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by  raising  the  temperature  10  —  20°C  every  minute 
to  perform  combustion)  before  measuring  the 
weight  again.  Thus,  the  amount  of  the  non- 
combusted  coal  is  determined  by  deducting  the 
weight  of  the  ash  obtained  by  the  perfect  combus- 
tion  from  the  weight  of  the  ash  before  subjected 
to  the  perfect  combustion.  This  process  is  time- 
consuming  and  troublesome  because  it  involves 
the  use  of  a  differential  heat  indicating  balance 
and  other  instruments  in  a  multiplicity  of  steps,  so 
that  it  is  impossible  to  effect  control  of  flames  in 
on-line  real  time  control  operations  by  feeding 
back  the  amount  of  non-combusted  coal  deter- 
mined  in  the  ash.  Thus,  it  is  also  impossible  for 
this  method  to  cope  with  a  sudden  change  in  the 
conditions  of  combustion. 

The  methods  of  the  prior  art  described  here- 
inabove  are  intended  to  effect  control  of  the 
flames  produced  by  the  combustion  of  the  pul- 
verized  coal  by  relying  on  the  analysis  of  exhaust 
gases  or  dust  collected  at  the  outlet  of  the  com- 
bustion  furnace.  Therefore,  it  is  impossible  for 
these  methods  to  take  necessary  measures  by 
coping  with  a  sudden  change  in  the  conditions  of 
combustion.  In  view  of  the  foregoing,  one  might 
think  of  making  observations  of  the  flames  them- 
selves  in  an  effort  to  perform  control  as  precisely 
as  possible.  More  specifically,  a  control  method 
may  be  used  wherein  one  would  keep  the  flames 
in  an  optimum  condition  by  controlling  the  con- 
ditions  of  combustion  based  on  the  distribution  of 
the  concentration  of  gases  and  the  distribution  of 
temperature  in  the  vicinity  of  the  flame  port  of  the 
burner.  Usually,  the  distribution  of  the  concen- 
tration  of  gases  in  the  vicinity  of  the  flame  port  of 
the  burner  is  determined  by  inserting  a  sampling 
probe  in  the  flames  and  obtaining  samples  of 
gases  for  testing,  and  the  distribution  of  tempera- 
ture  is  determined  by  inserting  thermocouples  in 
the  flame.  However,  it  is  difficult  to  make  accurate 
determinations  by  these  methods  because  the 
flames  are  disturbed.  In  determining  the  distribu- 
tion  of  the  gases  by  obtaining  their  samples,  the 
components  of  the  gases  in  each  of  the  sampling 
probes  might  react  with  each  other 

(2CO+O2->2COZ,  for  example), 

thereby  making  it  impossible  to  accurately  deter- 
mine  the  distribution  of  the  gases.  Difficulties 
would  also  be  experienced  in  determining  the 
temperature  distribution  because  of  changes  in 
temperatures  which  might  possibly  occur  due  to 
radiation  of  heat  by  the  furnace  walls  in  addition 
to  changes  in  the  temperature  of  the  flames 
themselves.  All  in  all,  it  would  be  considered 
difficult  to  accurately  determine  the  conditions  of 
combustion  by  the  methods  of  the  prior  art  which 
rely  on  information  including  the  distribution  of 
the  concentration  of  gases  in  the  vicinity  of  the 
flame  port  of  the  burner  and  the  distribution  of 
temperature  in  the  furnace. 

Description 

Background  of  the  invention 
(1)  Field  of  the  invention 

This  invention  relates  to  a  furnace  system  of  the  5 
kind  referred  to  in  the  precharacterizing  portion  of 
Claim  1.  Such  a  furnace  system  is  known  from 
US—  A—  3  193  199. 

(2)  Description  of  the  prior  art  io 
Generally,  it  has  hitherto  been  usual  practice  to 

effect  control  of  the  flames  produced  by  the 
combustion  of  a  fuel  in  a  boiler  by  a  method 
wherein  components  of  exhaust  gases  are  analy- 
zed  and  a  signal  is  outputted  to  a  control  system  w 
in  accordance  with  the  results  of  the  analyses 
performed. 

Assume  that  it  is  desired  to  determine  the 
concentration  of  the  oxides  of  nitrogen  (herein- 
after  NOx)  in  the  exhaust  gases,  for  example.  To  20 
this  end,  it  has  been  usual  practice  to  introduce 
exhaust  gases  from  a  flue  to  various  types  of  NOx 
meters  to  determine  the  concentration  of  the 
NOx.  When  it  is  impossible  to  directly  lead  the 
exhaust  gases  to  the  measuring  instruments,  25 
sampling  syringes  resembling  hypodermic 
syringes  are  used  for  collecting  samples  of  the 
exhaust  gases  from  the  flue  and  the  collected 
samples  are  fed  into  the  sample  inlets  of  the  NOx 
measuring  instruments  to  determine  the  concen-  so 
tration  of  NOx.  Regardless  of  which  method  is 
used,  samples  of  the  exhaust  gases  are  collected 
and  analyzed  to  produce  a  control  signal  based  on 
the  results  of  the  analysis,  to  thereby  control  the 
exhaust  emission  of  the  boiler.  In  addition  to  NOx,  35 
carbon  monoxide,  oxygen  and  sulfurous  acid  gas 
are  noxious  components  of  the  exhausts  that 
should  be  monitored.  These  gases  have  also  been 
controlled  by  analyzing  the  exhaust  gases  led 
from  the  flue  and  producing  control  signals  based  40 
on  the  results  of  the  analyses.  However,  this 
method  suffers  the  disadvantage  that  since  the 
exhaust  gases  are  actually  led  from  the  flue  to  the 
measuring  instruments,  difficulties  are  experi- 
enced  in  coping  with  a  sudden  change  in  the  45 
conditions  of  combustion  which  might  occur 
when  the  flames  are  converted  to  nonsteady 
flames  that  have  lifted  from  the  burner  tip. 

Another  problem  that  should  be  grappled  with 
when  pulverized  coal  is  used  as  a  fuel  is  that  it  is  50 
important  to  minimize  the  amount  of  non-com- 
busted  coal  in  the  ash  from  the  point  of  view  of 
avoiding  environmental  pollution  and  saving 
resources.  When  flames  are  produced  by  com- 
busting  pulverized  coal,  it  is  necessary  that  con-  55 
troi  of  the  flames  be  effected  by  monitoring  the 
same  to  keep  the  combustion  in  a  condition  of  the 
high  efficiency  by  minimizing  the  amount  of  non- 
combusted  coal.  To  determine  the  amount  of 
non-combusted  coal  in  the  ash,  it  has  hitherto  60 
been  usual  practice  to  collect  samples  of  ash 
directly  from  the  flue  and  measure  the  weight  of  a 
predetermined  amount  of  ash,  and  then  burn  the 
samples  of  ash  in  perfect  combustion  in  oxygen 
atmospheres  (heating  the  sample  ashes  to  850°C  65 
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Fig.  17  is  a  view  of  the  furnace  system  compris- 
ing  one  embodiment  of  the  invention,  showing 
the  manner  in  which  control  of  the  conditions  of 
combustion  of  the  fuel  is  effected  according  to  the 
invention; 

Fig.  18  is  a  vertical  sectional  view  of  one 
example  of  the  burner  used  for  effecting  control 
of  the  flame  as  shown  in  Fig.  17;  and 

Fig.  19  is  a  sectional  view  taken  along  the  line 
XIX—  XIX  in  Fig.  18. 

Summary  of  the  invention 
(1)  Object  of  the  invention 

This  invention  has  been  developed  for  the 
purpose  of  obviating  the  aforesaid  disadvantages 
of  the  prior  art.  Accordingly,  the  invention  has  as 
its  object  the  provision  of  a  furnace  system  which 
enables  control  of  combustion  to  be  effected 
accurately  in  a  manner  to  be  able  to  adequately 
cope  with  a  sudden  change  in  the  combustion 
conditions  based  on  accurate  determination  of 
the  conditions  of  combustion  by  observing  the 
flame. 

(2)  Statement  of  the  invention 
According  to  the  invention,  this  object  is 

achieved  with  the  furnace  system  of  Claim  1. 
Specific  embodiments  of  this  system  are  defined 
in  the  dependent  claims. 

