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©  Starved-air  combustor. 
The  present  invention  relates  to  a  starved-air  combustor 

of the type capable  of  consuming  non-conventional  fuels  such 
as  the  byproducts  of  wood,  pulp,  and  paper  mills,  and  house- 
hold  and  commercial  refuse.  Prior  art  starved-air  combustors 
have  not  been  entirely  satisfactory  in  entirely  consuming  the 
combustible  elements  of  the  fuel  at  high  throughput  without 
producing  air  pollution.  While  the  pollution problem  can  be 
solved  to  a  degree  by  the  utilization  of  scrubbers  and  other 
antipollution  devices,  such  mechanisms  are  very  expensive 
and  their  cost  may  militate  against  the  use  of  alternative 
energy  sources.  The  disclosed  starved-air  combustor 
includes  a  combustion  chamber which  is  divided  into  a  plural- 
ity  of  combustion  chamber  zones  with  separate  overfire  and 
underfire  airflows  being  individually  provided  for  each  zone. 
Fuel  is  fed  to  the  combustor  in  selectable  constant  weight 

'  batches  and  the  supply  of  underfire  air  is  proportional  to  the 
rate  at  which  an  auger  rotates  to  convey  the  fuel  through  the 
combustor.  Overfire  air  is  supplied  to  each  combustion  zone 
in  an  inverse  relationship  to  the  variance  of  a  sensed  tempera- 

ture  within  the  zone  from  a  predetermined  temperature. 





BACKGROUND  OF  THE  INVENTION 

In  the  las t   c en tu ry ,   much  of  the  wor ld ' s   energy  needs  have  

been  f u l f i l l e d   by  hydrocarbon  fuels   which  provides  a  c o n v e n i e n t ,  

p l e n t i f u l ,   and  inexpens ive   energy  source.   The  cu r r en t   r i s i n g   c o s t s  

of  such  fue ls   and  concerns  over  the  adequacy  of  t h e i r   supply  in  t h e  

fu ture   has  made  them  a  less  d e s i r a b l e   energy  source  and  has  led  t o  

an  i n t ense   i n v e s t i g a t i o n   of  a l t e r n a t i v e   sources  of  energy.   The  i dea l  

a l t e r n a t i v e   energy  source  Is  a  fuel  which  is  renewable,   i n e x p e n s i v e ,  

and  p l e n t i f u l ,   with  examples  of  such  fuels  being  the  byproduc ts   of  wood, 

pulp,   and  paper  m i l l s ,   and  household   and  commercial  r e f u s e .  

The  use  of  a l t e r n a t i v e   energy  sources  is  not  p r o b l e m - f r e e ,  

however,  s ince   there   is  a  concern  over  the  contents   of  the  e m i s s i o n s  

from  the  combustion  of  such  fue l s   as  well  as  the  envi ronmenta l   r ami-  

f i c a t i o n s   of  acqu i r ing   and  t r a n s p o r t i n g   the  fuel  and  d i spos ing   of  the-  

res idue   of  c o m b u s t i o n .  

One  promising  p r i o r   a r t   device  for  using  such  a l t e r n a t i v e  

energy  sources  while  m a i n t a i n i n g   a  high  degree  of  e n v i r o n m e n t a l  

q u a l i t y   is  the  s t a r v e d - a i r   combustor   wherein  the  a i r   s u p p l i e d   f o r  

combustion  is  c o n t r o l l e d   In  order   to  control  t empera tu re   c o n d i t i o n s  

and  the  ra tes   of  combustion  are  c o n t r o l l e d   to  consume  the  f u e l  

e n t i r e l y .   Such  s t a r v e d - a i r   combustors  are  capable  of  burning  v a r i o u s  

types  of  fuel  and  producing  s i g n i f i c a n t   amounts  of  heat  which  can  be  

employed  for  any  number  of  purposes   including  the  p roduc t ion   of  p r o c e s s  
steam  for  use  in  manufac tu r ing   and  in  the  gene ra t ion   of  e l e c t r i c i t y .  

S t a r v e d - a i r   combus tors ,   as  p rev ious ly   known  and  o p e r a t e d ,  

have  not  been  e n t i r e l y   s a t i s f a c t o r y   in  both  e n t i r e l y   consuming  t h e  

combus t ib le   elements  of  the  fuel  at  high  throughput   while  not  p r o -  

ducing  noxious  emiss ions .   This  problem  r e s u l t s ,   in  p a r t ,   from  t h e  

use  of  such  s t a r v e d - a i r   combustors   to  burn  a  wide  v a r i e t y   of  f u e l s  

some  of  which  may  be  non-homogeneous,   e . g . ,   household  or  commercial  

re fuse .   It  has  not  been  p o s s i b l e   in  the  p r ev ious ly   known  s t a r v e d - a i r  

combustors  to  t a i l o r   in  a  real  time  manner  the  combustion  p r o c e s s e s  

to  the  type  of  fuel  being  combusted  in  order   to  maximize  the  e f f i c i e n c y  

of  the  combustor  while  minimizing  the  genera t ion   of  a i r   p o l l u t a n t s .  

While  the  p o l l u t i o n   problem  can  be  solved  to  a  degree  by  the  u t i l i z a -  

t ion  of  scrubbers   and  o the r   a n t i p o l l u t i o n   devices ,   such  mechanisms  a r e  

very  expensive   and  t h e i r   cost   may  m i l i t a t e   aga ins t   the  use  of  a l t e r n a -  

t i ve   energy  s o u r c e s .  



SUMMARY  OF  THE  INVENTION 

It  is  an  ob j ec t   of  the  p r e s e n t   invent ion   to  provide  a 
s t a r v e d - a i r   combustor  capable  of  e f f i c i e n t l y   u t i l i z i n g   many  d i f f e r e n t  

types  and  q u a n t i t i e s   of  f u e l .  

Another  ob j ec t   of  the  i nven t ion   is  to  provide  a  s t a r v e d - a i r  

combustor   which  does  not  r e l e a s e   noxious  p o l l u t a n t s   Into  the  a tmosphe re .  

Yet  another   o b j e c t  o f   t h i s   invent ion   is  to  provide  a  s t a r v e d -  

a i r   combustor  which  is  capable   of  combusting  to  a  very  high  degree  t h e  

pe rcen t age   of  all  combust ib le   m a t e r i a l s   provided  to  it   as  f u e l .  

S t i l l   another   o b j e c t   of  the  invent ion  is  to  provide  a  s t a r v e d -  

a i r   combustor  inc luding   a  con t ro l   system  for  s e l e c t i v e l y   c o n t r o l l i n g   t h e  

q u a n t i t y   of  hot  combustion  gases  produced  thereby  in  accordance  with  t h e  

demand  for  heat  produced  by  the  s t a r v e d - a i r   combus to r .  

Yet  another   o b j e c t   of  t h i s   inven t ion   is  to  provide  a  s t a r v e d -  

a i r   combustor  wherein  the  combust ion  chamber  is  d ivided  Into  a  p l u r a l i t y  

of  combustion  zones  and  inc ludes   a  control   system  which  con t ro l s   i n d e -  

pendent ly   the  i n j e c t i o n   of  a i r   Into  each  of  the  combustion  zones .  

Another  ob jec t   of  t h i s   inven t ion   is  to  provide  a  s t a r v e d - a i r  

combustor   wherein  the  a i r   s u p p l i e d   to  each  combustion  zone  i n c l u d e s  

o v e r f i r e   a i r   supplied  above  the  fuel  in  the  combustion  zone  and  unde r -  

f i r e   a i r   supp l i ed   beneath  the  fuel  in  the  combustion  zone  and  where in  

the  amount  of  o v e r f i r e   a i r   s u p p l i e d   is  dependent  upon  the  t e m p e r a t u r e  

in  the  combustion  zone  and  the  amount  of  u n d e r f i r e   a i r   suppl ied   I s  

dependent   upon  the  rate  tha t   fuel  is  being  conveyed  through  the  com- 

bus t ion   chamber.  

To  achieve  these  o b j e c t s ,   and  In  accordance  with  the  purpose  

of  the  inven t ion ,   as  embodied  and  broadly   desc r ibed   he re in ,   the  s t a r v e d -  

a i r   combustor  comprises:   a  combustion  chamber  having  an  i n l e t   end  f o r  

r e c e i v i n g   fuel ,   the  combustion  chamber  for  combusting  the  fuel  to  p r o -  

duce  a  q u a n t i t y   of  heat  (hot  combust ion  gases)  r e l a t e d   to  the  rate   o f  

combust ion;   means  for  conveying  the  fuel  through  the  combustion  chamber 

at  a  v a r i a b l e   rate;   means  for  supp ly ing   a  v a r i a b l e   a i r f low  to  the  com- 

bus t i on   chamber;  and  means  for  c o n t r o l l i n g   the  rate   of  the  convey ing  

means  and  the  quan t i t y   of  a i r   s u p p l i e d   by  the  supply ing   means  t o  

i nc rea se   the  q u a n t i t y   of  hot  combust ion  gases  produced  by  the  sys tem 

r e s p o n s i v e   to  an  increase   in  the  heat   demand  and  to  decrease   t h e  

q u a n t i t y   of  hot  combustion  gases  produced  by  the  system  respons ive   t o  

a  dec rease   in  the  heat  demand. 

The  accompanying  d rawings ,   which  are  i n c o r p o r a t e d   in  and 



c o n s t i t u t e   a  par t   of  th is   s p e c i f i c a t i o n ,   i l l u s t r a t e   an  embodiment  o f  

the  i nven t ion   and,  t o g e t h e r   with  the  d e s c r i p t i o n ,   serve  to  e x p l a i n  

the  p r i n c i p l e s   of  the  i n v e n t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  I  Is   an  I l l u s t r a t i o n   of  the  s t a r v e d - a i r   combus to r  

system  of  the  i n s t a n t   invent ion  connected  between  a  fuel  s u p p l y  

system  and  a  system  which  produces  process   steam  from  the  heat  p r o -  
duced  by  the  s t a r v e d - a i r   combustor  s y s t e m .  

Figure   2  is  a  graph  i l l u s t r a t i n g   the  r e l a t i o n s h i p   between 

t empera tu re   in  the  combustion  chamber  and  the  a f t e r b u r n e r   of  t h e  

s t a r v e d - a i r   combustor  system  as  r e l a t e d   to  the  amount  of  a i r   s u p p l i e d  
to  the  combustion  chamber  and  to  the  a f t e r b u r n e r .  

Figure  3  Is  a  graph  I l l u s t r a t i n g   the  control   of  the  fue l  

flow  for  th ree   given  weights  of  fuel  and  a  range  of  auger  r o t a t i o n  

r a t e .  

Figure  4  is  a  c r o s s - s e c t i o n a l   view  taken  along  l ines  4-4  o f  

a  means  for  feeding  va r i ab le   q u a n t i t i e s   of  fuel  to  the  combus t ion  

chamber  in  a  batch  mode  i l l u s t r a t e d   in  Figure  1. 

Figure  5  is  a  timing  diagram  e x p l a i n i n g   the  o p e r a t i o n   o f  

feeding  means  of  Figure  4.  

