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lescription 

lACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  burner  capable 
if  suppressing  or  reducing  production  of  nitrogen 
ixide  (referred  to  as  NOx  hereinafter)  in  combus- 
ion  gas,  and  more  particularly,  it  relates  to  a  low 
*IOx  burner  for  pulverized  coal  capable  of  remarka- 
>ly  reducing  the  NOx  production  during  combustion 
)f  the  pulverized  coal. 

Fossilization  coal  includes  nitrogen  (N)  as  well  as 
:ombustible  components  such  as  carbon,  hydrogen 
md  the  like.  Particularly,  coal  includes  a  relatively 
arge  amount  of  the  nitrogen,  unlike  gaseous  fuel  or 
iquid  fuel.  Therefore,  an  amount  of  the  NOx  produc- 
ion  generated  during  combustion  of  the  coal  is  more 
:han  that  generated  during  combustion  of  the  gase- 
3us  fuel.  Thus,  it  has  been  expected  that  such  NOx 
sroduction  is  reduced  or  suppressed  to  the  utmost. 

NOx  generated  during  combustion  of  various  fuel 
s  grouped  into  thermal  NOx  and  fuel  NOx,  on  the  ba- 
sis  of  the  cause  of  its  generation.  The  thermal  NOx 
s  generated  by  oxidization  of  nitrogen  in  the  firing 
air;  on  the  other  hand,  the  fuel  NOx  is  generated  by 
oxidization  of  nitrogen  in  the  fuel. 

In  order  to  suppress  production  of  such  NOx, 
various  combustion  methods  have  been  proposed; 
one  of  the  representative  conventional  combustion 
methods  is  a  staged  combustion  method  in  which  the 
firing  air  is  supplied  in  lots  every  stages.  Another 
representative  conventional  combustion  method  is 
an  exhaust  gas  recirculating  method  in  which  the  ex- 
haust  gas  having  low  concentration  of  oxygen  is 
supplied  into  a  combustion  area.  A  common  principle 
regarding  these  conventional  low  NOx  combustion 
methods  resides  in  the  matter  that  reaction  between 
nitrogen  and  oxygen  is  suppressed  by  lowering  a 
flame  temperature.  However,  NOx  which  can  be 
suppressed  by  lowering  the  flame  temperature  is 
the  thermal  NOx;  the  generation  of  the  fuel  NOx  is 
scarcely  influenced  by  the  flame  temperature. 
Therefore,  the  combustion  method  in  which  the  NOx 
production  is  suppressed  by  lowering  the  flame  tem- 
perature  is  effective  merely  to  the  combustion  of 
the  fuel  containing  a  low  percentage  of  nitrogen. 
However,  this  conventional  combustion  method  is 
not  effective  to  the  combustion  of  coal,  since  the 
NOx  generated  by  the  combustion  of  coal  contains 
about  80%  of  the  fuel  NOx,  as  clarified  by  D.W. 
Pershing  and  J.O.L.  Wendt  (refer  to  "The  influence 
of  flame  temperature  and  fuel  NOx;  The  Sixteenth 
Symposium  (Inter-rational)  on  Combustion,  P389- 
399.  The  Combustion  Institute,  1976"). 

Combustibles  in  the  coal  can  be  grouped  into  vol- 
atile  matter  (component)  and  solid  component.  Ac- 
cording  to  this  inherent  nature  of  the  coal,  the  com- 
bustion  method  for  the  pulverized  coal  includes  a 
process  for  pyrolyzing  the  pulverized  coal  in  which 
the  volatile  matter  is  volatilized  or  discharged,  and 
a  combustion  process  for  burning  the  combustible 
solid  component  (referred  to  as  char  hereinafter) 
after  said  pyrolysis.  Combustion  rate  of  the  volatile 
matter  is  higher  than  that  of  the  solid  component, 

and  tnus,  tne  volatile  matter  is  Durnea  up  in  an  eariy 
stage  of  the  combustion.  In  the  above  pyrolysis 
process,  nitrogen  (N-component)  contained  in  the 
coal  is  separated  into  N-component  devolatilized  to- 

>  gether  with  the  other  volatile  matter,  and  N-compo- 
nent  retained  in  the  char.  Thus,  the  fuel  NOx  gener- 
ated  during  combustion  of  the  pulverized  coal  in- 
cludes  NOx  obtained  from  the  volatile  N-component 
and  NOx  obtained  from  the  N-component  retained  in 

o  the  char. 
However,  as  pointed  out  by  D.W.  Pershing  and 

J.O.L.  Wendt,  in  the  case  of  the  combustion  of  coal, 
the  greater  part  of  the  NOx  production  is  NOx  ob- 
tained  from  the  volatile  matter  (i.e.,  the  fuel  NOx).  In 

5  view  of  this  fact,  it  is  required  to  solve  a  problem  re- 
garding  the  fuel  NOx  in  the  combustion  of  the  coal. 

It  is  known  that  the  volatile  N-component  forms 
compounds  such  as  NH3,  HCN  and  the  like  in  an 
early  stage  of  the  combustion  and  in  a  region  where- 

in  in  oxygen  is  insufficient.  These  nitrogenous  com- 
pounds  not  only  produce  NOx  by  reacting  with  oxy- 
gen  but  also  act  as  a  reducing  or  deoxidizing  agent 
for  resolving  NOx  into  nitrogen  by  reacting  with  the 
produced  NOx.  This  reducing  reaction  of  NOx  with 

25  the  nitrogenous  compound  proceeds  when  such 
compound  co-exists  with  NOx;  if  the  nitrogenous 
compound  does  not  co-exist  with  NOx,  the  greater 
part  of  the  nitrogenous  compound  is  oxidized  to  pro- 
duce  NOx. 

30  Further,  under  the  high  temperature  circumstanc- 
es  such  as  the  combustion,  this  reducing  reaction  is 
liable  to  proceed,  as  a  percentage  of  oxygen  con- 
tained  in  the  surrounding  atmosphere  decreases. 
Accordingly,  in  order  to  suppress  the  generation  of 

35  NOx  during  combustion  of  coal,  it  is  a  technical  key 
how  to  create  such  atmosphere  containing  a  low 
concentration  of  oxygen  (i.e.,  low  oxygen  region). 

As  described  in  the  Japanese  Utility  Model  Laid- 
Open  No.  94004/1982,  the  Japanese  Patent  Publi- 

40  cation  No.  30161/1980  or  the  literature  (D.M.  Zallen, 
R.  Gershman,  M.P.  Heap  and  W.H.  Nurick,  "The 
Generalization  of  Low  Emission  Coal  Burner  Tech- 
nology"  Proceedings  of  the  Third  Stationary  Source 
Combustion  System,  volume  II,  p.  73-109,  1976),  a 

45  conventional  burner  for  forming  a  low  oxygen  re- 
gion  in  a  flame,  known  up  to  date,  is  a  burner  for  de- 
laying  the  mixing  of  excessive  air  with  a  fuel  rich 
flame  by  arranging  a  secondary  firing  air  nozzle  or 
a  tertiary  air  nozzle  remotely  from  a  fuel  nozzle. 

50  In  the  above  conventional  burner,  a  secondary 
or  tertiary  air  is  injected  as  a  straight  advance  jet 
from  the  air  nozzle  radially  spaced  apart  from  an 
outlet  of  the  fuel  nozzle.  Therefore,  in  the  combus- 
tion  by  means  of  this  conventional  burner,  it  is  easy 

55  to  form  the  low  oxygen  region  in  the  fuel  rich  flame, 
since  the  mixing  of  the  excessive  air  with  the  fuel 
rich  flame  is  delayed;  however,  as  the  mixing  is  de- 
layed,  combustion  time  is  lengthened,  thus  worsen- 
ing  combustion  efficiency.  Further,  the  above  con- 

60  ventional  burner  has  another  disadvantage  of  hav- 
ing  a  large-sized  combustion  installation. 

