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Description 

The  invention  relates  to  a  rotary  combustor,  for 
the  incineration  of  wet  or  dry  municipal  solid  waste 
material,  and  more  particularly  to  an  improved 
automatic  combustion  control  method  for  the  rotary 
combustor. 

Due  to  the  shrinking  available  capacity  in  land- 
fills  for  the  disposal  of  solid  waste,  a  corresponding 
reduction  in  the  volume  of  municipal  solid  waste  for 
such  disposal  has  been  pursued.  The  principal 
method  used  in  this  program  is  the  incineration  of 
combustible  materials.  Although  such  a  program 
has  shown  to  be  successful  in  reducing  the  volume 
of  municipal  solid  waste,  as  well  as  having  the 
added  advantage  of  producing  energy,  exhaust 
emissions  from  these  plants  need  to  be  rigidly 
controlled  so  as  to  minimize  the  amount  of  carbon 
monoxide  and  unburned  hydrocarbons  emitted. 
Some  states  have  set  stringent  requirements  as  to 
the  amount  of  carbon  monoxide  allowed  in  exhaust 
emissions  as  well  as  a  minimum  oxygen  level. 
Failure  to  meet  these  emission  requirements  could 
result  in  the  shut  down  of  the  incinerator.  By  op- 
erating  these  incinerators  more  efficiently,  more 
complete  combustion  will  result  and  hence,  exhaust 
emissions  will  satisfy  the  statutory  requirements. 

One  type  of  incineration  plant  is  known  as  a 
water-cooled  rotary  combustor.  An  example  of  such 
a  combustor  is  described  in  U.S.  Patent  3,822,651 
to  Harris  et  al.  A  water-cooled  rotary  combustor 
generally  includes  a  combustion  barrel  having  a 
generally  cylindrical  side  wall  affixed  to  annular 
support  bands  which  are  received  on  rollers  to 
permit  rotation  of  the  barrel  about  its  longitudinal 
axis.  The  barrel  has  a  generally  open  input  end  for 
receiving  material  to  be  burned,  such  as  municipal 
solid  waste  which  can  vary  in  moisture  content. 
The  opposite  or  output  end  of  the  barrel  is  dis- 
posed  in  a  flue.  The  combustion  barrel  is  tilted 
from  the  horizontal,  the  input  end  being  higher  than 
the  output  end.  As  the  waste  material  burns,  it 
travels  along  the  longitudinal  axis  of  the  barrel  such 
that  solid  combustion  products  exit  the  barrel  at  the 
lower  output  end.  Exhaust  gases  and  solid  com- 
bustion  products  exit  the  barrel  at  the  output  end. 
The  combustion  barrel  is  cooled  by  cooling  pipes 
joined  by  gas  porous  interconnections  to  form  the 
generally  cylindrical  side  wall  of  the  barrel. 

Since  the  composition  of  the  waste  material 
varies,  it  can  be  difficult  to  maintain  a  constant  feed 
rate  of  the  solid  waste  into  the  barrel,  and  thus  the 
intensity  of  the  fire  varies  over  time.  Also,  the  heat 
of  combustion  of  solid  waste  for  each  input  charge 
into  the  combustor  varies  greatly.  As  a  result,  the 
constitution  of  the  exhaust  gases  can  also  vary 
over  time.  By  controlling  the  rate  of  combustion 
within  the  barrel,  a  more  efficient  incineration  oc- 

curs  and  produces  a  more  stable  constitution  of  the 
exhaust  gases  and  less  unburned  hydrocarbons. 
More  particularly,  it  is  important  to  maintain  the 
carbon  monoxide  level  below  100  ppm  since  that  is 

5  the  level  required  by  most  State  laws.  Another 
requirement  imposed  on  the  operators  of  municipal 
waste  incinerators  is  that  the  oxygen  level  in  the 
exhaust  gases  not  fall  below  3%. 

Another  problem  associated  with  inefficient 
io  combustion  of  municipal  solid  waste  within  a  rotary 

combustor  is  that  of  clinker  formation.  Clinkers, 
usually  consisting  of  molten  ash,  softened  glass 
material,  etc.,  can  be  formed  in  the  combustor  and 
can  cause  problems  in  combustor  performance. 

75  The  major  cause  for  the  clinker  to  form  is  a  lo- 
calized  hot  spot  in  the  combustor.  Due  to  the 
varied  nature  of  municipal  solid  waste,  it  is  not 
always  possible  to  have  a  perfectly  uniform  and 
even  burning  fuel  bed  in  the  combustor. 

20  US-Patent  4  395  958,  on  which  the  precharac- 
terising  portion  of  claim  1  is  based,  discloses  a 
method  of  automatically  controlling  combustion  in 
rotary  combustor  having  a  rotating  combustion  bar- 
rel  in  which  solid  waste  material  is  burned  by  air 

25  supplied  to  the  barrel.  The  solid  waste  material  is 
introduced  at  one  end  of  the  barrel  and  exhaust 
gases  and  ash  are  exited  at  the  other  end  of  the 
barrel.  The  supplied  amount  of  air  is  controlled  in 
response  to  pressure  in  the  barrel  and  also  in 

30  response  to  the  oxygen  content  in  the  exhaust 
gases,  and  the  speed  at  which  the  barrel  rotates  is 
controlled  in  response  to  the  temperature  in  the 
barrel. 

Document  WO  88  06  698  which  has  been 
35  published  only  after  the  priority  date  of  the  present 

application  but  has  earlier  priority  date  than  the 
present  application,  discloses  a  method  of  auto- 
matically  controlling  combustion  in  a  rotary  com- 
buster  having  a  rotating  combustion  barrel  in  which 

40  solid  waste  material  is  burned  by  air  supply 
through  the  barrel  though  holes  disposed  through- 
out  its  length  and  periphery.  The  combustion  air  is 
supplied  through  a  plurality  of  ducts  separately  as 
underfire  air  and  overfire  air  to  the  barrel,  with 

45  individual  variation  of  the  overfire  and  underfire  air 
to  each  portion  of  the  barrel  in  response  to 
changes  in  the  temperature  of  the  barrel  and 
changes  in  percent  of  oxygen  in  exhaust  gases. 