Brief  description  of  the  drawings 
Fig.  1  is  a  front  view  of  the  furnace  system 

showing  one  example  of  collecting  light  in  a  zone 
of  a  flame  produced  by  combustion; 

Fig.  2  is  a  sectional  view  taken  along  the  line 
II—  II  in  Fig.  1; 

Figs.  3  and  4  are  views  in  explanation  for  the 
principles  of  the  light  collecting  optical  system; 

Fig.  5  is  a  vertical  sectional  view  of  a  burner 
showing  another  example  of  collecting  light  in 
one  zone  of  a  flame  distinct  from  the  example 
shown  in  Fig.  1; 

Fig.  6  is  a  view  in  explanation  for  experimental 
means  for  conducting  experiments  on  combus- 
tion  of  a  gaseous  fuel  by  using  light  collecting 
means; 

Fig.  7  is  a  sectional  view  taken  along  the  line 
VII—  VII  in  Fig.  6; 

Fig.  8  is  a  view  in  explanation  of  means  for 
conducting  experiments  on  the  combustion  of 
pulverized  coal  by  using  light  collecting  means; 

Fig.  9  is  a  diagrammatic  representation  of  the 
results  of  spectroscopic  observations  of  light 
emitted  by  a  flame; 
.  Fig.  10  is  a  diagrammatic  representation  of  the 
relation  between  the  intensity  of  light  emitted  by 
a  flame  produced  by  combustion  and  the  air  ratio 
of  the  flame; 

Fig.  11  is  a  diagrammatic  representation  of  the 
intensity  of  light  of  the  C2  radical  in  relation  to  the 
concentrations  of  the  gas  components  in  the 
exhaust  gases  and  the  amount  of  non-combusted 
fuel  in  the  ash; 

Fig.  12  is  a  diagrammatic  representation  of  the 
relation  between  the  intensity  of  light  of  NO*  and 
the  concentration  of  NOx  in  the  exhaust  gases; 

Fig.  13  is  a  diagrammatic  representation  of  a 
spectral  band  of  different  wavelengths  obtained 
from  light  of  the  OH  radical; 

Fig.  14  is  a  diagrammatic  representation  of  one 
example  of  temperature  distribution  in  a  flame; 

Fig.  15  is  a  view  in  explanation  of  one  example 
of  the  filter  box  used  for  measuring  the  intensity 
of  light  emitted  by  a  flame; 

Figs.  16-a,  16-b  and  16-c  are  views  in  explana- 
tion  of  normal  and  abnormal  flames; 

10 

Description  of  the  preferred  embodiment 
Figs.  1  and  2  show  the  vicinity  of  a  zone  of  a 

flame  in  which  light  is  collected  in  the  furnace 
15  system.  A  furnace  10  has  attached  thereto  a 

burner  20  from  which  a  flame  30  extends  into  the 
interior  of  the  furnace  10.  Light  emitted  by  the 
flame  30  is  collected  through  view  ports  40  and 
41.  The  light  beams  thus  collected  are  converted 

20  by  cameras  50  and  51  to  electric  signals  which  are 
led  to  a  signal  processor  60.  Upon  receiving  the 
electric  signals  from  the  cameras  50  and  51,  the 
signal  processor  60  outputs  a  control  signal. 

Referring'  to  Figs.  3  and  4,  there  is  shown  a 
25  condensing  optical  system  which  will  be 

described  to  explain  the  principles  of  collecting 
light  in  the  furnace  system  according  to  the 
invention.  Generally,  a  convex  lens  functions  to 
bring  together  light  rays  incident  thereon  as 

30  parallel  light  rays  to  bring  them  into  focus.  More 
specfically,  light  incident  on  convex  lenses  52  and 
53  as  light  of  parallel  rays  forms  an  image  of  high 
intensity  at  the  focus.  Thus,  by  placing  photo- 
detectors  54  and  55  in  positions  in  which  the  light 

35  rays  are  brought  into  focus,  it  is  possible  to  obtain 
information  contained  in  the  parallel  rays  of  light 
incident  on  the  convex  lenses  52  and  53.  By 
combining  the  lens  52  with  the  detector  54  into  a 
single  device,  it  is  possible  to  cause  all  the 

40  information  contained  in  a  zone  of  the  parallel 
rays  of  light  extending  across  the  furnace  10  to  be 
incident  on  the  detector  54.  If  the  lens  53  is 
combined  with  the  detector  55  into  another 
device  and  these  two  devices  are  combined  into  a 

45  single  optical  system  as  shown  in  Fig.  3  in  which 
the  two  sets  of  parallel  rays  of  light  incident  on 
the  convex  lenses  52  and  53  cross  each  other  in 
the  interior  of  the  furnace  10,  then  the  outputs  of 
the  detectors  54  and  55  can  be  inputted  to  a  single 

so  processor  to  simultaneously  process  the  infor- 
mation  contained  in  the  two  sets  of  parallel  rays 
of  light.  Thus,  it  is  possible  to  process  only  the 
information  contained  in  a  hatched  zone  within 
the  furnace  10  shown  in  Fig.  3  and  to  output  the 

55  result  of  processing  of  the  information  from  the 
single  processor.  Accordingly,  when  it  is  desired 
to  obtain  information  about  one  zone  of  a  flame  of 
circularly  symmetrical  shape  facing  different 
flame  strata,  the  end  can  be  attained  by  moving 

60  one  light  of  parallel  rays  as  indicated  by  broken 
lines  in  Fig.  3  from  right  end  of  the  furnace  1  0  to  a 
left  end  thereof. 

The  principles  of  gathering  information  about 
parallel  rays  of  light  are  as  described  by  referring 

65  to  Fig.  3.  In  actual  practice,  however,  it  is 
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a  pump  240  and  tested  by  means  of  a  gas 
chromatograph  250  for  oxygen,  hydrogen  and 
carbon  monoxide  while  NOx  in  the  exhaust  gases 
is  determined  by  means  of  an  NOx  meter  260  of  a 

5  type  for  measuring  light  of  chemical  origin. 
In  Fig.  8  in  which  pulverized  coal  is  used  as  a 

fuel,  the  pulverized  coal  supplied  from  a  hopper 
270  is  pneumatically  transported  by  pulverized 
coal  transporting  air  280  to  a  burner  300  and 

w  mixed  with  combustion  air  290  in  the  vicinity  of  a 
flame  port  of  the  burner  300  to  form  a  flame.  Light 
emitted  by  the  flame  is  led  through  a  view  port 
310  to  the  spectroscopic  means  210  to  obtain  a 
spectrum  of  light  radiation  of  desired 

w  wavelengths  and  its  intensity  is  converted  by  the 
photomultiplier  220  to  an  electric  signal  which  is 
led  to  the  signal  processing  unit  230. 

Exhaust  gases  are  led  through  a  flue  320  to 
exhaust  gas  analyzing  means  330  including  an 

20  NOx  meter,  an  oxygen  densitometer  and  a  carbon 
monoxide  densitometer  to  perform  analyses  of 
the  exhaust  gases.  With  regard  to  dust,  samples 
of  ash  produced  by  the  combustion  of  the  pul- 
verized  coal  are  obtained  from  the  fuel  320  by  a 

25  dust  sampling  instrument  340,  and  the  amounts 
of  non-combusted  coal  in  the  samples  of  dust  are 
measured  by  using  a  differential  heat  indicating 
balance. 

Fig.  9  shows  the  results  of  spectroscopic  analy- 
30  ses  of  the  light  emitted  by  the  flame  produced  by 

the  combustion  of  gaseous  fuel  and  pulverized 
coal  performed  by  using  the  devices  shown  in 
Figs.  6  and  8.  In  the  diagram  shown  in  Fig.  9,  the 
abscissa  represents  the  wavelength  and  the  ordi- 

35  nate  indicates  the  intensity  of  light  emitted  by  the 
flame.  The  results  show  that  chemical  luminesc- 
ence  or  light  emitted  by  the  OH  radical,  NH 
radical,  CH  radical,  C2  radical,  NH2  radical  and  NO 
can  be  observed  in  the  flame.  Thus,  by  using  the 

40  wavelengths  of  light  radiation  in  which  the 
chemical  luminescence  occurs  as  specific 
wavelengths  of  light  radiation,  the  intensity  of 
light  and  the  pattern  of  emission  of  the  light  of 
chemical  origin  in  the  specific  wavelengths  are 

45  determined  to  study  the  conditions  of  combustion 
of  the  fuel. 

Fig.  10  shows  the  relation  between  the  intensity 
of  light  of  the  chemical  origin  described  here- 
inabove  and  the  air  ratio  of  the  flame  produced  by 

so  the  combustion  of  the  fuel.  The  air  ratio  has  been 
obtained  by  calculating  the  concentrations  of 
oxygen,  carbon  monoxide  and  hydrogen  deter- 
mined  by  the  analyses  of  exhaust  gases.  The  air 
ratio  of  the  flame  has  been  altered  by  varying  the 

55  amount  of  air  and  the  amount  of  fuel  supplied  to 
the  burner. 

In  Fig.  10,  an  OH  radical  350,  a  CH  radical  360,  a 
CN  radical  370,  an  NO*  radical  380  and  an  NH 
radical  390  have  a  maximum  intensity  of  light 

60  where  the  air  ratio  is  close  to  unity  although  they 
differ  from  each  other  in  profile,  and  a  C2  radical 
400  has  a  profile  which  is  such  that  the  intensity  of 
light  emitted  thereby  increases  as  the  air  ratio  is 
reduced. 

65  In  view  of  the  results  obtained  in  determining 

necessary  to  increase  the  space  resolving  power. 
To  this  end,  an  optical  system  as  shown  in  Fig.  4 
may  be  used.  In  this  optical  system,  the  charac- 
teristic  of  the  convex  lens  is  utilized  twice  and 
only  the  light  emitted  by  one  point  of  a  flame  is 
condensed  by  the  convex  lens  to  be  collected  by  a 
photo-detector  58.  Light  disposed  slightly  anterior 
and  posterior  to  the  focusing  can  also  be  con- 
densed.  Thus,  by  assembling  the  optical  system 
shown  in  Fig.  3  with  the  optical  system  shown  in 
Fig.  4  in  such  a  manner  that  the  optical  paths  are 
normal  to  each  other  is  possible  to  greatly 
increase  the  space  resolving  power  in  processing 
information  because  an  output  of  the  photo- 
detector  58  and  an  output  of  a  photo-detector  59 
can  be  simultaneously  inputted  to  a  single  pro- 
cessing  unit.  In  the  case  of  the  optical  system 
shown  in  Fig.  4,  a  lens  56  may  only  be  moved 
toward  forth  and  back  of  lenses  56  and  57  and  the 
photo-detector  58  may  be  moved  leftwardly  and 
rightwardly. 