Figure  6  is  a  l ong i tud ina l   c r o s s - s e c t i o n a l   view  of  the  com- 

bus t ion   chamber  of  the  s t a r v e d - a i r   combustor  system  of  Figure  I  t a k e n  

along  the  line  6 - 6 .  

Figure  6A  is  a  schemat ic   view  of  an  a l t e r n a t i v e   embodiment 

of  the  means  for  exhaus t ing   combustion  gases  from  the  combus t ion  

chamber .  

Figure  7  Is  a  t r a n s v e r s e   c r o s s - s e c t i o n a l   view  of  the  combus- 

t ion  chamber  of  the  s t a r v e d - a i r   combustor  system  of  Figure  I  t a k e n  

along  the  l ines  7 - 7 .  

Figure  8  Is  a  schematic   logic  c i r c u i t   diagram  i l l u s t r a t i n g  

the  control   system  for  supplying  o v e r f i r e   a i r   and  u n d e r f i r e   a i r   t o  

the  combustion  chamber  and  a i r   to  the  a f t e r b u r n e r   of  the  s t a r v e d - a i r  

combustor  s y s t e m .  

Figure  9  s chema t i ca l l y   i l l u s t r a t e s   the  logic  of  the  c o n t r o l  

c i r c u i t   for  r e l a t i n g   the  angular  rate  of  the  auger  to  the  q u a n t i t y  

of  fuel  conveyed  through  the  combustion  chamber  of  the  s t a r v e d - a i r  

combustor  s y s t e m .  

Figure  10  s chemat i ca l ly   i l l u s t r a t e s   the  control   c i r c u i t   f o r  

c o n t r o l l i n g   the  quan t i t y   of  u n d e r f i r e   a i r   supp l i ed   to  the  combus t ion  



chamber  of  the  s t a r v e d - a i r   combustor  sy s t em.  

Figure   II  s c h e m a t i c a l l y   I l l u s t r a t e s   the  control   c i r c u i t   f o r  

c o n t r o l l i n g   the  o v e r f i r e   a i r   supply  to  the  combustion  zones  in  t h e  

combustion  chamber  of  the  s t a r v e d - a i r   combustor  s y s t e m .  

Figure   12  is  a  top  view  of  the  hot  gas  recycle   a p p a r a t u s  

of  the  i n s t a n t   I n v e n t i o n .  

Figure  13  is  a  s ide  view  of  the  hot  gas  recycle   a p p a r a t u s  
of  Figure.   12. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Figure  1  i l l u s t r a t e s   an  embodiment  of  the  s t a r v e d - a i r  

combustor  accord ing   to  the  p r e s e n t   invent ion   coupled  between  a 

refuse  f eeder   system  and  a  steam  g e n e r a t i o n   system.  As  embodied 

herein,   the  re fuse   supply  comprises   a  supply  conveyor  101  f o r  

conveying  fue l ,   In  t h i s   i n s t ance   re fuse ,   from  a  r ece iv ing   b u i l d i n g  

(not  shown)  and  one  or  more  s t o r age   s i l o s   (not  shown).  The 

rece iv ing   bu i l d ing   and  s to rage   s i l o s   are  to  insure   tha t   an  a d e g u a t e  

supply  of  fuel  can  be  supp l ied   to  the  combustor  in  o rder   to  p e r m i t  

the  combustor  to  run  at  peak  e f f i c i e n c y .   In  the  i l l u s t r a t e d  

embodiment,  it  is  con templa ted   t h a t   the  supply  conveyor  101  would 

supply  fuel  to  the  fuel  surge  and  r e c i r c u l a t i o n   bin  103  at  a  r a t e  

of  at  l e a s t   f i f t e e n   tons  per  hour  and  tha t   the  capac i ty   of  t h e  

combustor  system  would  range  from  150  to  500  pounds  per  m i n u t e .  

The  fuel  surge  and  r e c i r c u l a t i o n   bin  103  comprises  an 

add i t iona l   means  for  i n su r ing   t h a t   a  c o n s t a n t   and  a d e q u a t e  

supply  of  fuel  is  a v a i l a b l e   to  the  combustor.   The  bin  103  c o u l d ,  
f o r   example,  con ta in   at  l eas t   10  minutes  c apac i ty   of  fue l ,   I . e . ,  

approximate ly   25  tons ,   which  is  rece ived   at  the  top  of  the  bin  103 

and  supp l ied   through  the  bottom  of  the  bin  103  to  the  f e e d  

conveyor  105.  Feed  conveyor  105  s u p p l i e s   the  fuel  to  a  s p l i t t e r  

valve  107  which  may  e i t h e r   d i r e c t   the  fuel  Into  the  feed  and 

weigh  bin  109  or,  when  the  feed  and  weigh  bin  109  is  f i l l e d   t o  



c a p a c i t y ,   to  the  r e tu rn   conveyor  III  for  re turn   to  the  fuel  s u r g e  .  

and  r e c i r c u l a t i o n   bin  103.  The  feed  and  weigh  bin  109  is  c a l i b r a t e d  

to  supply  a  c o n s t a n t   weight  of  fuel  at  the  i n l e t   end  113  of  a 

r e f r a c t o r y   lined  combustor   115  at  such  time  tha t   the  f i r s t   f l i g h t  

of  an  auger  121  wi th in   the  chamber  115  has  been  ro ta ted   into  a  f u e l -  

r ece iv ing   p o s i t i o n .   Within  the  s t a r v e d - a i r   combustor  115  the re   i s  

provided  a  well-known  oil   i g n i t e r   (not  shown)  in  the  input  end  113 

of  the  combustion  chamber  115  to  serve  as  a  means  for  i n i t i a l l y  

i g n i t i n g   the  fuel  upon  s t a r t   up  of  the  s t a r v e d - a i r   combus tor .  

The  auger  p r e f e r a b l y   is  r o t a t a b l e ,   wa te r - coo led   h o r i z o n -  

tal  shaf t   s u p p o r t i n g   a  sp i r a l   f l i g h t   of  dec rea s ing   pi tch  from  t h e  

input  end  of  the  auger  to  the  ou tpu t   end.  It  is  contemplated  In  t h e  

i n s t an t   system  tha t   the  speed  of  the  auger  would  range  from  .3  to  1  rpm. 



An  a p p r o p r i a t e   oil  i g n i t e r   would  comprise  an  oil  burner  having  I t s  

flame  ex tend ing   Into  the  Input  end  of  the  combustor  115  to  heat   and 

to  i gn i t e   the  i n i t i a l   load  of  fuel  s u p p l i e d   by  the  feed  and  weigh 

bin  109.  It  is  con templa ted   tha t   such  an  oil  I g n i t e r   would  be 

capable  of  burning  oil  fuel  at  a  rate  of  approx imate ly   six  g a l l o n s  

per  hour  at  two  pounds  per  square  inch  p r e s s u r e .  
The  combustor  115  has  an  ou tpu t   end  117  connected  to  a 

condui t   119  which  feeds  the  top  of  an  a f t e r b u r n e r   129.  The  combus-  

tor   115  also  inc ludes   a i r   supply  means  123  for  supplying  u n d e r f i r e  

a i r   and  c o n d u i t s   125  for  supplying  o v e r f i r e   a i r .   This  a i r   i s  

provided  by  a  fan  126  (shown  in  phantom)  which  also  supp l i e s   a i r  

through  condu i t s   127  to  the  a f t e r b u r n e r   129.  A l t e r n a t i v e l y ,   a 

s e p a r a t e   fan  or  fans  may  be  provided  to  supply  unde r f i r e   a i r ,  

o v e r f i r e   a i r ,   and  a i r   to  the  a f t e r b u r n e r   129.  A  small  a i r   d i s t r i b u t o r  

130  is  connec ted   to  the  upper  condu i t   127  to  supply  a i r   into  t h e  

a f t e r b u r n e r   129  through  spec ia l   i n j e c t o r s   located  both  at  and  be low 

the  midpoint   of  the  a f t e r b u r n e r   129. 

A f t e r b u r n e r   129  is  p rovided ,   in  p a r t ,   as  a  secondary  com- 

bus tor   chamber  which  mixes  the  a i r   supp l i ed   by  the  condui t s   127  w i t h  

the  gaseous  and  e n t r a i n e d   so l id   p a r t i c l e   ou tpu t   of  the  combustor  from 

the  o u t l e t   end  117  to  combust  all  combus t ib le   mate r ia l   in  the  g a s e o u s  

output   and,  In  pa r t ,   to  s epa ra t e   suspended  ash  and  n o n - c o m b u s t i b l e  

s o l i d s   from  the  hot  non-combus t ib le   gas.  Both  the  n o n - c o m b u s t i b l e  

mate r ia l   from  the  a f t e r b u r n e r   129  and  the  combustion  res idue   from  t h e  

combustor  115  are  fed  through  condui t   131  to  an  ash  c o l l e c t o r   135. 

The  hot  n o n - c o m b u s t i b l e   gas  is  d i scha rged   into  a  s u p e r h e a t e r   137  from 

which  it  is  s u p p l i e d   to  a  waste  heat  b o i l e r   139  to  produce,   in  t h i s  

case,  p rocess   steam.  An  e l e c t r o s t a t i c   p r e c i p i t a t o r   141  removes  any 
a d d i t i o n a l   s o l i d s   from  the  now  coo le r   non-combus t ib l e   gas  e x i t i n g  

from  the  waste  heat   b o i l e r   139  through  an  economizer  140  and  the  s o l i d  

ma te r i a l   is  conveyed  to  an  ash  ca r t   135.  From  the  p r e c i p i t a t o r   141, 

the  n o n - c o m b u s t i b l e   gas  Is  drawn  by  a  fan  143  and  expe l l ed   from  s t a c k  

145.  Upon  e n t e r i n g   into  the  fan  the  t e m p e r a t u r e   of  the  gas  is  a p p r o x i -  

mately  300  to  400  degrees  Fahrenhe i t   and  the  fan  143  is  of  s u f f i c i e n t  

s t r e n g t h   to  e x e r t   a  nega t ive   p ressure   in  the  system  within  the  com- 

bus to r   115,  the  a f t e r b u r n e r   129,  s u p e r h e a t e r   137,  waste  heat  b o i l e r   139, 

economizer   140,  and  p r e c i p i t a t o r   141. 

One  of  the  p r i nc ipa l   advantages   of  a  s t a r v e d - a i r   combus t ion  

system  is  t h a t   g a s i f i c a t i o n   or  p a r t i a l   o x i d a t i o n   of  so l i d   fue ls   can  be 



made  to  occur   at  moderate  t e m p e r a t u r e s   (1300° -   1800°F).  The  s i g n i f i -  

cant  b e n e f i c i a l   e f f e c t s   of  t h i s   Include  e l i m i n a t i o n   of  s l agg ing   o r  

fusing  of  the  fuel  and  ash  p a r t i c l e s ,   exposing  the  combustor  s t r u c t u r e  

to  only  moderate  t empera tu re   in  n o n - o x i d i z i n g   c o n d i t i o n s ,   and  r educ ing  

the  format ion   of  n i t rogen   o x i d e s .  