It  is  the  object  of  the  present  invention  to 
50  provide  an  improved  method  of  automatically  con- 

trolling  combustion  in  a  rotary  combuster  so  as  to 
allow  for  most  accurate  control  of  the  amount  of 
carbon  monoxyd  and  unburned  hydrocarbons 
present  in  the  exhaust  of  the  rotary  combuster,  and 

55  also  to  compensate  for  changes  in  the  rate  of 
combustion  occuring  within  the  rotary  combuster 
due  to  the  variable  nature  of  municipal  solid  waste, 
and  to  maintain  the  temperature  in  the  combustor 
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at  a  stable  level  which  is  high  enough  to  complete 
combustion,  but  at  a  level  below  where  the  clinker 
starts  to  form,  so  as  to  provide  for  the  efficient 
combustion  of  municipal  solid  waste. 

With  this  object  in  view,  the  present  invention 
resides  in  an  improved  method  of  automatically 
controlling  combustion  in  the  rotary  combuster  as 
defined  in  claim  1,  and  with  further  advantages 
features  as  defined  in  the  subclaim. 

Shortly  summarised,  the  improved  method  of 
the  present  invention  comprises  controlling  com- 
bustion  in  a  rotary  combustor  by  precisely  control- 
ling  the  supply  of  combustion  gas  to  six  combus- 
tion  zones  of  a  rotary  combustor  used  for  burning 
municipal  solid  waste  material.  The  improved  meth- 
od  of  the  present  invention  comprises  the  steps  of 
sensing  an  amount  of  oxygen  present  in  the  ex- 
haust  gas  to  produce  an  oxygen  sensor  signal,  as 
well  as  sensing  the  temperature  within  the  combus- 
tor  to  produce  a  temperature  sensor  signal,  and 
automatically  controlling  the  combustion  gas,  or  air, 
supplied  to  three  different  combustion  zones  in 
response  to  these  signals  to  most  accurately  main- 
tain  the  oxygen  level  in  the  exhaust  gas  at  a 
predetermined  value.  By  defining  the  combustion 
barrel  in  terms  of  three  zones,  each  having  two 
combustion  gas  supply  zones,  the  most  efficient 
combustion  of  municipal  solid  waste  material  can 
be  achieved  by  separately  and  independently  con- 
trolling  the  amount  of  combustion  gas  supplied  to 
each  of  these  six  zones. 

The  invention  as  described  in  the  claims  will 
become  more  apparent  by  reading  the  following 
detailed  description  in  conjunction  with  the  draw- 
ings,  which  are  shown  by  way  of  example  only, 
wherein: 

Figure  1  is  a  cross-sectional,  side-elevational 
view  of  a  rotary  combustor  incorporating  an  im- 
proved  combustion  control  method  according  to 
the  present  invention; 
Fig.  2  is  a  cross-sectional,  end-elevational  sche- 
matic  view  of  the  rotary  combustor  taken  along 
the  line  ll-ll  in  Fig.  1  ; 
Fig.  3  is  an  enlargement  of  a  fragmentary  seg- 
ment  of  the  structure  of  Fig.  2; 
Fig.  4A  is  a  graph  of  volume  percent  oxygen  in 
the  exhaust  gases  of  a  rotary  combustor  versus 
time; 
Fig.  4B  is  a  graph  of  parts  per  million  (ppm)  of 
carbon  monoxide  in  the  exhaust  gas  of  a  rotary 
combustor  versus  time,  i.e.,  the  same  time  as 
that  shown  in  Fig.  4A;  and 
Fig.  5  is  a  flow  chart  outlining  the  successive 
steps  taken  by  the  combustion  controller  to 
most  efficiently  control  combustion. 
A  typical  rotary  combustor,  as  represented  by 

Figs.  1  ,  2,  and  3,  has  as  its  incineration  chamber  a 
generally  cylindrical  combustion  barrel  11  which  is 

comprised  of  alternating  longitudinally  extending 
cooling  pipes  12  and  perforated  web  structures  13. 
The  web  structures  13  are  preferably  formed  of  bar 
steel  and  have  openings  14  therethrough  for  sup- 

5  plying  combustion  gas,  preferably  air,  to  the  com- 
bustion  barrel  11.  Solid  material,  particularly  mu- 
nicipal  solid  waste  material  15,  is  burned  within  the 
rotating  combustion  barrel  1  1  .  The  barrel  1  1  rotates 
about  its  central  axis  of  rotation  which  is  inclined 

io  slightly  from  the  horizontal,  an  input  end  16  being 
slightly  higher  than  an  output  or  exit  end  17.  As 
seen  from  the  output  end  17  along  cross-sectional 
line  ll-ll,  the  combustion  barrel  11  rotates  (in  this 
example)  in  a  clockwise  direction  as  shown  by 

is  arrow  18,  so  as  to  continually  mix  the  waste  ma- 
terial  15.  This  facilitates  the  drying  of  relatively  wet 
waste  material  by  continually  exposing  it  to  the 
surface  of  the  fuel  bed,  where  combustion  normally 
takes  place.  The  input  16  and  output  ends  17  of 

20  the  combustion  barrel  11  are  generally  encircled 
by  support  bands  19  which  are  received  on  rotating 
means,  preferably  rollers,  20.  In  this  manner,  the 
combustion  barrel  11  is  rotated. 