By  collecting  light  by  methods  based  on  the 
principles  shown  in  Figs.  3  and  4,  it  is  thus 
possible  to  obtain  information  about  the  con- 
ditions  of  combustion  of  a  fuel  in  an  arbitrarily 
selected  position  in  the  flame. 

In  the  methods  shown  in  Figs.  3  and  4,  the  view 
points  are  used  for  collecting  light.  Fig.  5  shows 
an  example  in  which  a  fiber  attached  to  the  burner 
is  used  for  collecting  light.  More  specifically,  the 
burner  20  has  attached  to  its  main  body  a  fiber 
130  inserted  in  a  cooling  tube  120  for  collecting 
light  emitted  by  the  flame  30  in  the  vicinity  of  a 
flame  port  of  the  burner  20.  In  this  construction, 
the  light  collecting  system  is  attached  to  the 
burner  30,  so  that  no  trouble  occurs  even  if  the 
furnace  is  large  in  size  because  no  apertures  are 
formed  in  the  furnace.  Light  is  collected  by  a 
condenser  lens  140  of  a  large  depth  of  field 
attached  to  an  inlet  end  of  the  fiber  130  and  led 
through  the  fiber  130  to  a  camera  150  for  repro- 
ducing  an  image. 

For  converting  an  optical  signal  to  an  electric 
signal,  a  photoelectric  transducer,  such  as  a 
photomultiplier  or  a  photodiode  array  may  be 
used. 

Figs.  6—8  show  examples  of  devices  for  con- 
ducting  experiments  for  obtaining  information 
about  the  conditions  of  combustion  of  the  fuel 
based  on  the  analyses  of  light  collected  by  using 
the  light  collecting  means  described  hereinabove. 
In  Figs.  6  and  7  in  which  gaseous  fuel  is  burned  in 
the  burner  160,  a  premixof  air  and  gaseous  fuel  is 
led  to  the  burner  160  and  combusted  to  form  a 
flame  170.  Light  emitted  by  the  flame  170  is 
collected  through  a  plurality  of  light  collecting 
windows  190  and  191  formed  in  a  furnace  180 
containing  the  burner.  After  being  collected,  the 
light  beam  is  led  through  highly  sensitive  optical 
means  (chopper)  200  to  spectroscopic  means  210 
to  obtain  a  spectrum  of  light  radiation  of  desired 
wavelengths  whose  intensity  is  converted  by  a 
photomultiplier  220  to  an  electric  signal  which  is 
led  to  a  signal  processing  unit  230.  Exhaust  gases 
of  combustion  are  drawn  by  suction  by  means  of 
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feeding  of  oxygen  to  the  burner  in  an  amount 
greater  than  is  necessary  for  effecting  perfect 
combustion  not  only  involves  application  of  an 
overload  to  the  air  supplier  but  also  lowers  the 

5  temperature  at  which  combustion  takes  place 
because  combustion  with  excess  oxygen  caused 
by  increased  supply  of  air  involves  a  supply  of 
nitrogen  which  does  not  directly  take  part  in 
combustion.  Thus,  it  is  also  necessary  to  monitor 

w  the  concentration  of  oxygen,  to  enable  the  com- 
bustion  to  take  place  with  a  high  degree  of 
efficiency. 

Heretofore,  it  has  been  usual  practice  to  collect 
samples  of  exhaust  gases  by  leading  the  exhaust 

15  gases  from  the  flue  to  the  measuring  instruments 
and  analyse  the  samples  to  determine  the  con- 
centrations  of  these  gases,  as  described  here- 
inabove.  This  method  has  suffered  the  dis- 
advantage  that  a  change  that  might  occur  in  the 

20  conditions  of  combustion  and  cause  the  concen- 
trations  of  gases  to  undergo  a  change  is  not 
detected  until  the  gases  in  the  furnace  have  all 
undergone  the  change  in  concentration  and  their 
samples  reach  the  measuring  instruments.  Stated 

25  differently,  this  method  is  unable  to  quickly  cope 
with  any  change  that  might  occur  in  the  con- 
ditions  of  combustion,  so  that  control  of  combus- 
tion  conditions  effected  by  this  method  are  very 
low  in  efficiency. 

30  With  regard  to  the  amount  of  non-combusted 
fuel  440  in  the  ash,  it  has  been  found  that  there  is 
a  positive  correlation  between  it  and  the  intensity 
of  light  emitted  by  the  C2  radical  as  noted  here- 
inabove.  It  is  very  important  to  monitor  the 

35  amount  of  non-combusted  fuel  in  the  ash  to 
enable  the  combustion  to  take  place  with  a  high 
degree  of  efficiency.  However,  it  has  hitherto 

--  been  impossible  to  effect  feedback  control  of  the 
conditions  of  combustion  by  real  time  on-line 

40  operation.  Now  that  it  has  been  ascertained  that 
there  is  a  positive  correlation  between  the  inten- 
sity  of  light  emitted  by  the  C2  radical  and  the 
amount  of  non-combusted  fuel  440  in  the  ash  as 
shown  in  Fig.  11,  it  is  possible  to  effect  feedback 

45  control  of  the  combustion  conditions  of  fuel  by  a 
real  time  on-line  operation. 

Thus,  once  the  correlations  between  the  inten- 
sity  of  light  emitted  by  the  C2  radical  on  the  one 
hand  and  the  concentrations  of  oxygen,  hydrogen 

so  and  carbon  monoxide  in  the  exhaust  gases  and 
the  amount  of  non-combusted  fuel  in  the  ash  on 
the  other  are  established  as  shown  in  Fig.  11,  it  is 
possible  to  determine  at  once  the  concentrations 
of  oxygen,  hydrogen  and  carbon  monoxide  in  the 

55  exhaust  gases  and  the  amount  of  non-combusted 
fuel  in  the  ash  merely  by  collecting  light  from  a 
flame  through  light  collecting  windows  and  ana- 
lyzing  the  intensity  of  light  of  a  specific 
wavelength  emitted  by  the  C2  radical  without  the 

60  need  to  collect  samples  of  gases  and  dust  in  the 
flue.  This  makes  it  possible  to  effect  feedback 
control  of  the  conditions  of  combustion  by  a  real 
time  on-line  operation. 

In  performing  the  aforesaid  control  operation, 
65  use  of  a  single  piece  of  information  is  not  enough 

the  profile  of  emission  of  the  light  of  chemical 
origin  described  hereinabove,  it  will  be  appreci- 
ated  that  the  air  ratio  can  be  obtained  with 
increased  accuracy  by  studying  in  a  coordinated 
fashion  the  intensity  of  light  emitted  by  at  least 
one  chemical  source  or  the  value  of  the  differen- 
tial  coefficient  (dA/dl)  obtained  at  the  point  of 
intensity  of  the  emitted  light.  Therefore,  if  the 
relation  between  the  air  ratio  and  the  intensity  of 
light  emitted  by  each  chemical  source  of  light 
radiation  is  determined  as  shown  in  Fig.  10,  it  is 
possible  to  determine  the  air  ratio  at  once  without 
requiring  calculation  done  on  the  concentrations 
of  oxygen,  carbon  monoxide  and  hydrogen  in  the 
exhaust  gases  with  a  certain  time  difference.  In 
analyzing  exhaust  gases;  sampling  of  the  gases  is 
a  time-consuming  process. 

Thus,  if  the  relation  between  the  air  ratio  and 
the  intensity  of  light  emitted  by  each  chemical 
source  is  determined  as  shown  in  Fig.  1  0,  then  it  is 
possible  to  obtain  the  air  ratio  at  once  by  coping 
with  a  sudden  change  that  might  occur  in  the 
conditions  of  combustion  of  a  fuel  producing  a 
flame  which  is  under  observation,  thereby 
enabling  combustion  with  a  high  degree  of  fuel 
efficiency  and  a  minimum  of  environmental  dis- 
ruption  to  be  achieved. 

Fig.  11  shows  the  intensity  of  light  emitted  by 
the  C2  radical  in  relation  to  the  concentrations  of 
gas  components  of  exhaust  gases  and  the 
amount  of  non-combusted  fuel  in  the  ash.  The 
relation  between  the  intensity  of  light  emitted  by 
the  C2  radical  and  the  concentrations  of  gas 
components  of  exhaust  gases  has  been  obtained 
by  the  device  for  conducting  experiments  shown 
in  Fig.  6.  The  corresponding  relation  obtained  by 
the  device  shown  in  Fig.  8  has  shown  the  same 
tendency.  The  relation  between  the  intensity  of 
light  emitted  by  the  C2  radical  and  the  amount  of 
non-combusted  fuel  in  the  ash  has  been  deter- 
mined  by  using  the  device  shown  in  Fig.  8. 