DE-A  3  125  901  describes  a  low  NOx  burner  com- 
prising  a  pulverized  coal  nozzle  for  injecting  a  flow 
of  a  mixture  of  pulverized  coal  with  primary  air,  a 

65  secondary  air  nozzle  arranged  externally  of  and  co- 
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axially  with  said  pulverized  coal  nozzle,  a  tertiary 
air  nozzle  arranged  externally  of  said  secondary  air 
nozzle  and  disposed  coaxially  with  said  pulverized 
coal  nozzle  and  swirl  flow  generator  means  for  in- 
jecting  secondary  and  tertiary  air  as  a  respective 
swirl  flow. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention  is 
to  provide  such  a  low  NOx  burner  for  performing  im- 
proved  mixing  of  excessive  air  with  a  fuel  rich 
flame,  and  more  particularly,  to  provide  improved 
means  for  suppressing  NOx  production,  as  well  as 
preventing  the  combustion  efficiency  from  being 
worsened  and  also  preventing  the  installation  from 
being  enlarged,  wherein  a  region  containing  a  low 
percentage  of  oxygen  (low  oxigen  region)  is  effec- 
tively  formed  in  the  center  of  the  flame,  and,  after 
NOx  is  deoxidized  and  reduced  in  said  region,  com- 
bustibles  stayed  in  said  region  and  a  combustion  air 
is  rapidly  mixed  at  a  downstream  portion  of  said  low 
oxygen  region. 

According  to  the  present  invention  the  above  ob- 
ject  is  achieved  by  still  improving  a  structure  for 
mixing  the  combustion  air  with  the  fuel. 

In  accordance  with  one  aspect  of  the  present  in- 
vention,  there  is  provided  a  low  NOx  burner  com- 
prising  a  pulverized  coal  nozzle  for  injecting  a  flow 
of  a  mixture  of  pulverized  coal  with  primary  air,  a 
secondary  air  nozzle  arranged  externally  of  and  co- 
axially  with  said  pulverized  coal  nozzle,  a  tertiary 
air  nozzle  arranged  externally  of  the  secondary  air 
nozzle  and  disposed  coaxially  with  said  pulverized 
coal  nozzle,  and  swirl  flow  generator  means  for  in- 
jecting  secondary  air,  and  tertiary  air  as  a  respec- 
tive  swirl  flow,  characterized  in  that  a  spacer 
means  is  disposed  between  said  secondary  air  noz- 
zle  and  said  tertiary  air  nozzle  and  has  such  a  thick- 
ness  as  to  delay  the  mixing  of  said  secondary  air 
with  said  tertiary  air  and  to  form  a  swirl  flow  be- 
tween  said  secondary  air  and  said  tertiary  air. 

According  to  another  aspect  of  the  present  in- 
vention,  the  above  low  NOx  burner  further  compris- 
es  flame  holder  means  provided  on  a  free  end  of 
said  pulverized  coal  nozzle  for  forming  a  swirl  flow 
between  said  flow  of  the  mixture  of  the  pulverized 
coal  with  the  primary  air  and  a  flow  of  said  second- 
ary  air. 

According  to  a  further  aspect  of  the  present  in- 
vention,  the  above-mentioned  low  NOx  burner  fur- 
ther  comprises,  in  place  of  the  flame  holder  means, 
a  gaseous  fuel  nozzle  disposed  into  said  spacer 
means. 

In  accordance  with  a  fourth  aspect  of  the 
present  invention,  the  above-mentioned  low  NOx 
burner  according  to  said  one  aspect  further  com- 
prises  both  flame  holder  means  provided  on  a  free 
end  of  the  pulverized  coal  nozzle  for  forming  a  swirl 
flow  between  the  flow  of  the  mixture  of  the  pulver- 
ized  coal  with  the  primary  air  and  a  flow  of  the  sec- 
ondary  air,  and  a  gaseous  fuel  nozzle  disposed  into 
the  spacer  means. 

In  accordance  with  a  fifth  aspect  of  the  present 
invention,  in  the  above-mentioned  low  NOx  burner 

according  to  said  one  aspect,  the  pulverized  coal 
nozzle  has  a  cylindrical  or  polygonal  injecting  out- 
let,  the  secondary  air  nozzle  having  a  secondary 
air  injecting  outlet  comprising  a  polygonal  reducer 

5  disposed  to  surround  the  injecting  outlet  of  the  pul- 
verized  coal  nozzle,  the  tertiary  air  nozzle  having  a 
cylindrical  or  polygonal  tertiary  air  injecting  outlet 
disposed  to  surround  the  secondary  air  injecting 
outlet. 

10  In  the  burner  according  to  the  present  invention, 
the  spacer  disposed  between  the  secondary  air 
nozzle  and  the  tertiary  air  nozzle  delays  the  mixing 
of  the  secondary  air  with  the  tertiary  air  by  estrang- 
ing  or  separating  the  secondary  air  from  the  terti- 

15  ary  air  in  a  radial  direction,  thereby  forming  a  reduc- 
tion  region  for  deoxidizing  the  NOx.  Further,  the 
spacer  originates  a  swirl  flow  between  the  second- 
ary  air  flow  and  the  tertiary  air  flow,  thereby  im- 
proving  the  holding  of  flame.  The  swirl  flow  genera- 

20  tor  associated  with  the  tertiary  air  nozzle  can  delay 
the  mixing  of  the  tertiary  air  with  the  straight  ad- 
vance  flow  of  the  fuel  by  changing  the  tertiary  air  to 
a  swirl  flow  and  can  promote,  at  a  downstream  por- 
tion  of  the  flame,  the  mixing  of  the  tertiary  air  with 

25  the  combustibles  retained  in  the  reduction  region  by 
the  use  of  a  low  pressure  area  originated  in  said 
swirl  flow,  thereby  preventing  the  flame  from  being 
lengthened  and  also  preventing  the  combustion  effi- 
ciency  from  being  worsened.  Further,  the  tertiary 

30  air  nozzle  has  a  nozzle  extension  which  extends  be- 
yond  nozzle  ends  of  the  other  nozzles  and  which  de- 
fines  a  section  for  promoting  the  formation  of  the 
swirl  flow  of  the  tertiary  air,  thus  improving  efficien- 
cy  of  the  generation  of  the  swirl  flow  of  the  tertiary 

35  air  and  preventing  a  phenomenon  wherein  the  terti- 
ary  air  is  liable  to  be  scattered  excessively  in  a  radi- 
al  direction  when  the  strength  of  the  swirl  of  the  ter- 
tiary  air  is  increased. 

Furthermore,  in  the  present  invention,  various 
40  kinds  of  coal  can  be  utilized,  since  flow  rates,  inject- 

ing  speeds  and  the  like  of  the  secondary  air  (for  fir- 
ing  and  forming  the  fuel  rich  flame)  and  the  tertiary 
air  (for  achieving  complete  combustion)  can  inde- 
pendently  be  controlled  due  to  the  fact  that  in  the 

45  construction  of  the  present  invention  the  firing  air 
can  independently  be  supplied  as  the  secondary  air 
and  the  tertiary  air.  The  swirl  flow  generator  and  the 
spacer  disposed  between  the  secondary  air  nozzle 
and  the  tertiary  air  nozzle  also  act  as  means  for 

50  clearly  distinguishing  the  role  of  the  secondary  air 
from  that  of  the  tertiary  air. 

