n i n g   54  a l o n g   i t s   e n t i r e  

l e n g t h .   F u r t h e r ,   i t   w i l l   be  a p p r e c i a t e d   f rom  t h i s   d r a w i n g  

t h a t   an  i n l e t   cone   55  of  r e f r a c t i n g   is  f o r m e d   at  t h e   l e f t  

end  of  c o m b u s t o r   h o u s i n g   50  and  i n c l u d e s   a  g r a d u a l l y  

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

h o u s i n g   50.  Cone  55  and  the   r e m a i n d e r   of  c o m b u s t o r  

h o u s i n g   50  may  be  p r e p a r e d   as  a  u n i t a r y   s t r u c t u r e   or  i n  

two  s e c t i o n s ,   t he   l a t t e r   b e i n g   shown  in  t he   F i g u r e .   T h e  

two  s e c t i o n s   of  h o u s i n g   50  a r e   c o u p l e d   by  the   m o u n t i n g  

p l a t e s   5 7 - 5 8   and  a  h i n g e   59  may  be  p r o v i d e d   f o r   s e r v i c e   o r  

m a i n t e n a n c e   a c c e s s .  

The  r i g h t   end  of  c o m b u s t o r   h o u s i n g   50  i n c l u d e s   a  s l i g h t l y  

r e s t r i c t e d   o u t l e t   60  s u r r o u n d e d   by  a  r i n g   62  o f  

r e f r a c t o r y .   A  m o u n t i n g   p l a t e   64  i s   p r o v i d e d   a t   the   r i g h t  

end  of  c o m b u s t o r   h o u s i n g   50,  t he   r e f r a c t o r y   r i n g   6 2  

e x t e n d i n g   t h e r e t h r o u g h   by  a  s h o r t   d i s t a n c e .   T h e  

p r o t r u d i n g   r e f r a c t o r y   e x t e n d s   i n t o   and  is   r e c e i v e d   by  t h e  

r e f r a c t o r y   65  of  t he   b o i l e r   1 6 .  

Only   a  few  of  t he   b o i l e r   c o m p o n e n t s   w i l l   be  d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   t h i s   F i g u r e .   A  c o m b u s t i o n  a r e a   68  f o r   h o t  

gas  is   l o c a t e d   a t   t he   b o i l e r   e n t r a n c e   and  t u b e s   69  a r e  

p r o v i d e d   f o r   t he   f l o w   of  h e a t e d   gas  t h r o u g h   the   b o i l e r   t o  

t he   b o i l e r ' s   gas  o u t l e t   70  in  t he   d i r e c t i o n   shown  by  t h e  

a r r o w s .   W a t e r   is   l o c a t e d   i n t e r m e d i a t e   t he   f i r e t u b e s   69  i n  

s p a c e s   72  to  be  h e a t e d   by  h e a t   t r a n s f e r   and  p r o d u c e   s t e a m  

or  ho t   w a t e r   as  is   w e l l   known  to  the   a r t .  



R e t u r n i n g   once   a g a i n   to  t he   c o m b u s t o r   h o u s i n g   50,   F i g u r e   3 

a l s o   i l l u s t r a t e s   t h e   t e r t i a r y   and  q u a r t i a r y   a i r  

i n t r o d u c t i o n   s y s t e m s .   Both   r e c e i v e   an  a i r   f l o w   f rom  f a n  

24  w h i c h   is   c o u p l e d   to  t he   c o m b u s t o r   50  t h r o u g h   a  d u c t   7 5 .  

Duc t   75  t e r m i n a t e s   in  a  h e a d e r   7 6 . '   The  h e a d e r   76  d i r e c t l y  

f e e d s   a  p l u r a l i t y   o f . p a s s a g e s   77  l o c a t e d   in  t he   r e f r a c t o r y  

of   t he   c o m b u s t o r   w i t h   e x i t   h o l e s   78  a r r a n g e d   a s  

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

w i t h i n   and  a l o n g   t h e   w a l l   of  c o m b u s t o r   h o u s i n g   50.  T h e  

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

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

t e m p e r a t u r e   b e l o w   t h e   ash   f u s i o n   p o i n t .   The  p a r t i c u l a r  

a i r   h o l e   p a t t e r n   is   no t   c r i t i c a l   to  t he   i n v e n t i o n   and  t h e  

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

a b o v e   m e n t i o n e d   o b j e c t i v e s .   The  a m o u n t   of  a i r   a d m i t t e d  

i n t o   p a s s a g e s   77  w i l l   d e p e n d   on  t h e   o r i e n t a t i o n   of  a  

s l i d i n g   d a m p e r   p l a t e   79  w h i c h   is  u s e d   to  a d j u s t   t h e  

r e l a t i v e   q u a n t i t i e s   of  t e r t i a r y   or  q u a r t i a r y   a i r   f l o w .  