Thr  p r i nc ipa l   control   d i f f i c u l t y   In  the  p r i o r   ar t   s t a r v e d - a i r  

combustor  systems  l ies   in  m a i n t a i n i n g   t empera ture   levels   through  t h e  

combustor ,   i . e . ,   within  the  p i l e   of  fuel  mater ia l   and  the  gas  s p a c e  
above  it   in  the  combustion  chamber,  while  also  o p t i m i z i n g   the  p e r -  
formance  of  the  combustor  system,  i . e . ,   mass  of  so l i d   mate r ia l   g a s i f i e d  

per  un i t   of  time  and  unit   of  area  of  grate   s u r f a c e .   T e m p e r a t u r e  

cont ro l   is  achieved  by  r e g u l a t i n g   the  a i r f low  into  the  combus t ion  

chamber  to  achieve  the  proper  a i r / f u e l   r a t i o .  

Figure  2  is  a  plot   of  t empera tu re   a f t e r   r e ac t i on   of  fuel  and 

a i r   at  d i f f e r e n t   p r o p o r t i o n s   and,  as  the  te rminology  s u g g e s t s ,   a 

s t a r v e d - a i r   combustor  chamber  o p e r a t e s   at  a  nega t ive   pe rcen tage   o f  

excess  a i r   compared  to  the  chemica l ly   c o r r e c t   amount  in  the  t e m p e r a -  

ture   region  i nd i ca t ed   in  Figure  2.  Thus,  to  inc rease   the  o p e r a t i n g  

t e m p e r a t u r e   within  the  combustion  chamber  of  a  s t a r v e d - a i r   combus to r ,  

it  is  nece s sa ry   to  increase   the  a i r f l ow  into  the  combustion  chamber.  

Also  ev iden t   from  Figure  2  is  that   the  t empera tu re   w i t h i n  

the  a f t e r b u r n e r   responds  to  an  i nc reased   a i r f low  in  the  o p p o s i t e  

manner  as  does  the  combustion  chamber.  Thus,  to  increase   t h e  

t e m p e r a t u r e   in  the  a f t e r b u r n e r   it   is  necessary   to  reduce  the  a i r  

supply  t h e r e t o .  

One  problem  in  r e g u l a t i n g   the  t empera tu re   within  the  combus- 

t ion  chamber  is  tha t   the  fuel  bend  and  the  i n j e c t i o n   of  a i r   Into  i t  

are  not  n e c e s s a r l l y   homogeneous  and  the  schedule  of  events  l e a d i n g  

to  complete  g a s i f i c a t i o n   or  o x i d a t i o n   is  not  uniformly  i den t i ca l   f o r  

all  p a r t i c l e s   of  the  fuel .   Local  a i r / f u e l   r a t i o   inc reases   from  ave rage  

can  cause  radica l   t empera tu re   i n c r e a s e s   within  the  combustion  chambers .  

Some  of  these   p e r t u b a t i o n s   in  t empera tu re   are  unavoidable   because,   as 

will  h e r e i n a f t e r   be  exp la ined ,   the  a i r   is  i n j ec t ed   Into  the  combust ion  

chamber  from  d i s c r e t e   par ts   through  the  r e f r a c t o r y   l in ing   of  the  chamber 

and  the  fuel  p a r t i c l e s   are  obv ious ly   d i s c r e t e   s o l i d   p a r t i c l e s   t h e r e b y  

causing  non-homogeneous  a i r / f u e l   mixtures   where  the   i n j e c t e d   a i r  

d i r e c t l y   impacts  upon  the  fuel  p a r t i c l e s .   These  c o n d i t i o n s   are  on ly  

temporary ,   however,  because  the  auger  within  the  combustion  chamber 

removes  and  tumbles  fuel  so  t ha t   the  non-homogeneous  c o n d i t i o n s   do  n o t  



l a s t   long  enough  to  cause  s l agg ing   of  the  non -combus t i b l e   m a t e r i a l .  

The  major  d i f f i c u l t y   a r i s e s   In  c o r r e c t l y   r e l a t i n g   the  volumes  t h e  

u n d e r f i r e   a i r   (the  a i r   supp l i ed   beneath  the  fuel  in  the  combus t ion  

chamber)  and  the  o v e r f i r e   a i r ,   ( a i r   supp l i ed   above  the  fuel  in  t h e  

combustion  chamber)  used  in  p a r t i a l l y   combusting  or  g a s i f y i n g   t h e  

s o l i d   fuel  and  the  fuel  ga s  t o   the  rate   of  fuel  flow  within  t h e  

combustion  chamber.  

The  p r i o r   a r t   a t t empted   to  solve  the  s l agg ing   and  t e m p e r a -  

t u r e   control   problems  by  d i f f e r e n t   types  of  control   sys tems.   In  one 

type  of  control   system,  the  u n d e r f i r e   a i r   was  uniformly  s u p p l i e d  

beneath   the  bed  of  fuel  in  the  combustion  chamber  and  the  o v e r f i r e  

a i r   was  suppl ied   in  m u l t i p l e   zones  above  the  fuel  bed.  No  means  was 

provided   for  r e g u l a t i n g   the  amount  of  fuel  fed  to  the  combustion  cham- 

ber  and  all  of  the  c o n t r o l s   of  the  u n d e r f i r e   a i r   and  the  o v e r f i r e   a i r  

were  manual.  Some  of  the  drawbacks  of  th is   a r rangement   were  tha t   i t  

did  not  provide  for   a l t e r e d   zoning  of  the  u n d e r f i r e   a i r   to  accommodate 

changes  in  fuel  mois ture   con ten t   and  r e a c t i v i t y ,   and  the  p o s s i b i l i t y  

t h a t   u n c o n t r o l l e d   v a r i a b l e   fuel  f e ed  cou ld   lead  to  undes i red   o s c i l l a -  

t i o n s   in  the  o p e r a t i n g   p r o p e r t i e s   in  the  combustion  chamber .  

It  has  also  been  a t t empted ,   in  the  p r i o r   a r t ,   to  provide  a 

combustion  chamber  wherein  no  o v e r f i r e   a i r   is  provided  but  where  t h e  

u n d e r f i r e   a i r   was  s e p a r a t e d   into  three   d i f f e r e n t   zones  with  i n d e p e n d e n t  

con t ro l   of  the  a i r f low  into  each  zone.  This  approach  s u f f e r s   from  t h e  

i n a b i l i t y   to  balance  p rope r ly   the  r e a c t i o n   sequence  in  the  fuel  bed 

and  the  reac t ion   sequence  in  the  evolved  combustion  gases  e s p e c i a l l y  

dur ing  changes  of  fuel  feed  r a t e .   When  the  fuel  feed  was  i n t e r r u p t e d  

t e m p o r a r i l y   or  when  the  ra te   of  fuel  feed  was  decreased  because  o f  

r e d u c t i o n   of  fuel  d e n s i t y ,   the  severe   local  t empera tu re   a b e r r a t i o n s  

o c c u r r e d   because  of  an  inc rease   in  the  a i r / f u e l   r a t i o .   When  the  a i r -  

flow  rate   was  dec reased ,   the  g a s i f i c a t i o n   ra te   and  e f f i c i e n c y   of  t h e  

s t a r v e d - a i r   combustor  d e c r e a s e d .  

The  p r e sen t   i n v e n t i o n ,   as  will  h e r e i n a f t e r   be  d e s c r i b e d ,  

avoids   the  problems  of  the  p r i o r   a r t   s t a r v e d - a i r   combustor  sys tems  

and  provides   a  s t a r v e d - a i r   combustor  of  g r e a t e r   e f f i c i e n c y   by 

p r o v i d i n g   a  feed  system  for  feeding  fuel  into  the  combustion  chamber 

in  cons t an t   weight  ba t ches ,   an  a i r   supply  system  for  feeding  bo th  

u n d e r f i r e   and  o v e r f i r e   a i r   In  a  zoned  manner,  and  a  con t ro l   sy s t em 

for  r e g u l a t i n g   u n d e r f i r e   a i r f l ow  in  accordance  with  the  ra te   of  f u e l  

flow  through  the  combustion  chamber  and  o v e r f i r e   a i r   flow  in  a c c o r d a n c e  



with  the  t e m p e r a t u r e s   In  the  combustion  zone  The  feed  system  c h a r g e s  

a  f ixed  ( o p e r a t o r - s e t )   weight  of  fuel  (M)  for  each  r o t a t i o n   or  p a r t i a l  

r o t a t i o n   of  the  auger  within  the  combustion  chamber.  This  means  t h a t  

the  fuel  weight  flow  ra te   (mf)  is  ad jus ted   by  changing  the  auger  r o t a -  

t ion  ra te   (Waug).  The  p r o p o r t i o n   of  under f i r e   a i r   (mu)  to  fuel  w e i g h t  
flow  ra te   is  o p e r a t o r - s e t ,   as  a  funct ion   of  auger  r o t a t i o n   rate  Waug, 
while  o v e r f i r e   flow  ra tes   (mo)  are  c o n t r o l l e d   according   to  the  gas  

t e m p e r a t u r e   of  the  combustion  zones  T1.  Thus,  fuel  flow  and  u n d e r f i r e  

a i r   are  keyed  to  the  a u g e r ' s   speed  by  mu=  K.M.  W aug  so  t h a t   a f t e r   M 

and  the  c o n s t a n t s   for  each  zone  Ki  a re   se t ,   then  u n d e r f i r e   a i r / f u e l  

flow  r a t i o s   are  c o n s t a n t .   If  auger  speed  drops,  mu  is  a u t o m a t i c a l l y  

dec reased   in  p r o p o r t i o n .   S i m i l a r l y ,   If  M  is  decreased ,   mu  is  a l s o  

dec reased .   Thus,  the  response  of  the  s t a r v e d - a i r   combustor   sys tem 

to  changes  in  heat  demand  is  through  auger  speed .  

This  approach  insures   tha t   the  flow  of  fuel  through  t h e  

fuel  bed  in  the  combustion  chamber  is  of  uniform  s ize   and  is  p r o v i d e d  

with  the  same  a i r / f u e l   r a t i o   for  each  batch  of  fuel  t h a t   is  fed  i n t o  

the  combustion  chamber .  

Figure  3  is  a  graph  r e l a t i n g   fuel  feed  ra tes   to  auger  s p e e d .  

If,  for  example,  the  nominal  maximum  fuel  feed  rate  and  auger  s p e e d  

is  15  tons  of  fuel  per  minute  and  .9  r e v o l u t i o n s   of  the  auger  p e r  

minute,   then  the  line  A  r e l a t e s   decreases   In  the  fuel  feed  rate   t o  

dec reases   in  the  auger  speed  for  a  cons tan t   fuel  batch  weight   MI.  I t  

has  been  determined  tha t   if  the  auger  is  ro ta ted   at  too  slow  a  r a t e ,  

e . g . ,   less  than  .4  rpm,  c l i n k e r i n g   and  s lagging  may  occur   within  t h e  

combustion  chamber.  Thus,  as  the  auger  speed  approaches  .4  rpm  wi th  

the  fuel  batch  weight  of  Ml,  or  the  fuel  feed  rate   is  8  tons  per  h o u r  

or  less ,   then  it  is  more  e f f i c i e n t   to  opera te   along  performance  c u r v e  

B  with  a  fuel  batch  weight  of  M2  less  than  MI  than  per formance   curve  A. 