It  has  been  found  that  there  is  a  positive 
correlation  between  the  intensity  of  light  emitted 
by  the  C2  radical  and  the  concentration  of  hydro- 
gen  430  and  the  concentration  of  carbon  monox- 
ide  410  in  the  exhaust  gases.  It  has  also  been 
found  that  there  is  a  negative  correlation  between 
the  intensity  of  light  emitted  by  the  C2  radical  and 
the  concentration  of  oxygen  420.  Thus,  the  light 
emitted  by  this  chemical  source  indicates  the 
efficiency  with  which  combustion  takes  place. 
That  is,  when  the  conditions  of  combustion  are 
aggravated  and  the  fuel  burns  in  imperfect  com- 
bustion,  the  concentration  of  carbon  monoxide 
increases  and  hydrogen  is  detected.  These  gases 
are  combustible  gases  which  burn  in  the  presence 
of  oxygen.  Therefor,  if  they  are  released  to  the 
atmosphere,  environmental  disruption  will  occur 
and  energy  will  be  wasted.  Thus,  it  is  important 
that  the  concentrations  of  these  gases  in  the 
exhaust  emission  be  reduced  by  controlling  the 
combustion  conditions  of  the  fuel  based  on  the 
observations  of  the  intensity  of  light  emitted  by 
the  C2  radical. 

With  regard  to  the  concentration  of  oxygen  420, 



EP  0 1 5 2   804  B1 10 

obtain  the  value  of  T  because  the  tilting  of  a 
straight  line  is  1/KT  and  K  is  a  constant. 

Fig.  13  shows  one  example  of  the  results  of 
spectroscopic  analyses  performed  on  the  OH 
radical  at  an  arbitrarily  selected  point  in  a  flame. 

The  observations  made  hereinabove  may  be 
summarized  as  follows.  If  light  is  collected  at  one 
point  in  a  flame  produced  by  the  combustion  of  a 
fuel  and  spectroscopic  analysis  of  the  light  is 
performed  to  obtain  the  vibratory  rotational 
spectrum  of  an  OH  radical,  then  it  is  possible  to 
obtain  the  temperature  prevailing  at  the  one 
point  at  which  the  light  is  collected  by  doing 
calcuation  on  the  vibratory  rotational  spectrum 
of  the  OH  radical  obtained  by  the  spectroscopic 
analysis.  Therefore,  the  distribution  of  tempera- 
ture  in  the  flame  can  be  obtained  by  performing 
the  operation  described  hereinabove  in  a  plu- 
rality  of  positions  in  the  flame. 

Fig.  14  shows  the  distribution  of  temperature 
in  a  flame  produced  by  the  combustion  of  the 
fuel  by  the  burner  used  in  the  device  for  experi- 
ments  shown  in  Fig.  6. 

In  the  prior  art,  it  has  hitherto  been  usual 
practice  to  insert  thermocouples  in  a  flame  in  the 
vicinity  of  a  flame  port  of  the  burner  to  obtain  a 
temperature  distribution.  This  method  of  the 
prior  art  has  suffered  the  disadvantage  that 
difficulties  are  experienced  in  obtaining  an 
accurate  distribution  of  temperature  due  to  the 
fact  that  the  flame  is  disturbed  by  the  insertion  of 
the  thermocouples.  The  invention  obviates  the 
disadvantage  of  the  prior  art  and  enables  an 
accurate  temperature  distribution  to  be  positively 
obtained  because  it  is  possible  to  determine  the 
temperature  of  a  flame  by  optical  means  without 
contacting  the  flame. 

Thus,  according  to  the  invention,  it  is  possible 
to  positively  obtain  a  temperature  distribution  in 
a  flame  in  the  vicinity  of  a  flame  port  of  a  burner 
by  optical  means  without  contacting  the  flame  by 
performing  spectroscopic  analyses  of  the  light 
emission  spectrum  of  the  OH  radical  in  the  flame 
and  inputting  the  results  of  spectroscopic  analy- 
ses  to  a  signal  processing  unit  comprising  calcu- 
lation  means  for  calculating  a  temperature  dis- 
tribution,  a  memory  circuit  for  storing  infor- 
mation  on  the  temperature  distribution  in  a 
flame  produced  at  the  time  of  optimum  condition 
of  combustion  of  the  fuel,  a  comparator  circuit 
for  comparing  the  calculated  temperature  dis- 
tribution  with  the  temperature  distribution  stored 
in  the  memory  circuit  and  outputting  a  signal, 
and  a  control  circuit  receiving  an  output  signal 
from  the  comparator  circuit  and  outputting  a 
control  signal.  This  makes  it  possible  to  control 
the  conditions  of  combustion  of  the  fuel  by  the 
control  signal  with  a  high  degree  of  efficiency 
and  precision  based  on  the  temperature  distribu- 
tion  obtained  by  the  spectcoscopic  analyses  of 
the  light  collected  from  the  flame. 

As  noted  hereinabove,  it  is  possible  to  collect 
light  of  chemical  origin  from  a  flame  and  subject 
the  collected  light  to  spectroscopic  analyses  to 
determine  the  conditions  of  combustion  of  the 

to  effect  control  of  the  conditions  of  combustion 
with  a  high  degree  of  precision,  and  it  is 
necessary  that  at  least  more  than  two  pieces  of 
information  be  simultaneously  gathered  and 
analyzed  in  a  coordinated  fashion  afore  reaching  5 
a  conclusion.  The  invention  enables  more  than 
two  pieces  of  information  to  be  simultaneously 
obtained  from  the  analyses  of  light  emitted  by 
chemical  sources  in  a  flame,  and  this  enables 
control  of  the  conditions  of  combustion  to  be  10 
effected  with  increased  accuracy  and  precision. 

Fig.  12  shows  the  relation  between  the  inten- 
sity  of  light  emitted  by  NO*  and  the  concen- 
tration  of  NOx  in  the  exhaust  gases.  In  the  figure, 
lines  450  and  460  represent  cases  differing  from  is 
each  other  in  the  air  ratio  of  combustion.  It  has 
been  ascertained  that  the  intensity  of  light  emit- 
ted  by  NO*  and  the  concentration  of  NOx  in  the 
exhaust  gases  are  positively  correlated  to  each 
other  in  both  cases  450  and  460.  20 

Thus,  once  the  correlation  between  the  inten- 
sity  of  light  emitted  by  NO*  and  the  concen- 
tration  of  NOx  in  the  exhaust  gases  is  estab- 
lished  as  shown  in  Fig.  12,  it  is  possible  to 
determine  at  once  the  concentration  of  NOx  in  25 
the  exhaust  gases  merely  by  collecting  light  from 
a  flame  and  analyzing  the  intensity  of  light  of  a 
specific  wavelength  emitted  by  NO*.  This  makes 
it  possible  to  effect  feedback  control  of  the  con- 
ditions  of  combustion  by  a  real  time  on-line  30 
operation. 

Fig.  13  shows  a  spectrum  of  light  emission  of 
the  OH  radical  that  has  been  ascertained  to  exist 
widely  in  a  flame  which  represents  the  result  of 
an  analysis  generally  referred  to  as  a  vibratory  35 
rotational  spectrum  of  the  OH  radical.  In  the 
figure,  there  is  shown  a  diagram  in  which  the 
ordinate  represents  the  intensity  of  light  and  the 
abscissa  indicates  the  wavelength.  Temperature 
can  be  determined  by  calculation  done  on  the  40 
values  of  positions  in  the  abscissa  (wavelength) 
and  positions  in  the  ordinate  (intensity  of  light 
emission)  of  a  peak  line  of  the  spectrum.  The 
calculation  is  done  by  the  following  equation: 

45 
ln  (IJco4  •  P  •  g)=-E/KT+Constant  Equation 

where: 
lu:  the  intensity  of  light  emitted  with  a 

wavelength.  so 
00:  the  inverse  number  of  the  wavelength  of  a 

spectral  line. 
P:  the  transition  probability  to  an  energy  level 

E  at  which  light  of  the  wavelength  co  is  emitted. 
g:  the  multiplicity.  55 
K:  Boltzmann's  constant. 
T:  the  absolute  temperature. 
g  has  a  value  which  is  inherent  to  the  sub- 

stance  or  the  OH  radical,  and  P  and  E  have 
values  which  are  inherent  to  co.  These  values  can  60 
be  obtained  by  calculation. 

Thus,  by  determining  the  intensity  of  the  spec- 
tral  line  obtained  by  spectroscopic  analysis,  cal- 
culating  the  quantity  of  the  left  side,  and  plotting 
the  quantity  with  respect  to  E,  it  is  possible  to  65 
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consideration  a  multiplicity  of  pieces  of  infor- 
mation  in  a  coordinated  fashion. 

It  has  been  shown  and  described  hereinabove 
that  light  collected  from  a  flame  is  subjected  to 
spectroscopic  analysis  to  obtain  a  specific  band  of 
wavelengths  and  that  information  is  obtained 
about  the  air  ratio  and  temperature  of  the  flame, 
the  concentrations  of  oxygen,  hydrogen,  carbon 
monoxide  and  NOx  in  the  exhaust  gases  and  the 
amount  of  non-combusted  fuel  in  the  ash  based 
on  the  intensity  of  light  and  the  pattern  of  emis- 
sion  of  the  light  in  the  specific  band  of 
wavelengths  by  optical  means  without  contacting 
the  flame.  As  shown  in  Fig.  15,  the  use  of  the  filter 
box  470  enables  the  collected  light  to  be  simul- 
taneously  separated  into  a  multiplicity  of 
wavelengths  as  desired.  In  the  light  collecting 
optical  system  shown  in  Fig.  4,  the  condenser  lens 
may  be  moved  back  and  forth  to  shift  the  focusing 
point.  Thus,  by  using  the  filter  box  470  shown  in 
Fig.  15  in  place  of  the  light  detector  58  shown  in 
Fig.  4,  it  is  possible  to  simultaneously  obtain  a 
multiplicity  of  pieces  of  information  as  described 
hereinabove  with  respect  to  a  zone  extending 
along  different  strata  of  the  flame. 