When  d a m p e r   79  is   open   h e a d e r   76  a l s o   f e e d s   an  a n n u l a r  

c h a m b e r   80  w h i c h   s u r r o u n d s   t he   c o m b u s t o r   h o u s i n g   50  and  i s  

c l o s e d   a t   i t s   l e f t   end  by  c o u p l i n g   p l a t e   58.  At  t he   r i g h t  

end  of  c o m b u s t o r   h o u s i n g   50,  c h a m b e r   80  b e n d s   i n w a r d l y   a t  

82  to  s u r r o u n d   r i n g   62.  A  p l u r a l i t y   of  h o l e s   83  a r e  

p r o v i d e d   in  r i n g   62  w i t h   s l a n t e d   p a s s a g e s   84  c o u p l i n g  

h o l e s   83  and  a r e a   82  of  t he   c h a m b e r .   H o l e s   83  a r e   f o r   t h e  

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

of  t h e   p a s s a g e s   84  r e s u l t s   in  t he   f o u r t h   a i r   s t r e a m   b e i n g  

i n j e c t e d   o u t w a r d l y   f rom  r i n g   62.  Such  a i r   s t r e a m   i s  

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

h o u s i n g   50  and  i t s   p a s s a g e   t h r o u g h   a r e a   82  and  t h e  

r e f r a c t o r y   r i n g   62.  T h i s   p r e h e a t e d   q u a r t i a r y   a i r   b u r n s  

t h e   gas   g e n e r a t e d   in  t h e   c o m b u s t o r   at   a  t e m p e r a t u r e   w h i c h  

is   a b o v e   t he   f u s i o n   t e m p e r a t u r e   of  t he   a s h .   H e a t ,   w h i c h  

o t h e r w i s e   wou ld   be  r e l e a s e d   in  t he   c o m b u s t o r ,   is  r e l e a s e d  



a f t e r   t he   f l a m e   e n t e r s   t he   b o i l e r .   The  r e s u l t i n g   f l a m e  

t r a n s m i t s   more  e n e r g y   by  r a d i a t i o n   d i r e c t l y   to  b o i l e r  

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

l o w e r   t h a n   when  a l l   c o m b u s t i o n   a i r   is   i n j e c t e d   w i t h i n   t h e  

c o m b u s t o r .   T h e r m o c o u p l e s   88  and  90  a r e   i l l u s t r a t e d   i n  

F i g u r e   3  and  a r e   e m p l o y e d   f o r   m e a s u r i n g   t h e   t e m p e r a t u r e   a t  

t he   e n t r a n c e   and  e x i t   of  h o u s i n g   5 0 .  

C o n t r o l   of  t h e   i n t r o d u c t i o n   of  s e c o n d a r y ,   t e r t i a r y   a n d  

q u a r t i a r y   a i r   is  an  i m p o r t a n t   f a c t o r   of  t he   p r e s e n t  

i n v e n t i o n   and  may  be  a c c o m p l i s h e d   in  any  c o n v e n t i o n a l  

m a n n e r ,   such   as  by  v a r y i n g   fan   s p e e d s ,   d a m p e r   s y s t e m s ,  

e t c .   The  p r o p o r t i o n a t e   f l o w   may  a l s o   be  v a r i e d   b y  

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

t h e   l i k e .   In  F i g u r e s   2  and  3  a  d a m p e r   86  is   p r o v i d e d   i n  

d u c t   75  to  c o n t r o l   t he   r e l a t i v e   a m o u n t s   of  a i r   l e a v i n g   f a n  

24  t h r o u g h   d u c t s   32  and  7 5 .  

