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©  Furnace  temperature  control  method  for  a  fluidized  bed  combustion  system. 

©  A  fluidized  bed  combustion  method  in  which 
a  recycle  heat  exchanger  is  located  adjacent  the 
furnace  of  the  combustion  system.  A  mixture  of 
flue  gases  and  entrained  particulate  materials 
from  a  fluidized  bed  in  the  furnace  are  sepa- 
rated  and  the  flue  gases  are  passed  to  a  heat 
recovery  section  and  the  separated  particulate 
material  are  passed  back  to  the  furnace.  The 
walls  of  the  furnace  are  formed  by  water  tubes, 
and  refractory  metal  material  is  placed  adjacent 
the  walls  to  control  the  heat  absorption  by  the 
water  passing  through  the  tubes.  The  amount  of 
refractory  is  selected  in  accordance  with  the 
desired  operating  temperature  of  the  furnace. 
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This  invention  relates  to  a  fluidized  bed  combus- 
tion  system  and  method  and,  more  particularly,  to  a 
method  for  controlling  the  temperature  in  the  furnace 
section  of  the  system. 

Fluidized  bed  combustion  systems  are  well  5 
known.  In  these  arrangements,  air  is  passed  through 
a  bed  of  particulate  material,  including  a  fossil  fuel 
such  as  coal  and  an  adsorbent  for  the  sulfur  gener- 
ated  as  a  result  of  combustion  of  the  coal,  to  fluidize 
the  bed  and  to  promote  the  combustion  of  the  fuel  at  10 
a  relatively  low  temperature.  Water  is  passed  in  a  heat 
exchange  relationship  to  the  fluidized  bed  to  generate 
steam.  The  combustion  system  includes  a  separator 
which  separates  the  entrained  particulate  solids  from 
the  gases  from  the  fluidized  bed  in  the  furnace  section  15 
and  recycles  them  back-into  the  bed.  This  results  in 
an  attractive  combination  of  high  combustion  effi- 
ciency,  high  sulfur  adsorption,  low  nitrogen  oxides 
emissions  and  fuel  flexibility. 

The  most  typical  fluidized  bed  utilized  in  the  fur-  20 
nace  section  of  these  type  systems  is  commonly  refer- 
red  to  as  a  "bubbling"  fluidized  bed  in  which  the  bed 
of  particulate  material  has  a  relatively  high  density 
and  a  well-defined,  or  discrete,  upper  surface.  Other 
types  of  fluidized  beds  utilize  a  "circulating"  fluidized  25 
bed.  According  to  this  technique,  the  fluidized  bed 
density  may  be  below  that  of  a  typical  bubbling 
fluidized  bed,  the  air  velocity  is  equal  to  or  greater 
than  that  of  a  bubbling  bed,  and  the  flue  gases  pas- 
sing  through  the  bed  entrain  a  substantial  amount  of  30 
the  fine  particulate  solids  to  the  extent  that  they  are 
substantially  saturated  therewith. 

Circulating  fluidized  beds  are  characterized  by 
relatively  high  solids  recycling  which  makes  them 
insensitive  to  fuel  heat  release  patterns,  thus  minimi-  35 
zing  temperature  variations,  and  therefore,  stabilizing 
the  emissions  at  a  low  level.  The  high  solids  recycling 
improves  the  efficiency  of  the  mechanical  device  used 
to  separate  the  gas  from  the  solids  for  solids  recycle, 
and  the  resulting  increase  in  sulfur  adsorbent  and  fuel  40 
residence  times  reduces  the  adsorbent  and  fuel  con- 
sumption.  In  some  of  these  arrangements  a  recycle 
heat  exchanger  is  located  between  the  solids 
separator  and  the  furnace  section  for  cooling  the  sol- 
ids  before  they  are  recycled  back  to  the  furnace  sec-  45 
tion. 