When  a  flame  produced  by  the  combustion  of  a 
fuel  is  not  normal,  it  is  possible  to  detect  the 
abnormal  conditions  of  combustion  promptly 
with  a  high  degree  of  precision  as  presently  to  be 
described. 

Referring  to  Figs.  16-a,  16-b  and  16-c,  a  pul- 
verized  coal  burner  540  is  formed  in  a  central 
portion  thereof  with  a  pulverized  coal  ejecting 
nozzle  520,  and  a  combustion  air  supply  nozzle 
530  is  concentrically  located  around  the  pul- 
verized  coal  ejecting  nozzle  520.  The  burner  of  this 
construction  is  usually  used. 

Fig.  16-a  shows  a  flame  550  produced  as  the 
result  of  combustion  of  pulverized  coal  supplied 
in  excess  with  a  paucity  of  air.  It  will  be  seen  that 
when  the  condition  of  combustion  of  the  fuel  is  as 
described  hereinabove,  the  flame  550  produced  is 
lacking  in  a  middle  portion  because  the  fuel  is  not 
combusted  therein  due  to  the  lack  of  air. 

The  flame  550  shown  in  Fig.  1  6-b  is  lacking  in  its 
outer  peripheral  portion  because  the  flame  is 
extinguished  in  this  portion  due  to  excess  air 
caused  by  an  inordinate  increase  in  air  supply. 

The  flame  550  shown  in  Fig.  16-c  is  normal  in 
shape  with  the  supply  of  pulverized  coal  and  the 
supply  of  air  for  combustion  being  balanced,  to 
enable  combustion  to  take  place  satisfactorily. 

The  flames  550  shown  in  Figs.  16-a  and  16-b  are 
not  desirable  in  shape  because  they  indicate  that 
the  combustion  of  the  fuel  is  not  taking  place  with 
a  high  degree  of  fuel  efficiency. 

Th.e  methods  of  control  of  the  flames  that  have 
hitherto  been  used  have  suffered  the  dis- 
advantages,  as  described  hereinabove,  that  a 
long  period  of  time  elapses  before  a  change  in  the 
conditions  of  combustion  causing  the  flame  550 
to  be  shaped  as  shown  in  Figs.  16-a  and  16-b  can 
be  detected  in  the  flue,  and  that  such  change  is  so 
delicate  that  difficulties  are  experienced  in  detect- 
ing  it. 

fuel  based  on  the  intensity  of  light  or  the  pattern 
of  emission  of  light  in  a  specific  band  of 
wavelengths  obtained  spectroscopically.  This 
makes  it  possible  to  effect  control  of  the  con- 
ditions  of  combustion  of  the  fuel  with  a  high  5 
degree  of  efficiency  and  precision  by  immediately 
coping  with  any  change  in  the  conditions  of 
combustion  that  might  occur.  Moreover,  the 
method  described  enables  a  lot  of  information  to 
be  obtained  about  the  conditions  of  combustion  w 
based  on  spectroscopic  analyses  of  light  obtained 
from  a  flame  without  contacting  the  flame,  and 
the  conditions  of  combustion  can  be  controlled 
based  on  the  results  of  the  spectroscopic  analyses 
of  a  multiplicity  of  pieces  of  information.  15 

Spectroscopic  means  is  used  for  obtaining  the 
intensity  of  light  and  the  pattern  of  emission  of 
light  in  a  specific  band  of  wavelengths  of  a  flame. 
The  spectroscopic  means  may  be  in  the  form  of  a 
spectroscope  provided  with  a  light  detector,  a  20 
filter  or  any  other  known  instrument  for  perform- 
ing  a  similar  function. 

No  matter  what  method  is  used  for  collecting 
light  from  a  flame,  what  is  important  is  that  the 
intensity  of  light  and  the  pattern  of  emission  of  25 
light  in  a  specific  band  of  wavelengths  which  may 
be  selected  arbitrarily  are  obtained.  The  data 
described  hereinabove  have  been  gathered  by 
using  the  device  for  experiments  shown  in  Fig.  6 
or  8  which  comprises  a  spectroscope  equipped  30 
with  a  photomultiplier. 

Fig.  15  shows  an  example  of  a  filter  box  470 
used  for  determining  the  intensity  of  light.  A  light 
beam  480  collected  from  a  flame  is  introduced 
into  the  filter  box  470  through  a  light  collecting  35 
window  481  formed  in  the  box  470.  The  light 
beam  480  is  successively  passed  through  dichroic 
filters  490,  491  and  492  to  allow  certain 
wavelengths  to  pass  therethrough  while  prevent- 
ing  the  passage  of  other  wavelengths.  The  die-  40 
hroic  filters  490,  491  and  492  may  be  selected 
arbitrarily  to  reflect  any  wavelength  as  desired. 
The  light  of  any  wavelength  that  is  reflected  by 
each  of  the  dichroic  filters  490,  491  and  492  is 
focused  by  a  condenser  lens  500  on  one  of  light  45 
detectors  510,  511  and  512  as  light  of  high 
intensity.  Thus,  the  intensity  of  light  of  a  desired 
wavelength  can  be  detected  at  each  of  the  photo- 
detectors  510,  511  and  512.  The  filter  box  470  has 
been  shown  and  described  as  being  capable  of  50 
reflecting  three  wavelengths  of  light.  However, 
the  invention  is  not  limited  to  this  specific  number 
of  wavelengths  of  light,  and  the  light  collected 
from  a  flame  may  be  processed  such  that  as  many 
wavelengths  thereof  as  possible  can  be  reflected  55 
by  means  of  the  filter  box  470.  Thus,  by  using  the 
filter  box  470  of  the  type  shown  in  Fig.  15,  it  is 
possible  to  simultaneously  obtain  a  desired 
number  of  wavelengths  of  light  collected  from  a 
flame  and  subject  them  to  analysis,  to  thereby  60 
enable  information  about  a  lot  of  bands  of 
wavelengths  to  be  obtained  simultaneously.  This 
makes  the  filter  box  useful  as  means  for  gathering 
a  lot  of  information  about  light  collected  from  a 
flame  and  passing  a  judgement  by  taking  into  65 
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When  the  system  according  to  the  invention  is 
used,  it  is  possible  to  quickly  and  positively 
determine  whether  the  flame  550  is  normal  in 
shape  as  shown  in  Fig.  16-c  or  abnormal  in  shape 
as  shown  in  Figs.  16-a  and  16-b  merely  by  5 
examining  light  in  a  zone  facing  different  strata  of 
the  flame  550  along  a  broken  line. 

More  specifically,  data  on  the  flame  550  of 
normal  shape  shown  in  Fig.  16-c  including  the 
distribution  of  air  ratio  and  the  distribution  of  10 
temperature  in  the  flame  which  is  determined 
based  on  the  intensity  of  light  and  the  pattern  of 
emission  of  the  light  in  a  specific  band  of 
wavelengths  in  the  flame  are  stored  in  a  memory 
of  a  computer,  and  observations  of  the  light  in  the  w 
zone  along  the  broken  line  in  Figs.  1  6-a  to  1  6-c  are 
continuously  made  during  operation  of  the 
burner  540.  This  makes  it  possible  to  take 
necessary  steps  as  soon  as  the  conditions  of  the 
flame  550  shown  in  Figs.  16-a  and  16-b  are  20 
detected.  That  is,  one  only  has  to  reduce  the 
supply  of  pulverized  coal  when  the  flame  550  is 
shaped  as  shown  in  Fig.  16-a  and  reduce  the 
supply  of  air  for  combustion  when  the  flame  550 
is  shaped  as  shown  in  Fig.  16-b.  25 

The  flame  550  has  a  tendency  such  that  once  its 
shape  becomes  abnormal,  difficulties  are  experi- 
enced  in  restoring  the  flame  550  to  a  normal 
shape.  Thus,  it  would  be  advisable  to  detect  the 
flame  550  in  the  process  of  transition  from  the  30 
normal  shape  shown  in  Fig.  16-c  to  the  abnormal 
shape  shown  in  Fig.  16-a  or  16-b.  After  the  flame 
550  has  shifted  to  the  condition  shown  in  Fig.  1  6-a 
or  16-b,  it  would  be  possible  to  detect  the  abnor- 
mal  shape  of  the  flame  550  by  means  of  a  35 
television  camera.  However,  when  the  abnormal- 
ity  of  the  shape  of  the  flame  550  is  not  apparent  or 
when  the  shape  of  the  flame  550  is  in  transition 
from  normal  to  abnormal,  difficulties  would  be 
experienced  in  detecting  the  change  in  the  shape  40 
of  the  flame  550. 

