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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  tangentially  fired,  fossil  fuel 
furnaces,  and  more  specifically,  to  overfire  air  systems 
for  reducing  the  NOx  emissions  from  tangentially  fired, 
pulverized  coal  furnaces. 

Pulverized  coal  has  been  successfully  burned  in 
suspension  in  furnaces  by  tangential  firing  methods  for 
a  long  time.  The  tangential  firing  technique  involves  in- 
troducing  the  fuel  and  air  into  a  furnace  from  the  four 
corners  thereof  so  that  the  fuel  and  air  are  directed  tan- 
gent  to  an  imaginary  circle  in  the  center  of  the  furnace. 
This  type  of  firing  has  many  advantages,  among  them 
being  good  mixing  of  the  fuel  and  the  air,  stable  flame 
conditions,  and  long  residence  time  of  the  combustion 
gases  in  the  furnaces. 

Recently  though,  more  and  more  emphasis  has 
been  placed  on  the  minimization  as  much  as  possible 
of  air  pollution.  To  this  end,  most  observers  in  the  United 
States  expect  the  U.  S.  Congress  to  enact  comprehen- 
sive  air  emission  reduction  legislation  by  no  later  than 
the  end  of  1990.  The  major  significance  that  such  leg- 
islation  will  have  is  that  it  will  be  the  first  to  mandate  the 
retrofitting  of  NOx  and  SOx  controls  on  existing  fossil  fuel 
fired  units.  Heretofore,  prior  laws  have  only  dealt  with 
the  new  construction  of  units. 

With  further  reference  in  particular  to  the  matter  of 
NOx  control,  it  is  known  that  oxides  of  nitrogen  are  cre- 
ated  during  fossil  fuel  combustion  by  two  separate 
mechanisms  which  have  been  identified  to  be  thermal 
NOx  and  fuel  NOx.  Thermal  NOx  results  from  the  thermal 
fixation  of  molecular  nitrogen  and  oxygen  in  the  com- 
bustion  air.  The  rate  of  formation  of  thermal  NOx  is  ex- 
tremely  sensitive  to  local  flame  temperature  and  some- 
what  less  so  to  local  concentration  of  oxygen.  Virtually 
all  thermal  NOx  is  formed  at  the  region  of  the  flame  which 
is  at  the  highest  temperature.  The  thermal  NOx  concen- 
tration  is  subsequently  "frozen"  at  the  level  prevailing  in 
the  high  temperature  region  by  the  thermal  quenching 
of  the  combustion  gases.  The  flue  gas  thermal  NOx  con- 
centrations  are,  therefore,  between  the  equilibrium  level 
characteristic  of  the  peak  flame  temperature  and  the 
equilibrium  level  at  the  flue  gas  temperature. 

On  the  other  hand,  fuel  NOx  derives  from  the  oxi- 
dation  of  organically  bound  nitrogen  in  certain  fossil  fu- 
els  such  as  coal  and  heavy  oil.  The  formation  rate  of  fuel 
NOx  is  strongly  affected  by  the  rate  of  mixing  of  the  fuel 
and  air  stream  in  general,  and  by  the  local  oxygen  con- 
centration  in  particular.  However,  the  flue  gas  NOx  con- 
centration  due  to  fuel  nitrogen  is  typically  only  a  fraction, 
e.g.,  20  to  60  percent,  of  the  level  which  would  result 
from  complete  oxidation  of  all  nitrogen  in  the  fuel.  From 
the  preceding  it  should  thus  now  be  readily  apparent  that 
overall  NOx  formation  is  a  function  both  of  local  oxygen 
levels  and  of  peak  flame  temperatures. 

Continuing,  some  changes  have  been  proposed  to 

be  made  in  the  standard  tangential  firing  technique. 
These  changes  have  been  proposed  primarily  in  the  in- 
terest  of  achieving  an  even  better  reduction  of  emissions 
through  the  use  thereof.  One  such  change  resulted  in 

5  the  arrangement  that  was  the  subject  matter  of  U.  S. 
patent  application,  serial  number  786,437,  now  aban- 
doned,  entitled  "A  Control  System  And  Method  For  Op- 
erating  A  Tangentially  Fired  Pulverized  Coal  Furnace", 
which  was  filed  on  October  11,1  985  and  which  was  as- 

10  signed  to  the  same  assignee  as  the  present  patent  ap- 
plication.  In  accordance  with  the  teachings  of  the  afore- 
said  U.  S.  patent  application,  it  was  proposed  to  intro- 
duce  pulverized  coal  and  air  tangentially  into  the  furnace 
from  a  number  of  lower  burner  levels  in  one  direction, 

is  and  to  introduce  coal  and  air  tangentially  into  the  furnace 
from  a  number  of  upper  burner  levels  in  the  opposite 
direction.  As  a  consequence  of  utilizing  this  type  of  ar- 
rangement,  it  was  alleged  that  better  mixing  of  the  fuel 
and  air  was  accomplished,  thus  permitting  the  use  of 

20  less  excess  air  than  with  a  normal  tangentially  fired  fur- 
nace,  which,  as  is  well-known  to  those  skilled  in  the  art, 
is  generally  fired  with  20-30%  excess  air.  The  reduction 
in  excess  air  helps  minimize  the  formation  of  NOx  which, 
as  noted  previously  herein,  is  a  major  air  pollutant  of 

25  coal-fired  furnaces.  It  also  results  in  increased  efficiency 
of  the  unit.  Although  the  firing  technique  to  which  the 
aforesaid  U.  S.  patent  application  was  directed  reduces 
NOx,  there  were  some  disadvantages  associated  there- 
with.  Namely,  since  the  reverse  rotation  of  the  gases  in 

30  the  furnace  cancel  each  other  out,  the  gases  flow  in  a 
more  or  less  straight  line  through  the  upper  portion  of 
the  furnace,  thereby  increasing  the  possibility  of  un- 
burned  carbon  particles  leaving  the  furnace  due  to  re- 
duced  upperfurnace  turbulence  and  mixing.  In  addition, 

35  slag  and  unburned  carbon  deposits  on  the  furnace  walls 
can  occur.  These  wall  deposits  reduce  the  efficiency  of 
heat  transfer  to  the  water-cooled  tubes  lining  the  walls, 
increases  the  need  for  soot  blowing,  and  reduces  the 
life  span  of  the  tubes. 

40  Another  such  change  resulted  in  the  arrangement 
that  forms  the  subject  matter  of  U.  S.  Patent  Number 
4,715,301  entitled  "Low  Excess  Air  Tangential  Firing 
System",  which  issued  on  December  29,  1987  and 
which  is  assigned  to  the  same  assignee  as  the  present 

45  patent  application.  In  accordance  with  the  teachings  of 
U.  S.  Patent  Number  4,715,301  ,  a  furnace  is  provided 
in  which  pulverized  coal  is  burned  in  suspension  with 
good  mixing  of  the  coal  and  air,  as  in  the  case  of  the  now 
abandoned  U.  S.  patent  application,  which  has  been  the 

so  subject  of  discussion  hereinabove.  Furthermore,  all  of 
the  advantages  previously  associated  with  tangentially 
fired  furnaces  are  obtained,  by  having  a  swirling,  rotat- 
ing  fireball  in  the  furnace.  The  walls  are  protected  by  a 
blanket  of  air,  reducing  slagging  thereof.  This  is  accom- 

55  plished  by  introducing  coal  and  primary  air  into  the  fur- 
nace  tangentially  at  a  first  level,  introducing  auxiliary  air 
in  an  amount  at  least  twice  that  of  the  primary  air  into 
the  furnace  tangentially  at  a  second  level  directly  above 
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the  first  level,  but  in  a  direction  opposite  to  that  of  the 
primary  air,  with  there  being  a  plurality  of  such  first  and 
second  levels,  one  above  the  other.  As  a  result  of  the 
greater  mass  and  velocity  of  the  auxiliary  air,  the  ulti- 
mate  swirl  within  the  furnace  will  be  in  the  direction  of 
the  auxiliary  air  introduction.  Because  of  this,  the  fuel, 
which  is  introduced  in  a  direction  counter  to  the  swirl  of 
the  furnace,  is  forced  after  entering  the  unit,  to  change 
direction  to  that  of  the  overall  furnace  gases.  Tremen- 
dous  turbulent  mixing  between  the  fuel  and  air  is  thus 
created  in  this  process.  This  increased  mixing  reduces 
the  need  for  high  levels  of  excess  air  within  the  furnace. 
This  increase  mixing  also  results  in  enhanced  carbon 
conversion  which  improves  the  unit's  overall  heat  re- 
lease  rate  while  at  the  same  time  reducing  upper  fur- 
nace  slagging  and  fouling.  The  auxiliary  air  is  directed 
at  a  circle  of  larger  diameter  than  that  of  the  fuel,  thus 
forming  a  layer  of  air  adjacent  the  walls.  In  addition, 
overfire  air,  consisting  essentially  of  all  of  the  excess  air 
supplied  to  the  furnace,  is  introduced  into  the  furnace  at 
a  level  considerably  above  all  of  the  primary  and  auxil- 
iary  air  introduction  levels,  with  the  overfire  air  being  di- 
rected  tangentially  to  an  imaginary  circle,  and  in  a  direc- 
tion  opposite  to  that  of  the  auxiliary  air. 