According  to  the  present  invention,  since  the  mix- 
ing  of  the  air  for  achieving  the  perfect  combustion 
(i.e.,  combustion  air)  with  the  flame  of  low  air-to-fuel 

55  ratio  is  delayed  in  the  proximity  of  the  burner  so  as 
to  originate  the  reduction  region  in  the  flame,  the 
generation  of  NOx  is  remarkably  suppressed,  and 
the  mixing  of  the  combustibles  with  the  combustion 
air  in  the  downstream  portion  of  the  reduction  re- 

60  gion  is  proceeded  rapidly,  thereby  improving  the 
combustion  efficiency  as  well  as  suppressing  the 
NOx  production. 

Lastly,  in  the  present  invention,  the  flow  passage 
of  the  secondary  air  (i.e.,  the  secondary  air  nozzle) 

65  can  be  constructed  to  have  a  polygonal  shape 

3 
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and  a  polygonal  reducer  constituted  by  a  block  can 
be  arranged  on  the  outlet  of  said  passage,  so  that 
the  swirl  of  the  secondary  air  is  generated  at  apex- 
es  of  the  polygon  to  promote  deceleration  of  the  fu- 
el  jet  and  that  a  mixing  layer  for  promoting  the  mixing 
of  the  firing  air  with  the  pulverized  coal  is  originated 
to  improve  the  holding  of  flame  and  to  promote  the 
firing  of  the  fuel. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  longitudinal  sectional  view  of  an  embodi- 
ment  of  a  burner  for  pulverized  coal  according  to 
the  present  invention; 

Fig.  2  shows  a  construction  of  a  swirl  flow  gener- 
ator  of  radial  flow  type,  wherein  a  left  half  thereof 
is  a  sectional  view  taken  along  the  line  A-A'  of  Fig.  1 
and  a  right  half  thereof  is  a  view  taken  along  the  line 
B-B'  of  Fig.  1; 

Fig.  3  is  a  partially  broken  perspective  view 
showing  a  swirl  flow  generator  of  axial  flow  type; 

Fig.  4  is  a  longitudinal  sectional  view  of  a  modifi- 
cation  of  the  burner  for  pulverized  coal  shown  in 
Fig.  1  ; 

Fig.  5  is  a  longitudinal  sectional  view  similar  to 
Fig.  1,  wherein  a  spacer  is  omitted; 

Fig.  6  is  a  diagram  showing  experimental  relation- 
ships  between  NOx  obtained  by  combustion  of  the 
pulverized  coal  and  combustibles  retained  in  ash  by 
the  use  of  the  burners  shown  in  Figs.  1  and  5; 

Fig.  7  is  a  partially  broken  perspective  view 
showing  an  example  of  a  flame  holder  incorporated 
in  the  burner  for  pulverized  coal  according  to  the 
present  invention; 

Fig.  8  is  a  longitudinal  sectional  view  of  a  second 
embodiment  of  the  burner  for  pulverized  coal  ac- 
cording  to  the  present  invention; 

Fig.  9  is  a  longitudinal  sectional  view  of  a  third  em- 
bodiment  of  the  burner  for  pulverized  coal  accord- 
ing  to  the  present  invention; 

Fig.  10  is  an  end  view  looking  along  the  line  X-X 
of  Fig.  9; 

Fig.  11  is  a  partial  longitudinal  sectional  view  of 
the  burner  of  Fig.  9  for  explaining  an  operation  of 
said  burner; 

Fig.  12  is  an  end  view  showing  a  construction  of  a 
modification  of  the  burner  shown  in  Fig.  9; 

Fig.  13,  Fig.  14  and  Fig.  15  are  test  data  diagrams 
showing  effects  obtained  by  the  burner  of  Fig.  9; 

Fig.  16  is  a  longitudinal  sectional  view  showing  an- 
other  modification  of  the  burner  shown  in  Fig.  9; 

Fig.  17  is  an  end  view  looking  along  the  line  XVII  - 
XVII  of  Fig.  16;  and 

Fig.  18  is  a  longitudinal  sectional  view  of  the  burn- 
er  of  Fig.  16  for  explaining  an  operation  of  said  burn- 
er. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Preferred  embodiments  of  the  present  invention 
will  now  be  described  in  reference  to  the  attached 
drawings  hereinbeiow.  At  first,  Fig.  1  shows  a  first 
embodiment  of  a  burner  for  pulverized  coal.  The 

burner  shown  in  Fig.  1  is  constituted  by  a  pulverized 
coal  nozzle  2  for  injecting  a  fluid  mixture  including 
pulverized  coal  and  primary  air  which  is  carrier  air 
for  the  pulverized  coal,  an  annular  secondary  air 

5  nozzle  4  arranged  around  the  nozzle  2  for  atomiz- 
ing  secondary  air,  and  an  annular  tertiary  air  nozzle 
6  arranged  around  the  nozzle  4.  A  liquid  fuel  nozzle 
8  is  disposed  in  the  pulverized  coal  nozzle  2,  which 
nozzle  8  provides  a  jet  of  the  liquid  fuel  such  as 

10  heavy  oil  and  the  like  when  a  combustion  furnace  is 
preheated.  On  an  outer  end  of  the  pulverized  noz- 
zle  2,  there  is  arranged  a  flame  holder  10  which  is 
flared  radially  outwardly  of  the  nozzle  2.  The  flame 
holder  generates  a  swirl  flow  by  combining  the  fluid 

15  mixture  from  the  nozzle  2  and  the  secondary  air 
from  the  nozzle  4,  thereby  improving  the  ignitability 
of  the  pulverized  coal. 

Swirl  flow  generators  14  and  12  associated  with 
the  secondary  and  tertiary  air  nozzles  4  and  6,  re- 

20  spectively,  are  used  for  adjusting  the  swirl  level  of 
the  secondary  air  and  of  the  tertiary  air,  respec- 
tively.  As  shown  in  Fig.  2,  the  swirl  flow  generator 
12  associated  with  the  tertiary  air  nozzle 
6  is  a  swirl  flow  generator  of  radial  flow  type  com- 

25  prising  a  plurality  of  blades  or  vanes  1  6  and  a  mech- 
anism  18  for  changing  or  adjusting  an  angle  a  of  in- 
clination  of  the  vanes.  The  generator  12  can  adjust 
a  magnitude  of  a  tangential  factor  (swirl  factor)  of 
velocity  of  the  tertiary  air  flowing  out  radially,  by 

30  changing  the  inclination  angle  a  of  the  vanes  16. 
The  swirl  flow  generator  14  attached  to  the  second- 
ary  air  nozzle  4  is  a  swirl  flow  generator  of  axial 
flow  type  as  shown  in  Fig.  3,  which  can  adjust  the 
strength  of  the  swirl  of  the  secondary  air  flow,  by 

35  changing  an  inclination  angle  p  of  vanes  20  ar- 
ranged  along  a  direction  of  the  air  flow. 

