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(54)  A  process  for  controlling  the  combustion  in  a  boiler  having  a  vibrating  grate 

(57)  By  the  process  the  supplied  amounts  of  primary 
air  and/or  fuel  are  reduced  in  a  definite  way  under  and 
shortly  after  the  vibration  of  the  vibrating  grate,  whereby 
a  sudden  increase  of  the  combustion  rate  caused  by  the 

vibration  is  avoided.  As  a  result  the  sudden  drops  of  the 
oxygen  content  of  the  exhaust  gas  occurring  in  common 
boilers  are  avoided,  said  drops  being  caused  by  the  fact 
that  the  common  fuel  control  reacts  too  slowly  on  sud- 
den  changes  in  the  combustion  conditions. 

CM 
<  
Is- 
O  
O) 
^> 

Is- 
o  
a .  
LU 

Printed  by  Jouve,  75001  PARIS  (FR) 



1 EP  0  754  907  A2 2 

Description 

The  invention  relates  to  a  process  for  controlling  the 
combustion  in  a  boiler  having  a  vibrating  grate  which  is 
vibrated  for  a  short  period  and  left  to  rest  for  a  substan- 
tially  longer  period  of  time,  wherein  primary  air  is  sup- 
plied  to  the  underside  of  the  grate  and  flows  up  through 
openings  therein,  wherein  secondary  air  is  supplied 
through  nozzles  provided  on  at  least  one  boiler  wall  and 
the  fuel  is  spread  onto  the  grate  through  a  feed  opening 
in  at  least  one  boiler  wall,  and  wherein  the  supplied 
amount  of  primary  air  and/or  amount  of  fuel  supplied  are 
determined  dependent  on  the  result  of  current  measure- 
ments  of  one  or  more  of  the  boiler  state  variables  and 
parameters  which  reflect  the  air  surplus  and  the  heat 
absorption. 

Known  boilers  of  this  type  are  i.a.  used  for  burning 
wood  chips,  wood  waste,  sawdust,  and  the  like  materi- 
als  or  mixtures  thereof,  but  may  be  used  for  burning 
nearly  all  types  of  solid  fuel  which  may  be  spread  onto 
the  grate. 

The  grate  is  vibrated  periodically,  typically  for  ap- 
prox.  2-5  seconds  with  a  frequency  of  5-8  Hz  and  an 
amplitude  of  approx.  7-10  mm  followed  by  a  standstill 
period  of  5-30  minutes.  The  grate  may  tilt  7-10°  towards 
a  cinder  pit  and  vibration  may  typically  take  place  in  a 
direction  tilting  at  an  angle  of  10-18°  reversely  to  the 
tilting  of  the  grate. 

The  object  of  the  vibration  is  to  distribute  the  fuel 
positioned  on  the  grate  over  its  surface  and  to  convey 
ash  from  the  combustion  to  the  cinder  pit.  By  vibration 
of  the  grate  a  change  of  the  immediate  consumption  of 
fuel  on  the  grate  occurs,  and  in  the  known  boilers,  where 
a  high  amount  of  primary  air  is  used,  the  combustion 
rate  increases.  The  effect  on  the  consumption  of  fuel  on 
the  grate  is  significant  in  2-5  minutes  after  the  vibration. 
Furthermore,  the  vibration  of  the  grate  causes  a  part  of 
flammable  material  to  be  whirled  up  from  the  grate  and 
to  burn  in  the  combustion  chamber  for  a  period  of  3-1  0 
seconds  after  the  vibration. 

Such  sudden  increases  in  the  combustion  rate  will, 
if  no  precautions  are  taken,  lead  to  a  drop  in  the  oxygen 
content  of  the  exhaust  gas  and  consequently  to  emis- 
sion  of  big  amounts  of  CO  and  other  polluting  products 
stemming  from  a  partial  combustion.  The  control  of  the 
combustion  in  known  boilers  is  based  on  the  fact  that 
the  oxygen  content  of  the  exhaust  gas  and  the  value  of 
one  or  more  parameters  which  reflects  the  heat  absorp- 
tion  in  the  boiler,  is  measured  currently  and  that  the 
amount  of  primary  air  supplied,  fuel  and  secondary  air 
is  adapted  relative  thereto.  This  way  of  regulating  suf- 
fers  from  the  drawback  that  the  measurements  reflect 
the  immediate  conditions  with  a  time  lag  of  typically  one 
minute,  and  it  is  therefore  not  possible  for  the  control 
system  to  take  the  abovementioned  quick  increase  in 
the  rate  of  combustion  into  account,  which  increase  oc- 
curs  by  the  vibration  of  the  grate. 