S i m i l a r l y ,   a  change  to  o p e r a t i n g   curve  C  with  a  fuel  batch  weight  of  M3 

less  than  M2  should  be  e f f e c t e d   when  fuel  is  being  fed  at  a  rate  of  5 

or  fewer  tons  per  hour  or  auger  speed  approaches  .4  rpm. 

As  s t a t ed   above,  the  s t a r v e d - a i r   combustor  system  of  t h e  

i n s t a n t   invent ion   inc ludes   means  for  feeding  s e l e c t a b l e   weights   o f  

fuel  Into  the  i n l e t   end  113  of  the  combustion  chamber  115  In  a 

batch  mode.  Such  a  feeding  means  Is  i l l u s t r a t e d   in  Figure  4.  The 

feeding  means  comprises  a  chute  201  pos i t i oned   beneath  the  fuel  f eed  

oonveyor   105  such  tha t   fuel  conveyed  by  the  conveyor  105  drops  off  i n t o  

the  chute  201.  From  the  chute  201,  the  fuel  can  e i t h e r   pass  into  a 



combustor  feed  path  203  of  the  feeding  means  or  a  re turn   path  205 

to  the  re turn   conveyor  111  for  re turn   to  the  surge  and  r e c i r c u l a t i o n  

bin  103  as  p r e v i o u s l y   exp l a ined .   A  s p l i t t e r   valve  207  is  r o t a t a b l e  

in  the  neck  of  the  chute  201  to  guide  the  received  fuel  to  the  com- 

bus tor   feed  path  203  or  to  the  re turn   path  205. 

The  combustor  feed  path  205  leads  to  a  chute  209  for  g u i d i n g  

the  fuel  d i r e c t e d   to  the  combustion  chamber  115  into  a  weigh  bin  211. 

A  cover  valve  213  is  provided  at  the  i n l e t   of  the  chute  209  and  i s  

r o t a t a b l e   to  e i t h e r   permit   the  fuel  to  pass  from  the  chute  209  and 

into  weigh  bin  211  when  the  cover  valve  is  In  an  open  or  downward 

p o s i t i o n   or  to  p reven t   a d d i t i o n a l   fuel  from  e n t e r i n g   chute  209  and 

weigh  bin  211  when  the  cover  valve  213  is  in  a  c losed  or ,   as  i l l u s -  

t r a t e d   in  Figure  4,  a  h o r i z o n t a l   p o s i t i o n .   The  cover  valve  213 

provides   an  a i r t i g h t   seal  with  the  s ides  of  the  chute  209  such  t h a t  

when  the  cover  valve  213  is  c losed ,   ou t s ide   a i r   is  p reven ted   from 

e n t e r i n g   chute  209  and  weigh  bin  211.  The  cover  valve  213  c o u l d  

a l t e r n a t i v e l y   be  a  s l i d a b l e   valve  having  an  inward  ( c lo sed )   p o s i t i o n  

and  an  outward  (open)  p o s i t i o n .  

The  weigh  bin  211  is  connected  to  the  chute  209  via  a 

f l e x i b l e   coupl ing   215  so  tha t   the  weight  of  the  weigh  bin  211  and  any 
fuel  con ta ined   t h e r e i n   is  not  suppor ted   by  the  chute  209,  but,   as  

will  h e r e i n a f t e r   be  e x p l a i n e d ,   is  suppor ted  by  means  of  one  or  more 

weigh  c e l l s   223  connected  between  a  s t a t i o n a r y   suppor t   member  221 

and  suppor t   arms  225  ex tend ing   from  the  e x t e r i o r   of  the  weigh  bin  211. 

Release  valve  217  is  not  opened,  i . e . ,   r o t a t e d   to  e x t e n d  

into  the  lower  chute  po r t ion   219  of  the  feeding  means,  unt i l   the  weigh 

ce l l s   223  i n d i c a t e   tha t   a  p rede te rmined   weight  of  fuel  has  been 

accumulated  in  weigh  bin  211  and  an  auger  p o s i t i o n   sensor   227  has  

determined  t h a t   the  auger  121  has  been  ro t a t ed   into  the  proper   f eed  

o r i e n t a t i o n .   The  lower  chute  po r t ion   229  Is  coupled  to  the  waigh  b i n  

211  by  means  of  a  f l e x i b l e ,   a i r t i g h t   seal  218  so  as  not  to  s u p p o r t  

the  weigh  bin  211  but  merely  to  guide  the  fuel  Into  the  i n l e t   end  113 

of  the  combustion  chamber  115  while  s imu l t aneous ly   p r e v e n t i n g   ambient  

a i r   from  e n t e r i n g   the  combustion  chamber  115.  As  s t a t e d   above,  t h e  

feeding  means  includes   weighing  means  which,  as  embodied  h e r e i n ,  

comprise  one  or  more  weigh  c e l l s   223  coupled,  as  a b o v e - d e s c r i b e d ,  

between  s t a t i o n a r y   suppor t   members  221  and  suppor t   arms  225  connec t ed  

to  the  weigh  bin  211.  

One  s k i l l e d   in  the  a r t   will  read i ly   recognize   t ha t   each 



weigh  cell  223  comprises  any  one  of  a  number  of  means  whereby  a 

p a r t i c u l a r   weight  can  be  s e l e c t e d ,   the  weight  of  the  weigh  b i n  

inc lud ing   fuel  received  and  con ta ined   t h e r e i n   determined,   and  an 

output   s ignal   genera ted   when  the  measured  weight  of  the  weigh  b i n  

exceeds  a  s e l e c t e d   weight.   As  an  example,  the  weigh  cell  223  c o u l d  

comprise  a  v a r i a b l e   r e s i s t o r   for  g e n e r a t i n g   a  voltage  signal  w i t h  

a  level  p r o p o r t i o n a l   to  the  weight  of  the  fuel  in  the  bin  211.  A 

vol tage   t h r e s h o l d   d e t e c t o r   senses   the  vol tage   levels   and  a c t u a t e s  

a  microswi tch   when  the  sensed  vo l tage   exceeds  a  t h r e sho ld   v o l t a g e  

co r r e spond ing   to  a  s e l e c t e d   weight .   The  output   of  the  m i c r o s w i t c h  

is  employed  within  s u i t a b l e   logic  c i r c u i t r y ,   as  will   be  h e r e i n a f t e r  

e x p l a i n e d ,   to  a c tua t e   s p l i t t e r   valve  207,  cover  valve  213,  and 

r e l e a s e   valve  217  to  feed  the  conveyor  with  fuel  in  a  proper  manner .  

Figure  4  also  I l l u s t r a t e s ,   in  block  diagram  form,  f u n c t i o n a l  

logic  c i r c u i t s   tha t   are  needed  to  con t ro l   the  feeding  means  to  f e e d  

fuel  e i t h e r   into  the  combustor  115  or  to  the  re turn   conveyor  I I I .  

Figure  5  is  a  t iming  diagram  to  be  read  in  con junc t ion   with  the  b l o c k  

diagram  of  Figure  4  for  complete  unde r s t and ing   of  the  o p e r a t i o n   of  t h e  

logic  c i r c u i t s .  

In  normal  o p e r a t i o n ,   during  the  combustion  chamber  f e e d  

mode,  the  s p l i t t e r   valve  207  will  be  p o s i t i o n e d   as  ind ica ted   by  t h e  

so l id   l ines  in  Figure  4.  The  cover  valve  213  will  be  in  its  open,  o r  

downward  p o s i t i o n ,   and  the  r e l e a s e   valve  217  will  be  in  the  c l o s e d  

p o s i t i o n   as  shown  in  Figure  4.  Fuel  will  be  dropping  from  f e e d  

conveyor  105  through  the  feed  path  203  and  the  upper  chute  209  I n t o  

the  weigh  b in  211 .   T h i s  w i l l   g r a d u a l l y   cause  an  increase   in  the  w e i g h t  

of  the  fuel  in  the  weigh  bin  211  and,  when  the  p r e s e l e c t e d   weight  of  a 

batch  or  charge  of  fuel  has  been  accumulated  in  the  weigh-bin  211,  t hen  

the  weigh  c e l l s   223  will  cause  bin  full  s i g n a l s   to  be  suppled  to  t h e  

feed  control   c i r c u i t   231.  This  is  i l l u s t r a t e d   in  Figure  5  as  a  change  

of  the  bin  full  signal  from  a  low  value  to  a  high  v a l u e .  

When  the  p r e s e l e c t e d   weight  has  been  accumulated  in  the  weigh 

bin  211,  It  is  necessary  to  r o t a t e   the  s p l i t t e r   valve  207  into  t h e  

o r i e n t a t i o n   shown  by  the  dot ted   l ines  in  Figure  4  and  to  close  t h e  

cover  valve  213.  This  is  performed  under  the  control   feed  c o n t r o l  

c i r c u i t   231  by  supplying  an  a p p r o p r i a t e   output   to  cover  valve  c o n t r o l  

233  and  to  s p l i t t e r   valve  cont ro l   235.  Once  the  s p l i t t e r   valve  207  has  

been  ro t a t ed   Into  Its  r e c i r c u l a t i o n   p o s i t i o n   and  the  cover  valve  213 

ro t a t ed   into  its  a i r - s e a l i n g   p o s i t i o n ,   then  the  feeding  means  will  n o t  



change  s t a t e   unti l   the  auger  p o s i t i o n   sensor   227  de termines   tha t   t h e  

auger  121  has  been  ro t a t ed   Into  an  o r i e n t a t i o n   such  tha t   the  area  151 

Is  of  Its  proper   feed  volume.  When  th i s   o r i e n t a t i o n   of  the  auger  121 

Is  reached,   the  auger  pos i t i on   sensor   227  s u p p l i e s   a  pulse   as  shown 

in  Figure  5,  to  the  feed  control   c i r c u i t   231 .  

There  are  many  ways  of  implementing  the  auger  p o s i t i o n   s e n -  

sor  227,  for  example,  a  small  magnetic   f lux  producing  element  could  be 

a t t a c h e d   to  the  auger  such  tha t   It  would  be  r o t a t e d   into  a l i g n m e n t  

with  a  flux  sensor   when  the  auger  has  been  ro t a t ed   into  the  f eed  

o r i e n t a t i o n .   When  the  feed  control   c i r c u i t   has  r ece ived   the  a u g e r  

p o s i t i o n   pulse  and  is  also  s t i l l   r e c e i v i n g   the  bin  full  s ignal   at  a 

high  l eve l ,   the  feed  control   c i r c u i t   231  will  s ignal   the  r e l e a s e  

valve  cont ro l   227  to  ro ta te   the  r e l ease   valve  217  to  Its  downward 

o r i e n t a t i o n   In  order   to  permit  the  fuel  con ta ined   within  the  weigh 

bin  211  to  pass  through  lower  chute  219  into  the  f i r s t   area  151  o f  

combustion  chamber  115. 