In  o p e r a t i o n ,   t he   s u s p e n s i o n   b u r n e r   of  t he   p r e s e n t  

i n v e n t i o n   is  u s e d   w i t h   a  s t o r a g e   means   ( n o t   shown  f o r   t h e  

b i o - m a s s   f u e l .   T h a t   s t o r a g e   means   may  be  e m p l o y e d   w i t h   a  

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

m e t e r i n g   means   and  a  f u e l   c o m m i n u t i n g   m e a n s ,   i f   r e q u i r e .  

T h e s e   d e v i c e s   a r e   no t   shown  in  d e t a i l   in  t h e   F i g u r e s ,   a s  

t h e y   may  be  of  any  c o n v e n t i o n a l   d e s i g n   a n d ,   in  and  o f  

t h e m s e l v e s ,   fo rm  no  p a r t   of  t he   p r e s e n t   i n v e n t i o n .  

The  s m a l l   d ry   p a r t i c l e s   of  s o l i d   f u e l   a r e   i n t r o d u c e d ,  

a l o n g   w i t h   t h e   p r i m a r y   a i r   by  f an   22.  They  p a s s   t h r o u g h  

d u c t   28  and  a r e   i n t r o d u c e d   i n t o   c o m b u s t o r   14  t h r o u g h   f u e l  

d i f f u s e r   30.  The  d i f f u s e r   30  c r e a t e s   a  s w i r l   e f f e c t   a s  

t he   f u e l   e x i t s   the   d u c t   28.   A  s u r r o u n d i n g   a i r   f l o w   o f  



s e c o n d a r y   a i r   is  i n t r o d u c e d   f rom  fan   24,  t h r o u g h   d u c t   32  

and  t h r o u g h   a  s e c o n d a r y   d i f f u s e r   wh ich   s e r v e s   to  c r e a t e   a  

s t a b l e   f l a m e   f r o n t   w i t h   r a p i d   and  e a s y   i g n i t i o n   by  i g n i t o r  
44.  The  b u r n i n g   f u e l   p a r t i c l e s   and  s u r r o u n d i n g   s e c o n d a r y  

a i r   a r e   i n t r o d u c e d   i n t o   t he   c o m b u s t o r   14  whe re   t he   s w i r l  

and  c y c l o n i c   v o r t e x   e f f e c t   a re   c o n t i n u e d   by  t he   t e r t i a r y  

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

i n l e t   u n d e r   t he   i n f l u e n c e   of  t he   q u a r t i a r y   a i r .  

The  quad  a i r   s y s t e m   of  the   p r e s e n t   i n v e n t i o n   has   m a n y  

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

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

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

t h e   f o u r t h   power   of  a b s o l u t e   t e m p e r a t u r e   and  h e a t   t r a n s f e r  

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

B u t ,   f l a m e   t e m p e r a t u r e   a l o n e   i s   no t   t he   o n l y   s o u r c e   o f  

e f f e c t i v e n e s s   of  t he   f l a m e .   E m i s s i v i t y   is  a n o t h e r  

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

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

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

and  e m i s s i v i t y .   T h i s   is  e v i d e n c e d   by  a  w h i t e   ho t   f l a m e .  

Ash  p a r t i c l e s   in  the   f l a m e   have   a n o t h e r   b e n e f i c i a l   e f f e c t  

as  h e a t   c a r r i e r s .   S p e c i f i c   h e a t   of  a sh   is   much  h i g h e r  

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

in  t he   f l a m e   have   a  c a t a l y t i c   e f f e c t ,   f a v o u r a b l e   t o  

c o m b u s t i o n .  

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

t e m p e r a t u r e s   b e l o w   t he   a sh   f u s i o n   t e m p e r a t u r e .   F i n a l  

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

t h e   ash   f u s i o n   t e m p e r a t u r e   and  t h e s e   two  t e m p e r a t u r e  

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

t he   p r e s e n t   i n v e n t i o n .  



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

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

2 0 0 0 ° F ,   o x i d a t i o n   r a t e   d o u b l e s   w i t h   a  t e m p e r a t u r e   i n c r e a s e  

of  1800F .   The  c o m b u s t i o n   t e m p e r a t u r e   of  a  wood  b u r n i n g  

f i r e b o x   must   no t   e x c e e d   the   t e m p e r a t u r e   of  w h i c h   ash   m e e t s  

and  f o r m s   s l a g .   Where  a sh   is  in  s u s p e n s i o n ,   t h e  

c o m b u s t i o n   t e m p e r a t u r e   can  be  w e l l   a b o v e   t he   m e l t i n g  

t e m p e r a t u r e .   T h i s   makes   i t   p o s s i b l e   to  o p e r a t e   t h e   s o l i d  

p h a s e   zone  a t   v e r y   h i g h   t e m p e r a t u r e s .  