As  the  waste  material  is  incinerated,  the  ex- 
25  haust  gases  shown  by  arrows  21  which  are  thereby 

generated  exit  the  combustion  barrel  11  and  are 
contained  within  an  exhaust  area  22  in  enclosure 
23  (see.  Fig.  2).  Exhaust  gases  21  exit  the  enclo- 
sure  23  through  a  flue  24  located  at  the  output  end 

30  17  of  the  combustor  11  and  flow  past  an  oxygen 
sensor  25.  Other,  solid  combustion  products  or  ash 
26,  exit  the  combustion  barrel  1  1  at  the  output  end 
17  as  well.  The  slight  incline  of  the  combustion 
barrel  11  facilitates  the  discharge  of  these  solid 

35  combustion  products  or  ash  26. 
The  cooling  pipes  12  have  circulating  thereth- 

rough  a  coolant,  typically  water,  which  enters  the 
cooling  pipes  12  from  a  ring  header  27  located  at 
the  output  end  17  of  the  combustion  barrel  11.  The 

40  coolant  flows  towards  the  input  end  16  to  a  return 
means  (not  shown)  which  returns  the  coolant, 
which  has  been  heated  by  the  incineration  of  the 
waste  material,  to  the  header  27.  From  the  header 
27,  the  high  energy  coolant  is  discharged  to  a  heat 

45  exchanger  or  boiler  28  via  supply  pipe  29.  The 
heat  exchanger  28  is  connected  to  a  steam  driven 
electrical  power  generating  system  (not  shown)  as 
is  well  known  in  the  art.  From  the  heat  exchanger 
22,  low  energy  coolant  reenters  the  cooling  pipes 

50  12  through  the  ring  header  27  forming  a  closed 
cycle. 

The  combustion  barrel  11  is  generally  com- 
prised  of  three  combustion  zones,  A,  B,  and  C 
serially  disposed  lengthwise  along  the  combustion 

55  barrel  11,  as  shown  in  Fig.  1.  The  primary  function 
of  zone  A  is  to  dry  the  waste  material,  although 
combustion  is  initiated  here.  Most  of  the  burning  of 
the  waste  material  15  is  accomplished  in  the  mid- 

3 
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die  zone,  B.  Within  zone  C,  combustion  of  the  solid 
waste  has  been  essentially  completed.  A  tempera- 
ture  sensing  device  31,  typically  a  thermocouple,  is 
preferably  located  in  zone  A  of  the  barrel  1  1  .  The 
temperature  sensor  31  senses  the  temperature 
within  the  combustion  barrel  11,  for  reasons  which 
are  fully  explained  later  in  this  description. 

Disposed  beneath  each  of  the  three  combus- 
tion  zones  A,  B,  and  C,  are  ducts  or  windboxes  34, 
37  and  40,  respectively.  Each  windbox  is  com- 
prised  of  an  underfire  air  and  overfire  air  zone,  for 
reasons  which  will  become  readily  apparent.  Com- 
bustion  gas,  or  air,  is  supplied  to  the  combustion 
barrel  11  through  the  openings  14  of  the  perforated 
web  structures  13  via  these  windboxes  34,  37  and 
40.  To  supply  combustion  gas  or  air  to  the  zone  B 
portion  of  the  combustion  barrel  11,  zone  B  wind- 
box  37,  as  shown  in  Fig.  2,  comprises  an  underfire 
air  zone  38  and  an  overfire  air  zone  39,  separated 
by  seal  box  edge  portions  43,  44  and  45,  disposed 
to  extend  lengthwise  adjacent  the  combustion  bar- 
rel  and  to  cooperate  with  a  plurality  of  dogleg- 
shaped  seal  strips  46  to  seal  off  the  various  seg- 
ments  of  the  zone  B  portion  of  the  windbox  37. 
Beginning  at  about  five  o'clock  on  the  barrel  11 
and  following  in  a  clockwise  direction,  the  overfire 
air  zone  39  is  defined  by  windbox  edges  43  and 
44;  the  underfire  air  zone  38  by  edges  44  and  45. 
As  the  solid  waste  material  15  is  consumed  by  fire, 
generally  indicated  at  47,  exhaust  gases  21  exit  the 
combustion  barrel  1  1  and  pass  through  the  flue  24. 

Combustion  gas  is  supplied  to  each  of  the 
windboxes  34,  37,  and  40  by  a  blower  48  via  air 
duct  49.  Combustion  gas  is  separately  supplied  to 
the  overfire  and  underfire  air  zones  35,  36,  38,  39, 
41  and  42  by  a  corresponding  conduit  35',  36',  38', 
39',  41'  and  42'  connected  between  the  air  duct  49 
and  the  six  zones,  each  of  the  conduits  having  a 
damper  50  disposed  therein.  The  conduit  dampers 
50  are  the  main  control  means  described  according 
to  the  present  invention. 

Overfire  air  is  defined  as  that  which  flows  from 
the  air  zones  36,  39,  and  42  through  the  area  of 
openings  14  in  the  combustion  barrel  11  which 
remains  mostly  uncovered  due  to  rotational  shifting 
of  the  waste  material  15.  It  is  referred  to  as  overfire 
air  since  the  combustion  gas  naturally  flows 
through  the  uncovered  openings  over  the  waste 
material  15,  since  that  is  the  path  of  least  resis- 
tance.  Simultaneously,  underfire  air  is  defined  as 
that  which  flows  from  the  air  zones  35,  38,  and  41 
through  the  area  of  openings  14  in  the  combustion 
barrel  11  which  remain  covered  by  waste  material 
15.  Since  the  waste  material  15  is  typically  com- 
posed  of  irregularly-shaped  objects,  the  underfire 
air  will  filter  through  the  waste  material  15  to  the 
surface  where  combustion  is  taking  place.  This 
facilitates  drying  of  wet  waste  material  15,  particu- 

larly  in  Zone  A.  Since  combustion  predominantly 
occurs  in  zone  B,  the  underfire  air/overfire  air  dis- 
tinction  generally  does  not  apply  in  zone  C.  The 
importance  of  this  fact  will  readily  become  appar- 

5  ent. 
According  to  the  present  invention  and  with 

reference  to  Fig.  2,  the  dampers  50  and  rotating 
means  20  are  controlled  by  a  control  unit  51.  The 
control  unit  51  is  comprised  of  a  microprocessor 

io  52,  windbox  damper  controller  53  and  rotation  drive 
controller  54.  Inputs  to  the  control  unit  51  are 
signals  from  the  oxygen  sensor  25  disposed  within 
the  flue  24  and  the  temperature  sensing  device  31  , 
preferably  disposed  within  zone  A  of  the  combus- 

15  tion  barrel  1  1  .  After  combustion  has  been  initialized 
and  becomes  self-sustaining,  the  control  system 
will  act  to  maintain  a  constant  rate  of  combustion. 