An  annular  spacer  24  arranged  between  the  sec- 
ondary  air  nozzle  4  and  the  tertiary  air  nozzle  6 
acts  as  means  for  delaying  the  mixing  of  the  second- 

40  ary  air  and  the  tertiary  air.  The  fuel  and  the  air  are 
atomized  or  injected  into  a  combustion  furnace  (not 
shown)  through  a  throat  26  formed  in  a  block  28. 
The  block  has  a  straight  wall  portion  (in  sectional 
view  shown  in  Fig.  1)  between  each  of  the  nozzle 

45  outlets  and  an  enlarged  mouth  portion  of  the  block. 
In  the  burner  for  pulverized  coal  having  the  con- 

struction  described  above,  the  pulverized  coal  in- 
jected  from  the  pulverized  coal  nozzle  2  is  ignited  or 
fired  by  the  primary  carrier  air  and  the  secondary 

50  air,  thereby  generating  a  fuel  rich  flame  at  a  center 
of  the  entire  flame.  This  fuel  rich  flame  is  stabilized 
by  the  flame  holder  1  0  and  by  adjusting  the  flow  rate 
and  the  strength  of  the  swirl  of  the  secondary  air. 
In  the  burner  according  to  the  present  invention, 

55  since  the  mixing  of  the  tertiary  air  and  the  fuel  rich 
flame  is  delayed  by  the  spacer  24  disposed  between 
the  tertiary  air  flow  and  the  secondary  air  flow,  in 
the  fuel  rich  flame,  after  the  oxygen  in  the  combus- 
tion  air  is  consumed  by  the  firing,  a  reduction  or  de- 

60  oxidization  region  with  low  concentration  of  oxygen 
is  generated  in  the  proximity  of  the  burner  throat  26. 
The  tertiary  air  is  used  for  the  purpose  of  achieving 
complete  combustion  of  the  residual  combustibles 
after  NOx  is  deoxidized  in  the  reduction  region. 

65  Thus,  after  the  NOx  is  deoxidized,  it  is  necessary 
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that  the  tertiary  air  is  mixed  with  the  central  flow  rap- 
idly  so  as  to  perform  the  prompt  oxidization  of  the 
residual  combustibles. 

In  this  case,  in  the  conventional  burner  as  de- 
scribed  above,  wherein  the  tertiary  air  is  injected  in  5 
the  form  of  a  straight  advance  flow  at  a  radial  posi- 
tion  remote  from  the  center  of  the  burner,  since  the 
tertiary  air  flow  is  slowly  mixed  with  the  central  flow, 
the  reduction  region  is  formed  or  generated  effec- 
tively;  however,  in  this  case,  since  the  tertiary  air  10 
cannot  be  rapidly  mixed  with  the  combustibles  re- 
tained  in  the  reduction  region,  the  flame  is  length- 
ened.  This  is  one  of  the  disadvantages  of  the  above 
conventional  burner.  Another  disadvantage  of  the 
conventional  burner  is  that  a  relatively  large  15 
amount  of  the  combustibles  is  discharged. 

On  the  other  hand,  in  the  burner  for  pulverized 
coal  shown  in  Fig.  1  ,  the  tertiary  air  is  injected  in  the 
form  of  the  swirl  flow.  This  tertiary  swirl  air  flow  is, 
as  compared  with  the  straight  advance  air  flow,  20 
rather  difficult  to  be  mixed  with  the  straight  advance 
fuel  flow  in  the  proximity  of  the  burner  exit,  since  a 
direction  of  the  tertiary  swirl  air  flow  is  different 
from  that  of  the  straight  advance  fuel  flow.  Fur- 
ther,  since  a  static  pressure  in  the  central  portion  25 
of  the  swirl  flow  is  decreased  when  the  strength  of 
the  swirl  is  increased,  in  a  downstream  portion  of 
the  flame  flow,  a  recirculating  flow  including  a  flow 
directed  toward  the  burner  exit  from  the  down- 
stream  portion  of  the  flame,  which  is  contrary  to  a  30 
flow  direction  of  the  fuel,  is  generated,  with  the  re- 
sult  that,  by  such  recirculating  flow,  the  mixing  of 
the  tertiary  air  with  the  central  flow  in  the  down- 
stream  portion  of  the  flame  flow  is  promoted.  There- 
fore,  with  the  burner  shown  in  Fig.  1  ,  since  the  mix-  35 
ing  of  the  tertiary  air  with  the  fuel  is  suppressed  in 
the  proximity  of  the  burner  and  is  promoted  in 
the  downstream  portion  of  the  flame  flow,  it  is  easy 
to  create  the  reduction  region  necessary  for  per- 
forming  the  deoxidization  of  NOx  and  also  to  oxidize  40 
the  residual  combustibles  after  the  deoxidization  of 
NOx. 

In  order  to  obtain  such  an  optimum  condition  re- 
garding  the  mixing  of  the  tertiary  air  with  the  central 
flow  of  the  flame  as  described  above,  it  is  neces-  45 
sary  to  determine  an  optimum  value  of  the  strength 
of  the  swirl  of  the  tertiary  air,  thereby  improving  ef- 
ficiency  of  the  generation  of  the  swirl  flow.  To  this 
end,  it  has  been  experimentally  found  that  it  is  effi- 
cient  to  use  the  tertiary  air  nozzle  longer  than  the  50 
other  nozzles.  With  such  improvement,  the  holding 
of  flame  is  improved,  since  the  stable  circulating 
flow  is  created  not  only  around  the  flame  holder  but 
also  around  the  spacer  24  disposed  between  the 
secondary  nozzle  and  the  tertiary  nozzle.  55 

In  the  embodiment  of  Fig.  1  ,  in  order  to  obtain  the 
longer  tertiary  air  nozzle,  said  nozzle  6  is  provided 
with  a  nozzle  extension  constituted  by  the  block  28. 
A  configuration  of  the  nozzle  extension  may  be  ap- 
propriately  selected,  and  thus,  is  not  limited  to  the  60 
configuration  of  Fig.  1.  It  is  efficient  that  a  diameter 
of  the  nozzle  extension  is  as  large  as  possible;  how- 
ever,  as  in  the  case  of  boilers,  when  a  combustion 
chamber  around  the  burner  is  formed  by  water 
pipe(s),  it  is  frequently  impossible  to  increase  the  di-  65 

ameter  of  the  nozzle  extension,  since  it  is  difficult  to 
modify  the  existing  combustion  chamber. 

In  the  present  invention,  as  shown  in  Fig.  4,  the 
block  28  can  be  flared  outwardly  from  the  free  end 
of  the  secondary  air  nozzle;  in  this  case,  it  is  more 
easy  to  create  the  reduction  region. 

As  can  easily  be  imagined,  it  is  efficient  for  the 
reduced  NOx  production  to  increase  the  dimension 
of  the  spacer  24  positioned  between  the  secondary 
air  nozzle  and  the  tertiary  air  nozzle  as  large  as 
possible  so  as  to  increase  a  clearance  between  the 
secondary  air  nozzle  4  and  the  tertiary  air  nozzle  6, 
thereby  delaying  the  mixing  of  the  tertiary  air  with 
the  fuel;  however,  if  the  dimension  of  the  spacer  24 
is  increased,  an  annular  clearance  forming  the  terti- 
ary  air  nozzle  6  becomes  smaller,  with  the  result 
that  it  is  difficult  to  manufacture  the  burner. 

With  the  construction  of  the  block  28  as  shown  in 
Fig.  4,  if  the  dimension  of  the  spacer  24  is  in- 
creased,  the  same  technical  effect  as  that 
achieved  by  increasing  the  clearance  between  the 
secondary  and  tertiary  nozzles  is  obtained,  since 
the  tertiary  air  can  be  injected  along  the  flared  inner 
wall  of  the  block  28  by  increasing  the  strength  of 
the  swirl  of  the  tertiary  air. 

Furthermore,  by  modifying  the  nozzle  for  the  pul- 
verized  coal  to  a  dual-nozzle  construction,  the 
present  invention  can  be  applied  to  burners  in  which 
the  pulverized  coal  is  supplied  from  a  plurality  of 
passages.  Such  burners  have  a  disadvantage  that 
operation  and  control  of  the  burner  are  complex  due 
to  an  additional  operation  regarding  the  separate 
delivery  of  the  pulverized  coal;  however,  on  the 
contrary,  they  have  an  advantage  that,  since  the 
mixing  of  the  pulverized  coal  with  the  secondary  ig- 
niting  air  is  promoted  by  the  separate  delivery  of 
the  pulverized  coal,  the  ignitability  of  the  fuel  and 
the  holding  of  flame  are  improved.  Therefore,  the 
above-mentioned  burners  can  easily  create  the  re- 
duction  region  due  to  the  fact  that  the  consumption 
of  the  oxygen  in  the  proximity  of  the  burner  is  pro- 
moted,  and  thus,  is  effective  for  reducing  the  pro- 
duction  of  NOx. 