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

p r e s e n t   i n v e n t i o n   is   a  d r a m a t i c   r e d u c t i o n   in  t he   a m o u n t   o f  

e x c e s s   a i r   r e q u i r e d   f o r   c o m p l e t e   c o m b u s t i o n .   In  a c t u a l  

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

a c h i e v e d   w i t h   e x c e s s   a i r   l i m i t e d   to  5 -10%.   T h i s   c o m p a r e s  

w i t h   t he   50 -100%  e x c e s s   r e q u i r e d   by  many  c o m b u s t i o n  

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

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

g a s e s .   B o i l e r   c a p a c i t y   is   a l s o   i m p r o v e d   and  e f f i c i e n c y  

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

many  b o i l e r   r e t r o f i t s   f rom  gas  or  o i l   to  s o l i d   f u e l s  

r e s u l t   in  a  d e c r e a s e   in  b o i l e r   c a p a c i t y   by  up  to  20%,  

r e t r o f i t s   u s i n g   t h e   s y s t e m   of  t he   p r e s e n t   i n v e n t i o n   h a v e  

made  p o s s i b l e   e q u a l   or  even   i n c r e a s e d   b o i l e r   e f f i c i e n c y  

and  c a p a c i t y .  

An  a l t e r n a t e   form  of  the   p r e s e n t   i n v e n t i o n   is   shown  i n  

F i g u r e   4,  whe re   l i k e   r e f e r e n c e   n u m e r a l s   w i t h   p r i m e  

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

e a r l i e r   d r a w i n g s .   Two  main   a l t e r n a t e   f e a t u r e s   a r e  

i l l u s t r a t e d   h e r e ,   i . e . ,   the   l o c a t i o n   of  t he   p r i m a r y   f an   22  



and  the   c o u p l i n g   of  f an   24.  In  F i g u r e   4,  t he   p r i m a r y   f a n  

22  is  l o c a t e d   r e m o t e l y   f rom  the   b u r n e r   h o u s i n g   and  d u c t   28  

is  e l o n g a t e d .   T h i s   a r r a n g e m e n t   may  f a c i l i t a t e   l o c a t i o n   o f  

t he   f u e l   s t o r a g e   and  f u e l   m i l l   c o m p o n e n t s   shown  g e n e r a l l y  

a t   92  and  93  r e s p e c t i v e l y   in  e x i s t i n g   i n s t a l l a t i o n s .  

The  s e c o n d   f e a t u r e   shown  in  F i g u r e  4   is  t he   c o u p l i n g   o f  

fan   24'   to  c o m b u s t o r   h o u s i n g   50'   r a t h e r   ahan   to  b u r n e r  

h o u s i n g   2 7 ' .   T h i s   may  be  d e s i r a b l e   b e c a u s e   of  w e i g h t  

c o n s i d e r a t i o n s   or  f o r   o t h e r   i n s t a l l a t i o n   r e a s o n s .  

M o r e o v e r ,   t h e   d e g r e e   of  f l e x i b i l i t y   of  t h e   p r e s e n t  

i n v e n t i o n   is   f u r t h e r   i l l u s t r a t e d   in  t h a t   a  d a m p e r   95  i s  

p r o v i d e d   in  d u c t   32'  to  r e g u l a t e   t he   r e l a t i v e   f l o w   o f  

s e c o n d a r y   a i r   t h r o u g h   t h i s   d u c t .   T h i s   c o n t r a s t s   w i t h   t h e  

l o c a t i o n   of  a  d a m p e r   86  in  d u c t   75  in  t he   f i r s t  

e m b o d i m e n t .   I t   s h o u l d   f u r t h e r   be  m e n t i o n e d   t h a t   in  t h i s  

e m b o d i m e n t   r e g u l a t i o n   of  t e r t i a r y   and  q u a r t i a r y   a i r   i s  

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

t he   s l i d i n g   d a m p e r   p l a t e   79  u s e d   in  t he   o t h e r   i l l u s t r a t e d  

e m b o d i m e n t   has   been   e l i m i n a t e d .  