The  feed  control   c i r c u i t   231  will  produce  a  r e s t o r e   p u l s e ,  

a f t e r   a  s u i t a b l e   delay  to  provide  time  for  the  fuel  to  be  d i s c h a r g e d  

from  the  weigh  bin  211,  tha t   is  supp l i ed   to  the  auger  p o s i t i o n   s e n s o r  

227,  r e l ea se   valve  control  229,  cover  valve  control   233,  and  s p l i t t e r  

valve  control   235  to  control   the  feeding  means  in  a  manner  to  p e r m i t  

the  accumula t ion   of  a  subsequent   charge  or  batch  of  fuel  in  t h e  

weigh  bin  211.  As  explained  above,  th i s   feeding  o r i e n t a t i o n   c o m p r i s e s :  

f i r s t ,   c los ing   r e l e a s e   valve  217;  second,  opening  the  cover  valve  213;  

and  t h i r d ,   r o t a t i n g   s p l i t t e r   valve  207  into  the  o r i e n t a t i o n   i l l u s -  

t r a t e d   by  the  so l i d   lines  in  Figure  4.  The  weigh  c e l l s   223  w i l l  

a u t o m a t i c a l l y   r e s e t   the  microswi tch   because  a f t e r   the  d ischarge   o f  

the  fuel  from  weigh  bin  211  the  weigh  c e l l s   223  will  no  longer  i n d i c a t e  

t h a t   a  p r e s e l e c t e d   fuel  weight  has  been  accumulated  in  weight  bin  211.  

Figure  6  i l l u s t r a t e s   an  embodiment  of  the  combustion  chamber 

115  of  the  s t a r v e d - a i r   combustor  system.  As  shown  in  Figure  6,  t h e  

s t a r v e d - a i r   combustor  system  Inc ludes   means  for  conveying  the  fuel  

through  a  combustion  chamber  at  a  v a r i a b l e   ra te .   As  embodied  h e r e i n ,  

the  conveying  means  comprises  screw  conveyor  or  auger  121  e x t e n d i n g  

the  length  of  the  combustion  chamber  and  being  ro t a t ed   by  the  a u g e r  

motor  and  speed  control   251.  The  auger  motor  and  speed  control   251 

is  capable  of  r o t a t i n g   the  auger  at  ra tes   of ,   for  example,  from  .3  t o  

1.0  rpm  under  manual  c o n t r o l .  

The  fuel  bed  253  is  of  i ts   g r e a t e s t   depth  at  the  i n l e t   end 



113  of  the  combustion  chamber  and  is  conveyed  from  the  i n l e t   end  113 

to  the  o u t l e t   end  117.  During  i ts   t ravel   through  the  combust ion 

chamber,  the  fuel  bed  253  g r a d u a l l y   decreases  in  size  as  Its  c o n t e n t s  

are  combusted  and  combustion  gases  evolved.  The  auger  121  is  p o s i -  

t ioned   o f f - c e n t e r   within  the  combustion  chamber  115  in  order   t o  

provide   a  gas  mixing  zone  above  the  fuel  bed  253.  In  the  mixing 

zone,  the  evolved  gases  are  mixed  with  o v e r f i r e   a i r   suppl ied   by  a i r  

supply  means  125  ( f i gu re   I)  for  f u r t h e r   combustion.  Conduits  123 

supply  u n d e r f i r e   a i r   to  the  combustion  chamber  beneath  the  bed  o f  

fuel  253  such  that   the  u n d e r f i r e   a i r ,   when  at  an  e l e v a t e d   t e m p e r a t u r e ,  
c o n t r i b u t e s   to  the  i gn i t i on   of  the  fuel  in  the  fuel  bed  253  by  h e a t i n g  

and  drying  the  f u e l .  

The  s t a r v e d - a i r   combustor  system  f u r t h e r   comprises  means  f o r  

supp ly ing   a  va r i ab l e   a i r f low  to  the  combustion  chamber  115.  The 

phys ica l   s t r u c t u r e   for  accompl i sh ing   this   is  i l l u s t r e d   In  Figure  6 

and,  as  embodied  t he re in   the  wal ls   of  the  combustion  chamber  115 

include  under f i r e   a i r   plenums  255  each  coupled  to  one  of  the  a i r   supp ly  

condu i t s   123.  Air  passes  from  the  plenums  255  through  pipes  256 

(Figure   7)  embedded  in  a  r e f r a c t o r y   layer  257  and  t e r m i n a t i n g   in  a 

p l u r a l i t y   of  ports   or  i n j e c t o r s   259  communicating  with  the  combust ion  

chamber  115  beneath  the  bed  of  fuel  253.  The  plenums  255  are  s e p a r a t e d  

from  each  o ther   by  stops  or  gaskets   261  to  define  mu l t i p l e   u n d e r f i r e  

combustion  zones  ZI,  Z2,  and  Z3. 

S i m i l a r l y ,   o v e r f i r e   a i r   Is  suppl ied   to  the  combustion  chamber 

115  by  means  of  plenums  263  (Figure   7)  communicating  with  the  o v e r f i r e  

a i r   supply  means  125.  The  plenums  are  divided  into  a  p l u r a l i t y   o f  

zones  (in  th is   case,  th ree )   and  the  air   within  each  zone  is  i n j e c t e d  

into  the  combustion  chamber  115  through  ports   or  i n j e c t o r s   267  which 

extend  through  the  layer   of  r e f r a c t o r y   material   257  l in ing   the  i n -  

t e r i o r   su r face   of  the  combustion  chamber  115.  As  I l l u s t r a t e d   in 

Figure  6,  the  zones  of  the  o v e r f i r e   a i r   and  the  zones  of  the  u n d e r f i r e  

a i r   may  coincide  and  form  combustion  zones  ZI,  Z2,  and  Z3.  A  t empera -  

ture   sensor   271  (Figure  7)  is  i n se r t ed   through  the  r e f r a c t o r y   m a t e r i a l  

257  Into  the  gas  phase  flame  areas  of  each  of  teh  t empera tu re   zones  t o  

sense  the  tempera ture   in  the  o v e r f i r e   area  of  the  zone.  

Overf i re   and  u n d e r f i r e   a i r   i n j e c t o r s   may  be  used  In  each 

zone  ZI,  Z2. and  Z3 or,  a l t e r n a t i v e l y ,   c e r t a i n   zones  may  be  p r o v i d e d  

with  e i t h e r   o v e r f i r e   or  u n d e r f i r e   a i r   I n j e c t o r s ,   as  d e s i r e d .  

With  r e fe rence   to  Figure  7,  the  r o t a t i o n   of  the  auger  ( n o t  



shown)  wi th in   combustion  chamber  115  r e s u l t s   in  the  fuel  bed  253  b e i n g  

o r i e n t e d   as  shown.  Under f i re   a i r   from  supply  123  is  supp l i ed   to  plenum 
255  from  which  it  is  i g n i t e d   beneath  the  fuel  bed  253  by  means  of  p i p e s  
256  t e r m i n a t i n g   in  i n j e c t o r s   259.  The  pipes  256  are  embedded  in  t h e  

r e f r a c t o r y   l i n ing   257  of  the  combustion  chamber  115. 

Under f l re   a i r   r ece ived   by  one  of  the  plenums  263  from  s u p p l y  

125  is  i n j e c t e d   above  the  fuel  bed  253  through  por t s   267.  The  t e m p e r a -  
ture  s enso r   271  for  one  of  the  o v e r f i r e   a i r   zones  is  p rovided  above 

the  fuel  bed  253  and  i t  i s   contempla ted   tha t   a  thermocouple   c a p a b l e  

of  w i t h s t a n d i n g   the  high  combustion  chamber  t e m p e r a t u r e s   could  be 

employed  as  sensor   271.  

The  s t a r v e d - a i r   combustor  of  the  i n s t a n t   invent ion   f u r t h e r  

comprises   means  for  c o n t r o l l i n g   the  rate  of  the  fuel  conveying  means 

or  auger  121  and  the  volume  of  the  a i r f low  supp l i ed   into  the  zones  

Z1,  Z2,  and  Z3  to  Increase   or  to  decrease   the  q u a n t i t y   of  h e a t  

produced  in  the  form  of  hot  combustion  gases.  The  means  for  con-  

t r o l l i n g   the  ra te   of  the  conveying  means  and  the  a i r f low  s u p p l i e d  

by  the  supp ly ing   means  to  i nc rease   the  q u a n t i t y   of  hot,  combus t ion  

gases  (hea t )   produced  by  the  system  responsive   to  an  increase   in  t h e  

q u a n t i t y   of  hot,  combustion  gases  (heat)   produced  by  the  s y s t e m  

r e s p o n s i v e   to  a  decrease   In  the  heat   demand,  as  embodied  h e r e i n ,  

is  i l l u s t r a t e d   In  Figure  8  as  comprising  an  u n d e r f i r e   a i r   s y s t e m ,  

an  o v e r f i r e   a i r   system,  and  an  a f t e r b u r n e r   a i r   system.  The  a f t e r -  

burner   a i r   system  is  not  a  f ea tu re   of  the  p r e sen t   i nven t ion   and  w i l l  

not  be  d i s c u s s e d   in  d e t a i l .  

As  i l l u s t r a t e d   in  Figure  8,  the  combustor  115  r e c e i v e s  

u n d e r f i r e   a i r   in  th ree   zones:  primary  (p)  co r r e spond ing   to  zone  1, 

secondary   (s)  c o r r e s p o n d i n g   to  zone  2,  and  t e r t i a r y   (t)  c o r r e s p o n d i n g  

to  zone  3.  C o n t r o l l e r s   301,  303,  and  305  control   the  i n j e c t i o n   o f  

u n d e r f i r e   a i r   from  a i r   supply  line  307  into  the  p,  s,  and  t  zones .  

These  th ree   zones  are  set   to  i n i t i a l   values  to  appor t ion   the  a i r  

s u p p l i e d   by  the  a i r   supply  line  307  to  the  p r e v i o u s l y   d i s c u s s e d  

s u p p l i e r   123  but,  as  exp la ined   above,  if  there   is  a  change  in  h e a t  

demand  then  the  speed  of  the  auger  will  be  changed  n e c e s s i t a t i n g  

c o r r e s p o n d i n g   changes  in  the  supply  of  a i r   to  the  p,  s  and  t  zones  

by  the  c o n t r o l l e r s   301,  303,  and  305,  r e s p e c t i v e l y .   The  change  in 

auger  speed  as  determined  by  the  auger  motor  and  speed  control   251 

(F igure   6)  are  supp l i ed   to  m u l t i p l i e r   309  along  with  a  s i g n a l  

i n d i c a t i n g   the  weight  of  each  batch  of  fuel  supp l i ed   to  t h e  



combustion  chamber.  This  weight  is  r ep re sen t ed   by  the  q u a n t i t y   M  and 

could,  for  example,  be  an  ou tput   of  the  p rev ious ly   exp la ined   weigh 

c e l l s   223.  The  ou tput   of  m u l t i p l i e r   309  is  a  s ignal   K  which  Is 

supp l i ed   as  an  input  to  each  of  the  c o n t r o l l e r s   301,  303,  and  305 

to  a l t e r   the  a i r f low  Into  t h e i r   a s s o c i a t e d   unde r f i r e   zones .  