The  increase  of  the  rate  of  combustion  entails  a 

quick  increase  in  the  heat  release  and  in  the  oxygen 
need,  which  results  in  a  drop  of  the  oxygen  content  in 
the  exhaust  gas,  and  as  a  consequence  hereof  emission 
of  big  amounts  of  CO  and  other  polluting  products  stem- 

5  ming  from  a  partial  combustion.  To  prevent  this  an  air 
surplus  of  around  30%  relative  to  what  is  stoichiometri- 
cally  required  is  used  in  such  boilers. 

The  object  of  the  invention  is  to  provide  a  process 
of  the  type  mentioned  by  way  of  introduction,  by  means 

10  of  which  the  immediate  heat  release  is  kept  approxi- 
mately  constant,  sudden  drops  in  the  oxygen  content  of 
the  exhaust  gas  being  simultaneously  avoided.  This  ob- 
ject  is  according  to  the  invention  met  in  that  the  supplied 
amount  of  primary  air  and/or  amount  of  fuel  in  connec- 

ts  tion  with  each  vibration  further  is  reduced  relative  to  the 
amount  determined  by  the  current  measurement,  that 
the  reduction  is  initiated  immediately  prior  to  the  vibra- 
tion  reaching  its  maximum  frequency  and  is  reduced  af- 
ter  the  end  of  the  vibration  to  reach  substantially  the  lev- 

20  el  before  the  reduction  in  such  a  way  that  the  sum  of  the 
reduction  per  cent  of  the  amount  of  primary  air  supplied 
and  the  reduction  per  cent  of  the  supplied  amount  of  fu- 
el,  summed  up  separately  as  an  average  over  five  sec- 
onds  in  the  major  part  of  a  period  starting  when  the  vi- 

25  bration  has  reached  its  maximum  frequency  and  ending 
ninety  seconds  later,  amount  to  at  least  15%.  If  for  in- 
stance  the  reduction  per  cent  of  the  supplied  amount  of 
primary  air,  measured  as  stated,  is  50%  and  the  reduc- 
tion  per  cent  of  the  amount  of  fuel  supplied,  measured 

30  in  the  same  way,  is  80%,  the  sum  of  the  reductions  is 
1  30%. 

The  process  according  to  the  invention  utilizes  the 
fact  that  two  of  the  parameters  having  substantial  influ- 
ence  on  the  combustion,  viz.  the  supplied  amount  of  pri- 

35  mary  air  and  the  supplied  amount  of  fuel,  can  be 
changed  nearly  instantaneously.  Furthermore,  the  time 
for  changing  these  parameters  is  determined  on  basis 
of  the  knowledge  of  the  time  for  the  starting  of  the  vibra- 
tion,  and  thereby  the  previously  mentioned  time  lag  in 

40  connection  with  the  measurement  of  the  oxygen  content 
of  the  exhaust  gas  is  avoided.  By  the  process  according 
to  the  invention  the  boiler  is  substantially  controlled  like 
known  boilers,  but  this  control  is  superimposed  by  a  con- 
trol  of  the  immediately  supplied  amount  of  primary  air 

45  and/or  amount  of  fuel,  which  is  controlled  on  basis  of  the 
knowledge  of  the  time  for  the  vibration. 

Hereby  is  obtained  that  variations  in  the  oxygen 
content  of  the  exhaust  gas  can  be  limited,  and  that  the 
average  air  surplus  consequently  can  be  reduced,  the 

so  instantaneous  heat  release  being  simultaneously  kept 
approximately  constant.  A  total  effect  is  that  also  a  sta- 
ble  operation  is  obtained,  which  i.a.  has  the  advantage 
of  making  further  improvements  of  the  combustion  pos- 
sible,  improvements  which  would  not  otherwise  be  pos- 

55  sible. 
The  substantial  advantages  obtained  by  the  proc- 

ess  according  to  the  invention  is  that  the  air  surplus  be- 
comes  smaller,  which  entails  a  smaller  production  of 

2 
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NO,  a  smaller  energy  consumption  for  pressurizing 
combustion  air  and  for  sucking  exhaust  gases  through 
the  boiler  and  a  smaller  loss  of  heat  on  account  of  the 
exhaust  gas  of  the  boiler. 

