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©  A  fluid-bed  combustion  reactor  and  a  method  for  the  operation  of  such  fluid-bed  combustion 
reactor. 

©  A  fluid-bed  combustion  reactor  (51)  comprising  a 
substantially  vertical  reactor  chamber  with  a  first  inlet 
(9)  at  the  reactor  chamber  lower  portion  (52)  for  the 
introduction  of  liquid  and/or  solid  particulate  material, 
and  a  second  inlet  (22)  at  a  levei  below  the  first  inlet 
for  the  introduction  of  gas  for  fluidization  of  par- 
ticulate  material  within  the  reactor  in  order  to  main- 
tain  a  primary  fluid  bed,  an  exhaust  duct  (28)  at  the 
reactor  chamber  upper  portion  for  the  withdrawal  of 
exhaust  gas  and  particles  from  the  reactor,  and  a 
fluid-bed  cooler  (42)  for  particulate  material,  formed 
as  an  upwards  open  vessel  with  generally  closed 
bottom  and  side  walls  and  arranged  so  as  to  collect 

*Za  portion  of  particulate  material  (64,  65)  from  the 
"   reactor  chamber  upper  portion,  said  cooler  compris- 
©ing  heat  transfer  means  (43)  such  as  tubes  carrying 
*Oa  heat  transfer  medium  at  the  inside  and  having  said 
^particulate  material  flowing  at  the  outside,  said  cool- 
^ e r   comprising  at  least  one  conduit  (56)  for  the  con- 
J2trolleci  returning  of  particulate  material  from  the  cool- 

er  to  the  primary  fluid  bed,  and  said  cooler  having 
©  inlets  at  the  bottom  wall  (68)  for  introduction  of  gas 
Q^for  fluidization  of  particulate  material.  The  heat  trans- 
UJfer  means  are  divided  into  at  least  two  sections,  and 

the  inlets  for  fluidization  gas  are  divided  into  sections 
corresponding  with  the  heat  transfer  means  sections 

and  provided  with  separate  control  means  for  the 
inflow  of  fluidization  gas  into  each  section. 
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k  Fluid-bed  Combustion  Reactor  and  a  Method  for  the  Operation  of  such  Fiuid-bea  oomoustion 
Reactor 

This  invention  concerns  fluid-bed  combustion 
eactors  and  a  method  for  the  operation  of  a  fluid- 
jed  combustion  reactor.  The  invention  further  con- 
:erns  a  fluid-bed  cooler  for  particulate  material. 

Fluid-bed  systems  are  used  in  a  number  of 
processes,  wherein  a  good  contact  between  solid 
particulate  material  and  gas  is  desired.  Examples 
jre  heat  exchange,  reactions  with  heterogeneous 
;atalyst  and  reactions  directly  between  solid  matter 
and  gases.  The  fluid-bed  principle  may  briefly  be 
sxplained  in  that  the  solid  particulates  are  affected 
Dy  a  fluidization  gas  introduced  from  below,  it  be- 
ng  within  certain  constraints  possible  hereby  to 
suspend  the  particles  within  a  body  of  particulate 
materials  and  keep  them  suspended,  even  though 
:he  gas  flow  velocity  does  not  need  to  rise  to  a 
evei  where  single  particles  except  for  the  very 
smallest  ones  would  be  entrained  and  carried  away 
Dy  the  gas  flow.  Under  such  conditions  the  individ- 
jal  particles  are  freely  movable,  but  the  body  of 
the  particulate  material  will  exhibit  an  upper  sur- 
face,  i.e.  it  behaves  like  a  liquid  from  which  the 
name  fluid-bed.  Hereby,  obviously  a  very  large 
area  of  contact  between  the  solid  particulates  and 
the  applied  gas  is  achieved. 

Recently  fluid-bed  systems  have  acquired  a 
special  interest  in  connection  with  applications  re- 
lated  to  combustion  systems  for  solid  fuels.  Impor- 
tant  advantages  are  that  fluid  bed  systems  may 
operate  on  various  types  of  fuel  and  that  an  ex- 
tremely  good  heat  transfer  from  the  combustion 
may  be  obtained.  The  body  of  particles  within  such 
systems  may  comprise  inert  particles  such  as 
sand,  into  which  a  minor  proportion  of  fuel  is  ad- 
ded.  The  inert  particles  are  heated  by  the  combus- 
tion  and  circulate  within  the  fluid-bed  contacting 
suitable  heat  exchanger  surfaces  to  transfer  heat 
hereto.  Heat  transfer  by  radiation  or  by  gas  con- 
vection  to  fixed  heat  exchanger  surfaces  which  is 
usual  with  other  combustion  systems  will  thus  to 
some  extent  be  replaced  by  heat  transfer  through 
physical  transport  of  particles,  whereby  extended 
contact  areas  and  heat  exchange  by  direct  contact 
between  solid  matter  is  obtained,  whereby  the  heat 
exchange  coefficient  (number  of  watts  exchanged 
related  to  m2's  of  surface  area  and  related  to 
degrees  of  temperature  difference)  is  higher  than 
that  achieved  by  the  contact  between  gas  and  fixed 
surface. 

Fluid-bed  combustion  systems  allow  a  closer 
control  of  combustion  parameters  and  make  is  pos- 
sible  to  clean  the  exhaust  gas  for  certain  undesira- 
ble  materials  as  reactants  may  simply  be  inter- 
mixed  into  the  bed  material,  making  it  possible  to 

achieve  a  combustion  which  in  several  respects  is 
more  environmentally  acceptable  than  it  is  possible 
with  other  combustion  systems.  However,  besides 
these  advantages  there  are  also  certain  difficulties 

5  connected  to  fluid-bed  reactors,  among  which  may 
be  noted  that  they  are  substantially  more  com- 
plicated  than  other  combustion  systems  by  requir- 
ing  the  controlled  introduction  of  fluidization  gas, 
and  by  requiring  extended  start-up  periods,  e.g.  of 

w  the  magnitude  of  3  to  10  hours,  due  to  the  substan- 
tial  amount  of  solid  material  to  be  heated.  Further- 
more,  it  is  difficult  to  operate  them  completely 
satisfactory  by  partial  load,  and  adjustments  of  the 
load  can  only  be  carried  out  slowly. 

w  Fluid-bed  combustion  systems  are  traditionally 
classified  by  the  mean  velocity  of  fluidization  gas 
upwards  through  the  fluid-bed,  several  variants  oc- 
curring  operating  at  various  gas  velocities  within  a 
range  that  may  be  generally  described  by  the 

20  limits  designated  slow  beds  and  fast  beds,  respec- 
tively. 

Slow  beds  are  characterized  by  a  fluidization 
velocity  typically  within  the  range  1  through  3 
m/second,  this  velocity  having  lower  limits  defined 

25  by  the  requirement  for  oxygen  to  the  combustion 
and  by  the  requirement  for  a  minimum  gas  velocity 
in  order  to  fluidize  the  particles.  The  density  within 
the  body  of  particles  will  be  relatively  high  and  the 
bed  must  be  relatively  shallow  in  order  to  keep  the 

30  gas  pressure  necessary  for  fluidization  within  rea- 
sonable  limits.  However,  hereby  the  dwell  time  for 
fuel  particles  and  for  the  gas  within  the  bed  be- 
comes  too  short  to  ensure  a  complete  combustion, 
slow  beds  therefore  exhibiting  not  quite  satisfactory 

35  combustion  efficiency  and  little  possibility  for 
cleaning  of  the  exhaust  gas. 