The  o v e r f i r e   a i r   system  is,  as  p rev ious ly   e x p l a i n e d ,  

t empera tu re   dependent  and  thus  the  s ignal   T  i s   an  output   of  t em-  

p e r a t u r e   sensor   271  (Figure  7)  which  monitors  the  t empera tu re   In 

combustion  zone  ZI  or  the  primary  zone.  The  c o n t r o l l e r   313  compares 
the  i n s t a n t a n e o u s   t empera tu re   wi thin   the  primary  zone  to  a  d e s i r e d  

t empera tu re   and  proper ly   a l t e r s   the  a i r f low  from  a i r   supply  l i n e  

319  to  the  primary  zone  in  the  combustion  chamber.  S i m i l a r l y ,  

c o n t r o l l e r s   315,  and  317  r ece ive   the  t empera tu re   i n d i c a t i o n s   Ts  and 

Tt,  r e s p e c t i v e l y ,   from  the  t e m p e r a t u r e   sensors  to  271  in  t h e i r  

a s s o c i a t e d   combustion  zones.  Any  change  in  the  t empera tu re s   in  

t h e i r   a s s o c i a t e d   zone  from  the  de s i r ed   t empera ture   will  cause  t h e  

c o n t r o l l e r s   315  and  317  to  a l t e r   the  a i r f low  from  a i r   supply  l i n e  

319  into  the  secondary  and  t e r t i a r y   zones  in  the  manner  i l l u s t r a t e d  

In  Figure  2 .  

Figure  9  i l l u s t r a t e s ,   in  g r e a t e r   d e t a i l ,   the  c i r c u i t   f o r  

c o n t r o l l i n g   the  flow  of  fuel  Into  the  combustor  115.  The  mass  o f  

each  fuel  batch  or  charge  is  supp l i ed   to  the  m u l t i p l i e r   309  where 

it  is  m u l t i p l i e d   by  the  change  in  auger  r o t a t i o n   rate  Waug.  The 

output   of  the  m u l t i p l i e r   309  is  the  change  in  fuel  feed  mf  which 

must  be  accommodated  by  the  u n d e r f i r e   a i r   control   s y s t e m .  

Figure  9  i l l u s t r a t e s ,   in  g r e a t e r   d e t a i l ,   the  u n d e r f i r e   a i r  

cont ro l   system.  The  c o n t r o l l e r s   301,  303,  and  305  are  i n i t i a l l y  

se t   with  a  cons t an t   i n d i c a t i n g   the  a i r   d i s t r i b u t i o n   into  the  p r i -  

mary,  secondary ,   and  t e r t i a r y   zones.  The  c o n t r o l l e r s   301,  303,  

and  305  each  rece ive ,   as  an  input ,   the  change  in  fuel  flow  t h r o u g h  

the  combustion  chamber  and  each  gene ra t e   output   s i gna l s   to  a d j u s t  

acco rd ing ly   the  a i r f low  into  the  p r imary ,   secondary ,   and  t e r t i a r y  

zones.  As  an  example,  the  output   of  c o n t r o l l e r   301  Is  a  s i g n a l  

co r re spond ing   to  the  new  a i r f low  into  the  primary  zone  of  t h e  

combustion  chamber.  This  is  supp l i ed   to  an  adder  321  which  r e c e i v e s  

as  its  o ther   input  the  output   of  flow  t r a n s m i t t e r   323  i n d i c a t i n g  

the  amount  of  air   c u r r e n t l y   f lowing  Into  the  primary  zone  from  t h e  

a i r   supply  line  307.  if  there   is  a  d i f f e r e n c e   between  the  newly 

determined  amount  and  the  c u r r e n t   a i r f low  Into  the  primary  zone  then  



a  signal  r e p r e s e n t i n g   t ha t   d i f f e r e n c e   is  suppl ied   to  valve  c o n t r o l  

c i r c u i t   325  to  open  or  close  a  flow  cont ro l   device  327,  e . g . ,   a  
valve.   The  ou tpu t   of  the  flow  con t ro l   device  327  is  the  a i r   s u p p l i e d  

to  the  primary  zone  (Z1  in  Fig.  6)  through  the  a p p r o p r i a t e   a i r  

condui t   123  (Fig.  6).  If  the  heat  demand  Is  Inc reased ,   then  t h e  

flow  control   device  327  will  cause  a  g r e a t e r   a i r f low  Into  t h e  

primary  zone  of  the  combustion  chamber.  Converse ly ,   If  the  h e a t  

demand  is  dec reased ,   the  output   of  the  adder  321  will  be  a  n e g a t i v e  
d i f f e r e n c e   and  will  cause  valve  con t ro l   c i r c u i t   325  to  cont ro l   t h e  

flow  control   device  327  in  a  manner  to  r e s t r i c t   a i r f low  Into  t h e  

primary  zone  of  the  combustion  chamber.  Figure  10  also  i l l u s t r a t e s  

the  c i r c u i t s   r equ i red   to  con t ro l   a i r f l ow   Into  the  secondary  and 

t e r t i a r y   zones  In  the  combustion  chamber  but  these  will  not  be 

exp la ined   s ince   they  opera te   in  the  same  manner  as  the  c i r c u i t   f o r  

c o n t r o l l i n g   a i r f low  Into  the  primary  z o n e .  

Figure  I  I l l u s t r a t e s   an  embodiment  of  a  c i r c u i t   for  con-  

t r o l l i n g   the  flow  of  o v e r f i r e   a i r   Into  the  primary,   secondary ,   and 

t e r t i a r y   zones.  I n i t i a l l y ,   the  c o n t r o l l e r s   313,  315,  and  317,  a r e  

set   to  values  co r respond ing   to  the  de s i r ed   t empera tu re   in  t h e  

primary,   secondary ,   and  t e r t i a r y   zones,   r e s p e c t i v e l y ,   within  t h e  

combustion  chamber.  The  c o n t r o l l e r   313,  as  exp la ined   above,  r e c e i v e s  

a  s ignal   Tp  co r r e spond ing   to  the  ac tua l   t empera tu re   within  t h e  

primary  zone  and  will  gene ra te   an  a p p r o p r i a t e   output   s ignal   r e p r e -  

s e n t i n g   the  d i f f e r e n c e   between  the  de s i r ed   primary  zone  t e m p e r a t u r e  

and  the  actual   primary  zone  t e m p e r a t u r e .   This  is  supp l i ed   to  t h e  

adder  c i r c u i t   329  which  r ece ives   as  ano ther   input  a  s ignal   c o r r e -  

sponding  to  the  c u r r e n t   flow  of  o v e r f i r e   air   into  the  primary  zone .  

The  d i f f e r e n c e   between  the  two  s i g n a l s   is  determined  and  p a s s e d  

to  valve  cont ro l   c i r c u i t   333  which  a p p r o p r i a t e l y   opens  or  c l o s e s  

the  flow  con t ro l   device,   such  as  a  valve  335,  to  e i t h e r   i nc rease   o r  

to  decrease  the  t empera tu re   within  the  primary  zone.  This  w i l l  

cause  a  change  in  the  t empera tu re   in  the  primary  zone  which  will   be 

supp l ied   to  the  c o n t r o l l e r   313.  When  the  proper  t empera tu re   h a s  

been  reached  In  the  primary  zone,  then  the  adding  c i r c u i t   329  w i l l  

no  longer  s igna l   the  valve  cont ro l   c i r c u i t   333  to  a d j u s t   the  f low 

contro l   device  335. 

The  s t a r v e d - a i r   combustor  f u r t h e r   includes  means  ( s e e  

Figure  6)  for  c o n t r o l l i n g   the  e x h a u s t i n g   of  the  evolved  gases  from 

the  combustion  chamber  to  exhaus t   s e l e c t i v e l y   the  evolved  g a s e s  



e n t i r e l y   through  the  condu i t   409  or  p r o p o r t i o n a l l y   through  the  c o n d u i t  

401  and  the  condui t   409.  As  embodied  he re in ,   the  c o n t r o l l i n g   means 

comprises  a  m a n u a l l y - p o s i t i o n a b l e   damper 403  located  at  the  I n t e r -  

s e c t i o n   of  the  condui t   401  and  the  duct  119  and  having  a  l e n g t h  
s u f f i c i e n t   to  seal  comple te ly   the  i n t e r s e c t i o n   of  the  condui t   401 

and  the  duct  119  when  the  damper  403  Is  p o s i t i o n e d   in  a  v e r t i c a l  

p o s i t i o n   and  to  r e s t r i c t   p a r t i a l l y   the  commlcation  of  condui t   409 

with  the  duct  119  when  the  damper  is  ro ta ted   in  the  h o r i z o n t a l   p o s i -  
t ion .   As  i l l u s t r a t e d   in  Figure  6,  the  damper  has  been  p o s i t i o n e d  

to  permit   exhaus t ion   of  the  gases  through  both  the  condui t   401  and 

the  condui t   409  to  enable   the  s e l e c t i v e   balancing  of  c o - c u r r e n t   and 

c o u n t e r c u r r e n t   flow  of  combust ion  gases  in  the  combustion  chamber 

115. 

Figure  6A  i l l u s t r a t e s   an  a l t e r n a t e   embodiment  of  the  f i r s t  

and  second  exhaus t ing   means  and  the  c o n t r o l l i n g   means.  As  i l l u s t r a t e d  

in  Figure  6A,  the  f i r s t   means  and  the  second  means  comprise  f i r s t   and 

second  condui t s   411  and  413,  r e s p e c t i v e l y ,   which  i n t e r s e c t   at  t h e  

l oca t ion   of  the  damper  415.  The  damper  is  s e l e c t i v e l y   p o s i t i o n a b l e  

to  cont ro l   the  flow  of  exhaus t   gases  through  the  condui t   411  or  t h e  

condui t   413  into  the  exhaus t   gas  c o l l e c t o r   or  duct  119.  As  was  t h e  

case  with  the  embodiment  i l l u s t r a t e d   in  Figure  6,  the  o v e r f i r e   a i r  

and  u n d e r f i r e   a i r   supp l i ed   to  the  combustion  chamber  t o g e t h e r   with  t h e  

d r a f t   of  the  fan  143  (Fig.  I)  causes  an  inheren t   flow  of  combus t ion  

gases  from  the  combusting  fuel  in  the  fuel  bed  253  out  of  the  com- 

bus t ion   chamber  115. 