It  is  a  further,  substantial  advantage  that  the  proc- 
ess  according  to  the  invention  allows  the  load  on  the 
grate,  compared  to  known  boilers,  to  be  substantially  in- 
creased.  It  has  turned  out  that  in  known  boilers  there  is 
in  practice  an  upper  limit  to  the  load  about  2MW/m2.  Is 
the  load  to  be  increased  more  than  that,  it  is  necessary 
either  to  increase  the  amount  of  primary  air  or  to  utilize 
the  amount  of  primary  air  better  than  before. 

If  the  choice  taken  is  to  increase  the  amount  of  pri- 
mary  air,  other  problems  arise,  first  and  foremost  that 
possible  unburnt  particles  are  blown  up  into  the  com- 
bustion  chamber. 

Is  the  choice  on  the  contrary  to  increase  the  thick- 
ness  of  the  layer  of  fuel  in  order  to  create  an  intimate 
contact  between  the  primary  air  and  the  fuel  with  a  view 
to  avoiding  increase  of  the  amount  of  primary  air,  there 
will  at  each  vibration  occur  such  a  heavy  drop  in  the  ox- 
ygen  content  of  the  exhaust  gas  and  of  the  heat  release, 
that  the  combustion  cannot  be  kept  under  control  by  the 
usual  control  system  of  the  boiler,  which  results  in  an 
unstable  operation. 

According  to  the  invention  a  process  has  now  been 
provided  for  controlling  the  combustion  in  a  boiler  which 
has  the  effect  that  such  drops  in  oxygen  content  and  in 
the  heat  release  may  be  substantially  reduced  or  com- 
pletely  eliminated.  This  opens  up  for  the  possibility  of 
using  boilers  with  a  grate  load  which  may  be  10  -  15% 
higher  than  the  loads  used  up  till  now. 

A  preferred  embodiment  of  the  invention  is  charac- 
teristic  in  that  the  amount  of  secondary  air  supplied  is 
increased  simultaneously  with  the  reduction  of  the 
amount  supplied  of  primary  air  and/or  the  supplied 
amount  of  fuel. 

By  counteracting  the  increased  combustion  rate 
during  and  after  the  vibration  of  the  grate  by  reducing 
the  supply  of  new  fuel,  the  total  amount  of  exhaust  gas 
will  decrease,  due  to  a  decrease  of  the  development  of 
water  vapour  due  to  drying  of  the  fuel  supplied.  Corre- 
spondingly,  a  reduced  amount  of  primary  air  will  cause 
a  reduction  of  the  total  amount  of  exhaust  gas.  By  in- 
creasing  the  amount  of  secondary  air  a  constant  amount 
of  exhaust  gas  may  substantially  be  maintained.  This 
results  in  a  reduction  of  variations  in  heat  absorption  in 
the  heat  surfaces  of  the  boiler,  and  variations  of  pres- 
sure  and  temperatures  in  the  boiler  are  limited. 

A  second  process  according  to  the  invention  is 
characteristic  in  that  in  the  determination  of  the  size  of 
said  reduction  of  the  amount  supplied  of  primary  air  and/ 
or  amount  of  fuel  under  a  given  vibration  use  is  made  of 
the  result  of  a  measurement  of  at  least  one  of  the  state 
variables  of  the  boiler,  while  one  of  the  immediately  pre- 
ceding  vibrations  influences  substantially  the  value  of 
the  state  variable. 

The  object  is  to  ensure  that  the  reduction  of  the  sup- 

plied  amount  of  primary  air  and/or  amount  of  fuel  has 
the  proper  size  in  relation  to  the  current  operational  con- 
dition.  The  result  of  measurements  of  the  state  variable 
of  the  boiler  at  preceding  vibrations  are  part  of  an  algo- 

5  rithm  for  determination  of  the  size  of  the  reduction  at  a 
succeeding  vibration. 