Yet  another  such  change  resulted  in  the  arrange- 
ment  for  firing  pulverized  coal  as  a  fuel  with  low  NOx 
emissions  that  forms  the  subject  matter  of  U.  S.  Patent 
Number  4,669,398,  entitled  "Pulverized  Fuel  Firing  Ap- 
paratus",  and  which  issued  on  June  2,  1987.  In  accord- 
ance  with  the  teachings  of  U.  S.  Patent  Number 
4,669,398,  an  apparatus  is  provided  which  is  character- 
ized  by  a  first  pulverized  fuel  injection  compartment  in 
which  the  combined  amount  of  primary  air  and  second- 
ary  air  to  be  consumed  is  less  than  the  theoretical 
amount  of  air  required  for  the  combustion  of  the  pulver- 
ized  fuel  to  be  fed  as  mixed  with  the  primary  air  to  a 
furnace,  by  a  second  pulverized  fuel  injection  compart- 
ment  in  which  the  combined  primary  and  secondary  air 
amount  is  substantially  equal  to,  or,  preferably,  some- 
what  less  than,  the  theoretical  air  for  the  fuel  to  be  fed 
as  mixed  with  the  primary  air,  and  by  a  supplementary 
air  compartment  for  injecting  supplementary  air  into  the 
furnace,  the  three  compartments  being  arranged  close 
to  one  another.  The  gaseous  mixtures  of  primary  air  and 
pulverized  fuel  injected  by  the  first  and  second  pulver- 
ized  fuel  injection  compartments  of  the  apparatus  are 
mixed  in  such  proportions  as  to  reduce  the  NOx  produc- 
tion.  Moreover,  the  primary  air-pulverized  fuel  mixture 
from  the  second  pulverized  fuel  injection  compartment, 
which  alone  can  hardly  be  ignited  stably,  is  allowed  to 
coexist  with  the  flame  of  the  readily  ignitible  mixture  from 
the  first  pulverized  fuel  injection  compartment  to  ensure 
adequate  ignition  and  combustion.  An  apparatus  is  thus 
allegedly  provided  for  firing  pulverized  fuel  with  stable 
ignition  and  low  NOx  production. 

Secondly,  the  apparatus  in  accordance  with  the 
teachings  of  U.  S.  Patent  Number  4,669,398  is  charac- 
terized  in  that  additional  compartments  for  issuing  an 

inert  fluid  are  disposed,  one  for  each,  in  spaces  provided 
between  the  three  compartments.  The  gaseous  mix- 
tures  of  primary  air  and  pulverized  fuel  are  thus  kept 
from  interfering  with  each  other  by  a  curtain  of  the  inert 

5  fluid  from  one  of  the  inert  fluid  injection  compartments, 
and  the  production  of  NOx  from  the  gaseous  mixtures 
that  are  discharged  from  the  first  and  second  pulverized 
fuel  injection  compartments  allegedly  can  be  minimized. 
Also,  the  primary  air-pulverized  fuel  mixture  from  the 

10  first  pulverized  fuel  injection  compartment  and  the  sup- 
plementary  air  from  the  supplementary  air  compartment 
are  prevented  from  interfering  with  each  other  by  anoth- 
er  curtain  of  the  inert  fluid  from  another  compartment. 
This  allegedly  permits  the  primary  air-pulverized  fuel 

is  mixture  to  burn  without  any  change  in  the  mixing  ratio, 
thus  avoiding  any  increase  in  the  NOx  production. 

Yet  still  another  change  resulted  in  the  arrangement 
for  firing  pulverized  coal  as  a  fuel  while  at  the  same  time 
effecting  a  reduction  in  NOx  and  SOx  emission  that 

20  forms  the  subject  matter  of  U.  S.  Patent  Number 
4,426,939,  entitled  "Method  Of  Reducing  NOx  and  SOx 
Emission",  which  issued  on  January  24,  1  984  and  which 
is  assigned  to  the  same  assignee  as  the  present  patent 
application.  In  accordance  with  the  teachings  of  U.  S. 

25  Patent  Number  4,426,939,  a  furnace  is  fired  with  pulver- 
ized  coal  in  a  manner  that  reduces  the  peak  temperature 
in  the  furnace  while  still  maintaining  good  flame  stability 
and  complete  combustion  of  the  fuel.  The  manner  in 
which  this  is  accomplished  is  as  follows.  Pulverized  coal 

30  is  conveyed  in  an  air  stream  towards  the  furnace.  In  the 
course  of  being  so  conveyed,  the  stream  is  separated 
into  two  portions,  with  one  portion  being  a  fuel  rich  por- 
tion  and  the  other  portion  being  a  fuel  lean  portion.  The 
fuel  rich  portion  is  introduced  into  the  furnace  in  a  first 

35  zone.  Air  is  also  introduced  into  the  first  zone  in  a  quan- 
tity  insufficient  to  support  complete  combustion  of  all  of 
the  fuel  in  the  fuel  rich  portion.  The  fuel  lean  portion,  on 
the  other  hand,  is  introduced  into  the  furnace  in  a  second 
zone.  Also,  air  is  introduced  into  the  second  zone  in  a 

40  quantity  such  that  there  is  excess  air  over  that  required 
for  combustion  of  all  of  the  fuel  within  the  furnace.  Lastly, 
lime  is  introduced  into  the  furnace  simultaneously  with 
the  fuel  so  as  to  minimize  the  peak  temperature  within 
the  furnace  and  so  as  to  also  minimize  the  formation  of 

45  NOx  and  SOx  in  the  combustion  gases. 
Although  firing  systems  constructed  in  accordance 

with  the  teachings  of  the  now  abandoned  U.  S.  patent 
application  and  the  three  issued  U.  S.  patents  to  which 
reference  has  been  made  hereinbefore  have  been  dem- 

50  onstrated  to  be  operative  for  the  purpose  for  which  they 
have  been  designed,  there  has  nevertheless  been  evi- 
denced  in  the  prior  art  a  need  for  such  firing  systems  to 
be  improved.  More  specifically,  a  need  has  been  evi- 
denced  in  the  prior  art  for  a  new  and  improved  firing  sys- 

55  tern  that  would  be  advantageously  characterized  by  the 
fact  that  an  advanced  overfire  air  system  is  incorporated 
therein.  To  this  end,  the  basic  concept  of  overfire  air  has 
been  provide  to  be  the  most  cost  effective  method  for 

3 
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controlling  NOx  in  tangentially  fired,  fossil  fuel  furnaces. 
Overfire  air  is  introduced  into  the  furnace  tangentially 
through  additional  air  compartments,  termed  overfire  air 
ports,  that  are  designed  as  vertical  extensions  of  the  cor- 
ner  windboxes  with  which  the  tangentially  fired,  fossil 
fuel  furnace  is  equipped. 

The  theory  of  NOx  emissions  reduction  by  overfire 
air  is  as  follows.  Operation  with  overfire  air  inhibits  the 
rate  of  NOx  formation  by  both  atmospheric  nitrogen  fix- 
ation  (thermal  NOx)  and  fuel  nitrogen  oxidation  (fuel 
NOx).  The  use  of  overfire  air  reduces  the  total  oxygen 
available  in  the  primary  flame  zone.  As  a  result  of  this 
reduced  oxygen  zone,  fuel  nitrogen  undergoes  a  recom- 
bination  reaction  to  form  molecular  nitrogen,  N2,  rather 
than  nitrogen  oxide,  simply  due  to  insufficient  oxygen  in 
this  zone  and  the  intense  competition  with  carbon  spe- 
cies  for  the  available  oxygen.  Consequently,  the  forma- 
tion  of  NOx  through  fuel  nitrogen  conversion  is  greatly 
reduced.  Similarly,  overfire  air  operation  results  in  re- 
duction  of  thermal  NOx  formation  through  the  tempera- 
ture  dependent  Zeldovich  mechanism.  Heat  release 
during  the  initial  stages  of  combustion  in  the  primary 
flame  zone  is  somewhat  reduced  and  delayed  due  to 
the  reduced  oxygen  environment,  with  combustion  ide- 
ally  completed  in  the  vicinity  of  the  overfire  air  injection 
ports.  The  stretching  of  the  heat  release  over  a  greater 
furnace  volume  results  in  lower  peak  combustion  tem- 
peratures,  thereby  reducing  thermal  NOx  formation. 

Typical  application  of  overfire  air  is  through  one  or 
two  closely  grouped  ports  at  a  single  fixed  elevation  at 
the  top  of  the  windbox,  referred  to  as  close-coupled 
overfire  air,  or  at  a  higher  elevation,  referred  to  as  sep- 
arated  overfire  air.  Experimental  testing  has  shown  a 
significant  reduction  in  NOx  with  fossil  fuel  firing  when, 
for  a  fixed  total  quantity  of  overfire  air,  the  overfire  air  is 
introduced  partly  through  close-couple  overfire  air  ports 
and  partly  through  separated  overfire  air  ports.  Moreo- 
ver,  experimental  testing  has  shown  that  there  exists  a 
most  favorable  distribution  of  overfire  air  between  the 
close  coupled  overfire  air  ports  and  the  separated  over- 
fire  air  ports.  In  the  case  of  bituminous  coal,  for  example, 
this  most  favorable  distribution  has  1/3  of  the  overfire 
air  flowing  through  the  close  coupled  overfire  air  ports 
and  2/3  of  the  overfire  air  flowing  through  the  separated 
overfire  air  ports. 