Fast  beds  are  characterized  by  a  fluidization 
velocity  within  the  range  of  approximately  3 
through  12  m/second,  whereby  a  substantial  por- 

40  tion  of  bed  particles  are  entrained  by  elutriation 
with  the  fluidization  gas  and  must  be  recirculated 
back  to  the  bed.  They  are  also  designated  circulat- 
ing  beds  and  do  not  exhibit  any  well-defined  bed 
surface.  They  may  provide  a  superior  combustion 

45  and  superior  exhaust  gas  cleaning  than  slow  beds, 
but  have  the  disadvantage  of  requiring  extended 
systems  to  separate  bed  particles  from  the  exhaust 
gas  and  recirculate  the  particles.  Another  disadvan- 
tage  related  to  fast  beds  is  that  the  heat  exchange 

so  coefficient  between  said  particles  and  heat  transfer 
surfaces  is  inferior  at  the  higher  velocities  as  com- 
pared  to  the  velocities  typical  in  the  slow  beds. 

In  the  past  several  attempts  have  been  made 
to  devise  designs  obtaining  the  consolidated  ad- 
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■antages  of  the  slow  beds  and  of  the  fast  beds. 
US  patent  no.  4,111,158  to  Reh  et  al.  e.g. 

iiscloses  a  fluid-bed  reactor  with  a  fast  bed,  in 
vhich  combustion  takes  place,  a  cyclone  to  sepa- 
ate  the  bed  particles  from  the  exhaust  gas  and  a 
luid-bed  cooler,  wherein  the  separated  particles 
ire  passed  through  a  secondary  fluid-bed  of  the 
How  type,  wherein  the  particles  exchange  and  dis- 
sipate  their  heat  to  heat  transfer  surfaces.  The 
system  described  is  very  complicated  and  exten- 
sive,  which  is  considered  extremely  undesirable, 
ceeping  in  mind  that  all  conducts  and  transportat- 
ion  systems  must  be  designed  to  withstand  com- 
pustion  at  temperatures  of  the  magnitude  of 
300°  C. 

US  patent  no.  4,788,919  to  Holm  et  al.  dis- 
poses  a  more  compact  solution  comprising  a  cen- 
ral  combustion  bed  with  gas  inlets  at  the  bottom 
and  optionally  with  secondary  gas  inlets  located 
lereabove,  from  which  particles  are  elutriated  and 
parried  up  into  a  top  chamber,  and  with  a  secon- 
dary  fluid-bed  or  a  fluid-bed  cooler  arranged  an- 
lularly  around  the  central  fluid-bed  at  a  level  above 
he  central  fluid  bed  so  that  the  particles  trans- 
ported  up  into  the  top  chamber  may  drop  down 
nto  this  secondary  fluid-bed.  In  the  secondary  an- 
iular  fluid  bed,  which  is  a  slow  bed,  particles  may 
dissipate  their  heat  to  heat  transfer  surfaces  and 
:he  particles  may  thereafter  by  means  of  gravity 
low  back  to  return  to  the  central  primary  fluid  bed. 

US  patent  no.  4,594,967  to  Wolowodiuk  dis- 
poses  a  fluid-bed  combustion  reactor  with  a  pri- 
mary  bed,  a  top  chamber  and  a  fluid-bed  particle 
pooler  arranged  in  such  a  way  that  particles  en- 
trained  with  the  gas  flow  from  the  primary  bed  may 
snter  the  top  chamber  and  drop  down  to  the  par- 
ticulate  cooler,  wherein  the  particles  pass  serpen- 
tine  tubes  and  are  cooled.  From  the  cooler  the 
particles  pass  a  valve  means  down  to  a  storage 
chamber  and'  from  the  bottom  of  the  storage  cham- 
ber  the  particles  may  pass  another  valve  means  to 
return  to  the  primary  fluid-bed.  This  design  is  rela- 
tively  compact,  but  no  possibility  is  disclosed  for 
varying  the  relation  between  the  various  areas  of 
cooling  sections  apart  from  a  possibility  for  partly 
emptying  the  particle  cooler  by  conveying  particles 
down  into  the  storage  chamber  so  that  a  portion  of 
the  cooling  tubes  in  the  particle  cooler  will  no 
longer  be  covered  by  particles.  However,  a  such 
method  of  operation  must  be  considered  extremely 
disadvantageous  as  the  particles  serve  the  purpose 
of  protecting  the  tubes  against  the  corrosive  effects 
of  the  exhaust  gases  and  as  any  portion  of  tube 
situated  just  above  the  upper  surface  of  the  fluidiz- 
ed  particles  will  be  subjected  to  abrasive  wear  by 
particles  thrown  upwards  from  the  fluid  bed  and 
hitting  the  tube  with  some  velocity.  The  document 
includes  no  disclosure  regarding  the  design  of  the 

valves  tor  tne  now  ot  particles,  mentioning  oniy  mat 
they  may  be  activated  selectively.  Thus,  no  facility 
for  the  continuous  control  or  facility  for  obtaining  a 
constant  controlled  flow  of  particles  downwards 

5  through  the  particle  cooler  and  returning  to  the 
reactor  is  shown. 

The  provision  of  a  separate  fluid-bed  particle 
cooler  is  a  considerable  improvement  to  fluid  bed 
combustion  systems,  however,  substantial  prob- 

•o  lems  remain,  which  have  as  yet  not  been  solved 
quite  satisfactorily.  The  heat  transfer  systems  brief- 
ly  mentioned  in  the  above  patents  will  e.g.  for 
power  generator  purposes  normally  comprise  a  wa- 
ter  preheater,  also  designated  an  economizer,  an 

'5  evaporator,  in  which  the  water  is  evaporated,  and  a 
super-heater,  in  which  steam  is  super-heated. 
These  heat  transfer  systems  operate  at  different 
temperatures  and  must  therefore  be  arranged  pay- 
ing  regard  to  heat  energy  transfer  requirements 

>o  and  applicable  temperatures.  Another  factor  that 
must  also  be  taken  into  account  is  that  the  heat 
transfer  systems  also  serve  the  purpose  of  protect- 
ing  the  constructional  elements  against  the  ele- 
vated  temperatures.  In  practical  fluid-bed  combus- 

15  tion  systems  the  greater  part  of  the  walls  must 
therefore  be  provided  with  heat  transfer  systems. 
The  economizer,  which  operates  at  a  relatively  low 
temperature,  is  preferably  arranged  in  the  exhaust 
gas  duct  after  other  heat  exchangers.  The  super- 

30  heater  operating  at  the  highest  temperature,  e.g. 
500  to  530  °C,  is  conveniently  arranged  with  a 
greater  portion  within  the  fluid  bed,  where  the  good 
heat  transfer  coefficient  for  the  particles  and  the 
heat  transfer  surfaces  make  possible  the  heating  to 

35  the  high  temperatures  and  with  a  smaller  portion  in 
the  exhaust  gas  duct.  It  is  noted  that  by  the  greater 
and  smaller  portion  is  understood  portions  with 
greater  and  smaller  heat  power  transfer  rather  than 
geometrically  greater  and  smaller  portions.  Within 

40  the  fluid-bed  particle  cooler  the  super-heater  may 
also  to  some  extent  be  protected  against  corrosion 
and  erosion,  which  is  a  critical  factor  at  the  ele- 
vated  temperatures. 

Evaporator  tubes  are  conveniently  utilized  for 
45  cooling  the  walls,  but  since  typically  the  area  of 

evaporator  surfaces  needed  exceeds  what  can  be 
integrated  into  the  walls,  further  sections  of  evap- 
orator  tubes  are  arranged  within  the  fluid-bed  cool- 
er  or  in  the  exhaust  gas  duct  before  the  econo- 

50  mizer,  or  sections  of  evaporator  tubes  may  be 
arranged  in  all  of  these  places.  The  areas  of  the 
various  heat  transfer  surfaces  are  naturally  fixed 
once  the  reactor  has  been  built. 