A  third  process  according  to  the  invention  is  char- 
acteristic  in  that  said  state  variable  is  the  oxygen  content 
of  the  exhaust  gas,  and  that  the  size  of  the  reduction  of 

10  the  supplied  amount  of  primary  air  and/or  the  fuel 
amount  is  increased  when  the  measurement  indicates 
a  drop  in  the  oxygen  content  of  the  exhaust  gas  in  the 
period  immediately  after  the  vibration  of  the  grate,  and 
in  that  the  size  of  the  reduction  is  decreased  when  the 

is  result  of  the  measurement  indicates  an  increase  of  the 
oxygen  content  of  the  exhaust  gas. 

By  measurement  of  the  oxygen  content  in  the  ex- 
haust  gas  the  algorithm  may  comprise  comparison  of 
the  oxygen  content  in  the  exhaust  gas  immediately  be- 

20  fore  and  1-2  minutes  after  the  vibration  of  the  grate, 
where  a  drop  of  the  oxygen  content  of  more  than  0.2% 
point  has  the  effect  that  the  reduction  of  the  supplied 
amount  of  primary  air  and/or  the  supplied  amount  of  fuel 
is  increased  by  20%  and  where  an  increase  of  the  oxy- 

25  gen  content  in  the  exhaust  gas  by  more  than  0.2%  point 
causes  a  decrease  of  said  reduction  by  20%. 

A  fourth  embodiment  is  characteristic  in  that  the  re- 
duction  of  the  supplied  amount  of  primary  air  at  the  start- 
ing  of  the  vibration  is  30%  of  the  starting  value,  that  the 

30  reduction  of  the  supplied  amount  of  fuel  is  decreased  to 
30%  of  the  starting  value  five  seconds  after  the  vibration 
has  stopped,  and  that  the  deviation  per  cent  of  each  of 
said  amounts  from  the  starting  value  is  decreased  grad- 
ually  such  that  it  is  halved  each  time  two  minutes  have 

35  passed. 
Hereby  an  even,  asymptotical  transition  to  the  start- 

ing  value  before  the  vibration  is  obtained,  which  contrib- 
utes  to  keeping  the  oxygen  content  in  the  exhaust  gas 
constant.  Whether  it  is  the  supplied  amount  of  primary 

40  air  or  the  amount  of  fuel,  or  a  combination  of  both,  which 
is  reduced,  is  not  decisive  for  the  attainment  of  the  de- 
sired  effect.  If  a  reduction  of  only  one  parameter  takes 
place,  this  reduction  should  be  more  massive. 

In  a  fifth  embodiment  of  the  process  an  air  flow  may 
45  be  created  above  the  grate  in  a  direction  away  from  the 

outlet  edge  of  the  grate  at  the  cinder  pit  to  the  opposite 
end  of  the  grate,  which  air  flow  in  a  sixth  embodiment 
may  be  created  by  in-blowing  of  secondary  air  through 
secondary  air  nozzles  which  are  placed  in  the  boiler  wall 

so  above  the  outlet  edge  of  the  grate  and  below  the  level 
of  the  feed  opening  for  the  fuel,  which  nozzles  may  be 
directed  towards  the  surface  of  the  grate  in  the  area  at 
the  rear  edge  of  the  grate.  Moreover,  the  centre  line  of 
each  secondary  air  nozzle  may  be  placed  within  a  con- 

55  ical  surface  with  its  vertex  in  the  nozzle  and  having  a 
vertex  angle  of  approx.  20°,  the  centre  line  of  said  cone 
being  directed  towards  an  intersection  point  between 
the  surface  of  the  grate  and  an  imaginary,  vertical  line 
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starting  from  a  point  in  the  surface  of  a  part  of  a  boiler 
wall,  said  point  being  positioned  at  the  same  level  as  the 
nozzle  and  opposite  thereto. 

Hereby  is  obtained  that  a  part  of  the  flammable  ma- 
terial,  which  on  account  of  the  vibration  of  the  grate  is 
whirled  up  therefrom,  is  carried  to  the  area  of  the  rear 
edge  of  the  grate  where  it,  on  account  of  the  deflection 
of  the  exhaust  gas  flow  at  the  boiler  wall  at  the  rear  edge 
of  the  grate,  will  be  separated  from  the  flow  and  fall  back 
onto  the  grate,  forming  part  of  the  fuel  positioned  on  the 
grate  and  burning  together  with  it  instead  of  burning  in 
the  combustion  chamber  above  the  grate.  Simultane- 
ously,  the  gas  flow  absorbs  and  mixes  primary  air  and 
degasification  products  from  the  grate  and  thereby  en- 
sures  a  massive  combustion  in  the  area  above  the  grate, 
which  ensures  radiation  back  towards  the  grate. 