W h i l e   t he   p r e s e n t   i n v e n t i o n   has   been   d e s c r i b e d   b y  

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

no t   to  be  l i m i t e d   t h e r e b y ,   but   is  to  be  l i m i t e d   s o l e l y   b y  

t he   c l a i m s   w h i c h   f o l l o w .  



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

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

means   f o r   i n j e c t i n g   s a i d   p r i m a r y   a i r   s t r e a m   and  e n t r a i n e d  

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

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

t he   s e c o n d   end  t h e r e o f ;   means  f o r   p r o v i d i n g   a  s e c o n d a r y  

a i r   s t r e a m   and  means   f o r   i n j e c t i n g   s a i d   s e c o n d a r y   a i r  

s t r e a m   i n t o   s a i d   f i r s t   end  of  s a i d   c o m b u s t o r   means   i n  

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

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

t e r t i a r y   a i r   s t r e a m   and  means   f o r   i n j e c t i n g   s a i d   t e r t i a r y  
a i r   s t r e a m   i n t o   s a i d   c o m b u s t o r   means  a t   a  p l u r a l i t y   o f  

l o c a t i o n   a l o n g   the   l e n g t h   t h e r e o f ;   and  means   f o r   p r o v i d i n g  

a  q u a r t i a r y   a i r   s t r e a m   and  means   f o r   i n j e c t i n g   s a i d  

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

t he   s e c o n d   end  t h e r e o f .  

2.  The  i n v e n t i o n   s e t   f o r t h   in  C la im  1  w h e r e i n   s a i d  

i n j e c t i n g   means   f o r   s a i d   p r i m a r y   and  s a i d   s e c o n d a r y   a i r  

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

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

3.  The  i n v e n t i o n   s e t   f o r t h   in  C l a i m   1,  w h e r e i n   s a i d  

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

means   f o r   i n j e c t i n g   s a i d   t e r t i a r y   a i r   s t r e a m   t a n g e n t i a l l y  

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



4.  The  i n v e n t i o n   s e t   f o r t h   in  C la im   1  w h e r e i n   s a i d   m e a n s  

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

q u a r t i a r y   a i r   s t r e a m s   c o m p r i s e   f an   m e a n s .  

5.  The  i n v e n t i o n   s e t   f o r t h   in  C l a i m  4   w h e r e i n   one  f a n  

means   is  p r o v i d e d   f o r   s a i d   p r i m a r y   a i r   s t r e a m   and  a  s e c o n d  

fan   means   is  p r o v i d e d   f o r   p r o v i d i n g   s a i d   s e c o n d a r y ,  

t e r t i a r y   and  q u a r t i a r y   a i r   s t r e a m s .  

6.  The  i n v e n t i o n   s e t   f o r t h   in  C l a i m   5  w h e r e i n   means   a r e  

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

s e c o n d   fan  l e a d i n g   to  s a i d   s e c o n d a r y ,   t e r t i a r y   a n d  

q u a r t i a r y   a i r   s t r e a m s .  

7.  The  i n v e n t i o n   s e t   f o r t h   in  C la im  6  w h e r e i n   s a i d  

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

8.  The  i n v e n t i o n   s e t   f o r t h   in  c l a i m   1  w h e r e i n   s a i d  

q u a r t i a r y   a i r   s t r e a m   i n j e c t i o n   means   i n c l u d e s   means   f o r  

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

9.  A  b u r n e r   f o r   s o l i d   f u e l   p a r t i c l e s   c o m p r i s i n g   a  

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

s e c o n d   e n d s ;   f i r s t   fan   means   and  d u c t   means   l e a d i n g  

t h e r e f r o m   to  s a i d   f i r s t   end  of  s a i d   h o u s i n g   means   a n d  

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

p r i m a r y   a i r   s t r e a m   c a r r i e d   by  s a i d   d u c t   m e a n s ,   i n j e c t o r  

means   at   s a i d   f i r s t   end  of  s a i d   h o u s i n g   f o r   i n j e c t i n g   s a i d  