However,  the  optimal  relation  between  the 
55  areas  of  the  various  heat  transfer  surfaces  depend 

upon  the  type  of  fuel  used.  E.g.  fuels  developing  a 
relatively  large  proportion  of  water  or  steam  in  the 
exhaust  gas  ideally  need  a  relatively  smaller  evap- 

3 
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jrator  surface  area  than  it  is  the  case  by  combus- 
ion  of  coal.  Fuels  developing  a  larger  proportion  of 
vater  or  steam  could  e.g.  be  fuels  actually  contain- 
ng  water  such  as  particles  of  coal  suspended  in 
vater  or  fuels  which  due  to  a  content  of  hydrogen 
develop  water  by  the  combustion  such  as  is  the 
:ase  with  straw  or  wood.  In  case  a  plant  designed 
or  the  optimal  combustion  of  coal  is  to  burn  straw, 
he  water-flow  through  the  heat  transfer  surfaces 
nust  be  reduced,  but  hereby  the  temperature  in 
he  evaporator  sections  may  rise  unacceptably. 
Similar  problems  may  arise  by  partial  load.  To 
operate  at  partial  load  the  air  flow  is  reduced  while 
:he  temperature  within  the  reactor  is  kept  substan- 
;ially  unchanged.  The  heat  radiated  onto  the  reac- 
:or  walls  which  is  ultimately  transferred  into  the 
svaporator  tubes  arranged  within  the  walls  is  there- 
:ore  not  reduced  very  much  and  the  temperatures 
within  the  evaporator  tubes  may  therefore  tend  to 
ncrease  by  the  reduced  water  flow.  The  opposite 
Droblem  might  however,  depending  upon  the  par- 
licular  circumstances,  also  occur,  i.e.  the  tempera- 
ture  of  the  super-heater  tubes  could  increase  too 
much  by  a  load  reduction,  in  particular  in  case  the 
neat  transfer  surfaces  are  arranged  partly  in  the 
sxhaust  gas  duct  and  partly  within  the  fluid-bed 
cooler.  By  partial  loads  the  gas-flow  for  fluidization 
is  reduced,  but  hereby  the  heat  transfer  from  the 
exhaust  gases  drops  much  more  than  the  heat 
transfer  within  the  fluid-bed.  As  mentioned  above 
the  super-heater  surfaces  are  often  arranged  for 
the  greater  portion  within  the  fluid-bed,  and  in  case 
a  substantial  portion  of  the  evaporator  surfaces  is 
arranged  in  the  exhaust  gas  flow  the  super-heater 
temperature  may  rise  too  much  due  to  the  reduc- 
tion  of  the  water-flow.  It  is  here  noted  that  the 
temperature  within  the  fluid-bed  and  therefore  with- 
in  the  combustion  chamber  should  be  kept  within  a 
narrow  range  for  satisfactory  operation  of  the  fluid- 
beds  at  full  load  as  well  as  at  partial  loads.  The 
strategy  practically  adhered  to  in  the  prior  art  is  the 
adding  of  water  at  suitable  points  between  sections 
of  the  evaporator  tubes  and  before  the  super-heat- 
er  in  order  to  ensure  that  the  tube  temperature  is 
kept  within  safe  limits,  which,  however,  does  not 
provide  the  best  economy  of  the  system. 

A  further  reason  for  inferior  efficiency  by  sys- 
tems  of  the  prior  art  operating  at  partial  load  is  that 
the  amount  of  particulate  matter  in  the  reactor  may 
not  be  optimal.  By  partial  load  the  fluidization  ve- 
locity  will  be  reduced  and  the  density  of  the  bed 
will  therefore  be  increased.  In  order  to  obtain  a 
predetermined  level  of  the  beds  the  amount  of 
particulate  matter  must  therefore  also  be  altered. 

The  object  of  the  invention  is  to  solve  the 
above  drawbacks  of  the  fluid-bed  reactors  of  the 
prior  art. 

A  further  object  of  the  invention  is  to  provide  a 

fluid-bed  combustion  reactor  operating  witn  oetter 
energy  efficiency  than  comparable  reactors  of  the 
prior  art. 

A  still  further  object  of  the  invention  is  to  pro- 
5  vide  a  fluid-bed  combustion  reactor  capable  of 

operating  efficiently  over  a  wider  load  range  than 
possible  with  comparable  reactors  of  the  prior  art. 

These  objects  are  achieved  by  the  fluid-bed 
cooler  defined  in  claim  1,  respectively  with  the 

<o  fluid-bed  combustion  reactor  defined  in  claim  7, 
respectively  with  a  method  of  operating  a  fluid-bed 
combustion  reactor  as  defined  in  claim  16. 

The  sectionalization  according  to  the  invention 
is  in  essence  defined  by  the  sections  or  regions 

rs  within  the  particle  cooler  vessel,  within  which 
fluidization  gas  is  introduced.  The  various  sections 
of  the  fluid-bed  cooler  do  not  need  to  be  divided 
by  physical  partition  walls.  In  the  case  the  sections 
are  not  delimited  by  physical  partition  walls,  bound- 

20  ary  regions  may  exist  which  cannot  clearly  be 
referred  to  one  of  the  sections.  However,  still  the 
various  sections  may  be  operated  in  modes  which 
are  individually  controllable,  notwithstanding  the 
fact  that  the  boundaries  may  not  be  sharply  de- 

25  fined. 
The  invention  utilizes  the  discovery  that  the 

heat  transfer  may  advantageously  be  controlled  by 
the  control  of  the  fluidization  gas  velocity.  The  heat 
transfer  coefficient  for  contact  between  the  fluidized 

30  particles  and  the  heat  transfer  surfaces  depends 
upon  the  fluidization  gas  velocity  in  a  way  which 
may  be  explained  in  that  this  coefficient  rises  from 
a  certain  initial  value  by  zero  fluidization  and  climbs 
to  a  maximum  at  a  given  velocity  of  fluidization, 

35  which  velocity  sometimes  is  referred  to  as  the 
optimal  fluidization  velocity,  whereafter  the  coeffi- 
cient  slowly  declines  by  further  increase  of  the 
fluidization  gas  velocity. 

The  heat-transfer  tubes  are  according  to  the 
40  invention  divided  into  sections  corresponding  to  the 

sections  of  fluidization.  It  is  advantageous  to  op- 
erate  every  one  of  the  tube  sections  at  a  substan- 
tially  uniform  load  over  each  length  of  tube,  and  in 
particular  to  avoid  temperature  steps  along  the 

45  length  of  a  tube.  By  using  the  sectionalization  in 
such  way  that  the  super-heater  is  arranged  within 
one  section  and  the  evaporation  within  another 
section  the  amount  of  heat  transferred  may  be 
controlled  individually  for  each  of  these  sections  by 

so  control  of  the  fluidization  gas  velocity,  whereby 
optimal  conditions  for  the  heat  transfer  may  be 
achieved  in  all  operating  modes  including  operating 
at  partial  loads  and  operating  with  various  types  of 
fuel. 

55  The  flow  of  fluidization  gas  should,  though, 
always  be  kept  above  a  limit  defined  by  the  onset 
of  fluidization.  The  fluidization  induces  a  continuous 
agitation  and  mixing  of  the  particles  within  the 
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pooler,  so  that  the  particle  discharge  opening  may 
oe  arranged  practically  anywhere  in  the  cooler  bot- 
tom  wall. 

A  preferred  embodiment  of  the  invention  pro- 
vides,  though,  for  the  arrangement  of  at  least  one 
□article  discharge  opening  within  each  section  and 
for  particle  discharge  flow  control  means  asso- 
r ted  with  each  of  said  openings. 