In  an  eight  embodiment  of  the  process  according  to 
the  invention  the  supplied  amount  of  primary  air  is  dis- 
tributed  over  the  grate  in  such  a  way  that  the  amount  of 
primary  air  per  area  unit,  which  is  supplied  through  the 
main  part  of  the  third  of  the  active  area  of  the  grate  which 
is  closest  to  the  cinder  pit,  is  bigger  than  the  amount  of 
primary  air  per  area  unit  supplied  through  the  whole  ac- 
tive  area  of  the  grate,  the  active  area  being  defined  as 
the  area  of  the  smallest  rectangle  compassing  all  the 
openings  of  the  grate. 

By  supplying  an  amount  of  primary  air  per  area  unit 
as  stated  above  to  the  lower  third  of  the  grate,  a  massive 
combustion  is  obtained  at  the  lowest  part  of  the  grate, 
with  a  high  temperature  particularly  in  the  zone  in  which 
the  fuel  stops  covering  the  openings  for  the  primary  air 
openings  of  the  grate.  This  ensures  a  stable  ignition  of 
the  exhaust  gas  flow  across  the  grate. 

The  supply  of  secondary  air  to  the  secondary  air 
nozzles  may  constitute  between  1/4  and  1/8  of  the 
amount  of  primary  air  at  a  pressure  which  at  the  maxi- 
mum  yield  of  the  boiler  typically  is  6000  Pa.  The  spread- 
ing  of  the  fuel  is  to  be  adapted  such  that  approx.  2/3  of 
the  fuel  may  be  spread  on  the  middle  third  of  the  grate, 
whereas  1/3  is  spread  on  the  upper  third  of  the  grade  in 
such  a  way  that  the  amount  of  fuel  which  reaches  the 
rear  part  of  the  grate  is  practically  nil. 

By  use  of  the  above  operational  system  it  is  possible 
to  use  very  low  amounts  of  primary  air,  typically  30%  of 
primary  air  and  70%  of  secondary  air  by  combustion  of 
wood  chips  with  a  moisture  content  of  55%.  With  such 
low  portions  of  primary  air,  with  the  above-mentioned 
distribution  of  primary  air  and  the  above-mentioned 
movement  of  the  gas  across  the  grate,  it  is  possible  to 
reduce  the  amount  of  fuel  particles  which  is  blown  out 
at  the  top  of  the  combustion  chamber,  to  reduce  the  loss 
connected  therewith  and  to  reduce  the  amount  of  CO 
and  other  substances  harmful  to  the  environment  and 
stemming  from  a  partial  combustion  of  these  particles 
during  the  cooling  of  the  exhaust  gases. 

The  invention  will  now  be  described  in  detail  in  the 
following  by  means  of  the  drawing,  in  which 

Fig.  1  is  a  lateral  view  of  a  vertical  section  in  the 
combustion  chamber  of  a  boiler  for  use  in  carrying 
out  the  process  according  to  the  invention, 
Figs.  2-5  are  graphs  showing  operational  parame- 

5  ters  and  state  variables  in  a  known  boiler  dependent 
on  the  time,  viz.  the  vibration  frequency  of  the  grate, 
the  supplied  amount  of  fuel,  the  supplied  amount  of 
primary  air  and  the  02  content  of  the  exhaust  gas, 
and 

10  Figs.  6-9  are  graphs  showing  parameters  and  state 
variables  like  in  Figs.  2-5,  but  for  a  boiler  with  which 
the  process  according  to  the  invention  is  carried  out. 