In  addition  to  the  above,  the  manner  in  which  over- 
fire  air  is  introduced  into  a  furnace  such  that  the  air  mixes 
with  furnace  gases  in  a  controlled  and  thorough  manner 
is  also  critical  to  maximizing  overfire  air  effectiveness. 
Test  data  has  shown  that  improvements  in  NOx  emis- 
sions  are  attainable  when  the  overfire  air  is  injected  from 
each  furnace  corner  through  two,  three  or  more  com- 
partments  with  each  compartment  introducing  a  portion 
of  the  total  overfire  air  flow  at  different  firing  angles  such 
as  to  achieve  a  horizontal  "spray"  or  "fan"  distribution  of 
air  over  the  furnace  plan  area  as  compared  to  when  oth- 
er  injection  patterns  are  utilized  for  purposes  of  injecting 
the  overfire  air  into  the  furnace.  In  addition,  it  has  been 

found  that  through  the  use  of  such  an  injection  pattern 
for  the  overfire  air,  furnace  outlet  conditions  are  also  im- 
proved  inasmuch  as  a  more  uniform  flame  pattern  is  cre- 
ated  at  the  vertical  outlet  plane  of  the  furnace.  All  tan- 

5  gentially  fired,  fossil  fuel  furnaces  have  a  nonuniform 
flow  pattern  in  the  convective  pass  due  to  the  tangential 
lower  furnace  flow  pattern.  This  nonuniform  flow  pattern 
results  in  more  flow  on  one  side  than  the  other  and  cre- 
ates  a  side-to-side  imbalance  in  steam  temperature. 

10  The  introduction  of  overfire  air  into  the  furnace  by  means 
of  the  injection  pattern  that  has  been  described  above 
wherein  through  the  use  thereof  a  horizontal  "spray"  or 
"fan"  distribution  of  overfire  air  over  the  furnace  plan  ar- 
ea  is  had  reduces  this  imbalance. 

is  Finally,  improved  overfire  air  mixing  with  the  furnace 
gases  can  be  had  by  introducing  the  overfire  air  at  high 
momentum.  To  achieve  high  overfire  air  momentum,  the 
overfire  air  is  introduced  at  velocities  significantly  above 
those  typically  employed  in  prior  art  firing  systems,  e.g., 

20  60  to  90  m./sec.  (200  to  300  ft./sec.)  versus  30  to  45  m./ 
sec.  (100  to  150  ft./sec).  A  boost  fan  may  be  needed  to 
attain  these  higher  overfire  air  velocities. 

A  firing  system  employing  high  momentum  overfire 
air  is  found  in  US-A  4501  204.  Therein  described  is  a 

25  firing  system  that  introduces  fuel  and  air  into  a  tangen- 
tially  fired  pulverized  coal  furnace  at  a  burner  level  and 
tangentially  to  an  imaginary  circle  such  that  a  resultant 
fireball  moves  upward  within  the  furnace  with  a  rotation- 
al  spin.  High  pressure  and  low  pressure  overfire  air  is 

30  introduced  into  the  furnace  through  horizontally  and  ver- 
tically  tiltable  nozzles  above  the  fuel  and  air,  tangential 
to  an  imaginary  circle  but  in  the  reverse  rotational  direc- 
tion  to  that  of  the  fireball  and  with  sufficient  velocity  so 
as  to  nullify  the  spin  of  the  fireball.  Thus,  exhaust  gases 

35  leaving  the  furnace  flow  in  a  straight  line  with  little  or  no 
spin  removing  potential  temperature  imbalance  prob- 
lems. 

To  thus  summarize,  a  need  has  been  evidenced  in 
the  prior  art  for  such  a  new  and  improved  firing  system 

40  incorporating  an  advanced  overfire  air  system  that 
would  be  particularly  suited  for  use  in  connection  with 
tangentially  fired,  fossil  fuel  furnaces  and  that  when  so 
employed  therein  would  render  it  possible  to  accomplish 
through  the  use  thereof  reductions  in  the  level  of  NOx 

45  emissions  to  levels  that  are  at  least  equivalent  to,  if  not 
better  than,  that  which  is  currently  being  contemplated 
as  the  standard  for  the  United  States  in  legislation  which 
is  being  proposed.  Moreover,  such  results  would  be 
achievable  with  such  a  new  and  improved  firing  system 

so  according  to  claim  1  incorporating  an  advanced  overfire 
air  system  without  the  necessity  of  requiring  for  the  op- 
eration  thereof  any  additions,  catalysts  or  added  premi- 
um  fuel  costs.  Furthermore,  such  results  would  be  ob- 
tainable  with  such  a  new  and  improved  firing  system  in- 

55  corporating  an  advanced  overfire  air  system  which  is  to- 
tally  compatible  with  other  emission  reduction-type  sys- 
tems  such  as  limestone  injection  systems,  reburn  sys- 
tems  and  selective  catalytic  reduction  (SCR)  systems 
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that  one  might  seek  to  employ  in  order  to  accomplish 
additional  emission  reduction.  Last  but  not  least,  such 
results  would  be  attainable  with  such  a  new  and  im- 
proved  firing  system  incorporating  an  advanced  overfire 
air  system  which  is  equally  suitable  for  use  either  in  new 
applications  or  in  retrofit  applications. 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  present  invention  there  is 
provided  an  advanced  overfire  air  system  for  NOx  con- 
trol  which  is  designed  for  use  in  a  firing  system  of  the 
type  that  is  particularly  suited  for  employment  in  fossil 
fuel-fired  furnaces  embodying  a  burner  region.  The  sub- 
ject  advanced  overfire  air  system  includes  multi-eleva- 
tions  of  overfire  air  compartments.  These  multi-eleva- 
tions  of  overfire  air  compartments  consist  of  a  plurality 
of  close  coupled  overfire  air  compartments  and  a  plural- 
ity  of  separated  overfire  air  compartments.  The  plurality 
of  close  coupled  overfire  air  compartments  are  suitably 
supported  at  a  first  elevation  within  the  burner  region  of 
the  furnace.  A  close  coupled  overfire  air  nozzle  is  sup- 
ported  in  mounted  relation  within  each  of  the  plurality  of 
close  coupled  overfire  air  compartments.  The  plurality 
of  separated  overfire  air  compartments  are  suitably  sup- 
ported  at  a  second  elevation  within  the  burner  region  of 
the  furnace  so  as  to  be  spaced  from  but  aligned  with  the 
plurality  of  close  coupled  overfire  air  compartments.  A 
plurality  of  separated  overfire  air  nozzles  are  supported 
in  mounted  relation  within  the  plurality  of  separated 
overfire  air  compartments  such  that  the  plurality  of  sep- 
arated  overfire  air  nozzles  extend  at  different  angles  rel- 
ative  to  each  other  whereby  the  overfire  air  exiting  there- 
from  establishes  a  horizontal  "spray"  or  "fan"  distribution 
of  overfire  air  over  the  plan  area  of  the  burner  region  of 
the  furnace.  An  overfire  air  supply  means  is  operatively 
connected  to  both  the  close  coupled  overfire  air  nozzles 
and  to  the  separated  overfire  air  nozzles  for  supplying 
overfire  air  thereto  in  accordance  with  a  predetermined 
most  favorable  distribution  of  overfire  air  therebetween 
and  for  supplying  overfire  air  through  the  separated 
overfire  air  nozzles  into  the  burner  region  of  the  furnace 
at  velocities  significantly  higher  than  the  velocities  em- 
ployed  heretodate  in  prior  art  firing  systems  to  inject 
overfire  air  into  a  furnace. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure  1  is  a  diagrammatic  representation  in  the  na- 
ture  of  a  vertical  sectional  view  of  a  fossil  fuel-fired 
furnace  embodying  an  advanced  overfire  air  system 
for  NOx  control  constructed  in  accordance  with  the 
present  invention; 
Figure  2  is  a  diagrammatic  representation  in  the  na- 
ture  of  a  vertical  sectional  view  of  a  firing  system  of 
the  type  employed  in  tangentially  fired,  fossil-fuel 
furnaces  illustrating  the  embodiment  therein  of  an 
advanced  overfire  air  system  for  NOx  control  con- 

structed  in  accordance  with  the  present  invention; 
Figure  3  is  a  graphical  depiction  of  the  effect  on  NOx 
when  using  an  advanced  overfire  air  system  con- 
structed  in  accordance  with  the  present  invention 

5  wherein  there  is  a  predetermined  apportionment  of 
the  overfire  air  between  close  coupled  overfire  air 
and  separated  overfire  air; 
Figure  4  is  a  plan  view  of  the  horizontal  "spray"  or 
"fan"  distribution  pattern  for  the  overfire  air  which  is 

10  employed  in  an  advanced  overfire  air  system  con- 
structed  in  accordance  with  the  present  invention; 
Figure  5  is  a  graphical  depiction  of  the  effect  on  NOx 
of  using  an  advanced  overfire  air  system  construct- 
ed  in  accordance  with  the  present  invention  wherein 

is  the  overfire  air  is  distributed  in  accordance  with  the 
horizontal  "spray"  or  "fan"  distribution  pattern  illus- 
trated  in  Figure  4;  and 
Figure  6  is  a  graphical  depiction  of  the  effect  on  NOx 
of  using  an  advanced  overfire  air  system  construct- 

20  ed  in  accordance  with  the  present  invention  wherein 
the  overfire  air  is  injected  into  the  furnace  at  high 
velocities. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 
25 

Referring  now  to  the  drawing,  and  more  particularly 
to  Figure  1  thereof,  there  is  depicted  therein  a  fossil  fuel- 
fired  furnace,  generally  designated  by  the  reference  nu- 
meral  10.  Inasmuch  as  the  nature  of  the  construction 

30  and  the  mode  of  operation  of  fossil  fuel-fired  furnaces 
per  se  are  well-known  to  those  skilled  in  the  art,  it  is  not 
deemed  necessary,  therefore,  to  set  forth  herein  a  de- 
tailed  description  of  the  fossil  fuel-fired  furnace  1  0  illus- 
trated  in  Figure  1  .  Rather,  for  purposes  of  obtaining  an 