As  the  solid  waste  material  15  burns,  exhaust 
gases  21  exit  through  the  flue  24  and  are  sensed 

20  by  the  oxygen  sensor  25.  This  produces  an  oxygen 
gas  sensor  signal  which  is  inputted  to  the  control 
unit  51  .  The  microprocessor  52  of  the  control  unit 
51,  which  can  be  programmed  by  one  of  ordinary 
skill  in  the  art,  responds  to  the  oxygen  sensor 

25  signal  to  generate  an  output  signal  based  upon  the 
percentage  of  oxygen  present  in  the  exhaust  gas 
21.  Different  output  signals  are  generated  depend- 
ing  upon  whether  the  level  of  oxygen  is  above  or 
below  some  predetermined  value  in  the  range  of 

30  about  4%  to  10%  by  volume,  and  preferably  be- 
tween  about  5%  to  8%.  The  most  preferred  setting 
is  a  function  of  material  being  incinerated  and  is 
unique  for  each  plant. 

There  exists  a  relationship  between  the  amount 
35  of  oxygen  and  the  amount  of  carbon  monoxide 

within  the  exhaust  gases  21.  This  relationship  is 
shown  graphically  by  comparing  Figs.  4A  and  4B. 
So  long  as  the  oxygen  level  is  maintained  at  a  level 
between  4%  to  10%  by  volume  the  amount  of 

40  carbon  monoxide  present  in  the  exhaust  gases  21 
is  virtually  non-existent.  Since  this  represents  the 
most  efficient  combustion  of  solid  waste  material 
15,  a  method  to  more  exactly  control  the  amount  of 
carbon  monoxide  present  in  the  flue  gas  is  desir- 

45  able.  By  monitoring  the  amount  of  oxygen  present 
in  the  flue  gas  in  order  to  determine  how  much 
combustion  air  is  to  be  supplied  to  the  combustor 
barrel  11,  the  most  efficient  burning  of  municipal 
waste  15  can  be  accomplished  regardless  of  its 

50  make-up. 
The  first  step  to  be  undertaken  when  the  per- 

centage  of  oxygen  gas  in  the  exhaust  21  is  not  at 
the  predetermined  value  at  about  5%  and  8%  is  to 
adjust  the  airflow  into  zone  C  windbox  40.  If  the 

55  oxygen  content  is  below  the  specified  range,  air- 
flow  into  zone  C  is  increased;  if  oxygen  content  is 
above  8%,  airflow  is  decreased.  The  air  distribution 
between  the  underfire  and  overfire  air  zones  is 

4 
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essentially  equal  in  zone  C.  Since  almost  no  burn- 
ing  of  solids  occurs  in  zone  C  and  only  gases  burn 
or  further  combine  with  oxygen,  the  effect  of  input- 
ting  more  or  less  air  into  either  zone  41  or  42  is  of 
little  consequence.  Preferably,  the  control  of  air  into 
zone  C  is  done  by  adjustment  of  the  windbox 
damper  50  openings.  Preferably,  the  damper  open- 
ings  for  underfire  41  and  overfire  42  air  zones  of 
windbox  40  should  have  a  minimum  opening  of 
about  10%  and  a  maximum  of  about  100%.  Al- 
though  in  a  second  embodiment  it  may  also  be 
accomplished  by  varying  the  speed  of  a  fan  in 
blower  48  or  by  adjusting  the  blower  damper  open- 
ing,  this  would  also  vary  the  amount  of  combustion 
gas  being  supplied  to  the  zone  A  windbox  34  and 
zone  B  windbox  37.  This  alternate  step,  then,  re- 
quires  the  simultaneous  adjustment  of  the  windbox 
34  and  37  damper  openings  to  maintain  constant 
airflow  to  these  two  zones.  If  the  second  embodi- 
ment  is  chosen,  the  controller  should  additionally 
be  programmed  to  maintain  mass  flow  into  the 
zone  A  windbox  34  and  zone  B  windbox  37  if 
adjustment  of  combustion  gas  into  zone  C  windbox 
40  is  performed  by  adjustment  of  the  blower  48  fan 
speed  or  damper  opening. 

The  airflow  control  into  zone  C  should  be  suffi- 
cient  to  bring  the  oxygen  level  in  the  exhaust  gas 
21  to  the  setpoint  of  between  about  4%  to  10%  by 
volume  in  the  flue  24.  If  the  burning  rate  in  the 
combustion  barrel  1  1  is  either  too  high  or  too  low 
to  be  able  to  control  the  oxygen  level  by  controlling 
the  supply  of  combustion  gas  to  zone  C  alone,  the 
windbox  controller  53  is  commanded  by  the  micro- 
processor  52  to  go  on  to  the  next  step. 

The  following  steps  described  below  are  de- 
signed  to  reduce  the  demand  for  oxygen  in  the 
combustion  barrel  11  by  limiting  the  combustion 
gas  supply  into  the  area  where  active  combustion 
is  taking  place.  Usually  gas  phase  combustion  is 
actively  taking  place  in  zone  B,  but  sometimes 
waste  material  15  in  zone  A  may  be  burning.  By 
limiting  combustion  gas  supply  in  zones  A  and  B, 
especially  as  between  underfire  35,  38  and  overfire 
36,  39  air  zones,  combustion  rate  decreases  very 
quickly  and  demand  for  oxygen  falls  off  imme- 
diately  thereby  increasing  its  percentage  level  with- 
in  the  exhaust  21.  Conversely,  when  additional 
combustion  gas  is  supplied  to  zones  A  and  B,  the 
burning  rate  of  the  solid  waste  material  15  in- 
creases  and,  as  a  corresponding  result,  the  per- 
centage  of  oxygen  in  the  exhaust  gas  21  de- 
creases. 