Fig.  6  shows  experimental  data  obtained  when  the 
pulverized  coal  was  burned  by  the  use  of  the  burn- 
er  shown  in  Fig.  1  and  the  burner  shown  in  Fig.  5  in 
which  the  spacer  24  is  omitted.  The  coal  used  in  the 
experiment  contained  31.1  wt%  of  volatile  matter, 
53.2%  of  fixed  carbon,  15.7%  of  ash  and  1.04%  of 
nitrogen.  Further,  the  coal  was  crushed  so  that  the 
pulverized  coal  includes  about  80  wt%  of  coal  parti- 
cles  each  having  a  diameter  of  74  \im  or  less.  A 
coal  fead  rate  was  300  kg/h  and  the  coal  was 
burned  in  a  combustion  passage  formed  by  a  water- 
cooled  wall.  The  test  data  shown  in  Fig.  6  is  the  re- 
sult  of  a  test  combustion  measured  when  the  resi- 
dense  time  past  for  about  two  seconds. 

Fig.  6  shows  a  relationship  between  NOx  and  the 
combustibles  retained  in  ash.  A  unit  of  the  combusti- 
bles  retained  in  ash  is  a  weight  percentage  (wt%)  of 
the  combustibles  retained  in  a  solid  matter  collected 
or  obtained  after  the  test  combustion.  In  Fig.  6, 
open  symbols  show  the  result  of  the  test  conducted 
by  the  burner  of  Fig.  5  and  solid  symbols  show  the 
result  of  the  test  conducted  by  the  burner  of  Fig.  1. 
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Further,  in  the  burner  of  Fig.  1  used  in  the  test,  a 
thickness  of  the  spacer  24  was  50  mm.  Referring  to 
Fig.  6,  it  is  clear  that  the  more  the  combustibles  re- 
tained  in  ash  (i.e.,  the  lower  the  efficiency  of  com- 
bustion),  the  less  the  NOx  production.  Further,  as 
apparent  from  the  diagram  of  Fig.  6,  when  the 
amount  of  the  combustibles  obtained  by  the  burner 
of  Fig.  1  is  the  same  as  that  obtained  by  the  burner 
of  Fig.  5,  the  NOx  production  generated  by  the 
burner  of  Fig.  1  is  less  than  that  generated  by  the 
burner  of  Fig.  5,  which  proves  the  efficacy  of  the 
spacer. 

It  should  be  noted  that  the  flame  holder  10  having 
a  L-shaped  construction  as  shown  in  Fig.  7  still  im- 
proves  the  ignitability  of  the  fuel  and  the  holding  of 
flame,  as  described  in  the  Japanese  Patent  Laid- 
Open  No.  226609/1985  and  the  United  States  Patent 
No.  4  543  307.  Also  in  the  present  invention,  the 
combustibility  of  the  fuel  is  still  improved  by  the  use 
of  the  L-shaped  flame  holder  shown  in  Fig.  7. 

Fig.  8  shows  the  second  embodiment  of  the 
present  invention.  In  this  second  embodiment,  the 
burner  is  provided  with  a  gaseous  fuel  nozzle  30  in 
place  of  the  liquid  fuel  nozzle  8  of  Fig.  1  ,  the  gase- 
ous  fuel  nozzle  30  passing  through  the  spacer  24. 
With  this  construction,  the  burner  of  Fig.  8  enables 
the  mixing  of  the  gaseous  fuel  with  the  pulverized 
coal  and  the  combustion  of  such  mixture,  and  also 
enables  that  either  the  gaseous  fuel  or  the  pulver- 
ized  coal  is  selectively  burned  by  alternatively  sup- 
plying  the  gaseous  fuel  or  the  pulverized  coal  (solid 
fuel).  Furthermore,  of  course,  if  the  liquid  fuel  noz- 
zle  8  as  shown  in  Fig.  1  is  incorporated  into  the  fuel 
nozzle  2  of  the  burner  of  Fig.  8,  any  of  these  fuels 
(liquid  fuel,  gaseous  fuel  and  solid  fuel)  can  be 
burned  effectively. 

Fig.  9  is  a  longitudinal  sectional  view  of  the  third 
embodiment  of  the  burner  for  pulverized  coal  ac- 
cording  to  the  present  invention,  and  Fig.  10  is  an 
end  view  of  the  burner  looking  along  the  line  X-X  of 
Fig.  9.  The  burner  of  the  third  embodiment  differs 
from  that  of  the  first  embodiment  in  the  point  that  the 
spacer  24  positioned  between  the  secondary  air 
nozzle  4  and  the  tertiary  air  nozzle  6  has  an  inner 
surface  of  polygonal  cross-section,  and  a  polygo- 
nal  reducer  32  is  formed  in  proximity  of  the  outlet  of 
the  secondary  air  nozzle  4. 

Fig.  1  1  is  a  view  for  explaining  the  operation  of  the 
present  invention.  Each  of  the  injected  primary  flow 
and  the  injected  secondary  air  flow  34  forms  swirls 
or  eddies  at  four  positions  corresponding  to  apexes 
of  the  reducer  32,  with  the  result  that  a  mixing  layer 
36  can  be  easily  created  at  a  border  between  the  in- 
jected  flow  of  the  pulverized  coal  and  the  injected 
secondary  air  flow,  and  the  velocity  of  the  flow  or 
jet  of  the  mixture  of  the  primary  carrier  air  with  the 
pulverized  coal  is  reduced  or  decelerated,  thereby 
improving  the  ignitability  of  the  fuel  and  the  holding 
of  flame  by  means  of  the  formation  of  the  swirls. 

Fig.  12  shows  a  modification  of  the  burner  of  the 
present  invention  wherein  the  burner  has  a  differ- 
ent  secondary  air  nozzle  or  passage  4.  In  this  burn- 
er,  the  polygonal  reducer  32  has  a  regular  hexago- 
nal  cross-section.  As  well  as  the  polygonal  (square) 
reducer  32  of  Fig.  10,  the  regular  hexagonal  reduc- 

er  forms  swirls  in  the  secondary  air  at  six  positions 
corresponding  to  apexes  of  the  reducer,  thereby  im- 
proving  the  ignitability  of  the  pulverized  coal  as  well. 

Next,  the  technical  results  obtainable  by  the 
5  present  invention  will  now  be  fully  explained  with  ref- 

erence  to  Figs.  13  to  15  showing  the  test  data  ob- 
tained  by  the  burner  of  Figs.  9  and  10.  Fig.  13  shows 
the  result  of  a  test  combustion  of  the  pulverized 
coal  fuel  conducted  under  the  condition  that  pacific 

10  ocean  coal  was  crushed  so  as  to  obtain  the  pulver- 
ized  coal  including  80%  of  coal  particles  each  hav- 
ing  a  diameter  of  74  jim  or  less,  the  coal  feed  rate 
was  selected  to  20-50  kg/h  and  a  combustion  air 
flow  rate  was  set  to  1.1  as  a  stoichiometric  ratio.  In 

15  the  test,  different  from  the  conventional  burner 
having  the  cylindrical  secondary  air  nozzle 
(passage),  the  burner  (of  the  present  invention) 
having  the  square  secondary  air  nozzle  and  the 
square  reducer  positioned  at  the  outlet  of  the  sec- 

20  ondary  nozzle  was  used.  In  comparison  with 
amounts  of  NOx  generated  at  an  outlet  of  the  com- 
bustion  furnace  (corresponding  to  three  seconds 
of  residence  time)  when  the  coal  feed  rate  is  25 
kg/h,  it  will  be  seen  that  the  burner  of  the  present  in- 

25  vention  produces  NOx  less  than  that  of  the  conven- 
tional  burner  by  about  70  ppm  and  that  there  is  little 
change  in  the  rate  of  the  NOx  generation  even  with 
time. 