35  understanding  of  a  fossil  fuel-fired  furnace  10,  which  is 
capable  of  having  cooperatively  associated  therewith  a 
firing  system,  generally  designated  by  the  reference  nu- 
meral  12  in  Figure  1  of  the  drawing,  embodying  an  ad- 
vanced  overfire  air  system,  generally  designated  by  the 

40  reference  numeral  14  in  Figure  1  of  the  drawing,  con- 
structed  in  accordance  with  the  present  invention  such 
that  in  accordance  with  the  present  invention  the  ad- 
vanced  overfire  air  system  14  is  capable  of  being  in- 
stalled  in  the  furnace  10  as  part  of  the  firing  system  12 

45  and  when  so  installed  therein  is  operative  for  reducing 
the  NOx  emissions  from  the  fossil  fuel-fired  furnace  10, 
it  is  deemed  to  be  sufficient  that  there  be  presented 
herein  merely  a  description  of  the  nature  of  the  compo- 
nents  of  the  fossil  fuel-fired  furnace  10  with  which  the 

so  aforesaid  firing  system  12  and  the  aforesaid  advanced 
overfire  air  system  14  cooperate.  For  a  more  detailed 
description  of  the  nature  of  the  construction  and  the 
mode  of  operation  of  the  components  of  the  fossil  fuel- 
fired  furnace  10,  which  are  not  described  herein,  one 

55  may  have  reference  to  the  prior  art,  e.g.,  U.  S.  Patent 
No.  4,71  9,587,  which  issued  on  January  1  2,  1  988  to  F. 
J.  Berte  and  which  is  assigned  to  the  same  assignee  as 
the  present  application. 

5 
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Referring  further  to  Figure  1  of  the  drawing,  the  fos- 
sil  fuel-fired  furnace  10  as  illustrated  therein  includes  a 
burner  region,  generally  designated  by  the  reference 
numeral  16.  As  will  be  described  more  fully  hereinafter 
in  connection  with  the  description  of  the  nature  of  the 
construction  and  the  mode  of  operation  of  the  firing  sys- 
tem  12  and  of  the  advanced  overfire  air  system  14,  it  is 
within  the  burner  region  1  6  of  the  fossil  fuel-fired  furnace 
10  that  in  a  manner  well-known  to  those  skilled  in  this 
art  combustion  of  the  fossil  fuel  and  air  is  initiated.  The 
hot  gases  that  are  produced  from  combustion  of  the  fos- 
sil  fuel  and  air  rise  upwardly  in  the  fossil  fuel-fired  fur- 
nace  10.  During  the  upwardly  movement  thereof  in  the 
fossil  fuel-fired  furnace  10,  the  hot  gases  in  a  manner 
well-known  to  those  skilled  in  this  art  give  up  heat  to  the 
fluid  flowing  through  the  tubes  (not  shown  in  the  interest 
of  maintaining  clarity  of  illustration  in  the  drawing)  that 
in  conventional  fashion  line  all  four  of  the  walls  of  the 
fossil  fuel-fired  furnace  10.  Then,  the  hot  gases  exit  the 
fossil  fuel-fired  furnace  10  through  the  horizontal  pass, 
generally  designated  by  the  reference  numeral  18,  of 
the  fossil  fuel-fired  furnace  1  0,  which  in  turn  leads  to  the 
rear  gas  pass,  generally  designated  by  the  reference 
numeral  20,  of  the  fossil  fuel-fired  furnace  10.  Both  the 
horizontal  pass  18  and  the  rear  gas  pass  20  commonly 
contain  other  heat  exchanger  surface  (not  shown)  for 
generating  and  super  heating  steam,  in  a  manner  well- 
known  to  those  skilled  in  this  art.  Thereafter,  the  steam 
commonly  is  made  to  flow  to  a  turbine  (not  shown), 
which  forms  one  component  of  a  turbine/generator  set 
(not  shown),  such  that  the  steam  provides  the  motive 
power  to  drive  the  turbine  (not  shown)  and  thereby  also 
the  generator  (not  shown),  which  in  known  fashion  is 
cooperatively  associated  with  the  turbine  (not  shown), 
such  that  electricity  is  thus  produced  from  the  generator 
(not  shown). 

With  the  preceding  by  way  of  background,  refer- 
ence  will  now  be  had  particularly  to  Figures  1  and  2  of 
the  drawing  for  purposes  of  describing  the  firing  system 
1  2  and  the  advanced  overfire  air  system  1  4  which  in  ac- 
cordance  with  the  present  invention  is  designed  for  use 
as  part  of  a  firing  system,  such  as  the  firing  system  12, 
and  with  the  firing  system,  such  as  the  firing  system  1  2, 
in  turn  being  designed  to  be  cooperatively  associated 
with  a  furnace  constructed  in  the  manner  of  the  fossil 
fuel-fired  furnace  10  that  is  depicted  in  Figure  1  of  the 
drawing.  More  specifically,  the  advanced  overfire  air 
system  14  is  designed  to  be  utilized  in  a  firing  system, 
such  as  the  firing  system  1  2,  so  that  when  the  firing  sys- 
tem  1  2  in  turn  is  utilized  in  a  furnace,  such  as  the  fossil 
fuel-fired  furnace  10  of  Figure  2  of  the  drawing,  the  ad- 
vanced  overfire  air  system  1  4  is  operative  to  reduce  the 
NOx  emissions  from  the  fossil  fuel-fired  furnace  10. 

Considering  first  the  firing  system  12,  as  best  un- 
derstood  with  reference  to  Figures  1  and  2  of  the  draw- 
ing  the  firing  system  1  2  includes  a  housing  preferably  in 
the  form  of  a  windbox  denoted  by  the  reference  numeral 
22  in  Figures  1  and  2  of  the  drawing.  The  windbox  22  in 

a  manner  well-known  to  those  skilled  in  this  art  is  sup- 
ported  by  conventional  support  means  (not  shown)  in 
the  burner  region  16  of  the  fossil  fuel-fired  furnace  10 
such  that  the  longitudinal  axis  of  the  windbox  22  extends 

5  substantially  in  parallel  relation  to  the  longitudinal  axis 
of  the  fossil  fuel-fired  furnace  10. 

Continuing  with  the  description  of  the  firing  system 
12,  in  accordance  with  the  illustration  thereof  in  Figures 
1  and  2  of  the  drawing  a  first  air  compartment,  denoted 

10  generally  by  the  reference  numeral  24  in  Figure  2  of  the 
drawing,  is  provided  at  the  lower  end  of  the  windbox  22. 
An  air  nozzle,  denoted  by  the  reference  numeral  26,  is 
supported  in  mounted  relation,  through  the  use  of  any 
conventional  form  of  mounting  means  (not  shown)  suit- 

's  able  for  use  for  such  a  purpose,  within  the  air  compart- 
ment  24.  An  air  supply  means,  which  is  illustrated  sche- 
matically  in  Figure  1  of  the  drawing  wherein  the  air  sup- 
ply  means  is  denoted  generally  by  the  reference  numer- 
al  28,  is  operatively  connected  in  a  manner  to  be  more 

20  fully  described  hereinafter  to  the  air  nozzle  26  whereby 
the  air  supply  means  28  supplies  air  to  the  air  nozzle  26 
and  therethrough  into  the  burner  region  1  6  of  the  fossil 
fuel-fired  furnace  10.  To  this  end,  the  air  supply  means 
28  includes  a  fan  seen  at  30  in  Figure  1  of  the  drawing, 

25  and  the  air  ducts  denoted  by  the  reference  numeral  32 
which  are  connected  in  fluid  flow  relation  to  the  fan  30 
on  the  one  hand  and  on  the  other  hand,  as  seen  sche- 
matically  at  34  in  Figure  1  of  the  drawing,  to  the  air  noz- 
zle  26  through  separate  valves  and  controls  (not 

30  shown). 
With  further  reference  to  the  windbox  22,  in  accord- 

ance  with  the  nature  of  the  construction  of  the  illustrated 
embodiment  of  the  firing  system  1  2  a  first  fuel  compart- 
ment,  denoted  generally  by  the  reference  numeral  36  in 

35  Figure  2  of  the  drawing,  is  provided  in  the  windbox  22 
within  the  lower  portion  thereof  such  as  to  be  located 
substantially  in  juxtaposed  relation  to  the  air  compart- 
ment  24.  A  first  fuel  nozzle,  denoted  by  the  reference 
numeral  38  in  Figure  2  of  the  drawing,  is  supported  in 

40  mounted  relation,  through  the  use  of  any  conventional 
form  of  mounting  means  (not  shown)  suitable  for  use  for 
such  a  purpose,  within  the  fuel  compartment  36.  A  fuel 
supply  means,  which  is  illustrated  schematically  in  Fig- 
ure  1  of  the  drawing  wherein  the  fuel  supply  means  is 

45  denoted  generally  by  the  reference  numeral  40,  is  op- 
eratively  connected  in  a  manner  to  be  more  fully  de- 
scribed  hereinafter  to  the  fuel  nozzle  38  wherebythefuel 
supply  means  40  supplies  fuel  to  the  fuel  nozzle  38  and 
therethrough  into  the  burner  region  1  6  of  the  fossil  fuel- 

so  fired  furnace  10.  Namely,  the  fuel  supply  means  40  in- 
cludes  a  pulverizer,  seen  at  42  in  Figure  1  of  thedrawing, 
wherein  the  fossil  fuel  that  is  to  be  burned  in  the  fossil 
fuel-fired  furnace  10  undergoes  pulverization  in  a  man- 
ner  well-known  to  those  skilled  in  this  art,  and  the  fuel 

55  ducts,  denoted  by  the  reference  numeral  44,  which  are 
connected  in  fluid  flow  relation  to  the  pulverizer  42  on 
the  one  hand  and  on  the  other  hand,  as  seen  schemat- 
ically  at  46  in  Figure  1  of  the  drawing,  to  the  fuel  nozzle 
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38  through  separate  valves  and  controls  (not  shown). 
As  can  be  seen  with  reference  to  Figure  1  of  the  drawing, 
the  pulverizer  42  is  operatively  connected  to  the  fan  30 
such  that  air  is  also  supplied  from  the  fan  30  to  the  pul- 
verizer  42  whereby  the  fuel  supplied  from  the  pulverizer 
42  to  the  fuel  nozzle  38  is  transported  through  the  fuel 
ducts  44  in  an  air  stream  in  a  manner  which  is  well- 
known  to  those  skilled  in  this  art. 