Using  the  signal  from  the  oxygen  sensor  25, 
the  microprocessor  52  directs  the  windbox  control- 
ler  53  to  automatically  control  the  supply  of  com- 
bustion  gas  to  the  zone  B  windboxes  38  and  39  as 
follows:  If  the  oxygen  level  of  the  exhaust  gas  21  is 
below  about  5%,  and  preferably  if  it  is  below  about 

4.5%,  the  supply  of  combustion  gas  to  this  zone 
should  be  decreased;  and  if  the  oxygen  level  is 
above  about  8%,  the  combustion  gas  supplied  to 
zone  B  should  be  increased.  This  adjustment  is 

5  made  by  varying  the  damper  50  openings.  If  the 
adjustment  of  air  to  zone  C  was  made  by  adjusting 
the  blower  48  fan  or  damper,  then  this  is  especially 
true.  Preferably,  the  control  of  combustion  gas  sup- 
plied  to  zone  B  consists  of  supplying  a  greater 

io  percentage  of  combustion  gas  to  the  underfire  air 
zone  38  than  the  overfire  air  zone  39,  on  the  order 
of  60%  to  40%,  since  the  underfire  air  has  more  of 
an  influence  on  the  combustion  rate.  The  minimum 
and  maximum  damper  openings  for  zone  B  under- 

15  fire  38  and  overfire  39  air  zones  should  preferably 
be  about  10%  and  80%,  respectively. 

If  the  two  preceding  steps  do  not  bring  the 
oxygen  level  to  the  setpoint,  then  the  windbox 
controller  53  is  directed  by  the  microprocessor  52 

20  to  perform  the  following  step:  If  the  oxygen  level, 
as  indicated  by  the  oxygen  sensor  25,  is  above 
about  8.5%,  then  the  supply  of  combustion  gas  to 
zone  A  is  increased;  or  if  the  oxygen  level  is  below 
about  4%,  then  less  combustion  gas  or  air  is 

25  supplied  to  zone  A.  Preferably,  the  windbox  con- 
troller  53  performs  this  step  by  adjusting  the  sup- 
ply  of  combustion  gas  to  the  zone  A  overfire  air 
zone  36,  in  dependence  upon  the  oxygen  sensor 
signal.  The  zone  A  overfire  air  zone  36  preferably 

30  has  a  maximum  damper  opening  of  about  50%, 
and  a  minimum  limit  of  about  0%.  The  supply  of 
combustion  gas  to  the  zone  A  underfire  air  zone  35 
is  controlled  by  the  signal  received  by  the  micro- 
processor  52  from  the  temperature  sensing  device 

35  31  .  The  purpose  of  this  step  is  to  input  combustion 
gas  into  the  zone  A  underfire  windbox  35  to  facili- 
tate  the  drying  of  very  wet  solid  waste  material  15. 
Zone  A  underfire  air  zone  35  damper  opening 
should  have  a  minimum  and  maximum  opening 

40  and  corresponding  combustion  gas  flow  rate  in- 
versely  proportional  to  the  combustion  barrel  tem- 
perature  sensing  device  31  reading.  Thus,  if  the 
temperature  sensing  device  31  produces  a  signal 
above  a  predetermined  setpoint,  which  setpoint  will 

45  be  unique  for  each  plant,  the  supply  of  combustion 
gas  to  the  underfire  air  zone  35  is  decreased,  and 
it  is  automatically  increased  if  the  signal  is  below  a 
predetermined  temperature  setting.  Generally  the 
temperature  should  be  maintained  at  a  setpoint  in 

50  the  range  of  1100°C  (2000  °F);  however  it  should 
be  understood  that  the  setpoints  are  dependent 
upon  the  device's  location  within  the  combustion 
barrel  1  1  as  well  as  the  size  of  the  combustor  itself. 

As  an  additional  step,  the  rate  of  rotation  of  the 
55  combustion  barrel  11  can  be  adjusted  as  well.  This 

step  would  be  necessary  if  the  above  steps  do  not 
result  in  the  level  of  oxygen  in  the  exhaust  gas  21 
being  maintained  within  the  predetermined  range  of 

5 



9 EP  0  329  984  B1 10 

between  about  5%  and  8%,  most  preferably  at 
about  6.5%  by  volume.  This  may  occur  in  the  case 
of  very  wet  waste  material  15,  wherein  the  oxygen 
level  would  be  above  8%;  or  in  the  case  where  the 
rate  of  rotation,  shown  by  arrow  18,  had  been 
previously  increased  and  now  drier  waste  material 
15  is  being  incinerated  in  the  combustion  barrel  11 
and  the  oxygen  level  is  below  5%.  Since  combus- 
tion  takes  place  at  the  surface  of  the  continually 
rotating  waste  material  15,  a  faster  rotational  speed 
will  increase  the  combustion  rate  because  new 
material  15  is  continually  exposed  to  the  fire  47.  In 
the  case  of  very  wet  waste  material  15,  a  faster 
rotational  speed  will  dry  the  material  more  quickly 
when  exposed  to  the  fire  47  at  the  surface,  along 
with  the  drying  action  accomplished  by  the  addi- 
tional  air  previously  inputted  through  the  zone  A 
underfire  air  zone  35. 