The  heat  transfer,  and  therefore  the  temperature, 
in  the  furnace  section  is  dependent  on  the  solids  load- 
ing  pattern  along  the  entire  furnace  height  and  the 
furnance  is  usually  conservatively  sized  from  a  ther-  50 
mal  standpoint  to  achieve  better  combustion  and  sul- 
fur  reduction.  The  solids  loading  is,  in  turn,  a  function 
of  several  parameters  such  as  ash  and  sulfur  content 
in  the  fuel,  fuel  and  sorbent  (limestone)  size  distribu- 
tion,  furnace  gas  velocities,  combustion  air  flow  dis-  55 
tribution,  cyclone  efficiency  and  furnace 
configuration.  As  a  result,  it  is  not  always  possible  to 
accurately  predict  the  heat  transfer  rate  and  therefore 

the  furnace  temperature.  This  is  undesirable  since  in 
order  to  ensure  optimum  sulfur  capture  the  furnace 
temperature  should  be  within  a  fairly  narrow  range 
which  typically  is  1  500-1  640°F.  When  the  furnace 
temperature  is  outside  this  range  the  sulphur  capture 
efficiency  plummets  resulting  in  high  sulfur  sorbent 
consumption.  Also,  fuel  burnup  efficiency  is  affected 
at  low  furnace  temperatures. 

Although  the  furnace  absorption  and  temperature 
can  be  varied  by  varying  the  external  heat  exchanger 
duty,  the  flue  gas  recirculation,  the  amount  of  spray 
water,  or  the  amount  of  sand  feed,  these  techniques 
are  expensive  and  less  desirable  from  an  operational 
standpoint. 

It  is  therefore  an  object  of  the  present  invention  to 
provide  a  fluidized  bed  combustion  system  and 
method  which  the  furnace  temperature  and  duty  can 
be  regulated  in  a  precise,  efficient  and  relative 
inexpensive  manner. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  a  system  and  method  of  the  above  type  in  which 
optimum  furnace  absorption  can  be  achieved. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  a  system  and  method  of  the  above  type  in  which 
furnace  absorption  can  be  adjusted  in  order  to  ensure 
that  the  furnace  operates  at  optimum  temperature. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  a  system  and  method  of  the  above  type  in  which 
optimum  furnace  temperature  can  be  achieved  with- 
out  the  need  for  varying  the  external  heat  exchange 
duty,  the  flue  gas  recirculation,  the  amount  of  spray 
water,  or  the  amount  of  sand  feed. 

Toward  the  fulfillment  of  these  and  other  objects, 
according  to  the  system  and  method  of  the  present 
invention  the  furnace  absorption,  and  therefore  the 
furnace  temperature,  is  optimized  by  optimizing  the 
size  of  the  refractory  material  above  the  air  grid  and 
in  the  reaction  zone  of  the  furnace. 

The  above  brief  description,  as  well  as  further 
objects,  features  and  advantages  of  the  present 
invention  will  be  more  fully  appreciated  by  reference 
to  the  following  detailed  description  of  the  presently 
preferred  but  nonetheless  illustrative  embodiments  in 
accordance  with  the  present  invention  when  taken  in 
conjunction  with  the  accompanying  drawing  wherein: 

Fig.  1  is  a  schematic  representation  depicting  the 
system  of  the  present  invention; 
Fig.  2  is  an  enlarged,  partial,  longitudinal  sec- 
tional  view  of  the  lower  portion  of  the  furnace  sec- 
tion  of  the  system  of  Fig.  1  . 
Fig.  3  is  a  cross-sectional  view  taken  along  the 
line  3-3  of  Fig.  2;  and 
Figs.  4  and  5  are  views  similar  to  Fig.  2  but  show- 
ing  different  arrangements  of  the  refractory  insu- 
lation  for  the  furnace  section. 
Referring  specifically  to  Fig.  1  of  the  drawings,  the 

reference  numeral  10  refers,  in  general,  to  the 
fluidized  bed  combustion  system  of  the  present  inven- 
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tion  which  includes  a  furnace  section  12,  a  separating 
section  14,  and  a  heat  recovery  area  16.  The  furnace 
section  12  includes  an  upright  enclosure  1  8  and  an  air 
plenum  20  disposed  at  the  lower  end  portion  of  the 
enclosure  for  receiving  airfrom  an  external  source.  An 
air  distributor,  or  grate,  22  is  provided  at  the  interface 
between  the  lower  end  of  the  enclosure  18  and  the  air 
plenum  20  for  allowing  the  pressurized  air  from  the 
plenum  to  pass  upwardly  through  the  enclosure  18. 
An  air  inlet  24  extends  through  a  wall  of  the  enclosure 
for  introducing  secondary  air  into  a  reaction  zone 
located  just  above  the  air  distributor  22. 