In  addition  to  the  air  compartment  24  and  the  fuel 
compartment  36,  which  have  been  described  herein- 
above,  the  windbox  22  is  also  provided  with  a  second 
air  compartment,  denoted  generally  by  the  reference 
numeral  48  in  Figure  2  of  the  drawing.  The  air  compart- 
ment  48,  as  best  understood  with  reference  to  Figure  2 
of  the  drawing,  is  provided  in  the  windbox  22  such  as  to 
be  located  substantially  in  juxtaposed  relation  to  the  fuel 
compartment  36.  An  air  nozzle,  denoted  by  the  refer- 
ence  numeral  50  in  Figure  2  of  the  drawing,  is  supported 
in  mounted  relation,  through  the  use  of  any  conventional 
form  of  mounting  means  (not  shown)  suitable  for  use  for 
such  a  purpose,  within  the  air  compartment  48.  The  air 
nozzle  50  is  operatively  connected  to  the  air  supply 
means  28,  the  latter  having  been  described  herein  pre- 
viously,  through  the  air  ducts  32,  which  as  best  under- 
stood  with  reference  to  Figure  1  of  the  drawing  are  con- 
nected  in  fluid  flow  relation  to  the  fan  30  on  the  one  hand 
and  on  the  other  hand,  as  seen  schematically  at  52  in 
Figure  1  of  the  drawing,  to  the  air  nozzle  50  through  sep- 
arate  valves  and  controls  (not  shpwn)  whereby  the  air 
supply  means  28  supplies  air  to  the  air  nozzle  50  and 
therethrough  into  the  burner  region  16  of  the  fossil  fuel- 
fired  furnace  10  in  the  same  manner  as  that  which  has 
been  described  herein  previously  in  connection  with  the 
discussion  hereinbefore  of  the  air  nozzle  26. 

Continuing  with  the  description  of  the  firing  system 
12,  in  accord  with  the  illustrated  embodiment  thereof  a 
second  fuel  compartment,  denoted  generally  by  the  ref- 
erence  numeral  54  in  Figure  2  of  the  drawing,  is  provid- 
ed  in  the  windbox  22  such  as  to  be  located  substantially 
in  juxtaposed  relation  to  the  air  compartment  48.  A  sec- 
ond  fuel  nozzle,  denoted  generally  by  the  reference  nu- 
meral  56  in  Figure  2  of  the  drawing,  is  supported  in 
mounted  relation,  through  the  use  of  any  conventional 
form  of  mounting  means  (not  shown)  suitable  for  use  for 
such  a  purpose,  within  the  fuel  compartment  54.  The 
fuel  nozzle  56  is  operatively  connected  to  the  fuel  supply 
means  40,  the  latter  having  been  described  previously 
herein,  through  the  fuel  ducts  44,  which  as  best  under- 
stood  with  reference  to  Figure  1  of  the  drawing,  are  con- 
nected  in  fluid  flow  relation  on  the  one  hand  to  the  pul- 
verizer  42  wherein  the  fossil  fuel  that  is  to  be  burned  in 
the  fossil  fuel-fired  furnace  10  undergoes  pulverization 
in  a  manner  well-known  to  those  skilled  in  the  art,  and 
on  the  other  hand,  as  seen  schematically  at  58  in  Figure 
1  of  the  drawing,  to  the  fuel  nozzle  56  through  separate 
valves  and  controls  (not  shown)  whereby  the  fuel  supply 
means  40  supplies  fuel  to  the  fuel  nozzle  56  and  there- 
through  into  the  burner  region  16  of  the  fossil  fuel-fired 

furnace  10  in  the  same  manner  as  that  which  has  been 
described  herein  previously  in  connection  with  the  dis- 
cussion  hereinbefore  of  the  fuel  nozzle  38.  Mention  is 
once  again  made  here  of  the  fact  that  as  can  be  seen 

5  with  reference  to  Figure  1  of  the  drawing,  the  pulverizer 
42  is  operatively  connected  to  the  fan  30  such  that  air 
is  also  supplied  from  the  fan  30  to  the  pulverizer  42 
whereby  the  fuel  supplied  from  the  pulverizer  42  to  the 
fuel  compartment  54  is  transported  through  the  fuel 

10  ducts  44  in  an  air  stream  in  a  manner  which  is  well- 
known  to  those  skilled  in  the  art. 

With  further  reference  to  the  windbox  22,  in  accord 
with  the  illustrated  embodiment  thereof,  there  is  provid- 
ed  therein  a  third  air  compartment,  denoted  generally 

is  by  the  reference  numeral  60  in  Figure  2  of  the  drawing. 
The  air  compartment  60,  as  best  understood  with  refer- 
ence  to  Figure  2  of  the  drawing,  is  provided  in  the  wind- 
box  22  such  as  to  be  located  substantially  in  juxtaposed 
relation  to  the  fuel  compartment  54.  An  air  nozzle,  de- 

20  noted  by  the  reference  numeral  62  in  Figure  2  of  the 
drawing,  is  supported  in  mounted  relation,  through  the 
use  of  any  conventional  form  of  mounting  means  (not 
shown)  suitable  for  use  for  such  a  purpose,  within  the 
air  compartment  60.  The  air  nozzle  62  is  operatively 

25  connected  to  the  air  supply  means  28,  the  latter  having 
been  described  herein  previously,  through  the  air  ducts 
32,  which  as  best  understood  with  reference  to  Figure 
1  of  the  drawing  are  connected  in  fluid  flow  relation  to 
the  fan  30  on  the  one  hand  and  on  the  other  hand,  as 

30  seen  schematically  at  64  in  Figure  1  of  the  drawing,  to 
the  air  nozzle  62  through  separate  valves  and  controls 
(not  shown)  whereby  the  air  supply  means  28  supplies 
air  to  the  air  nozzle  62  and  therethrough  into  the  burner 
region  16  of  the  fossil  fuel-fired  furnace  10  in  the  same 

35  manner  as  that  which  has  been  described  herein  previ- 
ously  in  connection  with  the  discussion  hereinbefore  of 
the  air  nozzles  26  and  50. 

In  addition  to  the  foregoing,  the  firing  system  1  2,  in 
accordance  with  the  embodiment  thereof  illustrated  in 

40  Figures  1  and  2  of  the  drawing,  further  includes  a  third 
fuel  compartment,  denoted  generally  by  the  reference 
numeral  66  in  Figure  2  of  the  drawing.  The  fuel  compart- 
ment  66  is  provided  in  the  windbox  22  such  as  to  be 
located  substantially  in  juxtaposed  relation  to  the  air 

45  compartment  60.  A  third  fuel  nozzle,  denoted  by  the  ref- 
erence  numeral  68  in  Figure  2  of  the  drawing,  is  sup- 
ported  in  mounted  relation,  through  the  use  of  any  con- 
ventional  form  of  mounting  means  (not  shown)  suitable 
for  use  for  such  a  purpose,  within  the  fuel  compartment 

so  66.  The  fuel  nozzle  68  is  operatively  connected  to  the 
fuel  supply  means  40,  the  latter  having  been  described 
previously  herein,  through  the  fuel  ducts  44,  which  as 
best  understood  with  reference  to  Figure  1  of  the  draw- 
ing  are  connected  in  fluid  flow  relation  on  the  one  hand 

55  to  the  pulverizer  42  wherein  the  fossil  fuel  that  is  to  be 
burned  in  the  fossil  fuel-fired  furnace  1  0  undergoes  pul- 
verization  in  a  manner  well-known  to  those  skilled  in  the 
art,  and  on  the  other  hand  as  seen  schematically  at  70 
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in  Figure  1  of  the  drawing  to  the  fuel  nozzle  68  through 
separate  valves  and  controls  (not  shown)  whereby  the 
fuel  supply  means  40  supplies  fuel  to  the  fuel  nozzle  68 
and  therethrough  into  the  burner  region  16  of  the  fossil 
fuel-fired  furnace  10  in  the  same  manner  as  that  which 
has  been  described  herein  previously  in  connection  with 
the  discussion  hereinbefore  of  the  fuel  nozzles  38  and 
56.  As  mentioned  previously  herein,  the  pulverizer  42 
as  can  be  seen  with  reference  to  Figure  1  of  the  drawing 
is  operatively  connected  to  the  fan  30  such  that  air  is 
also  supplied  from  the  fan  30  to  the  pulverizer  42  where- 
by  the  fuel  supplied  from  the  pulverizer  42  to  the  fuel 
compartment  66  is  transported  through  the  fuel  ducts 
44  in  an  air  stream  in  a  manner  well-known  to  those 
skilled  in  the  art. 