This  disadvantage  of  the  prior  is  obviated  by 
the  invention  in  which  light  of  a  flame  is  spectros- 
copically  analyzed  and  the  intensity  of  light  and 
the  pattern  of  emission  of  the  light  are  deter-  45 
mined  to  obtain  their  distribution  in  the  flame. 
This  makes  it  possible  to  detect  a  minute  change 
in  the  light  emanating  from  the  flame,  thereby 
enabling  transition  of  the  flame  from  the  normal 
shape  of  Fig.  16-c  to  the  abnormal  shape  of  Fig.  so 
16-a  or  Fig.  16-b.  It  is  also  possible  to  detect 
whether  the  flame  is  in  transition  to  the  shape  of 
Fig.  16-a  or  Fig.  16-b,  to  enable  control  of  the 
flame  to  be  effected  with  a  high  degree  of  preci- 
sion.  55 

The  observations  described  hereinabove  can  be 
made  because  the  light  emanating  from  the  flame 
is  spectroscopically  analyzed  to  select  a  specific 
band  of  wavelengths  and  the  intensity  of  light  and 
the  pattern  of  emission  of  the  light  at  each  60 
wavelength  are  studied  in  a  coordinated  fashion. 
At  the  stage  of  transition  of  the  flame  from  a 
normal  shape  to  an  abnormal  shape,  no  change 
might  occur  in  the  distribution  of  the  intensity  of 
light  in  a  certain  wavelength  but  a  change  might  65 

occur  in  the  distribution  of  the  intensity  of  light  in 
other  wavelengths. 

For  example,  when  the  flame  changes  from  the 
normal  shape  shown  in  Fig.  16-c  to  the  shape 
shown  in  Fig.  16-a,  the  supply  of  fuel  through  the 
pulverized  coal  supply  nozzle  520  in  the  central 
portion  of  the  burner  540  gradually  increases.  At 
this  time,  the  intensity  of  light  emitted  by  the  OH 
radical  or  the  pattern  of  intensity  of  emission  of 
the  light  by  the  OH  radical  having  information 
about  temperature  show  almost  no  change. 

The  temperature  of  the  flame  should  be  falling 
because  the  combustion  of  fuel  tends  to  become 
imperfect  in  the  vicinity  of  the  center  of  the 
burner.  However,  owing  to  the  radiation  of  heat 
from  outer  layers  of  the  flame  formed  in  concen- 
tric  layers  in  the  central  portion  of  the  burner,  the 
temperature  of  the  flame  shows  little  change,  so 
that  the  intensity  of  light  emitted  by  the  OH 
radical  and  the  pattern  of  emission  of  the  light  by 
the  OH  radical  shows  almost  no  change. 

Meanwhile,  the  distribution  of  the  intensity  of 
light  emitted  by  the  C2  radical  and  CH  radical 
shows  a  change.  That  is,  in  the  vicinity  of  the  front 
surface  of  the  pulverized  coal  supply  nozzle  520, 
the  intensity  of  light  emitted  by  the  C2  radical  and 
CH  radical  shows  a  tendency  to  increase.  The  C2 
radical  and  CH  radical  are  said  to  be  forerunners 
of  soot  precipitating  from  the  vapor  phase.  The 
increase  in  the  intensity  of  light  emitted  by  the 
radicals  which  are  precursors  of  soot  precipitating 
from  the  vapor  phase  would  be  accounted  for  by 
the  fact  that  zones  of  imperfect  combustion  are 
created  locally  in  the  vicinity  of  the  pulverized 
coal  supply  nozzle  by  a  gradual  increase  in  the 
supply  of  the  fuel. 

Thus,  in  view  of  the  foregoing  description,  it 
will  be  appreciated  that  detection  of  the  transition 
of  a  flame  from  a  normal  shape  to  an  abnormal 
shape  can  be  made  possible  by  making  observa- 
tions  of  the  light  emitted  by  the  flame  and 
analyzing  the  results  in  a  coordinated  fashion 
according  to  the  invention,  to  thereby  effect  con- 
trol  of  the  conditions  of  combustion  with  a  high 
degree  of  precision. 

Fig.  17  shows  one  embodiment  of  the  furnace 
system  in  conformity  with  the  invention.  A  flame 
650  emits  light  which  is  collected  by  light  collect- 
ing  means  660  and  led  to  spectroscopic  means 
680  via  an  optical  fiber  670.  The  spectroscopic 
means  680  is  equipped  with  a  transducer  means 
for  converting  optical  signals  each  representing 
the  intensity  of  light  or  the  pattern  of  emission  of 
the  light  in  a  specific  wavelength  of  light  emanat- 
ing  from  a  flame  to  electric  signals  which  are 
amplified  by  amplifier  means  690  and  led  to  a 
control  unit  700.  The  amplifier  means  690 
amplifies  the  electric  signals  produced  by  the 
transducer  means  by  conversion  from  the  optical 
signals  representing  the  intensity  of  light  and  the 
pattern  of  emission  of  the  light  in  an  arbitrarily 
selected  band  of  wavelengths.  The  control  unit 
700  comprises  a  memory  720  storing  data  about 
the  intensity  of  light  and  the  pattern  of  emission 
of  the  light  in  a  specific  band  of  wavelengths 
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the  amount  of  a  reducing  agent  for  reducing  NOx 
in  accordance  with  a  change  in  the  load.  The  dust 
collector  means  830  performs  a  steadystate  oper- 
ation  because  of  its  inability  to  cope  with  a 

5  change  in  load. 
The  furnace  system  as  a  whole  is  intended  to 

reduce  the  amount  of  non-combusted  fuel  and 
the  concentration  of  NOx.  When  the  fuel  is  pul- 
verized  coal,  it  is  possible  to  reduce  the  amount  of 

10  non-combusted  fuel  if  the  fuel  is  caused  to  bum 
substantially  in  perfect  combustion,  although  the 
concentration  of  NOx  in  the  exhaust  gases 
increase.  Conversely,  if  the  fuel  is  allowed  to  burn 
in  imperfect  combustion,  it  is  possible  to  reduce 

w  the  concentration  of  NOx  in  the  exhaust  gases, 
although  the  amount  of  non-combusted  fuel 
increases.  Stated  differently,  it  is  impossible  to 
reduce  the  amount  of  non-combusted  fuel  and 
the  concentration  of  NOx  at  the  same  time  merely 

20  by  controlling  the  conditions  of  combustion  of  the 
fuel.  The  concentration  of  NOx  increases  when 
the  conditions  of  combustion  suit  reduction  in  the 
amount  of  non-combusted  fuel;  the  amount  of 
non-combusted  fuel  increases  when  the  con- 

25  ditions  of  combustion  suit  the  reduction  in  the 
concentration  of  NOx.  As  noted  hereinabove,  the 
dust  collector  means  820  is  unable  to  cope  with  a 
change  in  load  satisfactorily.  Thus,  the  amount  of 
non-combusted  fuel  in  the  exhaust  gases  remains 

30  essentially  constant. 
In  a  burner,  the  amount  of  the  non-combusted 

fuel  can  be  readily  reduced  by  causing  perfect 
combustion  of  the  fuel  to  take  place.  However, 
this  results  in  the  concentration  of  NOx  in  the 

35  exhaust  gases  becoming  high. 
The  furnace  system  according  to  the  invention 

is  essentially  intended  to  control  the  conditions  of 
combustion  of  the  fuel  in  the  burner.  However, 
the  burner  system  may  be  constructed  such  that  a 

40  signal  can  be  outputted  to  an  exhaust  emission 
control  system  disposed  posterior  to  the  furnace 
800.  When  the  flame  produced  in  the  furnace  800 
is  found  to  be  of  the  type  which  might  cause  an 
increase  in  the  concentration  of  NOx  in  the 

45  exhaust  gases,  a  signal  may  be  supplied  from  a 
reducing  agent  amount  control  signal  generating 
means  790  of  the  control  unit  700  to  the  denitra- 
tion  means  810  to  increase  the  amount  of  the 
reducing  agent  so  as  to  thereby  reduce  the  con- 

50  centration  of  NOx  in  the  exhaust  gases.  When  the 
flame  produced  is  found  to  be  of  the  type  which 
might  increase  the  amount  of  the  non-combusted 
fuel  in  the  exhaust  gases,  control  of  the  con- 
ditions  of  combustion  of  the  fuel  is  effected  in  a 

55  manner  to  enable  the  fuel  to  burn  in  perfect 
combustion,  because  it  is  possible  to  raise  the 
voltage  between  the  electrodes  of  the  dust  collec- 
tor  means  820  to  cope  with  a  change  in  the  load 
as  noted  hereinabove.  Stated  differently,  control 

60  of  the  combustion  conditions  is  effected  by  feed- 
ing  an  increased  amount  of  air  to  the  burner. 
However,  if  this  step  is  taken,  then  the  flame  shifts 
to  the  type  which  might  cause  an  increase  in  the 
concentration  of  NOx,  so  that  it  is  necessary  to 

65  simultaneously  generate  and  supply  signals  to 

observed  when  the  conditions  of  combustion  are 
optimized,  a  comparator  means  710  for  compar- 
ing  the  signals  from  the  amplifier  means  690  with 
the  outputs  of  the  memory  720,  and  a  controller 
730  for  outputting  a  signal  for  effecting  control  of 
the  conditions  of  combustion  of  the  fuel.  The 
control  unit  700  further  comprises  an  air  disper- 
sion  regulator  740,  a  pulverized  coal  dispersion 
regulator  750,  a  pulverized  coal  supply  regulator 
760  and  an  air  supply  regulator  770  to  which  the 
output  of  the  controller  is  supplied. 