According  to  a  further  preferred  embodiment 
the  sections  are  divided  by  a  boundary  region, 
which  is  not  fluidized. 

This  provides  for  a  physical  separation  be- 
tween  the  sections  by  creating  a  "wall"  of  non- 
fluidized  particle  material  so  as  to  minimize  or 
completely  avoid  intermixing  between  the  sections, 
whereby  the  heat  transfer  within  each  section  may 
be  controlled  substantially  independently  of  the  op- 
erating  mode  in  the  adjacent  section.  E.g.  the  heat 
transfer  within  one  section  may  be  controlled  sub- 
stantially  by  reducing  the  fluidization  gas  velocity 
within  this  section  to  the  minimum,  where  the  gas 
is  just  capable  to  fluidize  the  particles.  During  nor- 
mal  operation  heated  particle  material  will  drop  all 
over  the  fluid-bed  cooler  and  the  level  of  the  par- 
ticles  in  this  section  will  build  up  until  the  "wall" 
will  start  to  slide  slowly  and  uniformly  sideways 
towards  the  adjacent  section,  in  which  the  level  of 
particles  is  lower,  so  that  the  particles  transferred 
from  the  first  section  will  transfer  heat  to  the  tubes 
arranged  therein.  It  is  understood  that  substantially 
different  modes  of  operation  may  be  selected  by 
simple  control  of  valves,  e.g.  a  first  mode  of  opera- 
tion,  where  the  particles  dropped  onto  the  cooler 
move  uniformly,  i.e.  parallel  down  over  two  sec- 
tions  of  the  cooler,  a  second  mode  of  operation, 
where  a  portion  of  the  particles  moves  serially  from 
a  first  section  to  a  second  section  and  a  third  mode 
of  operation,  where  a  portion  of  the  particles  moves 
serially  from  a  second  section  to  a  first  section. 

According  to  another  preferred  embodiment  of 
the  invention  the  fluid-bed  cooler  is  divided  into 
three  sections,  wherein  a  first  section  accomodates 
evaporator  tubes,  a  second  section  accomodates 
super-heater  tubes  and  a  third  section  provides 
storage  for  particles,  but  no  cooling  surfaces.  Here- 
by  a  very  simple  storage  facility  for  portions  of  the 
particles  is  provided  so  that  the  amount  of  particles 
actively  used  within  the  fluid-bed  reactor  may  be 
adjusted  providing  an  added  facility  for  optimizing 
the  amount  of  particles  for  the  prevailing  conditions 
of  operation.  Furthermore,  it  becomes  possible  to 
recirculate  particles  through  the  storage  section 
and  back  to  the  primary  fluid-bed  without  cooling, 
which  is  advantageous  during  start-up  in  order  to 
achieve  the  operating  temperature  within  the  par- 
ticles  as  quickly  as  possible  and  also  advantageous 
in  the  cases  where  the  amount  of  particles  neces- 
sary  for  the  combustion  exceeds  the  amount  of 

particles  desired  passed  along  the  neat  transrer 
surfaces. 

The  invention  further  provides  a  method  for  the 
operation  of  a  fluid-bed  reactor  equivalent  to  the 

5  operation  of  the  reactor  described  above,  which 
method  is  defined  in  patent  claim  16.  By  this 
method  advantages  equivalent  to  what  is  described 
above  are  achieved. 

Further  objects,  features  and  advantages  of  the 
ro  invention  will  appear  from  the  following  description 

of  preferred  embodiments  with  reference  to  the 
accompanying  drawings,  wherein 

fig.  1  shows  a  vertical  sectional  view  through 
a  fluid-bed  reactor  according  to  the  invention, 

15  fig.  2  shows  a  horizontal  section  along  the 
line  ll-ll  of  fig.  1, 

fig.  3  is  a  vertical  sectional  view  through  a 
fluid-bed  combustion  reactor  according  to  another 
preferred  embodiment  of  the  invention, 

20  fig.  4  is  a  horizontal  sectional  view  along  the 
line  IV-IV  of  fig.  3, 

fig.  5  is  a  vertical  and  partially  schematical 
view  of  a  cooler  for  particles  according  to  another 
preferred  embodiment  of  the  invention,  and 

25  fig.  6  is  a  view  similar  to  fig.  5,  but  showing 
af  modified  embodiment  of  the  cooler  for  particles 
according  to  the  invention. 

Throughout  the  drawings  equivalent  or  similar 
30  features  are  indicated  by  the  same  reference  nu- 

merals. 
Reference  is  first  made  to  fig.  1,  showing  a 

reactor  1  comprising  a  bottom  chamber  2  sur- 
rounding  by  a  wall  3  and  provided  above  with  a  top 

35  chamber  4.  The  bottom  chamber  2  is  at  its  lower 
end  provided  with  an  outlet  1  0  with  a  valve  mecha- 
nism  23  so  that  particles  may  be  discharged  if 
necessary.  At  a  predetermined  distance  above  the 
outlet  10  a  manifold  22,  tuyere  or  a  plenum  cham- 

40  ber  with  jets  for  the  introduction  of  air  or  gas  for 
fluidization  is  arranged.  In  the  region  below  the 
manifold  22  the  particles  will  be  unfluidized  unless 
other  means  for  fluidization  are  provided  here,  but 
the  particles  may  slide  downwards  by  the  effect  of 

45  gravity  towards  the  outlet  10  when  the  valve 
mechanism  23  is  opened.  Particulate  material, 
which  may  comprise  fuel,  inert  particles  such  as 
said  suitable  reactants  for  binding  of  undesired 
matter,  etc.  are  introduced  through  the  inlet  9. 

so  Further  inlets  11  for  secondary  reactor  air  may 
optionally  be  provided,  whereby  a  slow  fluid-bed 
may  be  maintained  at  the  reactor  bottom,  while  a 
faster  fluid-bed  is  maintained  above  the  secondary 
air  inlet.  Solid  particles  are  elutriated  by  the  air  flow 

55  and  entrained  upwards  into  the  top  chamber,  in 
which  the  air  velocity  drops  because  of  the  larger 
cross-sectional  area  of  the  top  chamber,  whereby 
particles  move  out  towards  the  sides  and  may  drop 
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iown  there.  The  top  chamber  is  provided  with  an 
ixhaust  duct  28  for  flue  gas,  which  duct  may  be 
provided  with  deflectors  or  baffles  (not  shown)  in 
jrder  to  reduce  the  amount  of  particles  carried  out 
vith  the  flue  gas.  The  exhaust  duct  28  may  option- 
illy  lead  through  a  cyclone  15  for  further  separa- 
ion  of  solid  particles  from  the  flue  gas.  The  flue 
jas  exits  the  cyclone  15  through  the  duct  16,  while 
he  solid  particles  exit  the  cyclone  at  the  cyclone 
pottom  17  and  are  carried  through  ducts  20  back  to 
he  fluid-bed  reactor  at  suitable  positions.  The  cy- 
plone  may  be  provided  with  a  lower  outlet  19,  from 
which  particles  may  be  taken  away  from  the  fluid- 
ped  circulation,  and  all  particle  outlets  from  the 
pycione  are  provided  with  control  valves  1  8  to  allow 
ull  control  of  the  particle  flow.  Particulate  material 
parried  up  from  the  primary  fluid-bed  29  and  into 
:he  top  chamber  will  for  the  greater  part  drop 
adjacent  the  sides  and  thereby  drop  onto  the  sec- 
pndary  fiuid-bed  30  or  fluid-bed  cooler  surrounding 
tie  primary  bed  29  wall  3.  Particulate  material 
within  the  secondary  fluid-bed  30  is  fluidized  by 
plowing  of  gas  or  air  through  an  air  plenum  cham- 
per  with  jets  12.  The  secondary  fluid-bed  is  pro- 
vided  with  heat  transfer  tubes  21  for  cooling  par- 
ticulate  material.  Particulates  may  flow  from  the 
secondary  fluid  bed  and  downwards  through  ducts 
Dr  downcomers  5  past  control  valves  6  to  return  to 
the  primary  fluid-bed.  The  secondary  fluid-bed  may 
be  provided  with  inlets  8  for  the  introduction  of 
suitable  reactants.  Heat  in  the  flue  gas  leaving  the 
cyclone  is  also  recovered  by  passing  the  flue  gas 
past  further  heat  transfer  surfaces,  e.g.  an  evapora- 
tor  26  and  a  preheater  or  economizer  27. 