The  control  of  the  rate  of  rotation  of  the  com- 
bustion  barrel  11  is  based  upon  the  output  signal 
from  the  temperature  sensing  device  31  .  Dry  waste 
material  will  burn  at  a  higher  temperature  than  wet 
waste  material.  If  the  temperature  within  the  com- 
bustion  barrel  1  1  is  above  the  predetermined  tem- 
perature  setting,  as  determined  by  the  temperature 
sensing  device  31  ,  the  rotation  controller  54  will  be 
directed  by  the  microprocessor  52  to  decrease  the 
rate  of  rotation  of  the  rotating  means  20  and  thus 
the  combustion  barrel  1  1  .  A  slower  rotational  speed 
will  cause  less  material  15  to  be  exposed  to  the 
surface  and  thereby  slow  the  combustion  rate,  so 
that  combustion  mainly  takes  place  in  Zone  B. 
Conversely,  if  the  temperature  within  the  combus- 
tion  barrel  1  1  is  too  low,  indicating  the  presence  of 
wet  waste  material,  the  rotation  controller  54  will 
increase  the  rate  of  rotation  of  the  combustion 
barrel  11  to  dry  the  wet  waste  material  and  in- 
crease  the  rate  of  combustion,  since  more  waste 
material  15  will  be  exposed  to  the  surface  to  there- 
by  dry  the  wet  waste  material  and  increase  the 
combustion  rate. 

The  amount  of  air  to  be  inputted  into  each 
zone,  or  increase/decrease  in  rate  of  rotation,  nec- 
essary  to  maintain  a  more  stable  combustion  rate 
is  dependent  upon  how  great  a  deviation  from  the 
predetermined  setpoints  of  the  sensors  is  detected. 
Since  these  parameters  are  a  function  of  combus- 
tor  size  as  well,  each  incineration  plant  requires  the 
defining  of  unique  parameters.  However,  by  per- 
forming  these  precise  steps  according  to  the 
present  invention  as  represented  in  the  flow  chart 
of  Fig.  5,  based  solely  upon  the  output  signals 
produced  by  the  oxygen  sensor  25  and  the  tem- 
perature  sensor  31,  the  combustion  rate  of  solid 
municipal  waste  material  15  can  be  most  efficiently 
controlled,  regardless  of  its  varied  composition  over 
time,  especially  as  to  moisture  content,  so  as  to 
maintain  the  level  of  carbon  monoxide  and  un- 

burned  hydrocarbons  in  the  exhaust  well  below 
statutory  requirements.  The  improved  control  meth- 
od  is  able  to  maintain  the  temperature  in  the  com- 
bustor  at  a  level  which  is  high  enough  to  complete 

5  the  combustion,  but  at  a  level  below  where  the 
clinker  starts  to  form  regardless  of  combustor  size. 
In  addition  the  method  minimizes  temperature  fluc- 
tuations,  which  may  initiate  the  clinker  build-up, 
once  combustion  in  the  combustor  has  become 

io  self-sustaining.  Also,  a  more  stable  combustion  rate 
will  result  independent  of  feed  rate,  thereby  pre- 
venting  clinker  formation.  In  this  manner,  the  vol- 
ume  of  solid  waste  material  can  be  reduced  by 
over  90%  in  a  clean  and  efficient  method. 

15 
Claims 

1.  A  method  of  automatically  controlling  combus- 
tion  in  a  rotary  combustor  having  a  rotating 

20  combustion  barrel  (11)  in  which  solid  waste 
material  (15)  is  burned  by  air  (35,  36,  38,  39, 
41,  42)  supplied  to  the  barrel  (11),  the  solid 
waste  material  being  introduced  at  one  end  of 
the  barrel  and  exhaust  gases  and  ash  are 

25  exited  at  the  other  end  of  the  barrel,  the  sup- 
plied  amount  of  air  being  controlled  in  re- 
sponse  to  the  oxygen  content  in  the  exhaust 
gases,  and  the  speed  at  which  the  barrel 
rotates  being  controlled  in  response  to  the 

30  temperature  in  the  barrel,  characterised  in  that 
the  air  (35,  36,  38,  39,  41,  42)  is  supplied 
through  holes  (14)  disposed  throughout  the 
length  and  periphery  of  the  barrel  and  via  a 
plurality  of  ducts  (34,  37,  40)  into  three  por- 

35  tions  (A,  B,  C)  of  the  barrel  (11),  an  inlet 
portion  (A)  adjacent  the  end  into  which  solid 
waste  (15)  in  introduced  into  the  barrel  (11),  an 
outlet  portion  (C)  disposed  adjacent  the  end 
from  which  exhaust  gases  (21)  and  ash  (26) 

40  exit  the  barrel  (11)  and  an  intermediate  portion 
(B)  disposed  between  the  inlet  and  outlet  por- 
tions  (A,  C),  the  ducts  (34,  37,  40)  are  further 
divided  to  supply  both  underfire  air  (35,  38,  41) 
and  overfire  air  (36,  39,  42)  to  each  portion  (A, 

45  B,  C)  of  the  barrel  (11),  comprising  the  step  of 
individually  varying  the  overfire  and  underfire 
air  (36,  39,  42  and  35,  38,  41)  to  each  portion 
(A,  B,  C)  of  the  barrel  (11)  in  response  to 
changes  in  the  temperature  in  the  barrel  (11) 

50  and  changes  in  the  percent  of  oxygen  in  ex- 
haust  gases  (21). 

2.  The  method  of  claim  1  characterized  in  that 
the  step  of  individually  varying  the  air  to  each 

55  portion  (A,  B,  C)  of  the  barrel  (11)  includes 
varying  the  underfire  air  (41)  in  outlet  portion 
(C)  in  response  to  temperature  changes  in  the 
barrel  (11)  and  varying  the  rotational  speed  of 

6 
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the  barrel  (11)  in  order  to  maintain  a  predeter- 
mined  temperature  in  the  barrel  (11). 

3.  The  method  of  claim  2  characterized  in  that 
the  predetermined  temperature  is  generally 
1100°C. 

4.  The  method  of  claim  1  characterized  in  that 
the  step  of  individually  varying  the  air  (35,  36, 
38,  41,  42)  to  each  portion  (A,  B,  C)  of  the 
barrel  (11)  comprises  varying  in  a  predeter- 
mined  order  overfire  air  (42)  to  the  outlet  por- 
tion  (C)  of  the  barrel  (11),  underfire  air  (38)  to 
the  intermediate  portion  (B)  of  the  barrel  (11) 
and  air  flow  (35,  36)  to  the  inlet  portion  (A)  of 
the  barrel  (11)  in  order  to  bring  the  oxygen  in 
the  exhaust  gases  (21)  within  predetermined 
limits. 