The  outputs  of  the  control  unit  700  are  utilized 
for  regulating  the  amount  of  air  and  the  amount 
of  fuel  supplied  to  a  burner  640  and  the  dispersion 
of  air  and  fuel  at  the  outlet  of  a  flame  port  of  the 
burner  640.  More  specifically,  the  output  of  the  air 
supply  regulator  770  is  led  to  an  automatic  control 
valve  mounted  in  a  line  for  supplying  air  from  a 
blower  630  to  the  buner  640  to  regulate  the 
amount  of  air  supplied  to  the  burner  to  an 
optimum  level.  The  output  of  the  pulverized  coal 
supply  regulator  760  is  led  to  an  automatic  control 
valve  mounted  in  a  line  for  supplying  pulverized 
coal  from  a  pulverized  coal  supply  hopper  620  to 
the  burner  640  to  an  optimum  level.  The  outputs 
of  the  air  dispersion  regulator  740  and  pulverized 
coal  dispersion  regulator  750  are  outputted  to  air 
dispersion  regulator  drive  means  and  pulverized 
coal  dispersion  regulator  device  means  (see  Fig. 
18),  respectively,  which  are  mounted  to  the 
burner  640,  to  thereby  control  the  dispersion  of 
the  air  and  pulverized  coal  to  optimum  con- 
ditions.  ' 

The  dispersion  of  the  pulverized  coal  and  air 
will  be  described  by  referring  to  Figs.  18  and  19. 
The  output  of  the  air  dispersion  regulator  740 
shown  in  Fig.  17  is  led  to  the  air  dispersion 
regulator  drive  means  890,  and  the  dispersion  of 
the  air  is  controlled  by  suitably  altering  the  direc- 
tion  in  which  the  air  is  ejected  through  three- 
dimensional  air  nozzles  840.  The  output  of  the 
pulverized  coal  dispersion  regulator  750  shown  in 
Fig.  17  is  led  to  the  pulverized  coal  dispersion 
regulator  drive  means  850.  The  pulverized  coal 
pneumatically  transported  to  the  burner  is  ejected 
through  a  nozzle  slit  870  after  being  transported 
thereto  via  a  line  860.  Control  of  the  dispersion  of 
the  pulverized  coal  is  effected  by  regulating  the 
degree  of  opening  of  the  nozzle  slit  870  by 
inwardly  and  outwardly  moving  a  cone  880  dis- 
posed  in  a  pulverized  coal  ejecting  nozzle  open- 
ing. 

There  are  limits,  however,  to  the  control  of  the 
dispersion  of  the  air  and  pulverized  coal  that  can 
be  effected  merely  by  regulating  the  burner. 

When  the  situation  beyond  the  power  of  the 
means  of  control  described  hereinabove  occurs, 
control  of  the  conditions  of  combustion  is 
effected  by  the  furnace  system  according  to  the 
invention. 

A  coal-burning  electric  power  generating  plant 
generally  comprise  a  furnace  800,  denitration 
means  810,  dust  collector  means  820  and  smoke 
stack  means  830,  as  shown  in  Fig.  17.  The  denitra- 
tion  means  810  usually  increases  and  decreases 

10 
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the  denitration  means  810  to  increase  the  amount 
of  the  reducing  agent. 

If  improvements  are  made  in  the  dust  collector 
means  820  to  enable  the  voltage  between  the 
electrodes  to  be  varied  in  accordance  with  a  s 
change  in  the  load  in  the  future,  It  will  be  possible 
to  cause  an  inter-electrode  voltage  control  signal 
generating  means  780  of  the  control  unit  700  to 
generate  a  signal  to  directly  control  the  dust 
collector  means  810.  w 

Stated  differently,  when  the  flame  produced  in 
the  furnace  800  tends  to  cause  an  increase  in  the 
amount  of  non-combusted  fuel  in  the  ash,  one 
only  has  to  take  steps  to  supply  a  signal  to  the 
dust  collector  means  820  to  raise  the  voltage  15 
between  the  electrodes. 

From  the  foregoing  description,  it  will  be 
appreciated  that  in  the  furnace  system  according 
to  the  invention,  it  is  possible  to  take  steps  to 
reduce  the  amount  of  the  non-combusted  fuel  in  20 
the  ash  and  the  concentration  of  NOx  in  the 
exhaust  gases  by  controlling  the  combustion  of 
the  fuel  by  the  burner  and  also  by  controlling  the 
exhaust  emission  control  system  located  behind 
the  furnace  800  including  the  denitration  means  25 
810  and  dust  collector  means  820. 

Claims 

1.  A  furnace  system  comprising:  30 
—  a  furnace  (10,  180,  800)  for  burning  fuel, 
—a  burner  (20,  160,  300,  540,  640)  arranged  in 

the  furnace,  said  burner  being  supplied  with  a 
mixture  of  the  fuel  and  air  for  producing  a  flame 
(30,  550,  650),  35 

—  an  exhaust  conduit  (320)  connecting  the  fur- 
nace  to  the  ambient, 

—  monitoring  means  for  determining  the  com- 
bustion  condition  of  the  fuel,  the  monitoring 
means  including:  40 

(i)  a  light  collecting  optical  system  (52,  53,  56, 
57)  comprising  two  paths  having  separate  optical 
axes  intersecting  each  other  within  the  flame  at 
an  angle  so  as  to  collect  light  emanating  from  the 
point  of  intersection  along  two  different  direc-  45 
tions, 

(ii)  light  intensity  measuring  means  (54,  55,  58, 
59)  receiving  the  collected  light  and  generating 
light  intensity  data, 

(iii)  signal  processing  means  (60,  230,  630)  so 
receiving  the  intensity  data  and  generating  a 
control  signal  related  to  the  condition  of  the 
flame, 

—  control  means  for  adjusting  the  air-fuel  ratio 
in  said  mixture  in  accordance  with  the  control  55 
signal  from  the  signal  processing  means,  charac- 
terised  in  that 

—  said  optical  system  comprises  adjusting 
means  for  varying  the  angle  between  said  paths 
and  the  position  of  the  point  of  intersection  by  60 
moving  the  paths  relatively  to  each  other  and  by 
displacing  a  lens  of  a  set  of  lenses  included  in  the 
optical  system,  respectively, 

—  said  exhaust  conduit  (320)  comprises  emis- 
sion  reducing  means  (810,  820)  arranged  to  65 

extract  polluting  substances  from  the  exhaust  gas 
as  a  function  of  the  control  signal  supplied  to  said 
means. 

2.  A  furnace  system  as  claimed  in  claim  1, 
wherein  said  monitoring  means  comprise  spec- 
troscopic  means  (210;  470;  680)  for  subjecting  the 
light  collected  by  the  light  collecting  optical 
system  to  a  spectroscopic  analysis  to  select  a 
specific  band  of  wavelengths;  the  signal  pro- 
cessing  means  being  arranged  to  generate  the 
control  signal  on  the  basis  of  the  intensity  data 
obtained  in  said  band  of  wavelengths. 

3.  A  furnace  system  as  claimed  in  claim  1, 
wherein  said  control  means  comprises  a  control 
unit  (770;  760;  750;  740)  for  controlling  the 
amount  of  air  supplied  to  the  burner  and  ejected 
therefrom,  the  amount  of  the  fuel  supplied  to  the 
burner  and  ejected  therefrom  and  the  angles  at 
which  the  air  and  fuel  are  dispersed  into  the 
furnace  as  they  are  ejected  from  the  burner. 

4.  A  furnace  system  as  claimed  in  claim  1, 
wherein  said  emission  reducing  means  comprise 
a  denitration  means  (810),  and  a  dust  collector 
means  (820). 

5.  A  furnace  system  as  claimed  in  claim  2, 
wherein  said  specific  band  of  wavelengths 
selected  by  said  spectroscopic  means  comprises 
a  specific  band  of  wavelengths  enabling  infor- 
mation  to  be  obtained  about  the  temperature  and 
air  ratio  of  the  flame,  the  concentrations  of  nitro- 
gen  oxides  and  hydrogen  in  the  exhaust  emission 
and  the  amount  of  non-combusted  fuel  in  the 
dust. 

6.  A  furnace  system  as  claimed  in  claim  2, 
wherein  said  specific  band  of  wavelengths 
selected  by  the  spectroscopic  means  comprises 
wavelengths  in  which  light  is  emitted  by  an  OH 
radical,  an  NH  radical,  a  CN  radical,  a  CH  radical,  a 
C2  radical  and  nitrogen  oxides. 