Reference  is  now  made  to  fig.  2,  showing  a 
horizontal  section  through  the  reactor  along  the  line 
ll-ll  of  fig.  1  ,  showing  how  the  secondary  bed  or  the 
bed  cooler  30  is  divided  into  three  sections  31  ,  32 
and  33  designated  the  evaporation  section  31,  the 
super-heater  section  32  and  the  storage  section  33, 
respectively.  The  sections  are  advantageously  sep- 
arated  by  radial  partition  wails  13,  each  section 
being  provided  with  a  downcomer  5  for  returning 
particles  to  the  primary  bed.  The  figure  shows  heat 
transfer  tubes  21  in  the  evaporator  section  and  in 
the  super-heater  section.  All  three  of  the  sections 
are  provided  with  fluidization  gas  jets,  but  it  is 
optionally  possible  to  dispense  with  fluidization  jets 
in  the  storage  section,  in  which  case  the  particle 
materia!  moves  down  to  the  downcomer  by  the 
force  of  gravity. 

As  it  may  be  seen  at  the  left-hand  portion  of 
fig.  1  the  partition  walls  13  between  the  sections  of 
the  fluid-bed  cooler  have  a  top  edge  at  a  level 
lower  than  that  of  the  wall  3  separating  the  cooler 
from  the  primary  reactor  in  order  to  make  it  possi- 
ble  for  particles  to  flow  over  a  partitioning  wall  13 
into  an  adjacent  section. 

In  a  practical  embodiment  ot  tne  riuia-Dea  cool- 
er  the  evaporator  section  extends  over  150  angular 
degrees,  the  super-heater  over  120  degrees  and 
the  storage  section  over  90  degrees,  but  obviously. 

5  these  sizes  and  forms  could  be  modified  in  nu- 
merous  ways. 

The  advantages  gained  through  the  facilities 
allowing  various  modes  of  operation  may  be  under- 
stood  from  the  following  explanation.  Supposing 

o  the  reactor  is  to  operate  on  partial  load,  the  amount 
of  particles  actively  circulated  must  be  relatively 
large  due  to  the  higher  density  of  the  beds.  This  is 
achieved  very  simply  by  reducing  the  amount  of 
particles  in  the  storage  section,  i.e.  the  control 

rs  valve  6  for  the  downcomer  5  from  the  storage 
section  will  be  fully  opened  and  the  control  valve 
14  for  fluidization  gas  into  the  storage  section  is 
also  fully  opened  in  order  to  keep  the  density 
within  the  storage  section  of  the  secondary  bed  as 

>o  low  as  possible.  The  particles  in  the  evaporator 
section  and  in  the  super-heater  section  are  fluidiz- 
ed  with  a  flow  of  fluidization  gas,  which  is  kept  to 
the  minimum  determined  by  the  request  for  obtain- 
ing  sufficient  heat  transfer.  This  is  possible  by 

25  fluidization  velocities  as  low  as  5  cm  per  second 
for  a  mean  particle  diameter  in  the  order  of  160 
urn.  In  order  to  avoid  erosion  and  corrosion  the 
amount  of  particles  within  the  evaporator  section 
and  in  the  super-heater  section  is  kept  sufficient  to 

30  cover  the  heat  transfer  surfaces  completely.  A  fine 
tuning  of  the  heat  transfer  within  each  of  the  cool- 
ing  sections  is  possible  by  the  control  of  the  par- 
ticle  flow  and  the  control  of  the  fluidization  gas 
velocity. 

35  Supposing  alternatively  that  the  reactor  is  op- 
erating  at  full  load,  the  density  of  the  particles 
within  the  fluid-beds  is  lower  and  the  amount  of 
particles  actively  circulated  must  therefore  also  be 
lower  in  order  to  obtain  the  optimum  combustion 

40  efficiency.  This  is  obtained  by  closing  or  partially 
closing  the  outlet  valve  6  from  the  storage  section 
and  also  closing  or  partially  closing  the  control 
valve  14  for  introduction  of  fluidization  gas  to  this 
section  so  that  the  amount  of  particles  within  the 

45  storage  section  is  increased  with  particles  taken 
away  from  active  circulation  in  the  reactor  to  the 
extent  necessary.  It  is  obvious  that  a  superior  effi- 
ciency  of  the  combustion  may  be  obtained  when 
operating  at  full  load  as  well  as  when  operating  at 

so  partial  load  and  that  the  reactor  may  operate  effi- 
ciently  at  a  lower  load  factor  than  economically 
feasible  with  fluid-bed  reactors  of  the  prior  art. 

The  flow  control  facility  and  the  facility  for 
removing  portions  of  the  particles  from  the  active 

55  circulation  respectively  to  reintroduce  them  further- 
more  makes  it  possible  to  carry  out  the  start-up  or 
adjustments  of  the  load  at  a  faster  rate  than  possi- 
ble  with  reactors  of  the  prior  art. 
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Reference  is  now  made  to  fig.  3,  showing  a 
vertical  section  through  a  fluid-bed  combustion  re- 
actor  according  to  a  preferred  embodiment  of  the 
nvention.  This  reactor  51  comprises  as  shown  in 
tie  figure  a  bottom  chamber  52  defined  by  a  wall 
53  and  with  a  top  chamber  54  arranged 
tiereabove.  The  bottom  chamber  52  is  at  the  lower 
3nd  provided  with  a  discharge  opening  50  with  a 
valve  mechanism  63  to  allow  removal  of  particle 
natters  and  ashes  if  necessary. 

At  a  predetermined  distance  above  the  bottom 
Dutlet  opening  50  a  manifold  or  a  plenum  chamber 
22  with  jets  for  the  introduction  of  fluidization  air  or 
fluidization  gas  is  arranged.  At  the  area  below  the 
manifold  22  the  particles  will  not  be  fluidized  un- 
less  other  fluidization  means  are  provided  here,  but 
the  particles  may  slide  downwards  to  the  discharge 
Dpening  50  when  the  valve  mechanism  63  is 
opened. 

Similarly  to  the  reactor  of  fig.  1  the  fig.  3 
reactor  51  is  also  provided  with  inlet  ducts  9  for  the 
introduction  of  particles,  which  may  comprise  fuel, 
inert  particles,  suitable  reactants  for  the  binding  of 
undesired  matter  etc.  Further  inlets  11  for  secon- 
dary  reactor  air  may  be  arranged  in  order  to  allow 
the  maintaining  of  a  slow  fluid-bed  at  the  bottom, 
while  a  faster  fluid-bed  is  maintained  above  the 
secondary  air  inlets  similarly  to  the  design  of  the 
fig.  1  embodiment.  Above  the  inlet  11  for  secon- 
dary  reactor  air  a  further  upper  inlet  66  for  the 
introduction  of  particulate  material  such  as  fuel, 
inert  particles,  suitable  reactants  for  the  binding  of 
undesired  matter  etc.  may  be  arranged  as  it  may 
be  advantageous  to  have  the  possibility  of  select- 
ing  between  various  levels  of  introduction  of  such 
particles. 