On  the  other  hand,  in  the  conventional  burner,  it 
30  will  be  seen  that  a  large  amount  of  NOx  production  is 

generated.  This  is  supposed  that,  in  the  convention- 
al  burner,  as  well  as  the  ash  is  adhered  to  the  outlet 
of  the  pulverized  coal  nozzle,  the  flow  of  the  pul- 
verized  coal  and  the  secondary  air  jet  are  offset, 

35  which  results  in  an  offset  of  the  flame  itself,  there- 
by  making  the  formation  of  low  oxigen  region  in  the 
center  of  the  flow  still  difficult.  In  other  words,  the 
conventional  burner  has  a  disadvantage  that  the 
low  oxygen  region  for  promoting  the  deoxidization  of 

40  NOx  can  not  stably  be  formed. 
Furthermore,  when  the  coal  feed  rate  was  . 

changed  from  25  kg/h  to  20  kg/h  while  maintaining 
the  stoichiometric  ratio  to  1.1,  in  the  conventional 
burner  the  amount  of  NOx  production  was  remarka- 

45  bly  changed  (see  Fig.  13).  On  the  contrary,  as  ap- 
parent  from  Fig.  13,  in  the  burner  of  the  present  in- 
vention  (inventive  burner),  the  amount  of  the  NOx 
production  was  little  changed.  This  proves  that  the 
burner  of  the  present  invention  has  an  excellent  ig- 

50  nitability  and  holding  of  flame. 
Figs.  14  and  15  show  an  example  of  another  test 

data  for  supporting  the  advantages  of  the  present 
invention,  respectively.  More  particularly,  Fig.  14 
shows  a  relationship  between  "02  at  furnace  outlet" 

55  and  density  of  the  generated  "NOx"  obtained  by  a 
test  combustion  conducted  under  the  condition  that 
the  coal  supply  rate  was  maintained  to  a  constant 
value  of  25  kg/h  and  the  flow  rate  of  the  tertiary  a;r 
was  changed.  It  is  apparent  from  Fig.  14  that  the 

60  burner  of  the  present  invention  can  remarkably  re- 
duce  the  NOx  production.  Next,  Fig.  15  shows  the 
result  of  analysis  of  the  combustibles  retained  in  a 
sampling  char  gathered  at  the  exit  of  the  combustion 
furnace  in  the  test  combustion  regarding  Fig.  4.  It 

65  will  be  seen  that  in  the  burner  of  the  present  inven- 
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tion,  the  combustibles  in  the  char  is  very  little,  as 
compared  with  that  obtained  by  the  conventional 
burner,  and  thus,  high  combustion  efficiency  can  be 
achieved.  Accordingly,  from  the  test  data  of  Figs. 
13-15,  it  will  be  appreciated  that  the  present  inven- 
tion  has  the  remarkable  advantages  of  improving 
the  ignitability  of  the  fuel  and  the  holding  of  flame, 
and  achieving  the  high  combustion  efficiency  and 
the  low  production  of  NOx. 

Lastly,  another  embodiment  of  the  present  inven- 
tion  will  be  fully  explained  with  reference  to  Fig.  1  6, 
Fig.  17  and  Fig.  18.  The  burner  shown  in  Fig.  16  is 
similar  to  that  of  Fig.  9;  however,  the  burner  of  Fig. 
16  differs  in  construction  from  that  of  Fig.  9  in  the 
point  that  the  burner  has  flame  holder(s)  38  project- 
ing  radially  outwardly  from  the  outlet  of  the  pulver- 
ized  coal  nozzle  2  (into  the  secondary  air 
passage).  When  the  secondary  air  nozzle  4  has  the 
square  passage  as  shown  in  Fig.  1  0,  four  flame  hold- 
ers  38  are  arranged  on  the  nozzle  end  2  at  four  po- 
sitions  corresponding  to  the  four  apexes  of  the 
square,  as  shown  in  Fig.  17  which  is  is  an  end  view 
looking  along  hte  line  XVII  -  XVII  of  Fig.  16.  With 
the  flame  holders  so  arranged,  negative  pressure 
region  is  generated  at  a  downstream  side  of  the 
flame  holders  38,  thereby  forming  swirls  therein,  as 
shown  in  Fig.  18,  with  the  result  that  the  area  of  the 
mixing  layer  36  is  enlarged,  whereby  the  mixing  of 
the  pulverized  coal  with  the  firing  secondary  air  is 
still  promoted,  the  promotion  of  the  ignitability  is  still 
improved,  and  the  stable  flame  is  formed. 

Claims 

1  .  A  low  NOx  burner  comprising:  a  pulverized  coal 
nozzle  (2)  for  injecting  a  flow  of  a  mixture  of  pulver- 
ized  coal  with  primary  air;  a  secondary  air  nozzle 
(4)  arranged  externally  of  and  coaxially  with  said 
pulverized  coal  nozzle  (2);  a  tertiary  air  nozzle  (6) 
arranged  externally  of  said  secondary  air  nozzle 
(4)  and  disposed  coaxially  with  said  pulverized  coal 
nozzle  (2);  and  swirl  flow  generator  means  (14,  12) 
for  injecting  secondary  air  and  tertiary  air  as  a  re- 
spective  swirl  flow,  characterized  in  that  a  spacer 
means  (24)  is  disposed  between  said  secondary  air 
nozzle  (4)  and  said  tertiary  air  nozzle  (6)  and  has 
such  a  thickness  as  to  delay  the  mixing  of  said  sec- 
ondary  air  with  said  tertiary  air  and  to  form  a  swirl 
flow  between  said  secondary  air  and  said  tertiary 
air. 

2.  A  low  NOx  burner  according  to  Claim  1  ,  wherein 
said  swirl  flow  generator  means  include  a  first  swirl 
flow  generator  (12)  provided  on  said  tertiary  air  noz- 
zle  (6)  to  inject  the  tertiary  air  as  the  swirl  flow,  and 
a  second  swirl  flow  generator  (14)  provided  on  said 
secondary  air  nozzle  (4)  to  inject  the  secondary  air 
as  the  swirl  flow. 

3.  A  low  NOx  burner  according  to  Claim  1  ,  wherein 
said  tertiary  air  nozzle  (6)  includes  a  nozzle  exten- 
sion  constituted  by  a  block  (28)  and  projecting  axial- 
ly  across  a  free  end  of  said  secondary  air  nozzle 
(4). 

4.  A  low  NOx  burner  according  to  Claim  3,  where- 
in  said  nozzle  extension  (28)  of  the  tertiary  air  noz- 
zle  (6)  is  flared  outwardly  from  a  position  corre- 

sponding  to  the  free  end  of  the  secondary  air  noz- 
zle  (4). 

5.  A  low  NOx  burner  according  to  Claim,  wherein 
said  pulverized  coal  nozzle  (2)  has  a  dual-nozzle 

5  construction. 
6.  A  low  NOx  burner  according  to  Claim  1  or  3, 

wherein  said  burner  further  comprises  flame  holder 
means  (10)  provided  on  a  free  end  of  said  pulver- 
ized  coal  nozzle  (2)  for  forming  a  swirl  flow  between 

10  said  flow  of  the  mixture  of  the  pulverized  coal  with 
the  primary  air  and  a  flow  of  said  secondary  air. 