The  i n s t a n t   s t a r v e d - a i r   combustor  f u r t h e r   comprises  means 

for  r e c e i v i n g   the  hot,  combustion  gases  from  the  combustion  chamber 

and  for  f u r t h e r   combusting  any  combust ib le   mater ia l   e n t r a i n e d   in  t h e  

combustion  gases  to  produce  hot,  non-combus t ib le   gases .   As  embodied 

here in ,   t h i s   r ece iv ing   and  combusting  means  comprises  a f t e r b u r n e r   129 

(Figure   1)  connected  to  the  o u t l e t   end  117  of  the  combustion  chamber 

115  by  means  of  duct  119.  The  i n s t a n t   exhaust   gas  r ecyc le   device  i s  

operab le   with  many  d i f f e r e n t   types  of  a f t e r b u r n e r s .  

The  output  of  the  a f t e r b u r n e r   129  is  a  gas  having  a  t e m p e r a -  

ture  between  1500-2000°F.  This  gas  is  supp l i ed ,   as  p r e v i o u s l y   ex -  

p l a ined ,   to  s u p e r h e a t e r   137  but,  as  contemplated  in  the  i n s t a n t  

i nven t ion ,   a  por t ion   of  t h i s   gas  Is  also  suppl ied   to  a  means  f o r  

s e l e c t i v e l y   mixing  the  gas  with  s e l e c t e d   amounts  of  a i r   to  heat  t h e  

a i r   and  for  supplying  the  mixture   to  the  unde r f i r e   a i r   I n l e t   123  o f  



plenum  255  for  i n j e c t i o n   into  the  combustion  chamber  through  t h e  

i n j e c t o r s   259  embedded  the  layer   of  r e f r a c t o r y   mater ia l   257. 

This  mixing  and  s u p p l y i n g   means  Is  i l l u s t r a t e d   in  F i g u r e s  

12  and  13  and,  as  embodied  h e r e i n ,   comprises   a  mixing  chamber  h a v i n g  

a  c e n t r a l   i n l e t   521  for  r e c e i v i n g   the  hot  gases  from  the  d i s c h a r g e  

of  the  a f t e r b u r n e r   129.  Surrounding  the  I n l e t   521  are  radia l   vanes  

523  r o t a t a b l e   around  axes  525  to  permit   s e l e c t e d   amounts  of  a i r  

to  e n t e r   the  mixing  chamber.  As  shown  In  Figure  12,  the  vanes  523 

are  in  t h e i r   fu l ly   closed  p o s i t i o n   and,  t h e r e f o r e ,   would  not  p e r m i t  

the  en t ry   of  a i r   into  the  mixing  chamber .  

Surrounding  the  ends  of  the  radial   vanes  523  is  a  r i n g  

a c t u a t o r   527  c o n c e n t r i c a l l y   r o t a t a b l e   about  the  i n l e t   521.  R o t a t i o n  

of  the  ring  a c t u a t o r   527  c o n t r o l s   the  opening  and  c los ing   of  t h e  

rad ia l   vanes  523  by  a p p r o p r i a t e   l inks  528  which  cause  the  vanes  523 

to  r o t a t e   upon  ro tary   d i sp lacement   of  the  a c t u a t o r   527  to  cont ro l   t h e  

entry  of  a i r   into  the  mixing  chamber.  The  mixing  chamber  f u r t h e r  

inc ludes   an  o u t l e t   530  for  d i s c h a r g i n g   the  mixed  combustion  g a s e s  

rece ived   through  i n l e t   521  and  a i r   r ece ived   through  the  o p e n i n g s  

through  the  vanes  523.  A  fan  529  p rov ides   the  a p p r o p r i a t e   n e g a t i v e  

p r e s s u r e   to  pull  a i r   into  the  mixing  chamber.  The  In l e t   123  i n t o  

the  f i r s t   plenum  255  is  connected  to  the  ou tput   s ide  of  fan  529  such  

tha t   the  mixture   of  air   and  combustion  gases  is  suppl ied   to  t h e  

plenum  255.  

Figure  13  is  a  s ide  view  of  the  mixing  chamber  b roken-away 

along  l ine  532.  The  side  view  of  the  vanes  523  i l l u s t r a t e s   them  in  a 

p a r t i a l l y   open  p o s i t i o n   to  permit   a i r   to  en te r   the  mixing  chamber  531.  

A  f ixed  se t   of  radial   vanes  533  is  provided  within  the  mixing  chamber  

531  to  r e v e r s e   the  flow  of  the  a i r   and  combustion  gas  in  the  chamber 

531  to  insure   a  complete  mixture   of  the  a i r   and  the  g a s .  

The  s t a r v e d - a i r   combustor  f u r t h e r   inc ludes   means  f o r  

sens ing   the  t empera tu re   of  the  mixture  of  a i r   and  non-combus t ib le   gas  

and  for  c o n t r o l l i n g   the  amount  of  a i r   mixed  with  the  n o n - c o m b u s t i b l e  

gas  to  main ta in   a  p r e s e l e c t e d   t e m p e r a t u r e   range  for  the  mixture .   As 

embodied  h e r e i n ,   the  sensing  and  c o n t r o l l i n g   means  comprises  a 

sensor   un i t   535,  for  example,  a  t he rmacoup le ,   connected  to  t e m p e r a -  

ture  con t ro l   c i r c u i t   537.  The  t empera tu re   sensor   535  produces  an 

output   s igna l   having  a  magnitude  r e f l e c t i n g   the  t empera tu re   of  t h e  

gas  exhaus ted   from  the  o u t l e t   530  of  the  mixing  chamber  531.  If  t h e  

magnitude  of  the  ou tput   s ignal   is  within  the  range  of  magn i tudes  



c o r r e s p o n d i n g   to  a  range  of  a c c e p t a b l e   t empera tu re s   for  the  mixture  o f  

a i r   and  gas,  then  t empera ture   cont ro l   c i r c u i t   537  will  permit  t h e  

s t a t u s   of  the  mixing  chamber  531  to  remain  unchanged.  If,  however ,  

the  magnitude  of  the  output   signal  of  t empera tu re   sensor   535  i n d i -  

ca tes   t h a t   the  t empera tu re   of  the  mixture  d i scharged   through  o u t l e t  

530  is  not  within  the  p r e s e l e c t e d   range,  t empera tu re   control   c i r c u i t  

537  s u p p l i e s   an  a p p r o p r i a t e   o u t l e t   s igna l   to  ring  a c t u a t o r   c o n t r o l  

539  to  con t ro l   the  r o t a t i o n   of  ring  a c t u a t o r   527  to  e i t h e r   f u r t h e r  

open  or  f u r t h e r   close  the  vanes  523.  If  the  t empera tu re   of  t h e  

d i scha rged   mixture  is  too  low,  then  too  much  a i r   is  e n t e r i n g   t h e  

mixing  chamber  531  and  the  ring  a c t u a t o r   control   will  cause  the  r i n g  

a c t u a t o r   527  to  ro ta te   in  the  d i r e c t i o n   to  cause  the  vanes  523  t o  

c lose   and  permit   less  a i r   to  en te r   the  mixing  chamber  531.  I f ,  

however,  the  t empera tu re   of  the  mixture  d i scharged   through  o u t l e t  

530  is  too  high,  as  sensed  by  t e m p e r a t u r e   sensor   535,  then  t h e  

ring  a c t u a t o r   control   539  will  cause  the  ring  a c t u a t o r   527  t o  

r o t a t e   in  the  d i r e c t i o n   to  open  the  vanes  523  of  the  mixing  chamber 

531.  If  the  t empera ture   of  the  d i s cha rged   mixture  exceeds  a  c e r t a i n  

boundary  t e m p e r a t u r e ,   then  t e m p e r a t u r e   control   c i r c u i t   537  w i l l  

signal  gas  cont ro l   541  to  ro t a t e   valve  543  wi thin   the  gas  In l e t   521 

to  block  the  ent ry   of  gas  into  the  mixing  chamber  531. 

In  summary,  the  i n s t a n t   combustion  gas  recycle   a p p a r a t u s  

rece ives   hot  gases  (1500-2400°F)  from  the  a f t e r b u r n e r   in  the  s t a r v e d -  

a i r   combustor   system  of  the  i n s t a n t   i nven t ion .   The  top  of  the  mixing 

chamber  531  has  a u t o m a t i c a l l y   c o n t r o l l e d   radial   vanes  523  which  open 
and  c lose  to  modulate  the  amount  of  a i r   drawn  into  the  mixing  chamber 

531  to  main ta in   a  p rese t   mixed  gas  t e m p e r a t u r e   upon  d i scha rge   from 

o u t l e t   530  of  the  mixing  chamber  531.  The  o r i e n t a t i o n   of  the  vanes  

523  is  such  as  to  impact  a  s t rong  swirl  to  the  a i r   as  it  en te r s   t h e  

box  whereby  the  combustion  gas  and  the  a i r   mix  by  s h e e r - g e n e r a t e d  

t u r b u l e n c e   with  the  Inner  core  of  a i r   being  h o t t e r   and  the  a r e a s  

su r round ing   the  walls  of  the  mixing  chamber  531  being  coo le r .   With 

t h i s   flow  p a t t e r n ,   a  r e f r a c t o r y   l in ing  of  the  mixing  chamber  is  n o t  

r equ i red   a l though  such  a  r e f r a c t o r y   l i n i n g  c o u l d   be  provided.   A 

p l u r a l i t y   of  f ixed,   radial  vanes  533  wi thin   the  mixing  chamber  531 

reve r ses   the  d i r e c t i o n   of  flow  to  f u r t h e r   enhance  mixing.  The 

mixed  gas  and  a i r   ex i t s   through  o u t l e t   530  of  the  mixing  chamber  531. 

From  o u t l e t   123,  the  mixture  is  suppl ied   as  u n d e r f i r e   a i r  

to  the  f i r s t   plenum  255  of  the  combustion  chamber  115  to  be  i n j e c t e d  



into  the  fuel  duct  connected  to  plenum  255  to  heat  and  to  dry  the  f u e l  

In  the  bed  253  as  an  aid  to  c o m b u s t i o n .  



I.  A  s t a r v e d - a i r   combustor  system  for  producing  a  v a r i a b l e  

q u a n t i t y   of  heat  respons ive   to  a  demand  for  sa id   heat ,   said  combus to r  

system  compr is ing :   a  combustion  chamber  having  an  i n l e t   end  f o r  

r e c e i v i n g   said  fue l ,   said  combustion  chamber  for  combusting  s a i d  

fuel  to  produce  a  q u a n t i t y   of  heat  r e l a t e d   to  the  rate  of  combus t i on ;  

means  for  conveying  said  fuel  through  said  combustion  chamber  at  a 
v a r i a b l e   ra te ;   means  for  supplying  a  v a r i a b l e   q u a n t i t y   of  a i r   to  s a i d  

combustion  chamber;  and  means  for  c o n t r o l l i n g   the  rate  of  said  con-  

veying  means  and  the  q u a n t i t y   of  fuel  suppl ied   by  said  supplying  means 

to  i nc rease   the  q u a n t i t y   of  heat  produced  by  said  system  r e s p o n s i v e  

to  an  inc rease   in  said  heat   demand  and  to  dec rease   the  quan t i ty   o f  

heat  produced  by  said  system  responsive   to  a  decrease   In  said  h e a t  

demand. 