Patentanspriiche 

1.  Ofensystem  mit 
—  einem  Ofen  (10,  180,  800)  zum  Verbrennen 

von  Brennstoff, 
—  einem  im  Ofen  angeordneten  Brenner  (20, 

160,  300,  540,  640),  der  zum  Erzeugen  einer 
Flamme  (30,  550,  650)  mit  einer  Mischung  aus 
Brennstoff  und  Luft  versorgt  wird, 

—  einem  den  Ofen  mit  der  Umgebung  verbin- 
denden  Abgasrohr  (320), 

—  Uberwachungseinrichtungen  zur  Bestim- 
mung  der  Verbrennungsbedingung  des  Brenn- 
stoffs,  wobei  die  Oberwachungseinrichtungen 

(i)  ein  lichtsammelndes  optisches  System  (52, 
53,  56,  57),  das  zwei  Wege  mit  getrennten  opti- 
schen  Achsen  aufweist,  die  sich  in  der  Flamme  in 
einem  Winkel  so  schneiden,  dal3  das  aus  dem 
Schnittpunkt  in  zwei  verschiedenen  Richtungen 
hervorgehende  Licht  gesammelt  wird, 

(ii)  eine  Lichtintensitats-MelSeinrichtung  (54,  55, 
58,  59),  die  das  gesammelte  Licht  empfangt  und 
Lichtintensitatsdaten  erzeugt,  und  (iii)  eine 
Signalverarbeitungseinrichtung  (60,  230,  630),  die 
die  Intensitatsdaten  empfangt  und  ein  sich  auf  die 

11 



EP  0  152  804  B1 20 19 

Bedingung  der  Flamme  beziehendes  Steuersignal 
erzeugt,  aufweisen, 

—  einer  Steuereinrichtung  zum  Einstellen  des 
Luft/Brennstoff-Verhaltnisses  in  der  Mischung 
entsprechend  dem  Steuersignal  von  der  Signal-  5 
verarbeitungseinrichtung,  dadurch  gekennzeich- 
net,  da(5 

—  das  optische  System  eine  Einstelleinrichtung 
aufweist,  die  den  Winkel  zwischen  den  Wegen 
und  der  Position  des  Schnittpunktes  mittels  10 
Bewegung  der  Wege  relativ  zueinander  bzw.  mit- 
tels  Verschiebung  einer  Linse  aus  einer  im  opti- 
schen  System  enthaltenen  Linsengruppe  variiert, 
und 

—  das  Abgasrohr  (320)  Emissionsverringe-  15 
rungseinrichtungen  (810,  820)  aufweist,  die  so 
ausgebildet  sind,  daS  sie  in  Abhangigkeit  des  an 
die  Einrichtung  gelieferten  Steuersignals  giftige 
Substanzen  aus  dem  Abgas  aussondern. 

2.  Ofensystem  gema'IS  Anspruch  1,  in  dem  die  20 
Oberwachungseinrichtungen  eine  Spektrosko- 
pieeinrichtung  (210;  470;  680)  aufweisen,  die  das 
vom  lichtsammelnden  optischen  System  gesam-  ' 
melte  Licht  einer  Spektralanalyse  unterzieht,  um 
ein  spezifisches  Wellenlangenband  auszuwahlen,  25 
wobei  die  Signalverarbeitungseinrichtung  so  aus- 
gebildet  ist  dalS  sie  das  Steuersignal  aufgrund  der 
in  dem  Wellenlangenband  erhaltenen  Intensitats- 
daten  erzeugt. 

3.  Ofensystem  gema'IS  Anspruch  1,  in  dem  die  30 
Steuereinrichtung  eine  Steuereinheit  (770;  760; 
750;  740)  aufweist,  die  die  an  den  Brenner  gelie- 
ferte  und  von  diesem  ausgestolSene  Luftmenge, 
die  an  den  Brenner  gelieferte  und  von  diesem 
ausgestolSene  Brennstoffmenge  und  die  Winkel,  35 
mit  denen  die  Luft  und  der  Brennstoff  im  Ofen 
verteilt  werden,  wenn  sie  vom  Brenner  ausgesto- 
ISen  werden,  steuert. 

4.  System  gema'IS  Anspruch  1,  in  dem  die 
Emissionsverringerungseinrichtungen  eine  Deni-  40 
trierungseinrichtung  (810)  und  eine  Staubsamme- 
leinrichtung  (820)  aufweisen. 

5.  Ofensystem  gema'IS  Anspruch  2,  in  dem  das 
von  der  spektrokopischen  Einrichtung  ausge- 
wahlte  spezifische  Wellenlangenband  ein  spezifi-  45 
sches  Wellenlangenband  aufweist,  das  diejenige 
Information  enthalt,  die  iiber  die  Temperatur  und 
das  Luftverhaltnis  der  Flamme,  uber  die  Konzen- 
trationen  der  Stickoxyde  und  des  Wasserstoffs  in 
der  Abgasemission  und  uber  Menge  des  nichtver-  so 
brannten  Brennstoffs  im  Staud  gewonnen 
werden  kann. 

6.  Ofensystem  gemalS  Anspruch  2,  in  dem  das 
von  der  Spektroskopieeinrichtung  ausgewahlte 
spezifische  Wellenlangenband  Wellenlangen  auf-  55 
weist,  mit  denen  Licht  von  einem  OH-Radikal, 
einem  NH-Radikal,  einem  CN-Radikal,  einem  CH- 
Radikal,  einem  C2-Radikal  und  von  Stickoxyden 
emittiert  wird. 

60 
Revendications 

1.  Systeme  de  four  comprenant: 
—  un  four  (10,  180,  800)  servant  a  bruler  un 

combustible,  65 

—  un  bruleur  (20,  160,  300,  540,  640)  dispose 
dans  le  four,  ledit  bruleur  etant  alimente  par  un 
melange  du  combustible  et  de  I'air  pour  produire 
une  flamme  (30,  550,  650), 

—  un  conduit  d'echappement  (320)  raccordant 
le  four  a  I'atmosphere  environnante, 

—  des  moyens  de  controle  servant  a  determiner 
les  conditions  de  combustion  du  combustible,  les 
moyens  de  controle  incluant: 

(i)  un  systeme  optique  (52,  53,  56,  57)  de 
collecte  de  la  lumiere,  comprenant  deux  trajets 
possedant  des  axes  optiques  separes  se  recou- 
pant  a  I'interieur  de  la  flamme  sous  un  angle  de 
maniere  a  collecter  la  lumiere  provenant  du  point 
d'intersection,  dans  deux  directions  differentes; 

(ii)  des  moyens  (54,  55,  58,  59)  de  mesure  de 
I'intensite  lumineuse,  recevant  la  lumiere  collec- 
tee  et  produisant  des  donnees  concemant  I'inten- 
site  de  la  lumiere, 

(iii)  des  moyens  (60,  230,  630)  de  traitement  de 
signaux,  recevant  les  donnees  relatives  a  I'inten- 
site  et  produisant  un  signal  de  commande  associe 
a  la  condition  de  la  flamme, 

—  des  moyens  de  commande  servant  a  regler  le 
rapport  air-combustible"  dans  ledit  melange 
conformement  au  signal  de  commande  delivre 
par  les  moyens  de  traitement  de  signaux,  caracte- 
rise  en  ce  que 

—  ledit  systeme  optique  comporte  des  moyens 
de  reglage  servant  a  modifier  Tangle  entre  lesdits 
trajets  et  la  position  du  point  d'intersection,  au 
moyen  d'un  deplacement  des  trajets  I'un  par 
rapport  a  I'autre  et  au  moyen  d'un  deplacement 
d'une  lentille  d'un  ensemble  de  lentilles  conte- 
nues  dans  le  systeme  optique,  respectivement, 

—  ledit  conduit  d'echappement  (320)  comprend 
des  moyens  (810,  820)  reduisant  remission  et 
disposes  de  maniere  a  extraire  des  substances 
polluantes  du  gaz  d'echappement  en  fonction  du 
signal  de  commande  envoye  auxdits  moyens. 

2.  Systeme  de  four  selon  la  revendication  1, 
dans  lequel  lesdits  moyens  de  controle  compren- 
nent  des  moyens  spectroscopiques  (210;  470; 
680)  servant  a  soumettre  la  lumiere  collectee  par 
le  systeme  optique  de  collecte  de  la  lumiere  a  une 
analyse  spectroscopique  de  maniere  a  selection- 
ner  une  bande  specifique  de  longueurs  d'onde; 
les  moyens  de  traitement  des  signaux  etant 
agences  de  maniere  a  produire  le  signal  de 
commande  sur  la  base  des  donnees  d'intensite 
obtenues  dans  ladite  bande  de  longueurs  d'onde. 

3.  Systeme  de  four  selon  la  revendication  1, 
dans  lequel  lesdits  moyens  de  commande  com- 
prennent  une  unite  de  commande  (770;  760;  750; 
740)  servant  a  commander  la  quantite  d'air 
envoyee  au  bruleur  et  ejectee  par  ce  dernier,  la 
quantite  de  combustible  envoyee  au  bruleur  et 
ejectee  par  ce  dernier  et  les  angles,  sous  lesquels 
I'air  et  le  combustible  sont  disperses  a  I'interieur 
du  four  lorsqu'ils  sont  ejectes  du  bruleur. 

4.  Systeme  de  four  selon  la  revendication  1, 
dans  lequel  lesdits  moyens  de  reduction  de 
remission  comprennent  des  moyens  de  denitra- 
tion  (810)  et  des  moyens  (820)  formant  collecteur 
de  poussiere. 
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5.  Systeme  de  four  selon  la  revendication  2, 
dans  lequel  ladite  bande  specifique  de  longueurs 
d'onde  selectionnee  par  lesdits  moyens  spec- 
troscopiques  comprend  une  bande  specifique  de 
longueurs  d'onde  permettant  d'obtenir  une  infor- 
mation  concernant  la  temperature  et  le  pourcen- 
tage  d'air  de  la  flamme,  les  teneurs  en  oxydes 
d'azote  et  en  hydrogene  dans  remission  d'echap- 
pement  et  la  quantite  de  combustible  non  brule 

dans  la  poussiere. 
6.  System  de  four  selon  la  revendication  2,  dans 

lequel  ladite  bande  specifique  de  longueurs 
d'onde  selectionnee  par  les  moyens  spectroscopi- 
ques  comprend  des  longueurs  d'onde,  avec  les- 
quelies  une  lumiere  est  emise  par  un  radical  OH, 
un  radical  NH,  un  radical  CN,  un  radical  CH,  un 
radical  C2  et  des  oxydes  d'azote. 
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