The  boiler  has  a  combustion  chamber  1  defined  by 
is  a  front  wall  2  and  a  rear  wall  3  and  at  the  bottom  it  has 

a  vibration  grate  4.  Under  the  grate  there  is  an  ash  box 
5,  and  at  the  end  of  the  grate  closest  to  the  front  wall 
there  is  a  cinder  pit  6.  The  fuel  is  supplied  by  means  of 
a  helical  conveyor  not  shown  to  a  duct  7,  from  which  it 

20  slides  to  a  spreader  stoker,  which  spreads  it  onto  the 
grate  4  through  an  opening  in  the  front  wall  8  by  means 
of  an  injection  nozzle  9,  to  which  air  is  supplied  from  an 
air  duct  1  0.  The  spreading  of  the  fuel  should  be  adapted 
such  that  approx.  2/3  of  the  fuel  may  be  spread  onto  the 

25  middle  third  of  the  grate,  whereas  1/3  is  spread  onto  the 
upper  third  of  the  grate  in  such  a  way  that  the  amount 
of  fuel  which  reaches  the  rear  part  of  the  grate  is  ap- 
proximately  nil.  An  air  nozzle  15  is  provided  under  the 
opening  8  in  the  front  wall,  said  nozzle  being  supplied 

30  with  air  from  an  air  duct  1  6.  The  nozzles  1  5  are  directed 
towards  the  rear  edge  of  the  gate  and  serve  for  mixing 
degassing  products  and  primary  air  from  the  fuel  on  the 
vibration  grate  4. 

For  the  injection  of  secondary  air  the  boiler  is  pro- 
35  vided  with  several  groups  of  secondary  air  nozzles.  At 

the  rear  wall  above  the  grate  nozzles  1  7  and  1  9  are  pro- 
vided,  which  are  supplied  with  air  from  air  ducts  1  8  and 
20,  respectively.  On  the  front  wall  and  the  rear  wall  op- 
positely  positioned  protrusions  25  and  26  are  provided, 

40  said  protrusions  carrying  secondary  nozzles  30,31,  to 
which  air  is  supplied  from  an  air  duct  32  and  33,  34,  to 
which  air  is  supplied  from  an  air  duct  35.  The  supply  of 
secondary  air  to  the  secondary  air  nozzles  may  consti- 
tute  between  1/4  and  1/8  of  the  amount  of  primary  air  at 

45  a  pressure,  which  at  the  maximum  yield  of  the  boiler  typ- 
ically  is  6000  Pa. 

The  vibration  grate  4  is  placed  with  a  tilt  of  7°  relative 
to  horizontal  and  with  its  highest  point  at  the  rear  wall  3. 
For  the  flow  of  primary  air  the  grate  is  typically  provided 

so  with  1  000  holes  per  m2  with  a  diameter  of  3-4  mm.  The 
grate  is  vibrated  by  a  vibration  unit  11  with  a  frequency 
of  approx.  9  Hz  and  an  amplitude  of  +  5  mm  in  a  direction 
forming  an  angle  of  13°  with  horizontal  and  directed  re- 
versely  to  the  tilting  of  the  grate.  The  vibration  is  carried 

55  out  periodically,  the  grate  being  vibrated  for  approx.  2-5 
seconds  followed  by  a  period  of  standstill  of  5  -  20  min- 
utes. 

In  order  to  illustrate  the  effect  obtained  by  the  proc- 
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ess  according  to  the  invention  the  combustion  condi- 
tions  of  a  known  boiler  will  first  be  gone  over  in  the  fol- 
lowing,  as  illustrated  in  Figs.  2-5,  and  then  the  corre- 
sponding  conditions  for  a  boiler  for  use  in  carrying  out 
the  process  according  to  the  invention,  as  illustrated  in 
Figs.  6-9. 

Fig.  2  shows  how  the  frequency  of  the  vibrations  of 
the  grate  changes  dependent  on  the  time.  In  the  left  side 
of  the  figure  the  frequency  course  is  shown  over  an  axis 
of  abscissas,  which  is  divided  into  intervals  of  10  sec- 
onds,  whereas  the  axis  of  abscissas  in  the  right  side  of 
the  figure  is  divided  into  intervals  of  1  minute.  The  same 
division  of  the  axis  is  used  in  all  the  following  figures  and 
shall  therefore  not  be  mentioned  in  connection  there- 
with. 