7.  A  low  NOx  burner  according  to  Claim  1  or  3, 
wherein  said  burner  further  comprises  a  gaseous 
fuel  nozzle  (30)  disposed  into  said  spacer  means 

15  (24). 
8.  A  low  NOx  burner  according  to  Claim  1  or  3, 

wherein  said  burner  further  comprises  flame  holder 
means  (10)  provided  on  a  free  end  of  said  pulver- 
ized  coal  nozzle  (2)  for  forming  a  swirl  flow  between 

20  said  flow  of  the  mixture  of  the  pulverized  coal  with 
the  primary  air  and  a  flow  of  said  secondary  air;  and 
a  gaseous  fuel  nozzle  (30)  disposed  into  said  spac- 
er  means  (24). 

9.  A  low  NOx  burner  according  to  Claim  1  ,  wherein 
25  said  pulverized  coal  nozzle  (2)  has  a  cylindrical  in- 

jecting  outlet,  said  secondary  air  nozzle  (4)  has  a 
secondary  air  injecting  outlet  comprising  a  polygo- 
nal  reducer  (32)  disposed  to  surround  said  injecting 
outlet  of  the  pulverized  coal  nozzle  (2),  and  said  ter- 

30  tiary  air  nozzle  (6)  has  a  cylindrical  tertiary  air  in- 
jecting  outlet  disposed  to  surround  said  secondary 
air  injecting  outlet. 

10.  A  low  NOx  burner  according  to  Claim  9,  where- 
in  a  plurality  of  projections  (38)  are  arranged  on  an 

35  outer  periphery  of  the  said  injecting  outlet  of  the 
pulverized  coal  nozzle  (2)  at  positions  correspond- 
ing  to  apexes  of  the  polygon  of  the  reducer  (32)  of 
said  secondary  air  nozzle  (4). 

1  1  .  A  low  NOx  burner  according  to  Claim  7,  where- 
40  in  each  of  walls  forming  outlets  of  said  secondary 

air  nozzle  (4)  and  said  tertiary  air  nozzle  (6)  is  con- 
stituted  by  refractory  material,  said  nozzle  exten- 
sion  (28)  of  the  tertiary  air  nozzle  (6)  being  posi- 
tioned  to  project  beyond  said  outlet  of  the  second- 

45  ary  air  nozzle  (4). 

Revendications 

1.  Bruleur  produisant  de  faibles  quantites  de 
50  NOx,  comprenant:  une  buse  (2)  delivrant  du  char- 

bon  pulverise  et  servant  a  injecter  un  ecoulement 
d'un  melange  de  charbon  pulverise  avec  un  air  pri- 
maire;  une  buse  d'air  secondaire  (4)  disposee  a  Pex- 
terieur  de  ladite  buse  (2)  delivrant  du  charbon  pul- 

55  verise  et  coaxialement  par  rapport  a  cette  buse; 
une  buse  d'air  tertiaire  (6)  disposee  a  I'exterieur  de 
ladite  buse  d'air  secondaire  (2)  et  coaxialement  par 
rapport  a  ladite  buse  (2)  delivrant  du  charbon  pulve- 
rise;  et  des  moyens  (14,  12)  de  production  d'ecoule- 

60  ments  tourbilionnaires,  servant  a  injecter  I'air  se- 
condaire  et  I'air  tertiaire  sous  la  forme  d'ecoule- 
ments  tourbilionnaires  respectifs,  caracterise  en 
ce  que  des  moyens  formant  entretoise  (24)  sont  dis- 
poses  entre  ladite  buse  d'air  secondaire  (4)  et  ladite 

65  buse  d'air  tertiaire  (6)  et  possedent  une  epaisseur 
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aermettant  de  retarder  le  melange  dudit  air  secon- 
daire  avec  ledit  air  tertiaire  et  de  former  un  ecoule- 
nent  tourbillonnaire  entre  ledit  air  secondaire  et  le- 
dit  sir  tertiaire. 

2.  Bruleur  produisant  de  faibles  quantites  de  NOx 
selon  la  revendication  1  ,  dans  lequel  lesdits  moyens 
de  production  d'ecoulements  tourbilionnaires  in- 
:luent  un  premier  generateur  d'ecoulement  tour- 
billonnaire  (12)  prevu  sur  ladite  buse  d'air  tertiaire 
(6)  de  maniere  a  injecter  Pair  tertiaire  sous  la  forme 
d'un  ecoulement  tourbillonnaire,  et  un  second  gene- 
rateur  d'ecoulement  tourbillonnaire  (14)  prevu  sur 
ladite  buse  d'air  secondaire  (4)  pour  injecter  I'air  se- 
condaire  sous  la  forme  d'un  ecoulement  tourbillon- 
naire. 

3.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  1,  dans  lequel  ladite  buse 
d'air  tertiaire  (6)  inclut  un  prolongement  constitue 
par  un  bloc  (28)  et  faisant  saillie  axialement  en  tra- 
vers  de  I'extremite  libre  de  ladite  buse  d'air  secon- 
daire  (4). 

4.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  3,  dans  lequel  ledit  prolonge- 
ment  (28)  de  la  buse  d'air  tertiaire  (6)  est  evase  en 
direction  de  I'exterieur  a  partir  d'une  position  cor- 
respondent  a  I'extremite  libre  de  la  buse  d'air  secon- 
daire  (4). 

5.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  1  ,  dans  lequel  ladite  buse  (2) 
delivrant  du  charbon  pulverise  possede  une  struc- 
ture  en  forme  de  buse  double. 

6.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  1  ou  3,  dans  lequel  ledit  bru- 
leur  comporte  en  outre  des  moyens  (1  0)  de  retenue 
de  la  flamme  prevus  sur  une  extremite  libre  de  ladite 
buse  (2)  delivrant  le  charbon  pulverise  de  maniere  a 
former  un  ecoulement  tourbillonnaire  entre  ledit 
ecoulement  du  melange  du  charbon  pulverise  avec 
I'air  primaire  et  un  ecoulement  dudit  air  secondaire. 

7.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  1  ou  3,  dans  lequel  ledit  bru- 
leur  comporte  une  buse  (30)  delivrant  un  combusti- 
ble  gazeux  et  disposee  a  I'interieur  desdits  moyens 
formant  entretoise  (24). 

8.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  1  ou  3,  dans  lequel  ledit  bru- 
leur  comporte  en  outre  des  moyens  (10)  de  retenue 
de  la  flamme  prevus  sur  une  extremite  libre  de  ladite 
buse  (2)  delivrant  le  charbon  pulverise  de  maniere  a 
former  un  ecoulement  tourbillonnaire  entre  ledit 
ecoulement  du  melange  du  charbon  pulverise  avec 
I'air  primaire  et  un  ecoulement  dudit  air  secondaire; 
et  une  buse  (30)  delivrant  un  combustible  gazeux  et 
disposee  a  I'interieur  desdits  moyens  formant  entre- 
toise  (24). 