5.  The  method  of  claim  1  characterized  in  that 
the  step  of  individually  varying  the  air  (35,  36, 
38,  39,  41  ,  42)  to  each  portion  (A,  B,  C)  of  the 
barrel  (11)  comprises  varying  the  air  (35,  36, 
38,  39,  41  ,  42)  serially  starting  with  varying  the 
overfire  air  (42)  to  the  outlet  portion  (C)  of  the 
barrel  (11)  then  varying  the  underfire  air  (38)  to 
the  intermediate  portion  (B)  of  the  barrel  (11) 
and  then  varying  the  air  flow  (36,  36)  to  the 
inlet  portion  (A)  of  the  barrel  (11)  in  order  to 
bring  the  oxygen  in  the  exhaust  gases  (21) 
within  predetermined  limits. 

6.  The  method  of  claim  4  or  5,  characterized  in 
that  the  predetermined  limits  of  oxygen  in  the 
exhaust  gases  (21)  is  generally  between  4  and 
10  percent  of  total  exhaust  gas  volume. 

Patentanspruche 

1.  Verfahren  zur  automatischen  Regelung  der 
Verbrennung  in  einem  Drehrohrofen  mit  einer 
umlaufenden  Ofentrommel  (11),  in  welcher  fe- 
ster  Mull  (15)  mit  zur  Trommel  (11)  zugefuhrter 
Luft  (35,  36,  38,  39,  41,  42)  verbrannt  wird, 
wobei  der  feste  Mull  an  einem  Trommelende 
eingefuhrt  wird  und  Abgase  und  Asche  am 
anderen  Trommelende  austreten  und  die  zuge- 
fuhrte  Luftmenge  in  Abhangigkeit  vom  Sauer- 
stoffgehalt  in  den  Abgasen  geregelt  wird  sowie 
die  Drehzahl  der  Trommel  in  Abhangigkeit  von 
der  Temperatur  in  der  Trommel  geregelt  wird, 
dadurch  gekennzeichnet,  dal3  die  Luft  (35,  36, 
38,  39,  41,  42)  durch  Offnungen  (14),  die  uber 
die  ganze  Lange  und  den  ganzen  Umfang  der 
Trommel  angeordnet  sind,  und  uber  eine 
Mehrzahl  von  Kanalen  (34,  37,  40)  in  drei 
Abschnitte  (A,  B,  C)  der  Trommel  (11)  zuge- 
fuhrt  wird,  namlich  in  einen  EinlaBabschnitt  (A) 

angrenzend  an  das  Ende,  in  welches  der  feste 
Mull  (15)  in  die  Trommel  (11)  eingefuhrt  wird, 
einen  AuslaBabschnitt  (C),  der  angrenzend  an 
das  Ende  gelegen  ist,  aus  welchem  Abgase 

5  (21)  und  Asche  (26)  aus  der  Trommel  (11) 
austreten,  und  einen  Mittelabschnitt  (B),  der 
zwischen  dem  EinlaBabschnitt  und  dem  Aus- 
laBabschnitt  (A,  C)  gelegen  ist,  und  dal3  die 
Kanale  (34,  37,  40)  weiter  so  unterteilt  sind, 

io  dal3  sie  in  jeden  Abschnitt  (A,  B,  C)  der  Trom- 
mel  (11)  sowohl  Unterluft  (35,  38,  41)  als  auch 
Oberluft  (36,  39,  42)  zufuhren,  wobei  Oberluft 
und  Unterluft  (36,  39,  42  und  35,  38,  41)  in 
jeden  Abschnitt  (A,  B,  C)  der  Trommel  (11) 

is  individuell  in  Abhangigkeit  von  Temperaturan- 
derungen  in  der  Trommel  (11)  und  von  Ande- 
rungen  des  prozentuallen  Sauerstoffanteils  in 
den  Abgasen  (21)  verandert  werden. 

20  2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  das  individuelle  Verandern  der 
Zuluft  zu  jedem  Abschnitt  (A,  B,  C)  der  Trom- 
mel  (11)  das  Verandern  der  Unterluft  (41)  im 
AuslaBabschnitt  (C)  in  Abhangigkeit  von  Tem- 

25  peraturanderungen  in  der  Trommel  (11)  und 
das  Verandern  der  Drehzahl  der  Trommel  (11) 
zur  Aufrechterhaltung  einer  vorgegebenen 
Temperatur  in  der  Trommel  (11)  umfaBt. 

30  3.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  dal3  die  vorgegebenen  Temperatur 
etwa  1  1  00  °  C  betragt. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
35  zeichnet,  dal3  das  individuelle  Verandern  der 

Zuluft  (35,  36,  38,  41,  42)  in  jeden  Abschnitt 
(A,  B,  C)  der  Trommel  (11)  das  Verandern  der 
Oberluft  (42)  in  den  AuslaBabschnitt  (C)  der 
Trommel  (11),  der  Unterluft  (38)  in  den  Mittel- 

40  abschnitt  (B)  der  Trommel  (11),  und  der  Luft- 
stromung  (35,  36)  in  den  EinlaBabschnitt  (A) 
der  Trommel  (11)  in  vorgegebener  Reihenfolge 
umfaBt,  urn  den  Sauerstoffanteil  in  den  Abga- 
sen  (21)  innerhalb  vorgegebener  Grenzen  zu 

45  bringen. 

5.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  das  die  individuelle  Veranderung  der 
Zuluft  (35,  36,  38,  39,  41,  42)  in  jeden  Ab- 

50  schnitt  (A,  B,  C)  das  serielle  Verandern  der 
Zuluft  (35,  36,  38,  39,  41,  42),  beginnend  mit 
der  Veranderung  der  Oberluft  (42)  zum  AuslaB- 
abschnitt  (C)  der  Trommel  (11),  danach  veran- 
dern  der  Unterluft  (38)  zum  Mittelabschnitt  (B) 

55  der  Trommel  (11),  und  dann  Verandern  der 
Luftstromung  (35,  36)  in  den  EinlaBabschnitt 
(A)  der  Trommel  (11)  umfaBt,  urn  den  Sauer- 
stoffanteil  in  den  Abgasen  (21)  innerhalb  vor- 
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gegebener  Grenzen  zu  bringen. 