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

s a i d   h o u s i n g   means   and  in  a  d i r e c t i o n   t o w a r d   the   s a i d  

s e c o n d   end  t h e r e o f ;   means   f o r   i n j e c t i n g   a  s e c o n d a r y   a i r  

s t r e a m   i n t o   s a i d   h o u s i n g   means   in  s u r r o u n d i n g   r e l a t i o n   t o  

s a i d   p r i m a r y   a i r   s t r e a m   t h r o u g h   the   f i r s t   end  t h e r e o f   a n d  

g e n e r a l l y   in  a  d i r e c t i o n   t o w a r d   the   s a i d   s e c o n d   e n d  

t h e r e o f ;   means   f o r   i n j e c t i n g   a  t e r t i a r y   a i r   s t r e a m  

t a n g e n t i a l l y   i n t o   s a i d   h o u s i n g   means   a t -  



a  p l u r a l i t y   of  l o c a t i o n s   i n t e r m e d i a t e   t he   f i r s t   and  s e c o n d  

ends   t h e r e o f ;   means   at  t he   s e c o n d   end  of  s a i d   h o u s i n g  

means   f o r   i n j e c t i n g   a  f o u r t h   a i r   s t r e a m   i n t o   t h e  

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

s e c o n d   ends   t h e r e o f ;   means  f o r   r e g u l a t i n g   t he   a m o u n t   o f  

a i r   i n j e c t i o n e d   by  s a i d   r e s p e c t i v e   means   f o r   i n j e c t i n g  

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

10.  The  i n v e n t i o n   s e t   f o r t h   in  C la im   9  w h e r e i n   c h a m b e r  

means   s u r r o u n d s   s a i d   d u c t   means   in  t he   v i c i n i t y   of  s a i d  

f i r s t   end  of  s a i d   h o u s i n g   m e a n s ,   s a i d   means   f o r   i n j e c t i n g  

s a i d   s e c o n d a r y   a i r   i n c l u d i n g   s e c o n d   fan   means   and  s e c o n d  

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

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

m e a n s .  

11.  The  i n v e n t i o n   s e t   f o r t h   in  C la im   10,  w h e r e i n   a  s e c o n d  

d i f f u s e r   means   is  p r o v i d e d   at   t h e   e n t r a n c e   of  s a i d   f i r s t  

d u c t   means   to  s a i d   h o u s i n g   means   and  t he   o p e n i n g   of  s a i d  

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

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

m e a n s .  

12.  The  i n v e n t i o n   s e t   f o r t h   in  c l a i m   9,  w h e r e i n   a  

c y l i n d r i c a l   s h e l l   means   s u r r o u n d s   s a i d   h o u s i n g   means   a n d  

is   s p a c e d   a p a r t   t h e r e f r o m   and  w h e r e i n   fan   means   a r e  

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

s p a c e ,   s a i d   s p a c e   h a v i n g   p a s s a g e   means   a t   t he   end  t h e r e o f  

a d j a c e n t   s a i d   s e c o n d   end  of  s a i d   h o u s i n g   means   and  h o l e s  

a t   the   s a i d   s e c o n d   end  w h e r e b y   s a i d   f o u r t h   a i r   s t r e a m   i s  

p r o v i d e d   to  s a i d   b u r n e r .  

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

c o m p r i s i n g   t h e   s t e p s   o f :  



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

p r i m a r y   a i r   s t r e a m   i n t o   a  f i r s t   end  of  s a i d   c h a m b e r ,   s a i d  

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

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

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

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

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

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

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

s e c o n d   end  t h e r e o f ;   and  the   t o t a l   amoun t   of  a i r   b e i n g  

i n t r o d u c e d   by  s a i d   p r i m a r y ,   s e c o n d a r y ,   t e r t i a r y   a n d  

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

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

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

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

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

c o m b u s t i o n .  

14.  The  m e t h o d   s e t   f o r t h   in  C la im  13,  w h e r e i n   s a i d  

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

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

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

s a i d   c h a m b e r   in  such   a  way  t h a t   such   a i r   i n j e c t i o n   i s  

t a n g e n t i a l   to  t he   f l ow  of  g a s e s   p a s s i n g   t h r o u g h   s a i d  

c h a m b e r .  

15.  The  i n v e n t i o n   s e t   f o r t h   in  C la im   13,  w h e r e i n   a  s w i r l  

is  i m p a r t e d   to  s a i d   p r i m a r y   a i r   s t r e a m   w i t h   e n t r a i n e d  

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

16.  The  m e t h o d   of  C la im   13  w h e r e i n   s a i d   q u a r t i a r y   a i r  

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

c h a m b e r .  










	bibliography
	description
	claims
	drawings
	search report