9.  Bruleur  produisant  une  faible  quantite  de  NOx 
selon  la  revendication  1,  dans  lequel  ladite  buse  (2) 
delivrant  du  charbon  pulverise  possede  une  sortie 
cylindrique  d'injection,  ladite  buse  d'air  secondaire 
(4)  possede  une  sortie  d'injection  d'air  secondaire 
comportant  un  reducteur  polygonal  (32)  dispose  de 
maniere  a  entourer  ladite  sortie  d'injection  de  la  bu- 
se  (2)  delivrant  le  charbon  pulverise,  et  ladite  buse 
d'air  tertiaire  (6)  possede  une  sortie  cylindrique  d'in- 
jection  de  I'air  tertiaire,  disposee  de  maniere  a  en- 

tourer  ladite  sortie  d  injection  de  I  air  secondaire. 
1  0.  Bruleur  produisant  une  faible  quantite  de  NOx 

selon  la  revendication  9,  dans  lequel  plusieurs  par- 
ties  saillantes  (38)  sont  disposees  sur  un  pourtour 

5  exterieur  de  ladite  sortie  d'injection  de  la  buse  (2) 
delivrant  du  charbon  pulverise,  dans  des  positions 
correspondant  a  des  sommets  du  polygone  du  re- 
ducteur  (30)  de  ladite  buse  d'air  secondaire  (4). 

1  1  .  Bruleur  produisant  une  faible  quantite  de  NOx 
10  selon  la  revendication  7,  dans  lequel  chacune  des 

parois  constituant  les  sorties  de  ladite  buse  d'air  se- 
condaire  (4)  et  de  ladite  buse  d'air  tertiaire  (6)  est 
realisee  en  un  materiau  refractaire,  ledit  prolonge- 
ment  (28)  de  la  buse  d'air  tertiaire  (6)  etant  dispose 

15  de  maniere  a  faire  saillie  au-dela  de  ladite  sortie  de 
la  buse  d'air  secondaire  (4). 

Patentanspriiche 

20  1.  NOx-arm-Brenner,  der  aufweist:  eine  Duse  (2) 
fur  pulverisierte  Kohle  zum  Einblasen  eines  Stroms 
einer  Mischung  von  pulverisierter  Kohle  mit  Primar- 
luft;  eine  Sekundarluftduse  (4),  die  auBerhalb  der 
und  koaxial  mit  der  Duse  (2)  fur  pulverisierte  Kohle 

25  angeordnet  ist;  eine  Tertiarluftduse  (6),  die  auBer- 
halb  der  Sekundarluftduse  (4)  und  koaxial  mit  der 
Duse  (2)  fur  pulverisierte  Kohle  angeordnet  ist;  und 
Wirbelstrom-Erzeugungsmittel  (14,  12)  zum  Einbla- 
sen  von  Sekundarluft  und  Tertiarluft  als  Wirbel- 

30  strom,  dadurch  gekennzeichnet,  daB  ein  Abstand- 
halter  (24)  zwischen  der  Sekundarluftduse  (4)  und 
der  Tertiarluftduse  (6)  angeordnet  ist  und  eine  sol- 
che  Dicke  hat,  urn  die  Vermischung  der  Sekundar- 
luft  mit  der  Tertiarluft  zu  verzogern  und  einen  Wir- 

35  belstrom  zwischen  der  Sekundarluft  und  der  Ter- 
tiarluft  zu  bilden. 

2.  NOx-arm-Brenner  nach  Anspruch  1,  wobei  die 
Wirbelstrom-Erzeugungsmittel  einen  ersten  Wirbel- 
stromerzeuger  (12),  der  an  der  Tertiarluftduse  (6) 

40  zum  Einblasen  der  Tertiarluft  als  Wirbelstrom  vor- 
gesehen  ist,  und  einen  zweiten  Wirbelstromerzeu- 
ger  (14)  aufweisen,  der  an  der  Sekundarluftduse 
(4)  zum  Einblasen  der  Sekundarluft  als  Wirbelstrom 
vorgesehen  ist. 

45  3.  NOx-arm-Brenner  nach  Anspruch  1,  wobei  die 
Tertiarluftduse  (6)  einen  Dusenansatz  aufweist, 
der  aus  einem  Block  (28)  gebildet  ist  und  axial  iiber 
ein  freies  Ende  der  Sekundarluftduse  (4)  vorragt. 

4.  NOx-arm-Brenner  nach  Anspruch  3,  wobei 
50  der  Dusenansatz  (28)  der  Tertiarluftduse  (6)  von  ei- 

ner  dem  freien  Ende  der  Sekundarluftduse  (4)  ent- 
sprechenden  Stelle  nach  auBen  erweitert  ist. 

5.  NOx-arm-Brenner  nach  Anspruch  1,  wobei  die 
Duse  (2)  fur  pulverisierte  Kohle  einen  Doppeldu- 

55  senaufbau  hat. 
6.  NOx-arm-Brenner  nach  Anspruch  1  Oder  3,  wo- 

bei  der  Brenner  zusatzlich  ein  Flammenhaltermittel 
(10)  aufweist,  das  an  einem  freien  Ende  der  Duse  (2) 
fur  pulverisierte  Kohle  zur  Bildung  eines  Wirbel- 

60  stroms  zwischen  dem  Strom  der  Mischung  der  pul- 
verisierten  Kohle  mit  der  Primarluft  und  einem  Strom 
der  Sekundarluft  vorgesehen  ist. 

7.  NOx-arm-Brenner  nach  Anspruch  1  oder  3,  wo- 
bei  der  Brenner  zusatzlich  eine  Duse  (30)  fiir  gas- 

65  formigen  Brennstoff  aufweist,  die  innerhalb  des  Ab- 
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standhalters  (24)  angeordnet  ist. 
8.  NOx-arm-Brenner  nach  Anspruch  1  oder  3,  wo- 

bei  der  Brenner  zusatzlich  ein  Flammenhaltermittel 
(10),  das  an  einem  freien  Ende  der  Duse  (2)  fur  pul- 
verisierte  Kohle  zur  Bildung  eines  Wirbelstroms  5 
zwischen  dem  Strom  der  Mischung  der  pulverisier- 
ten  Kohle  mit  der  Primarluft  und  einem  Strom  der  Se- 
kundarluft  vorgesehen  ist;  und  eine  Duse  (30)  fur 
gasformigen  Brennstoff  aufweist,  die  innerhalb  des 
Abstandhalters  (24)  angeordnet  ist.  10 

9.  NOx-arm-Brenner  nach  Anspruch  1,  wobei  die 
Duse  (2)  fur  pulverisierte  Kohle  einen  zylindrischen 
EinblasauslaB  hat,  die  Sekundarluftduse  (4)  einen 
Sekundarluft-EinblasauslaB  mit  einem  Vieleckredu- 
zierstuck  (32)  hat,  das  zum  Umgeben  des  Einblas-  15 
auslasses  der  Duse  (2)  fur  pulverisierte  Kohle  an- 
geordnet  ist,  und  die  Tertiarluftduse  (6)  einen  zylin- 
drischen  TertiarlufteinblasauslaB  hat,  der  zum 
Umgeben  des  Sekundarluft-Einblasauslasses  ange- 
ordnet  ist.  20 

1  0.  NOx-arm-Brenner  nach  Anspruch  9,  wobei  ei- 
ne  Mehrzahl  von  Vorsprungen  (38)  an  einem 
AuBenumfang  des  Einblasauslasses  der  Duse  (2) 
fur  pulverisierte  Kohle  an  Stellen  angebracht  sind, 
die  den  Scheitelpunkten  des  Vielecks  des  Reduzier-  25 
stucks  (32)  der  Sekundarluftduse  (4)  entsprechen. 

1  1  .  NOx-arm-Brenner  nach  Anspruch  7,  wobei  je- 
de  der  Wande,  die  Auslasse  der  Sekundarluftduse 
(4)  und  der  Tertiarluftduse  (6)  bilden,  aus  feuerfe- 
stem  Material  besteht  und  der  Dusenansatz  (28)  30 
der  Tertiarluftduse  (6)  so  angeordnet  ist,  daB  er  jen- 
seits  des  Auslasses  der  Sekundarluftduse  (4)  vor- 
ragt. 
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