The  fluidization  jets  are  provided  with  air  from 
blowers,  each  blower  being  provided  with  means  to 
control  the  blow  power  and  each  designated  with 
the  reference  numeral  45.  At  sufficient  power  of 
introduction  of  fluidization  air  solid  particles  will  be 
suspended  by  the  gas  flow  and  entrained  by  elutra- 
tion  to  arrive  at  the  top  chamber,  where  the  flow  is 
deflected  sidewards  by  a  deflector  41.  The  top 
chamber  54  has  a  larger  cross-sectional  area  than 
the  reactor  lower  portion  52  and  the  gas  velocity 
will  therefore  decrease  in  the  top  chamber.  The 
gas  may  flow  around  the  deflector  41  to  enter  the 
exhaust  duct  28  for  flue  gas.  Due  to  the  decreasing 
gas  velocity  in  the  top  chamber  and  due  to  the 
change  of  flow  direction  a  substantial  proportion  of 
the  particulate  material  entrained  with  the  gas  will 
drop  down  into  the  particulate  cooler  42  arranged 
below  the  top  chamber. 

Exhaust  gas  will  exit  through  the  exhaust  duct 
28  to  arrive  at  the  cyclone  15,  where  further  sepa- 
ration  of  solid  particles  from  the  exhaust  gas  takes 
place.  Gas  exits  the  cyclone  15  through  the  duct 

16  and  flows  past  further  cooling  surfaces,  e.g. 
evaporator  tubes  26,  a  pre-heater  or  economizer  27 
and  an  air  pre-heater  25.  Particles  separated  from 
the  exhaust  gas  in  the  cyclone  15  exits  the  cyclone 

5  at  the  bottom  17  and  may  move  downwards 
through  the  downcomer  67  from  the  cyclone  to  be 
reintroduced  into  the  primary  reactor  51  . 

Particles  dropped  down  into  the  particle  cooler 
42  may  move  downwards  herein  in  a  way  to  be 

io  explained  in  more  detail  below  and  flow  through  a 
downcomer  56  returning  the  particles  for  rein- 
troduction  into  the  primary  reactor  53.  As  shown  in 
fig.  3  the  particle  cooler  is  provided  with  control- 
lable  blower  45  blowing  fluidization  air  through  con- 

75  duits  46  upwards  through  the  particle  cooler 
through  fluidization  jets  60  in  order  to  fluidize  the 
bulk  of  particles  in  the  particle  cooler  42.  The 
upper  surface  of  the  bulk  particles  in  the  particle 
cooler  is  shown  at  73. 

20  Reference  is  now  made  to  fig.  4,  showing  a 
plan  sectional  view  through  the  reactor  along  the 
line  IV-IV  of  fig.  3.  As  may  be  seen  from  fig.  4  the 
reactor  is  substantially  rectangular  and  the  particle 
cooler  42  is  also  substantially  rectangular  and  ar- 

25  ranged  adjacent  the  reactor  sides  and  with  one 
side  parallel  to  the  side  of  the  reactor.  The  particle 
cooler  comprises  bottom  wall  68  and  side  wails  69. 
As  shown  in  the  figure  the  particle  cooler  is  pro- 
vided  with  coolant  tubes  in  a  serpentine  pattern 

30  sectionalized  into  two  sections,  said  sections  being 
designated  the  evaporator  tube  coil  43  and  the 
super-heater  tube  coil  44.  These  tube  coils  carry 
water  and/or  steam  and  the  flow  within  each  of  the 
tube  coils  may  be  controlled  separately.  In  the 

35  particle  cooler  42  bottom  68  openings  70,  71  are 
provided  for  particle  discharge.  The  opening  70 
takes  the  particles  down  through  a  downcomer  55 
from  the  super-heater  section,  while  the  opening  71 
carries  particles  down  to  the  downcomer  from  the 

40  evaporator  section  56.  The  demarcation  line  be- 
tween  the  two  sections  within  the  particle  cooler  42 
is  indicated  by  a  dashed  line  72.  As  indicated  in 
phantom  both  downcomers  communicate  with  the 
reactor  so  that  particles  from  both  downcomers 

45  may  be  reintroduced  into  the  reactor. 
In  fig.  3  only  one  of  the  downcomers,  i.e.  the 

evaporator  section  downcomer  56,  is  shown 
shaped  as  an  L  with  a  relatively  tall  vertical  portion 
and  a  relatively  short  horizontal  portion  at  the  lower 

so  end.  The  super-heater  section  downcomer  55  is 
similarly  formed.  As  it  may  be  seen  in  fig.  3  an  air 
jet  57  connected  to  a  blower  45  with  a  blower 
control  facility  by  a  conduit  46  is  arranged  at  the 
downcomer  lower  end.  During  normal  operation  the 

55  downcomer  will  be  filled  with  particles  up  to  a  level 
above  the  coolant  tube  coils  in  the  particle  cooler. 
Blowing  of  air  through  the  jet  57  will  carry  particles 
through  the  downcomer  horizontal  portion  and  into 

7 
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he  reactor  as  the  resistance  to  the  air-blowing  is 
ower  this  way.  The  pressure  in  the  pillar  of  par- 
icles  within  the  downcomer  is  normally  so  high 
hat  these  particles  will  not  be  fluidized,  but  rather 
slide  downwards  slowly  by  gravity  in  proportion  to 
he  amount  removed  at  the  bottom.  The  inventor 
las  found  it  possible  by  the  controlled  blowing  of 
lir  through  the  air  jet  57  to  control  the  flow  of 
particle  material  into  the  reactor  in  a  very  conve- 
lient  way  so  that  the  arrangement  with  the  jet  57 
nay  be  regarded  as  a  type  of  valve  controlling  the 
particle  return  flow  into  the  reactor. 

It  is  understood  that  the  other  downcomer  from 
:he  particle  cooler  56  connected  with  the  super- 
leater  section  is  provided  with  a  similar  air  jet  47 
;cf.  fig.  5  and  fig.  6)  and  operates  in  a  similar 
:ashion  so  that  reference  may  be  made  to  the 
above  description.  Furthermore,  the  particle  return 
conduit  from  the  cyclone  is  similarly  provided  with 
an  air-jet  74  and  with  a  controllable  blower  45 
through  corresponding  air-conduits  46  so  that  the 
carticle  flow  from  the  cyclone  bottom  returning  to 
the  reactor  may  be  controlled  in  a  similar  fashion. 

Reference  is  now  made  to  fig.  5,  showing  a 
vertical  section  through  a  particle  cooler  42  with  a 
super-heater  section  downcomer  55,  an  evaporator 
section  downcomer  56,  air-jets  for  the  super-heater 
section  downcomer  56  and  air-jets  for  the  evapora- 
tor  section  downcomer  57.  In  order  to  make  the 
figure  easily  understandable  the  horizontal  portions 
at  the  lower  end  of  the  downcomers  are  illustrated 
as  extending  sidewards  in  fig.  5  and  in  fig.  6, 
although  these  horizontal  sections  actually  extend 
perpendicularly  to  the  plane  of  the  drawings  in  fig. 
5  and  6  as  it  may  be  understood  by  referring  to  fig. 
4. 