Continuing  with  the  description  of  the  firing  system 
12,  in  accord  with  the  embodiment  thereof  illustrated  in 
Figures  1  and  2  of  the  drawing  there  is  provided  in  the 
windbox  22  a  fourth  air  compartment,  denoted  generally 
by  the  reference  numeral  72  in  Figure  2  of  the  drawing. 
The  fourth  air  compartment  72  is  provided  in  the  wind- 
box  22  such  as  to  be  located  substantially  in  juxtaposed 
relation  to  the  fuel  compartment  66.  A  fourth  air  nozzle, 
denoted  by  the  reference  numeral  74  in  Figure  2  of  the 
drawing,  is  supported  in  mounted  relation,  through  the 
use  of  any  conventional  form  of  mounting  means  (not 
shown)  suitable  for  use  for  such  a  purpose,  within  the 
air  compartment  72.  The  air  nozzle  74  is  operatively 
connected  to  the  air  supply  means  28,  the  latter  having 
been  described  herein  previously,  through  the  air  ducts 
32,  which  as  best  understood  with  reference  to  Figure 
1  of  the  drawing  are  connected  in  fluid  flow  relation  to 
the  fan  30  on  the  one  hand  and  on  the  other  hand,  as 
seen  schematically  at  76  in  Figure  1  of  the  drawing,  to 
the  air  nozzle  74  through  separate  valves  and  controls 
(not  shown)  whereby  the  air  supply  means  28  supplies 
air  to  the  air  nozzle  74  and  therethrough  into  the  burner 
region  16  of  the  fossil  fuel-fired  furnace  10  in  the  same 
manner  as  that  which  has  been  described  herein  previ- 
ously  in  connection  with  the  discussion  hereinbefore  of 
the  air  nozzles  26,50  and  62. 

Also,  in  accord  with  the  illustrated  embodiment  of 
the  firing  system  1  2,  a  fourth  fuel  compartment,  denoted 
generally  by  the  reference  numeral  78  in  Figure  2  of  the 
drawing,  is  provided  in  the  windbox  22  such  as  to  be 
located  substantially  in  juxtaposed  relation  to  the  air 
compartment  72.  A  fourth  fuel  nozzle,  denoted  by  the 
reference  numeral  80  in  Figure  2  of  the  drawing,  is  sup- 
ported  in  mounted  relation,  through  the  use  of  any  con- 
ventional  form  of  mounting  means  (not  shown)  suitable 
for  use  for  such  a  purpose,  within  the  fuel  compartment 
78.  The  fuel  nozzle  80  is  operatively  connected  to  the 
fuel  supply  means  40,  the  latter  having  been  described 
previously  herein,  through  the  fuel  ducts  44,  which  as 
best  understood  with  reference  to  Figure  1  of  the  draw- 
ing  are  connected  in  fluid  flow  relation  on  the  one  hand 
to  the  pulverizer  42  wherein  the  fossil  fuel  that  is  to  be 
burned  in  the  fossil  fuel-fired  furnace  1  0  undergoes  pul- 

verization  in  a  manner  well-known  to  those  skilled  in  the 
art,  and  on  the  other  hand  as  seen  schematically  at  82 
in  Figure  1  of  the  drawing  to  the  fuel  nozzle  80  through 
separate  valves  and  controls  (not  shown)  whereby  the 

5  fuel  supply  means  40  supplies  fuel  to  the  fuel  nozzle  80 
and  therethrough  into  the  burner  region  1  6  of  the  fossil 
fuel-fired  furnace  1  0  in  the  same  manner  as  that  which 
has  been  described  herein  previously  in  connection  with 
the  discussion  hereinbefore  of  the  fuel  nozzles  38,56 

10  and  68.  It  has  been  mentioned  previously  herein  that  as 
can  best  be  seen  with  reference  to  Figure  1  of  the  draw- 
ing  the  pulverizer  42  is  operatively  connected  to  the  fan 
30  such  that  air  is  also  supplied  from  the  fan  30  to  the 
pulverizer  42  whereby  the  fuel  supplied  from  the  pulver- 

15  izer  42  to  the  fuel  compartment  78  is  transported 
through  the  fuel  ducts  44  in  an  air  stream  in  a  manner 
well-known  to  those  skilled  in  the  art. 

A  description  will  now  be  had  herein  of  the  nature 
of  the  construction  of  the  advanced  overfire  air  system 

20  1  4  of  the  present  invention,  and  of  the  manner  in  which 
the  advanced  overfire  air  system  14  in  accordance  with 
the  present  invention  forms  part  of  a  firing  system,  such 
as  the  firing  system  1  2.  For  purposes  of  this  description, 
reference  will  be  had  in  particular  to  Figures  1  and  2  of 

25  the  drawing.  Thus,  as  best  understood  with  reference  to 
Figures  1  and  2,  the  advanced  overfire  air  system  1  4  in 
accord  with  the  best  mode  embodiment  of  the  invention 
includes  a  pair  of  close  coupled  overfire  air  compart- 
ments,  denoted  generally  by  the  reference  numerals  84 

30  and  86,  respectively,  in  Figure  2  of  the  drawing.  The 
close  coupled  overfire  air  compartments  84  and  86,  in 
accord  with  the  best  mode  embodiment  of  the  invention, 
are  provided  in  the  windbox  22  of  the  firing  system  12 
within  the  upper  portion  of  the  windbox  22  such  as  to  be 

35  located  substantially  in  juxtaposed  relation  to  the  air 
compartment  78,  the  latter  having  been  the  subject  of 
discussion  hereinbefore.  A  pair  of  close  coupled  overfire 
air  nozzles,  denoted  by  the  reference  numerals  88  and 
90,  respectively,  in  Figure  2  of  the  drawing,  are  support- 

40  ed  in  mounted  relation,  through  the  use  of  any  conven- 
tional  form  of  mounting  means  (not  shown)  suitable  for 
use  for  such  a  purpose,  within  the  pair  of  close  coupled 
overfire  air  compartments  such  that  the  close  coupled 
overfire  air  nozzle  88  is  mounted  in  the  close  coupled 

45  overfire  air  compartment  84  and  the  close  coupled  over- 
fire  air  nozzle  90  is  mounted  in  the  close  coupled  overfire 
air  compartment  86.  The  close  coupled  overfire  air  noz- 
zles  88  and  90  are  each  operatively  connected  to  the 
air  supply  means  28,  the  latter  having  been  described 

so  herein  previously,  through  the  air  ducts  32,  which  as 
best  understood  with  reference  to  Figure  1  of  the  draw- 
ing  are  connected  in  fluid  flow  relation  to  the  fan  30  on 
the  one  hand  and  on  the  other  hand  as  seen  schemat- 
ically  at  92  in  Figure  1  of  the  drawing  to  each  of  the  close 

55  coupled  overfire  air  nozzles  88  and  90  through  separate 
valves  and  controls  (not  shown)  whereby  the  air  supply 
means  28  supplies  air  to  each  of  the  close  coupled  over- 
fire  air  nozzles  88  and  90  and  therethrough  into  the  burn- 
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er  region  16  of  the  fossil  fuel-fired  furnace  10. 
Continuing  with  the  description  of  the  advanced 

overfire  air  system  1  4,  in  accordance  with  the  best  mode 
embodiment  of  the  invention  the  advanced  overfire  air 
system  1  4  further  includes  a  plurality  of  separated  over- 
fire  air  compartments,  which  are  suitably  supported, 
through  the  use  of  any  conventional  form  of  support 
means  (not  shown)  suitable  for  use  for  such  a  purpose, 
within  the  burner  region  1  6  of  the  furnace  1  0  so  as  to  be 
spaced  from  the  close  coupled  overfire  air  compart- 
ments  84  and  86,  and  so  as  to  be  substantially  aligned 
with  the  longitudinal  axis  of  the  windbox  22.  The  afore- 
mentioned  plurality  of  separated  overfire  air  compart- 
ments,  in  accordance  with  the  preferred  embodiment  of 
the  invention,  comprises  in  numberthreesuch  compart- 
ments,  which  are  denoted  generally  in  Figure  2  of  the 
drawing  by  the  reference  numerals  94,96  and  98,  re- 
spectively.  A  plurality  of  separated  overfire  air  nozzles, 
denoted  by  the  reference  numerals  100,102  and  104, 
respectively,  in  Figure  2  of  the  drawing,  are  supported 
in  mounted  relation,  through  the  use  of  any  conventional 
form  of  mounting  means  (not  shown)  suitable  for  use  for 
such  a  purpose,  within  the  plurality  of  separated  overfire 
air  compartments  94,96  and  98  such  that  the  separated 
overfire  air  nozzle  100  is  mounted  for  both  the  vertical 
(tilting)  and  horizontal  (yaw)  movement  in  the  separated 
overfire  air  compartment  94,  the  separated  overfire  air 
nozzle  102  is  mounted  for  both  vertical  (tilting)  and  hor- 
izontal  (yaw)  movement  in  the  separated  overfire  air 
compartment  96,  and  the  separated  overfire  air  nozzle 
104  is  mounted  for  both  vertical  (tilting)  and  horizontal 
(yaw)  movement  in  the  separated  overfire  air  compart- 
ment  98.  The  plurality  of  separated  overfire  air  nozzles 
100,102  and  104  are  each  operatively  connected  to  the 
air  supply  means  28,  the  latter  having  been  described 
herein  previously,  through  the  air  ducts  32,  which  as 
best  understood  with  reference  to  Figure  1  of  the  draw- 
ing  are  connected  in  fluid  flow  relation  to  the  fan  30  on 
the  one  hand  and  on  the  other  hand  as  seen  schemat- 
ically  at  106  in  Figure  1  of  the  drawing  to  each  of  the 
separated  overfire  air  nozzles  100,102  and  104  through 
separate  valves  and  controls  (not  shown)  whereby  the 
air  supply  means  28  supplies  air  to  each  of  the  separat- 
ed  overfire  air  nozzles  100,102  and  104  and  there- 
through  into  the  burner  region  16  of  the  fossil  fuel-fired 
furnace  10. 