It  will  be  seen  from  Figs.  3  and  4  that  the  supplied 
amount  of  fuel  and  the  supplied  amount  of  primary  air 
are  regulated  down  within  the  first  few  minutes  after  the 
vibration  of  the  grate  has  stopped,  following  which  the 
regulation  system  of  the  boiler  slowly  increases  said 
amounts  to  the  values  which  they  had  before  the  starting 
of  the  vibration.  The  reason  for  this  slow  down-regula- 
tion  appears  from  Fig.  5,  which  shows  that  the  actual 
value  of  the  oxygen  content  in  the  exhaust  gas  (the 
curve  is  given  the  reference  a)  drops  abruptly  due  to  the 
vibration  of  the  grate,  whereas  the  value  measured  by 
the  conventional  02  meters  drops  slowlier.  It  is  due  to 
the  latter  drop  that  the  amount  of  primary  air  and  the 
amount  of  fuel  are  regulated  down,  and  the  oxygen  con- 
tent  in  the  exhaust  gas  again  rises  asymptotically  to  the 
level  before  the  vibration. 

Fig.  6  shows  in  the  same  way  as  Fig.  2  the  frequen- 
cy  course  of  the  vibrations  of  the  grate,  but  for  a  boiler 
for  use  in  carrying  out  the  process  according  to  the  in- 
vention.  Fig.  7  and  8  show  that  the  supplied  amount  of 
fuel  and  the  supplied  amount  of  primary  air,  respectively, 
drop  abruptly  by  the  vibration,  after  which  these 
amounts  increase  in  a  controlled  way.  In  respect  of  the 
amount  of  primary  air  it  is  indicated  in  Fig.  8  that  the  orig- 
inal  reduction  of  the  supplied  amount  of  primary  air  by 
30%,  indicated  by  the  curve  e,  is  approximately  halved 
by  each  passing  of  2  minutes.  The  curves  shown  in  Figs. 
7  and  8  marked  d  and  f,  respectively,  indicate  the  value 
of  the  amounts  of  fuel  and  amounts  of  primary  air,  re- 
spectively,  which  is  set  by  the  regulation  system  of  the 
boiler  based  on  conventional  02  measurement  of  the 
exhaust  gas.  The  curves  c  and  e,  respectively,  show  the 
actually  set  amounts  of  fuel  and  amounts  of  primary  air 
which  are  obtained  by  an  additional  regulation  which  is 
made  on  basis  of  the  knowledge  of  the  starting  of  the 
vibration. 

In  Fig.  9  the  curve  g  shows  the  actual  value  of  the 
oxygen  content  in  the  combustion  chamber,  whereas 
the  curve  h  shows  the  value  measured  by  means  of  a 
conventional  02  meter.  As  will  be  seen  a  practically  con- 
stant  oxygen  content  in  the  exhaust  gas  is  obtained  as 
a  consequence  of  the  regulation  of  the  supplied 
amounts  of  primary  air  and  amounts  of  fuel.  However, 
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as  indicated  by  the  reference  i,  a  short  increase  of  this 
02  value  measured  in  a  conventional  way  takes  place. 

5  Claims 

1  .  A  process  for  controlling  the  combustion  in  a  boiler 
having  a  vibrating  grate  which  is  vibrated  for  a  short 
period  and  left  to  rest  for  a  substantially  longer  pe- 

10  riod  of  time,  wherein  primary  air  is  supplied  to  the 
underside  of  the  grate  and  flows  up  through  open- 
ings  therein,  wherein  secondary  air  is  supplied 
through  nozzles  provided  on  at  least  one  boiler  wall 
and  the  fuel  is  spread  onto  the  grate  through  a  feed 

is  opening  in  at  least  one  boiler  wall,  and  wherein 
which  the  supplied  amount  of  primary  air  and/or 
amount  of  fuel  supplied  are  determined  dependent 
on  the  result  of  current  measurements  of  one  or 
more  of  the  boiler  state  variables  and  parameters 

20  which  reflect  the  air  surplus  and  the  heat  absorp- 
tion, 
characterized  in  that  the  supplied  amount  of  prima- 
ry  air  and/or  amount  of  fuel  in  connection  with  each 
vibration  are  further  reduced  relative  to  the  amount 

25  determined  by  the  current  measurement,  that  the 
reduction  is  initiated  immediately  prior  to  the  vibra- 
tion  reaching  its  maximum  frequency  and  is  re- 
duced  after  the  end  of  the  vibration  to  reach  sub- 
stantially  the  level  before  the  reduction  in  such  a 

30  way  that  the  sum  of  the  reduction  per  cent  of  the 
amount  of  primary  air  supplied  and  the  reduction 
per  cent  of  the  supplied  amount  of  fuel,  summed  up 
separately  as  an  average  over  five  seconds  in  the 
major  part  of  a  period  starting  when  the  vibration 

35  has  reached  its  maximum  frequency  and  ending 
ninety  seconds  later,  amount  to  at  least  15%. 