Fig.  5  shows  a  section  through  the  particle 
cooler  bottom  wall  68  and  side  walls  69  with  in- 
tegrated  coolant  tubes  21,  which  allows  the  tem- 
perature  within  the  wall  elements  to  remain  within 
acceptable  limits.  The  figure  further  shows  the 
serpentine-like  evaporator  tube  coil  43  and  two 
serpentine-like  super-heater  tube  coils  44,  a  first 
one  of  them  arranged  in  the  right-hand  portion  of 
the  cooler  as  shown  in  fig.  5,  and  a  second  one  of 
them  arranged  in  the  left-hand  portion  of  the  cooler 
underneath  the  evaporator  tube  coil  43.  For  rea- 
sons  of  simplicity  the  sections  of  the  particle  cooler 
will  be  referred  to  as  the  superheater  section  and 
the  evaporator  section,  although  the  evaporator 
section  contains  also  a  super-heater  tube  coil.  Be- 
low  the  particle  cooler  bottom  68  blowers  45  with 
air  conduits  46  connected  with  the  super-heater 
section  fluidization  jets  60  and  the  evaporator  sec- 
tion  fluidization  jets  61  ,  respectively,  are  shown.  By 
providing  two  blowers  in  this  fashion  the  fluidization 
within  the  two  sections  may  be  controlled  sepa- 
rately  as  the  inventor  has  discovered  that  the 

fluidization  gas  flows  essentially  vertically  upwaras 
through  the  bulk  of  particles.  The  fluidization  jets 
are  shown  symbolically  in  the  figure  as  the  real 
cooler  is  provided  with  a  large  number  of  jets 

5  arranged  with  close  spacings  all  over  the  cooler 
bottom  except  for  a  region  along  the  midst,  i.e. 
along  the  section  line  72  of  demarcation,  where  the 
fluidization  jets  are  omitted. 

Fig.  5  shows  fluidized  particle  areas  64,  while 
'o  there  is  a  portion  of  particles  65,  which  is  not 

fluidized.  It  is  understood,  referring  also  to  fig.  3 
and  fig.  4,  that  the  particle  cooler  during  normal 
reactor  operation  receives  a  continuous  flow  of 
heated  particles  spread  substantially  all  over  the 

rs  particle  cooler  42  surface.  Fig.  1  illustrates  a  mode 
of  operation,  where  the  levels  of  the  particle  matter 
within  the  two  sections  of  the  particle  cooler  42  are 
not  equal.  This  may  be  the  case  in  a  mode  of 
operation  where  more  air  is  blown  through  the  air 

20  jet  56  into  the  super-heater  section  downcomer 
than  blown  through  the  air-jet  57  into  the  evapora- 
tor  section  downcomer.  Hereby  a  greater  amount 
of  particles  are  removed  from  the  super-heater 
section.  The  difference  between  the  levels  of'par- 

25  tides  makes  the  "wall"  of  unfluidized  particulate 
material  65  slide  slowly  towards  the  right  in  the 
figure,  whereby  naturally  particles  of  the  wall  will 
gradually  be  fluidized  as  they  move  into  a  region 
over  fluidization  jets.  Within  each  of  the  sections 

30  the  fluidization  gas  provides  agitation  and  circula- 
tion  of  the  particles,  whereas  the  wall  of  unfluidized 
particles  65  between  the  sections  keep  them  sepa- 
rated  so  that  an  unidirectional  gradual  and  con- 
trolled  flow  across  the  line  of  demarcation  is 

35  achieved,  e.g.  a  net  transfer  of  particles  and  thus  of 
heat  from  one  section  to  another.  In  the  mode  of 
operation  illustrated  the  particle  flow  around  the 
evaporator  tube  coils  will  be  low  so  that  the  heat 
transfer  to  the  evaporator  tubes  will  be  low,  where- 

to  as  the  particle  flow  around  the  super-heater  tube 
coils  is  high  so  that  the  heat  transfer  to  super- 
heater  tubes  is  higher.  In  order  to  achieve  an  even 
larger  difference  in  the  heat  transfer  rates  the  in- 
flow  of  fluidization  gas  into  the  super-heater  section 

45  through  the  air  jet  60  may  be  increased  to  agitate 
the  particles  within  this  section  more.  The  inflow  of 
fluidization  gas  through  the  evaporator  section  jet 
61  is  decreased  to  a  level  where  the  gas  flow  just 
fluidizes  the  particles  within  the  section.  At  this  flow 

so  level  the  coefficient  of  heat  transfer  to  the  evapora- 
tor  tubes  is  low  causing  an  even  further  decrease 
in  the  heat-energy  transferred  to  the  evaporator 
tubes. 

It  is  obvious  from  fig.  5  and  from  the  above 
55  given  explanation  that  other  modes  of  operation 

equally  well  could  be  selected,  e.g.  a  mode  where 
a  greater  heat  transfer  into  the  evaporator  tubes 
takes  place  or  a  mode  of  operation  with  equal  flow 
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t  the  two  sections  and  equal  heat  transfer  rates. 
Reference  is  now  made  to  fig.  6,  showing  an- 

ither  preferred  embodiment  of  the  particle  cooler 
iccording  to  the  invention.  Most  of  the  parts  in  the 
ig.  6  embodiment  are  identical  to  those  of  the  fig. 
i  embodiment,  but  the  embodiment  of  fig.  6  is 
irovided  with  a  section  partition  wall  62  along  the 
section  line  72  of  demarcation.  This  section  parti- 
ion  wall  62  is  low  compared  to  the  cooler  side 
vails  so  that  particles  may  flow  over  the  partition 
vail  62  in  case  the  levels  differ  so  as  to  provoke 
such  flow.  Obviously,  the  region  above  this  section 
jartition  wall  will  contain  unfluidized  particles  65. 
Ml  other  elements  of  the  embodiment  of  fig.  6  are 
equivalent  to  those  in  fig.  5  so  that  reference  may 
)e  made  to  the  above-given  explanation.  It  is  un- 
derstood  that  the  embodiment  of  fig.  6  provides  for 
i  very  distinct  separation  of  the  two  sections 
vhereby  the  heat  exchange  between  the  particles 
)f  the  two  sections  is  reduced. 

Although  different  embodiments  of  the  inven- 
ion  have  been  illustrated  and  described  in  detail, 
he  invention  is  not  to  be  considered  as  limited  to 
he  precise  constructions  and  embodiments  dis- 
posed  and  various  adaptations,  modifications  and 
jses  of  the  invention,  which  may  occur  to  those 
skilled  in  the  art,  to  which  the  invention  relates, 
nay  be  made  without  departing  from  the  spirit  and 
scope  of  the  invention. 

Claims 

1  .  In  a  fluid-bed  cooler  for  particulate  material 
formed  as  an  upwards  open  vessel  with  generally 
closed  bottom  and  side  walls  and  comprising  heat 
transfer  means  with  an  inside  and  an  outside  such 
as  tubes  carrying  a  heat-transfer  medium  at  the 
inside  and  having  said  particulate  material  flowing 
at  the  outside,  with  inlets  at  the  bottom  wall  for 
introduction  of  gas  for  fluidization  of  particulate 
material  and  with  at  least  one  opening  in  the  bot- 
tom  wall  for  discharge  of  particulate  material,  the 
improvement  comprising  that  the  heat  transfer 
means  are  divided  into  at  least  two  sections,  and 
that  the  inlets  for  fluidization  gas  are  divided  into 
sections  corresponding  with  the  heat  transfer 
means  sections  and  are  provided  with  separate 
control  means  for  the  inflow  of  fluidization  gas  into 
each  section. 

2.  In  a  cooler  according  to  claim  1,  the  im- 
provement  comprising  that  each  section  is  pro- 
vided  with  at  least  one  particle  discharge  opening, 
and 
that  each  particle  discharge  opening  is  provided 
with  means  for  control  of  the  particle  discharge 
flow. 

a.  in  a  cooler  accoraing  io  ciaim  i,  ine  im- 
provement  comprising  a  boundary  region  between 
the  sections,  wherein  the  particles  are  not  fluidized. 