A  brief  description  will  now  be  set  forth  herein  of  the 
mode  of  operation  of  the  advanced  overfire  air  system 
1  4  constructed  in  accordance  with  the  present  invention 
and  of  the  firing  system  12  with  which  the  advanced 
overfire  air  system  14  is  designed  to  be  employed  for 
the  purpose  of  effectuating  a  reduction  in  the  NOx  emis- 
sions  from  a  furnace,  such  as  the  fossil  fuel-fired  furnace 
10,  in  which  there  is  installed  both  the  firing  system  12 
and  the  advanced  overfire  air  system  1  4  that  is  cooper- 
atively  associated  therewith.  Insofar  as  concerns  the 
mode  of  operation  of  the  firing  system  12,  constructed 
in  accordance  with  the  illustration  thereof  in  Figures  1 

and  2  of  the  drawing,  air  and  fossil  fuel  is  introduced  into 
the  burner  region  16  of  the  fossil  fuel-fired  furnace  10 
through  alternate  elevations  of  air  compartments  and  fu- 
el  compartments  which  are  suitably  provided  in  the 

5  windbox  22  for  this  purpose.  Namely,  in  accord  with  the 
illustrated  embodiment  of  the  firing  system  12  air  is  in- 
troduced  into  the  burner  region  1  6  of  the  fossil  fuel-fired 
furnace  10  through  the  air  compartments  24,48,60  and 
72,  and  fossil  fuel  is  introduced  into  the  burner  region 

10  16  of  the  fossil  fuel-fired  furnace  10  through  the  fossil 
fuel  compartments  36,54,66  and  78.  In  a  manner  well- 
known  to  those  skilled  in  this  art  there  is  initiated  in  the 
burner  region  16  of  the  fossil  fuel-fired  furnace  10  com- 
bustion  of  the  fossil  fuel  that  is  introduced  thereinto 

is  through  the  fossil  fuel  compartments  36,54,66  and  78 
and  of  the  air  that  is  introduced  thereinto  through  the  air 
compartments  24,48,60  and  72.  The  hot  gases  that  are 
produced  from  this  combustion  of  the  fossil  fuel  and  air 
in  the  burner  region  1  6  of  the  fossil  fuel-fired  furnace  1  0 

20  in  known  fashion  rise  upwardly  in  the  fossil  fuel-fired  fur- 
nace  10.  During  this  upwardly  movement  thereof  in  the 
fossil  fuel-fired  furnace  10,  the  hot  gases  give  up  heat 
in  a  manner  well-known  to  those  skilled  in  this  art  to  the 
fluid  flowing  through  the  tubes  (not  shown)  that  in  con- 

25  ventional  fashion  line  all  four  of  the  walls  of  the  fossil 
fuel-fired  furnace  1  0.  Then,  these  hot  gases  exit  the  fos- 
sil  fuel-fired  furnace  10  through  the  horizontal  pass  18 
of  the  fossil  fuel-fired  furnace  10,  which  in  turn  leads  to 
the  rear  gas  pass  20  of  the  fossil  fuel-fired  furnace  10. 

30  The  horizontal  pass  18  and  the  rear  gas  pass  20  com- 
monly  each  contain  other  heat  exchanger  surface  (not 
shown)  for  generating  and  super  heating  steam,  in  a 
manner  well-known  to  those  skilled  in  this  art.  Thereaf- 
ter,  this  steam  commonly  is  made  to  flow  to  a  turbine 

35  (not  shown),  which  forms  one  component  of  a  turbine/ 
generator  set  (not  shown),  such  that  the  steam  provides 
the  motive  power  to  drive  the  turbine  (not  shown)  and 
thereby  also  the  generator  (not  shown),  which  in  known 
fashion  is  cooperatively  associated  with  the  turbine  (not 

40  shown),  such  that  electricity  is  thus  produced  from  the 
generator  (not  shown). 

Insofar  as  concerns  the  mode  of  operation  of  the 
advanced  overfire  air  system  14,  the  objective  sought 
to  be  achieved  through  the  use  thereof  is  that  of  inhib- 

45  iting  the  rate  of  NOx  formation  by  both  atmospheric  ni- 
trogen  fixation  (thermal  NOx)  and  fuel  nitrogen  (fuel 
NOx).  This  is  accomplished  by  reducing  the  total  oxygen 
that  is  available  in  the  primary  flame  zone.  To  this  end, 
in  accord  with  the  mode  of  operation  of  the  advanced 

so  overfire  air  system  1  4,  overfire  air  is  introduced  through 
one  or  two  closely  grouped  compartments  at  a  single 
fixed  elevation  of  the  burner  region  1  6  of  the  fossil  fuel- 
fired  furnace  10  at  the  top  of  the  windbox  22,  and 
through  one  or  more  additional  compartments  located 

55  at  a  higher  elevation.  The  closely  grouped  compart- 
ments,  commonly  referred  to  in  the  industry  as  close 
coupled  overfire  air  compartments,  are  seen  at  84  and 
86  in  Figure  2  of  the  drawing,  and  the  compartments 
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located  at  the  higher  elevation,  commonly  referred  to  in 
the  industry  as  separated  overfire  air  compartments,  are 
seen  at  94,96  and  98  in  Figure  2  of  the  drawing. 

One  of  the  characteristics  which  the  advanced  over- 
fire  air  system  14  embodies  in  accordance  with  the 
present  invention  is  that  the  overfire  air  is  introduced  into 
the  burner  region  16  of  the  fossil  fuel-fired  furnace  10 
partly  through  the  close  coupled  overfire  air  compart- 
ments  84  and  86  and  partly  through  the  separated  over- 
fire  air  compartments  94,96  and  98  such  that  there  ex- 
ists  a  predetermined  most  favorable  distribution  of  the 
overfire  air  between  close  coupled  overfire  air  and  sep- 
arated  overfire  air.  The  advantages  that  accrue  from  the 
utilization  of  this  most  favorable  distribution  of  overfire 
air  are  best  understood  with  reference  to  Figure  3  of  the 
drawing.  As  noted  previously  herein,  Figure  3  is  a  graph- 
ical  depiction  of  the  effect  on  NOx  when  using  an  ad- 
vanced  overfire  air  system  constructed  in  accordance 
with  the  present  invention  wherein  there  is  a  predeter- 
mined  apportionment  of  the  overfire  air  between  close 
coupled  overfire  air  and  separated  overfire  air.  The  line 
denoted  by  the  reference  numeral  108  in  Figure  3  rep- 
resents  a  baseline  plot  of  the  NOx  ppm  levels  from  a 
furnace,  such  as  the  fossil  fuel-fired  furnace  10,  when 
operating  with  a  firing  system,  such  as  the  firing  system 
1  2.  On  the  other  hand,  the  line  denoted  by  the  reference 
numeral  110  in  Figure  3  represents  a  plot  of  the  NOx 
ppm  levels  from  a  furnace,  such  as  the  fossil  fuel-fired 
furnace  10,  when  operating  with  a  firing  system,  such 
as  the  firing  system  12,  and  with  0%  overfire  air.  Con- 
tinuing,  the  line  denoted  therein  by  the  reference  numer- 
al  112  represents  a  plot  of  the  NOx  ppm  levels  from  a 
furnace,  such  as  the  fossil  fuel-fired  furnace  10,  when 
operating  with  20%  overfire  air  and  wherein  all  20%  of 
the  overfire  air  is  introduced  into  the  furnace  as  close 
coupled  overfire.  Whereas,  the  line  denoted  in  Figure  3 
by  the  reference  numeral  114  represents  a  plot  of  the 
NOx  ppm  levels  from  a  furnace,  such  as  the  fossil  fuel- 
fired  furnace  10,  when  operating  with  20%  overfire  air 
and  wherein  all  20%  of  the  overfire  air  is  introduced  into 
the  furnace  as  separated  overfire  air. 

With  further  reference  to  Figure  3,  the  point  denoted 
therein  by  the  reference  numeral  116  is  a  plot  of  the  NOx 
ppm  level  from  a  furnace,  such  as  the  fossil  fuel-fired 
furnace  1  0,  when  operating  with  a  firing  system  1  2  with 
which  an  advanced  overfire  air  system  14  constructed 
in  accordance  with  the  present  invention  is  cooperative- 
ly  associated  and  with  20%  overfire  air,  and  wherein  of 
the  20%  overfire  air  in  accordance  with  a  most  favorable 
distribution  thereof  9%  of  this  overfire  air  is  introduced 
as  close  coupled  overfire  air  and  11%  of  the  overfire  air 
is  introduced  as  separated  overfire  air.  Thus,  from  the 
preceding  and  from  a  reference  to  Figure  3  the  following 
should  now  be  readily  apparent:  1  )  that  the  use  of  over- 
fire  air  results  in  a  reduction  in  the  NOx  ppm  levels  as 
compared  to  when  0%  overfire  air  is  employed,  2)  that 
the  use  of  overfire  air  wherein  all  of  the  overfire  air  is 
introduced  as  separated  overfire  air  results  in  a  greater 

reduction  in  the  NOx  ppm  levels  as  compared  to  when 
the  same  amount  of  overfire  air  is  employed  but  all  of 
this  overfire  air  is  introduced  as  close  coupled  overfire 
air,  and  3)  that  an  even  greater  reduction  in  NOx  ppm 

5  level  is  realized  when  the  same  amount  of  overfire  air  is 
employed  but  this  overfire  air  is  introduced  into  the  fur- 
nace  in  accordance  with  a  most  favorable  distribution 
thereof  as  between  close  coupled  overfire  air  and  sep- 
arated  overfire  air,  e.g.,  as  illustrated  in  Figure  3  wherein 

10  with  20%  overfire  air  being  introduced,  the  most  favora- 
ble  distribution  thereof  is  9%  close  coupled  overfire  air 
and  1  1  %  separated  overfire  air.  This  most  favorable  dis- 
tribution  of  overfire  air  between  close  coupled  overfire 
air  and  separated  overfire  air  has  been  found  to  vary  as 

is  a  function  of  coal  type.  For  example,  in  the  case  of  bi- 
tuminous  coal  the  tests  that  were  run  therewith  show 
that  the  most  favorable  distribution  of  the  overfire  air  was 
1/3  close  coupled  overfire  air  and  2/3  separated  overfire 
air. 