6.  Verfahren  nach  Anspruch  4  oder  5,  dadurch 
gekennzeichnet,  dal3  die  vorgegebenen  Gren- 
zen  des  Sauerstoffanteils  in  den  Abgasen  (21) 
etwa  zwischen  4  und  10  %  des  gesamten 
Abgasvolumens  liegen. 

Revendicatlons 

1.  Procede  pour  le  reglage  automatique  de  la 
combustion  dans  un  four  tubulaire  tournant 
avec  un  tambour  de  combustion  rotatif  (11) 
dans  lequel  des  dechets  solides  (15)  sont  bru- 
les  avec  de  I'air  (35,  36,  38,  39,  41  ,  42)  amene 
au  tambour  (11),  les  dechets  solides  etant  in- 
troduits  a  une  extremite  du  tambour,  les  gaz 
d'echappement  et  les  cendres  sortant  a  I'autre 
extremite  du  tambour,  et  la  quantite  d'air  ame- 
ne  etant  reglee  en  fonction  de  la  teneur  en 
oxygene  des  gaz  d'echappement  et  le  regime 
du  tambour  en  fonction  de  la  temperature  dans 
le  tambour,  caracterise  en  ce  que  I'air  (35,  36, 
38,  39,  41  ,  42)  est  amene  en  trois  sections  (A, 
B,  C)  du  tambour  (11)  a  travers  des  ouvertures 
(14)  qui  sont  disposees  sur  toute  la  longueur  et 
toute  la  circonference  du  tambour  et  par  une 
par  pluralite  de  canaux  (34,  37,  40),  a  savoir 
dans  une  section  d'admission  (A)  jouxtant  I'ex- 
tremite  dans  laquelle  les  dechets  solides  (15) 
sont  introduits  dans  le  tambour  (11),  une  sec- 
tion  d'echappement  (C)  qui  jouxte  I'extremite 
dont  sortent  les  gaz  d'echappement  (21)  et  les 
cendres  (26)  du  tambour  (11),  et  une  section 
mediane  (B)  qui  est  situee  entre  la  section 
d'admission  et  la  section  de  sortie  (A,  C)  et 
que  les  canaux  (34,  39,  40)  sont  par  ailleurs 
subdivises  de  maniere  a  ce  qu'ils  amenent 
dans  chaque  section  (A,  B,  C)  du  tambour  (11) 
tant  de  I'air  inferieur  (35,  38,  41)  que  de  I'air 
superieur  (36,  39,  42)  au  feu,  I'air  superieur  et 
I'air  inferieur  (36,  39,  42  et  35,  38,  41)  etant 
varies  dans  chaque  section  (A,  B,  C)  du  tam- 
bour  (11)  individuellement  en  fonction  des  fluc- 
tuations  de  temperatures  dans  le  tambour  (11) 
et  des  changements  de  la  part  proportionnelle 
d'oxygene  dans  les  gaz  d'echappement  (21). 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  le  changement  individuel  de  I'air 
d'admission  a  chaque  section  (A,  B,  C)  du 
tambour  (11)  comporte  la  modification  de  I'air 
inferieur  (41)  dans  la  section  d'echappement 
(C)  en  fonction  du  changement  de  temperature 
dans  le  tambour  (11)  et  du  changement  de 
regime  du  tambour  (11)  afin  de  maintenir  une 
temperature  predeterminee  dans  le  tambour 
(11). 

3.  Procede  selon  la  revendication  2,  caracterise 
en  ce  que  la  temperature  predeterminee  est 
environ  de  1  100  °  C. 

5  4.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  le  changement  individuel  de  I'air 
d'admission  (35,  36,  38,  41,  42)  dans  chacune 
des  sections  (A,  B,  C)  du  tambour  (11)  com- 
porte  le  changement  de  I'air  superieur  (42) 

io  dans  la  section  d'echappement  (C)  du  tam- 
bour,  de  I'air  inferieur  (38)  dans  la  section 
mediane  (B)  du  tambour  (11)  et  du  flux  d'air 
(35,  36)  dans  la  section  d'admission  (A)  du 
tambour  (11)  en  ordre  chronologique  predeter- 

15  mine  afin  d'amener  la  part  d'oxygene  dans  les 
gaz  d'echappement  (21)  a  I'interieur  de  limites 
predetermines. 

5.  Procede  selon  la  revendication  1,  caracterise 
20  en  ce  que  le  changement  individuel  de  I'air 

d'admission  (35,  36,  38,  39,  41,  42)  dans  cha- 
que  section  (A,  B,  C)  comporte  le  changement 
seriel  de  I'air  d'admission  (36,  36,  39,  41,  42), 
commengant  par  le  changement  de  I'air  supe- 

25  rieur  (42)  en  direction  de  la  section  d'echappe- 
ment  (C)  du  tambour  (11),  ensuite  le  change- 
ment  de  I'air  inferieur  (38)  en  direction  de  la 
section  mediane  (B)  du  tambour  (11),  et  ensui- 
te  le  changement  du  flux  d'air  (35,  36)  vers  la 

30  section  d'admission  (A)  du  tambour  (11)  afin 
d'amener  la  part  d'oxygene  dans  les  gaz 
d'echappement  (21)  a  I'interieur  de  limites  pre- 
determines. 

35  6.  Procede  selon  les  revendications  4  ou  5,  ca- 
racterise  en  ce  que  les  limites  predetermines 
de  la  part  d'oxygene  dans  les  gaz  d'echappe- 
ment  (21)  se  situent  environ  entre  4  %  et  10  % 
du  volume  total  de  gaz  d'echappement. 
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