It  is  understood  that  particulate  material  is  sup- 
ported  on  the  air  distributor  22  and  the  one  or  more 
inlets  (not  shown)  are  provided  through  the  walls  of 
the  enclosure  18  for  introducing  the  particulate  ma- 
terial  into  the  bed.  The  airfrom  the  plenum  20  fluidizes 
the  particulate  material  in  the  enclosure  and  a  drain 
pipe  (not  shown)  registers  with  an  opening  in  the  air 
distributor  22  and/or  walls  of  the  enclosure  1  8  for  dis- 
charging  spent  particulate  material  from  the  bed 
enclosure.  The  particulate  material  can  include  coal 
and  relatively  fine  particles  of  an  adsorbent  material, 
such  as  limestone,  for  adsorbing  the  sulfur  generated 
during  the  combustion  of  the  coal,  in  a  known  manner. 

It  is  understood  that  the  walls  of  the  enclosure  18 
include  a  plurality  of  water  tubes  disposed  in  a  verti- 
cally  extending  relationship  and  that  flow  circuitry, 
including  a  steam  drum  26  and  downcomer28,  is  pro- 
vided  to  pass  water  through  the  tubes  to  convert  the 
water  to  steam.  It  is  understood  that  headers  are  pro- 
vided  at  the  ends  of  the  walls  of  the  enclosure  1  8a  at 
other  appropriate  locations  to  form  a  fluid  flow  circuit. 

The  separating  section  14  includes  one  or  more 
cyclone  separators  30  provided  adjacent  the  enclos- 
ure  18  and  connected  thereto  by  a  dust  32  extending 
between  openings  formed  in  the  upper  portion  of  the 
rear  wall  of  the  enclosure  18  and  the  separator  30, 
separately.  The  separator  30  receives  the  flue  gases 
and  entrained  particulate  material  from  the  enclosure 
18  and  operates  in  a  conventional  manner  to  disen- 
gage  the  particulate  material  from  the  flue  gases  due 
to  the  centrifugal  forces  created  in  the  separator.  The 
separated  flue  gases  pass  from  the  separator  30  via 
an  inner  pipe  34  and  a  duct  36  into  an  opening  formed 
in  the  upper  portion  of  the  heat  recovery  area  16. 

The  heat  recovery  area  16  includes  an  enclosure 
40  which  houses  a  superheater,  a  reheater  and  an 
economizer  (not  shown),  all  of  which  are  formed  by  a 
plurality  of  heat  exchange  tubes  extending  in  the  path 
of  the  gases  that  pass  through  the  enclosure  40.  The 
superheater,  the  reheater  and  the  economizer  all  are 
connected  to  the  above-mentioned  fluid  flow  circuitry, 
including  the  steam  drum  26,  and  receive  heated 
water  or  vapor  for  further  heating.  After  passing 
through  the  heat  recovery  area  and,  the  gases  exit  the 
enclosure  40  through  an  outlet  40a  formed  in  the  rear 
wall  thereof. 

The  separated  solids  from  the  separator  30  pass 
into  a  hopper  42  connected  to  the  lower  end  of  the 
separator  and  then  into  a  dipleg  44  connected  to  the 
outlet  of  the  hopper.  The  dipleg  44  extends  into  a  seal 

5  pot  46  and  a  conduit  48  extends  from  the  seal  pot  to 
the  rear  wall  of  the  enclosure  18.  Separated  particu- 
late  material  from  the  separator  30  thus  passes,  via 
the  dipleg  44,  into  the  seal  pot  46  and  accumulates  in 
the  seal  pot  before  passing,  via  the  conduit  48,  back 

10  into  the  furnace  section  12.  The  seal  pot  46  thus  seals 
against  backflow  of  the  air  and  gas  products  of  com- 
bustion  with  entrained  particulate  material  from  the 
furnace  section  directly  to  the  separator  30. 

Referring  specifically  to  Figs.  2  and  3  which 
15  depict  the  lower  portion  of  the  furnace  section  1  2,  the 

latter  section  is  formed  by  a  front  wall  12a,  a  rear  wall 
12b,  and  two  side  walls  12c  and  12d  (Fig.  3).  Each 
wall  is  formed  by  a  plurality  of  water  wall  tubes  50 
extending  vertically  in  a  spaced,  parallel  relationship 

20  with  adjacent  tubes  being  connected  by  continuous 
fins  52  extending  between  adjacent  tubes.  A  refrac- 
tory  insulating  material  54  extends  immediately  inside 
the  tubes  50  and  fins  52  and  insulates  the  tubes  from 
the  heat  generated  in  the  furnace  section  12.  As 

25  shown  in  Fig.  2  the  height  of  the  refractory  insulating 
material  54  is  such  that  it  extends  just  above  the  upper 
portion  of  the  end  of  the  conduit  48  extending  into  the 
furnace  section  12.  An  opening  54a  is  provided  in  that 
portion  of  the  insulating  refractory  material  54  extend- 

30  ing  adjacent  the  conduit  48  to  allow  the  recycled  sol- 
ids  to  flow  into  the  interior  of  the  furnace  section  12. 