2.  A  s t a r v e d - a i r   combustor  system  accord ing   to  Claim  I, 

inc lud ing   means  for  feeding  s e l e c t a b l e   weights  of  fuel  into  s a i d  

i n l e t   end  of  said  conveyor  In  a  batch  mode. 

3.  A  s t a r v e d - a i r   combustor  system  accord ing   to  Claim  2 ,  

wherein  said  combustor  chamber  is  c y l i n d r i c a l   and  includes   an  o u t l e t  

end  for  d i s c h a r g i n g   combustion  residue  produced  by  said  combus t ion  

and  wherein  said  conveying  means  comprises:   a  r o t a t a b l e   screw  con-  

veyor  in  said  combustion  chamber  for  conveying  said  cons tan t   w e i g h t  

batches  of  fuel  from  said  in le t   end  of  said  combustion  chamber  t o  

said  o u t l e t   end  of  said  combustion  chamber  and  for  conveying  s a i d  

combustion  res idue   toward  said  o u t l e t   end  of  said  combustion  chamber;  

and  means  for  r o t a t i n g   said  r o t a t a b l e   screw  conveyor  at  a  v a r i a b l e  

rate  d i r e c t l y   p r o p o r t i o n a l   to  said  heat  demand  to  control   the  flow 

of  said  fuel  through  said  combustion  chamber.  

4.  A  s t a r v e d - a i r   combustor  system  accord ing   to  Claim  1,  2 

or  3,  wherein  said  combustion  chamber  has  an  o u t l e t   end  for  d i s c h a r g i n g  

said  hot  combustion  gases ,   said  combustion  chamber  being  divided  I n t o  

a  p l u r a l i t y   of  combustion  zones  s e r i a l l y   spaced  from  said  i n l e t   end  t o  

said  o u t l e t   end,  and  a  p l u r a l i t y   of  a i r   supply  means  s i n g u l a r l y   a s s o c i a -  

ted  with  each  of  said  combustion  zones  for  i ndependen t ly   supplying  t o  

said  a s s o c i a t e d   combustion  zone  a  v a r i a b l e   a i r f l o w .  

5.  A  s t a r v e d - a i r   combustor  system  accord ing   to  Claim  4 ,  

wherein  said  a i r   supply ing   means  comprises  at  l eas t   one  o v e r f i r e   a i r  

i n j e c t o r   a s s o c i a t e d   with  at  l eas t   one  of  said  p l u r a l i t y   of  zones  f o r  

i n j e c t i n g   a i r   above  the  fuel  in  said  a s s o c i a t e d   combustion  chamber  zone ,  



a  t e m p e r a t u r e   sensor   a s s o c i a t e d   with  said  at  l eas t   one  of  said  com- 

bus t ion   chamber  zones  for  de te rmin ing   the  t empera tu re   in  s a i d  

a s s o c i a t e d   combustion  chamber  zone,  and  an  o v e r f i r e   a i r   c o n t r o l l e r  

for  con t ro l  l i ng   the  q u a n t i t y   of  a i r   in jec ted   into  said  at  l eas t   one  

of  said  combustor  zones  by  said  at  least   one  o v e r f i r e   a i r   i n j e c t o r  

in  response  to  the  t e m p e r a t u r e   in  said  a s s o c i a t e d   zone  as  d e t e r m i n e d  

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

6.  A  s t a r v e d - a i r   combustor  system  according   to  Claim  4  o r  

5,  wherein  said  a i r   supply  means  includes  at  l e a s t   one  u n d e r f i r e   a i r  

i n j e c t o r   a s s o c i a t e d   with  at  l eas t   one  of  said  combustion  chamber  zones  

for  i n j e c t i n g   a i r   into  said  a s s o c i a t e d   zone  beneath  said  fuel  in  s a i d  

a s s o c i a t e d   zone,  and  an  u n d e r f i r e   a i r   c o n t r o l l e r   for  c o n t r o l l i n g   t h e  

q u a n t i t y   of  a i r   i n j e c t e d   into  said  l a s t -men t ioned   at  l eas t   one  o f  

sa id   zones  by  said  at  l e a s t   one  u n d e r f i r e   a i r   i n j e c t o r   In  d i r e c t  

p r o p o r t i o n   to  said  flow  of  fuel  through  s a i d  c o n b u s t i o n   chamber .  

7.  A  s t a r v e d - a i r   combustor  system  accord ing   to  Claim  5  o r  

6  wherein  sa id   at  l eas t   one  o v e r f i r e   air   i n j e c t o r   comprises   a  se t   o f  

o v e r f i r e   a i r   i n j e c t o r s   a s s o c i a t e d   with  each  of  said  combustor  chamber 

zones  and  sa id   o v e r f i r e   a i r   c o n t r o l l e r   con t ro l s   the  q u a n t i t y   of  a i r  

i n j e c t e d   Into  each  of  said  combustor  zones  by  said  se t   of  o v e r f i r e  

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

8.  A  s t a r v e d - a i r   combustor  system  according   to  Claims  5 ,  

6  or  7,  wherein  said  at  l e a s t   one  under f i r e   a i r   i n j e c t o r   c o m p r i s e s  

a  s e t   of  u n d e r f i r e   a i r   i n j e c t o r s   a s s o c i a t e d   with  each  of  said  combus- 

t o r   chamber  zones  and  said  u n d e r f i r e   a i r   c o n t r o l l e r   c o n t r o l s   t h e  

q u a n t i t y   of  a i r   i n j e c t e d   into  each  of  said  combustor  zones  by  s a i d  

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

9.  A  s t a r v e d - a i r   combustor  comprising:   a  c y l i n d r i c a l  

combust ion  chamber  having  an  i n l e t   end  for  r ece iv ing   fuel  and  an 

o u t l e t   end  for  d i s c h a r g i n g   combustion  gases  and  combustion  r e s i d u e ,  

sa id   combustion  chamber  for  combusting  said  received  fuel  to  p r o -  

duce  said  combustion  gases  and  said  combustion  r e s i d u e ;   a  r o t a t a b l e  

screw  conveyor  in  said  combustion  chamber  for  conveying  said  f u e l  

from  said  i n l e t   end  toward  said  o u t l e t   end,  said  screw  c o n v e y o r  

compr is ing   a  c y l i n d r i c a l   axle  ex tend ing   along  the  length  of  s a i d  

chamber  and  a  sp i r a l   f l i g h t   c o n c e n t r i c a l l y   connected  to  sa id   a x l e ,  

sa id   s p i r a l   f l i g h t   and  said  c y l i n d r i c a l   axie  de f in ing   In  s a i d  

combust ion  chamber  a  p l u r a l i t y   of  spaces  around  said  c y l i n d r i c a l  

axle ,   a  f i r s t   of  sa id   spaces  located  beneath  said  i n l e t   end  of  s a i d  



c y l i n d r i c a l   combustion  chamber;  and  means  for  s e l e c t i v e l y   f e e d i n g  

prede te rmined   weights   of  said  fuel  into  said  f i r s t   space  through  s a i d  

In l e t   end .  

10.  A  s t a r v e d - a i r   combustor  accord ing   to  Claim  9,  i n c l u d i n g  

means  for  sens ing  the  o r i e n t a t i o n   of  said  screw  conveyor  In  s a i d  

c y l i n d r i c a l   combustion  chamber  and  wherein  said  feeding  of  said  fue l  

into  said  f i r s t   space  Is  r espons ive   t o  t h e   r o t a t i o n   of  said  s c rew 

conveyor  into  a  p rede te rmined   o r i e n t a t i o n   In  said  combustion  chamber.  

11.  A  s t a r v e d - a i r   combustor  compr is ing:   a  combus t ion  

chamber  having  an  i n l e t   end  for  r e c e i v i n g   fuel ,   said  combus t ion  

chamber  for  combusting  said  rece ived   fuel  to  produce  hot,  combus t ion  

gases  and  combustion  res idue ,   said  combustion  chamber  Including  an 

o u t l e t   end  for  d i s c h a r g i n g   said  combustion  res idue ;   means  for  con-  

veying  said  fuel  through  said  combustion  chamber  from  said  i n l e t   end 

toward  said  o u t l e t   end;  f i r s t   means  communicating  with  said  com- 

bust ion  chamber  proximate  said  i n l e t   end  of  said  combustion  chamber 

for  exhaus t ing   sa id   hot,  combustion  gases  from  said  combus t ion  

chamber;  second  means  communicating  with  said  combustion  chamber 

proximate  said  o u t l e t   end  of  said  combustion  chamber  for  e x h a u s t i n g  
said  hot,  combustion  gases  from  said  combustion  chamber;  and  means 

for  c o n t r o l i i n g   the  exhaus t ing   of  said  combustion  gases  from  s a i d  

combustion  chamber  to  exhaust   s e l e c t i v e l y   said  evolved  gases  e n t i r e l y  

through  said  seocnd  means  or  p r o p o r t i o n a t e l y   through  said  f i r s t   means 

and  said  second  means.  

12.  A  s t a r v e d - a i r   combustor  compr is ing:   a  combus t ion  

chamber  having  an  i n l e t   end  for  r e c e i v i n g   fue l ,   said  combus t ion  

chamber  for  combusting  said  received  fuel  to  produce  hot  combus t ion  

gases  and  a  combustion  r es idue ,   said  combustion  chamber  f u r t h e r   i n -  

cluding  an  o u t l e t   end  for  d i s cha rg ing   said  combustion  gases;  means 

in  said  combustion  chamber  for  conveying  rece ived   fuel  from  s a i d  

in l e t   end  towards  said  o u t l e t   end;  a  plenum  ad jacen t   to  s a i d  

combustion  chamber  and  communicating  with  said  chamber  t h r o u g h  

at  leas t   one  a p e r t u r e   located  beneath  said  fuel  in  said  combus t ion  

chamber;  means  for  r ece iv ing   said  hot,   combustion  gases  from  s a i d  

combustion  chamber  and  for  f u r t h e r   combusting  any  c o m b u s t i b l e  

mater ia l   e n t r a i n e d   In  said  combustion  gases  to  produce  a  hot,  non-  

combust ib le   gas;  means  for  s e l e c t i v e l y   mixing  a  por t ion   of  s a i d  

non-combus t ib le   gas  with  s e l ec t ed   amounts  of  a i r   to  heat  said  a i r  

and  for  supplying  said  mixture  to  said  plenum  for  i n j e c t i o n   i n t o  



said  combustion  chamber  through  said  at  l eas t   one  aper tu re   to  h e a t  

and  to  dry  said  fuel  in  sa id   chamber;  and  means  for  sensing  t h e  

t e m p e r a t u r e   of  said  mixture   of  a i r   and  non-combus t ib l e   gases  and 

for   c o n t r o l l i n g   the  amount  of  a i r   mixed  with  sa id   n o n - c o m b u s t i b l e  

gas  to  maintain   a  p r e s e l e c t e d   t e m p e r a t u r e   range  for  said  m i x t u r e .  
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