2.  A  process  according  to  claim  1  , 
characterized  in  that  the  amount  of  secondary  air 

40  supplied  is  increased  simultaneously  with  the  re- 
duction  of  the  amount  supplied  of  primary  air  and/ 
or  the  supplied  amount  of  fuel. 

3.  A  process  according  to  claims  1  or  2, 
45  characterized  in  that  in  the  determination  of  the 

size  of  said  reduction  of  the  amount  supplied  of  pri- 
mary  air  and/or  amount  of  fuel  under  a  given  vibra- 
tion  use  is  made  of  the  result  of  a  measurement  of 
at  least  one  of  the  state  variables  of  the  boiler,  while 

so  one  of  the  immediately  preceding  vibrations  influ- 
ences  substantially  the  value  of  the  state  variable. 

4.  A  process  according  to  claim  3, 
characterized  in  that  said  state  variable  is  the  ox- 

55  ygen  content  of  the  exhaust  gas,  and  that  the  size 
of  the  reduction  of  the  supplied  amount  of  primary 
air  and/or  the  fuel  amount  is  increased  when  the 
measurement  indicates  a  drop  in  the  oxygen  con- 
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tent  of  the  exhaust  gas  in  the  period  immediately 
after  the  vibration  of  the  grate,  and  in  that  the  size 
of  the  reduction  is  decreased  when  the  result  of  the 
measurement  indicates  an  increase  of  the  oxygen 
content  of  the  exhaust  gas.  s 

5.  A  process  according  to  any  of  the  preceding  claims, 
characterized  in  that  the  reduction  of  the  supplied 
amount  of  primary  air  at  the  starting  of  the  vibration 
is  30%  of  the  starting  value,  that  the  reduction  of  the  10 
supplied  amount  of  fuel  is  decreased  to  30%  of  the 
starting  value  five  seconds  after  the  vibration  has 
stopped,  and  that  the  deviation  per  cent  of  each  of 
said  amounts  from  the  starting  value  is  decreased 
gradually  such  that  it  is  halved  each  time  two  min-  15 
utes  have  passed. 

6.  A  process  according  to  any  of  the  preceding  claims, 
characterized  in  that  an  air  flow  is  created  above 
the  grate  in  a  direction  away  from  the  outlet  edge  of  20 
the  grate  at  the  cinder  pit  to  the  opposite  end  of  the 
grate. 

7.  A  process  according  to  claim  6, 
characterized  in  that  the  air  flow  is  created  by  in-  25 
blowing  of  secondary  air  through  secondary  air  noz- 
zles  which  are  placed  in  the  boiler  wall  above  the 
outlet  edge  of  the  grate  and  below  the  level  of  the 
feed  opening  for  the  fuel,  and  in  that  the  nozzles  are 
directed  towards  the  surface  of  the  grate  in  the  area  30 
at  the  rear  edge  of  the  grate. 

8.  A  process  according  to  claim  7, 
characterized  in  that  the  centre  line  of  each  sec- 
ondary  air  nozzle  is  placed  within  a  conical  surface  35 
with  vertex  in  the  nozzle  and  having  a  vertex  angle 
of  approx.  20°,  the  centre  line  of  said  cone  being 
directed  towards  an  intersection  point  between  the 
surface  of  the  grate  and  an  imaginary,  vertical  line 
starting  from  a  point  in  the  surface  of  a  part  of  a  boil-  40 
er  wall,  said  point  being  positioned  at  the  same  level 
as  the  nozzle  and  opposite  thereto. 

9.  A  process  according  to  claims  6  -  8, 
characterized  in  that  the  supplied  amount  of  prima-  45 
ry  air  is  distributed  over  the  grate  in  such  a  way  that 
the  amount  of  primary  air  per  area  unit,  which  is  sup- 
plied  through  the  main  part  of  the  third  of  the  active 
area  of  the  grate  which  is  closest  to  the  cinder  pit, 
is  bigger  than  the  amount  of  primary  air  per  area  so 
unit  supplied  through  the  whole  active  area  of  the 
grate,  the  active  area  being  defined  as  the  area  of 
the  smallest  rectangle  compassing  all  the  openings 
of  the  grate. 
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