Fig.  4  is  a  view  similar  to  Fig.  2  and  identical  com- 
ponents  are  given  the  same  reference  numerals.  In 
the  embodiment  of  Fig.  4,  a  refractory  insulating  ma- 

35  terial  54'  is  provided  which  extends  higher  than  the 
refractory  insulating  material  54  in  the  embodiment  of 
Figs.  2  and  3.  In  the  embodiment  of  Fig.  4  the  insu- 
lation  of  the  water  wall  tubes  50  from  the  heat  gener- 
ated  in  the  furnace  section  12  is  greater  due  to  the 

40  extended  height  of  the  refractory  insulating  material 
54.  This  attendant  decrease  in  heat  absorption  by  the 
water  passing  through  the  tubes  50  will  decrease  the 
furnace  operating  temperature  when  compared  to  the 
operating  temperature  of  the  furnace  section  12  in 

45  Fig.  2. 
Another  technique  of  decreasing  the  heatabsorp- 

tion  of  the  water  passing  through  the  water  wall  tubes 
50  is  shown  in  Fig.  5  in  which  identical  components 
are  also  given  the  same  reference  numeral.  In  this 

so  embodiment  the  insulating  refractory  material  54  of 
Fig.  2  is  retained  and  another  thickness  or  layer  of 
insulating  refractory  material  54"  is  provided 
immediately  within  the  layer  of  insulating  refractory 
material  54  and  in  abutment  therewith.  This  additional 

55  layer  of  insulating  refractory  material  54"  further  dec- 
reases  the  adsorption  of  the  heat  in  the  furnace  sec- 
tion  by  the  water  passing  through  the  tubes  50. 

Thus  according  to  the  present  invention,  for  a 
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given  design  the  absoprtion  and  therefore  the  operat- 
ing  temperature  of  the  furnace  can  be  precisely  con- 
trolled  by  simply  varying  the  height  or  thickness  of  the 
refractory  insulating  material. 

A  latitude  of  modification,  change  and  substitu-  5 
tion  is  intended  in  the  foregoing  disclosure  and  in 
some  instances  some  features  of  the  invention  will  be 
employed  without  a  corresponding  use  of  other  feat- 
ures.  Accordingly,  it  is  appropriate  that  the  appended 
claims  be  construed  broadly  and  in  a  manner  consis-  10 
tent  with  the  scope  of  the  invention. 

Claims 
15 

1.  A  fluidized  bed  combustion  method  comprising 
the  steps  of  fluidizing  a  bed  of  combustible  ma- 
terial  in  a  furnace  at  least  a  portion  of  which  is  for- 
med  by  water  tubes,  passing  water  through  said 
tubes  to  absorb  heat  from  the  combusted  fuel  and  20 
raise  the  temperature  of  said  water,  discharging 
a  mixture  of  flue  gases  and  entrained  particulate 
material  from  the  fluidized  bed  in  said  furnace, 
separating  said  entrained  particulate  material 
from  said  flue  gases,  passing  said  separated  flue  25 
gases  to  a  heat  recovery  section,  passing  said 
separated  particulate  material  into  the  fluidized 
bed  in  said  furnace,  installing  refractory  material 
around  said  tubes  to  reduce  the  absorption  of 
heat  by  said  water,  and  selecting  the  amount  of  30 
refractory  material  installed  in  accordance  with 
the  desired  operating  temperature  of  said  fur- 
nace. 

2.  The  method  of  claim  1  wherein  the  amount  of  heat  35 
absorbed  by  said  water  is  sufficient  to  convert  the 
water  to  steam. 

3.  The  method  of  claim  1  wherein  the  height  of  the 
refractory  metal  in  said  furnace  is  selected  in  40 
accordance  with  the  desired  furnace  operating 
temperature. 

4.  The  method  of  claim  1  wherein  the  thickness  of 
the  refractory  metal  in  said  furnace  is  selected  in  45 
accordance  with  the  desired  furnace  operating 
temperature. 
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