4.  In  a  cooler  according  to  claim  1,  the  im- 
5  provement  comprising  a  partitioning  wall  arranged 

between  the  sections,  said  wall  having  a  top  edge 
at  a  lower  level  than  the  top  edge  of  the  vessel 
side  walls,  so  that  particulate  material  may  flow 
over  the  partitioning  wall  top  edge  from  one  section 

o  to  an  adjacent  section. 
5.  In  a  cooler  according  to  any  of  the  claims  1  , 

2  or  3,  the  improvement  comprising  that  the  cooler 
is  divided  into  at  least  three  sections,  each  section 
being  provided  with  inlets  at  the  bottom  for  the 

5  introduction  of  fluidization  gas  and  with  an  opening 
for  discharge  of  particulate  matter  at  the  bottom, 
that  at  least  two  of  the  sections  are  provided  with 
heat  transfer  means,  and  that  the  third  section  is 
not  provided  with  heat  transfer  means. 

>o  6.  In  a  cooler  according  to  any  of  the  claims  1 
through  5,  the  improvement  comprising  that  the 
side  walls  and/or  the  bottom  wall  are  provided  with 
cooling  tubes. 

7.  In  a  fluid-bed  combustion  reactor  comprising 
>5  a  substantially  vertical  reactor  chamber  with  a  first 

inlet  at  the  reactor  chamber  lower  portion  for  the 
introduction  of  liquid  and/or  solid  particulate  ma- 
terial,  and  a  second  inlet  at  a  level  below  the  first 
inlet  for  the  introduction  of  gas  for  fluidization  of 

?o  particulate  material  within  the  reactor  in  order  to 
maintain  a  primary  fluid  bed,  an  exhaust  duct  at  the 
reactor  chamber  upper  portion  for  the  withdrawal  of 
exhaust  gas  and  particles  from  the  reactor,  and  a 
fluid-bed  cooler  for  particulate  material,  formed  as 

35  an  upwards  open  vessel  with  generally  closed  bot- 
tom  and  side  walls  and  arranged  so  as  to  collect  a 
portion  of  particulate  material  from  the  reactor 
chamber  upper  portion,  said  cooler  comprising 
heat  transfer  means  with  an  inside  and  an  outside 

40  such  as  tubes  carrying  a  heat  transfer  medium  at 
the  inside  and  having  said  particulate  material  flow- 
ing  at  the  outside,  said  cooler  comprising  at  least 
one  conduit  for  the  controlled  returning  of  par- 
ticulate  material  from  the  cooler  to  the  primary  fluid 

45  bed,  and  said  cooler  having  inlets  at  the  bottom 
wall  for  introduction  gas  for  fluidization  of  par- 
ticulate  material,  the  improvement  comprising  that 
the  heat  transfer  means  are  divided  into  at  least 
two  sections,  and  that  the  inlets  for  fluidization  gas 

so  are  divided  into  sections  corresponding  with  the 
heat  transfer  means  sections  and  provided  with 
separate  control  means  for  the  inflow  of  fluidization 
gas  into  each  section. 

8.  In  a  reactor  according  to  claim  7,  the  im- 
55  provement  comprising  that  each  section  is  pro- 

vided  with  at  least  one  particle  discharge  opening 
and  that  each  discharge  opening  is  provided  with 
means  for  control  of  the  particle  discharge  flow. 

9 
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9.  In  a  reactor  according  to  claim  7,  the  im- 
provement  comprising  that  the  cooler  has  a  region 
petween  the  sections,  wherein  the  particles  are  not 
iuidized. 

10.  In  a  reactor  according  to  claim  8,  the  im- 
provement  comprising  that  the  cooler  comprises  a 
partitioning  wall  arranged  between  the  sections, 
said  wall  having  a  top  edge  at  a  lower  level  than 
tie  top  edge  of  the  cooler  vessel  side  walls,  so  that 
Darticuiate  material  may  flow  over  the  partitioning 
wail  top  edge  from  one  section  to  an  adjacent 
section. 

1  1  .  In  a  reactor  according  to  any  of  the  claims 
7  through  10,  the  improvement  comprising  that  the 
cooler  is  divided  into  three  sections,  each  section 
being  provided  with  inlets  at  the  bottom  for  the 
introduction  of  fluidization  gas  and  with  an  opening 
for  discharge  of  particulate  material  at  the  bottom, 
that  at  least  two  of  the  sections  are  provided  with 
heat  transfer  means,  and  that  the  third  section  is 
not  provided  with  heat  transfer  means. 

12.  In  a  reactor  according  to  any  of  the  claims 
7  through  1  1  ,  the  improvement  comprising  that  the 
side  walls  and/or  the  bottom  wall  of  the  particulate 
material  cooler  are  provided  with  cooling  tubes. 

13.  In  a  reactor  according  to  any  of  claims  7 
through  12,  the  improvement  comprising  that  the 
opening(s)  for  discharge  of  particulate  material 
from  the  cooler  communicate(s)  with  a  return  con- 
duit  or  a  downcomer,  through  which  particulate 
material  may  move  by  force  of  gravity  only,  that 
the  return  duct  communicates  with  the  reactor 
chamber,  and  that  the  return  duct  near  its  lower 
end  is  provided  with  means  for  the  controlled  blow- 
ing  of  gas  into  said  return  duct. 

14.  In  a  reactor  according  to  any  of  the  claims 
7  through  13,  the  improvement  comprising  that  the 
reactor  chamber  is  essentially  rectangular  in  cross- 
section,  that  the  particulate  cooler  is  essentially 
rectangular  in  cross-section  and  that  the  cooler  is 
arranged  adjacent  one  side  of  the  reactor  and  with 
a  side  parallel  to  a  reactor  side. 

15.  In  a  reactor  according  to  any  of  claims  7 
through  13,  the  improvement  comprising  that  the 
reactor  chamber  is  essentially  of  circular  cross- 
section,  that  the  particle  cooler  is  arranged  an- 
nularly  around  the  reactor  chamber  and  that  the 
demarcation  lines  between  the  sections  within  the 
particulate  cooler  extend  essentially  radial. 

16.  A  method  for  the  operation  of  a  fluidized- 
bed  combustion  reactor,  wherein  material  compris- 
ing  solid  particles  and  fuel  is  introduced  into  the 
reactor  lower  portion  and  fluidization  gas  is  intro- 
duced  at  such  velocity  that  a  portion  of  the  par- 
ticulate  material  is  entrained  and  carried  upwards 
with  the  fluidization  gas  and  wherein  a  portion  of 
the  entrained  particles  is  collected  in  a  separately 
arranged  secondary  fluid-bed,  wherein  they  are 

kept  fluidized,  may  transfer  heat  to  heat  transfer 
means  and  thereupon  are  returned  to  the  reactor 
lower  portion,  the  improvement  comprising  that  the 
heat  energy  transfer  within  the  secondary  fluid-bed 

s  is  separately  controlled  within  at  least  two  sections 
hereof  by  control  of  the  inflow  of  fluidization  gas 
and/or  control  of  the  particle  discharge  flow  from 
each  section. 

17.  In  a  method  according  to  claim  16,  the 
w  improvement  comprising  that  the  particle  discharge 

flow  from  each  of  the  sections  within  the  secondary 
fluid-bed  is  controlled  so  that  particulate  material 
flows  from  one  section  to  an  adjacent  section. 

18.  In  a  method  according  to  claim  16  or  17, 
is  the  improvement  comprising  that  the  heat  transfer 

means  are  provided  into  at  least  one  evaporator 
section  and  at  least  one  super-heater  section,  said 
sections  being  arranged  within  separate  sections 
within  the  secondary  fluid-bed  in  such  a  way  that 

20  the  heat  transfer  to  the  evaporator  tube  section  and 
to  the  super-heater  tube  section  is  separately  con- 
trollable. 
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