20  A  second  characteristic  which  the  advanced  over- 
fire  air  system  14  embodies  in  accordance  with  the 
present  invention  is  that  the  separated  overfire  air  is  in- 
jected  into  the  burner  region  16  of  the  fossil  fuel-fired 
furnace  1  0  from  each  of  the  four  corners  thereof  through 

25  a  plurality,  e.g.,  two,  three  or  more  compartments  with 
each  compartment  introducing  a  portion  of  the  total  sep- 
arated  overfire  air  flow  at  different  firing  angles,  which 
angles  are  established  by  moving  the  separated  overfire 
air  nozzles  94,96  and  98  vertically  (tilting)  and/or  hori- 

30  zontally  (yawing),  such  as  to  achieve  a  horizontal 
"spray"  or  "fan"  distribution  of  separated  overfire  air  over 
the  furnace  plan  area.  The  specific  nature  of  this  hori- 
zontal  "spray"  or  "fan"  distribution  of  separated  overfire 
air  over  the  plan  area  of  the  burner  region  1  6  of  the  fossil 

35  fuel-fired  furnace  1  0  is  depicted  in  Figure  4  of  the  draw- 
ing.  To  this  end,  as  best  seen  with  reference  to  Figure 
4  the  separated  overfire  air  in  accord  with  the  present 
invention  is  injected  into  the  burner  region  1  6  of  the  fossil 
fuel-fired  furnace  1  0  from  each  corner  thereof,  the  latter 

40  being  denoted  in  Figure  4  by  the  reference  numerals 
10a,  10b,  10c  and  10d,  respectively.  In  accord  with  the 
best  mode  embodiment  of  the  invention,  this  injection  of 
the  separated  overfire  air  is  accomplished  through  the 
three  separated  overfire  air  compartments  94,96  and 

45  98,  which  have  been  described  hereinbefore  and  which 
are  illustrated  in  Figure  2  of  the  drawing. 

Although  not  shown  in  Figure  2,  it  is  to  be  under- 
stood  that  the  four  corners  10a,  10b,  10c  and  10d  of  the 
fossil  fuel-fired  furnace  10  are  each  provided  with  sep- 

50  arated  overfire  air  compartments  94,96  and  98.  Moreo- 
ver,  the  separated  overfire  air  that  is  injected  into  the 
burner  region  16  of  the  fossil  fuel-fired  furnace  10  from 
each  of  the  four  corners  10a,  10b,  10c  and  10d  thereof 
through  the  separated  overfire  air  compartments  94,96 

55  and  98  located  thereat  is  injected  at  a  different  firing  an- 
gle,  the  latter  being  denoted  in  Figure  4  by  means  of  the 
reference  numerals  118,120  and  122,  respectively,  and 
wherein  for  ease  of  reference  the  same  numerals  are 
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utilized  in  connection  with  each  of  the  four  corners  1  0a, 
10b,  10c  and  10d  of  the  fossil  fuel-fired  furnace  10.  Fur- 
ther,  as  best  understood  with  reference  to  Figure  4  of 
the  drawing,  the  injection  into  the  burner  region  16  of 
the  fossil  fuel-fired  furnace  10  at  the  different  firing  an- 
gles  denoted  by  the  reference  numerals  118,120  and 
122  in  Figure  4  has  the  effect  of  producing  a  horizontal 
"spray"  or  "fan"  distribution  of  the  separated  overfire  air 
over  the  furnace  plan  area.  Namely,  as  depicted  in  Fig- 
ure  4,  the  separated  overfire  air  that  is  injected  into  the 
burner  region  16  of  the  fossil  fuel-fired  furnace  10  at 
each  of  the  different  firing  angles  118,120  and  122  fol- 
lows  the  path  denoted  by  the  reference  numerals 
124,126  and  128,  respectively.  Collectively  the  paths 
124,126  and  128  create  a  distribution  pattern  which  as 
best  seen  with  reference  to  Figure  4  is  in  the  form  of  a 
horizontal  "spray"  or  "fan"  distribution  pattern.  Also,  to 
be  noted  from  Figure  4  is  the  fact  that  the  distribution 
pattern  for  the  separated  overfire  air  injected  from  each 
of  the  corners  10a,  10b,  10c  and  10d  of  the  fossil  fuel- 
fired  furnace  1  0  substantially  overlap  one  another  at  the 
center  of  the  burner  region  1  6  of  the  fossil  fuel-fired  fur- 
nace  10. 

The  advantages  that  accrue  from  the  utilization  of 
different  firing  angles  for  purposes  of  injecting  into  the 
burner  region  16  of  the  fossil  fuel-fired  furnace  10  the 
separated  overfire  air  from  the  separated  overfire  air 
compartments  94,96  and  98  are  best  understood  with 
reference  to  Figure  5  of  the  drawing.  As  noted  previously 
herein,  Figure  5  is  a  graphical  depiction  of  the  effect  on 
NOx  of  using  an  advanced  overfire  air  system  construct- 
ed  in  accordance  with  the  present  invention  wherein  the 
overfire  air  is  distributed  in  accordance  with  the  horizon- 
tal  "spray"  or  "fan"  distribution  pattern  illustrated  in  Fig- 
ure  4.  Referring  to  Figure  5,  the  point  denoted  therein 
by  the  reference  numeral  1  30  is  a  plot  of  the  NOx  ppm 
level  from  a  furnace,  such  as  the  fossil  fuel-fired  furnace 
1  0,  when  operating  with  a  firing  system,  such  as  the  fir- 
ing  system  1  2,  and  wherein  all  of  the  separated  overfire 
air  that  is  injected  through  the  separated  overfire  air 
compartments  is  injected  into  the  burner  region  16  of 
the  fossil  fuel-fired  furnace  10  at  the  same  firing  angle, 
i.e.,  at  an  angle  of  +1  5°  such  that  the  separated  overfire 
air  is  injected  so  as  to  be  co-rotational  with  the  fuel  and 
air  that  is  being  injected  into  the  burner  region  1  6  of  the 
fossil  fuel-fired  furnace  10  through  the  fuel  compart- 
ments  38,54,66  and  78  and  the  air  compartments 
24,48,60  and  72,  respectively.  The  point  denoted  in  Fig- 
ure  5  by  the  reference  numeral  1  32  is  a  plot  of  the  NOx 
ppm  level  from  a  furnace,  such  as  the  fossil  fuel-fired 
furnace  10,  when  operating  with  a  firing  system,  such 
as  the  firing  system  1  2,  and  wherein  all  of  the  separated 
overfire  air  that  is  injected  through  the  separated  over- 
fire  air  compartment  is  injected  into  the  burner  region  1  6 
of  the  fossil  fuel-fired  furnace  1  0  at  the  same  firing  angle, 
i.e,  at  an  angle  of  -15°  such  that  the  separated  overfire 
air  is  injected  so  as  to  be  counter  rotational  with  the  fuel 
and  air  that  is  being  injected  into  the  burner  region  16 

of  the  fossil  fuel-fired  furnace  10  through  the  fuel  com- 
partments  38,54,66  and  78  and  the  air  compartments 
24,48,60  and  72,  respectively.  With  further  reference  to 
Figure  5,  the  point  denoted  therein  by  the  reference  nu- 

5  meral  1  34  is  a  plot  of  the  NOx  ppm  level  from  a  furnace, 
such  as  the  fossil  fuel-fired  furnace  10,  when  operating 
with  a  firing  system  12  with  which  an  advanced  overfire 
air  system  14  constructed  in  accordance  with  the 
present  invention  is  cooperatively  associated  and 

10  wherein  all  of  the  separated  overfire  air  is  injected 
through  each  of  the  separated  overfire  air  compart- 
ments  94,96  and  98  at  a  different  firing  angle  such  that 
the  horizontal  "spray"  or  "fan"  distribution  of  separated 
overfire  air  that  is  depicted  in  Figure  4  of  the  drawing  is 

is  achieved  over  the  furnace  plan  area.  In  accord  with  the 
best  mode  embodiment  of  the  invention,  the  firing  an- 
gles  that  are  employed  for  this  purpose  for  the  separated 
overfire  air  compartments  94,96  and  98  are  +15°,  0°  and 
-1  5°.  Thus,  from  the  preceding  and  from  a  reference  to 

20  Figure  5  the  following  should  now  be  readily  apparent: 
1  )  that  injecting  all  of  the  separated  overfire  air  through 
the  separated  overfire  air  compartments  at  the  same  fir- 
ing  angle  of  -15°  such  that  the  separated  overfire  air  is 
injected  so  as  to  be  counter  rotational  with  the  fuel  and 

25  air  that  is  being  injected  into  the  burner  region  1  6  of  the 
fossil  fuel-fired  furnace  10  through  the  fuel  compart- 
ments  38,54,66  and  78  and  the  air  compartments 
24,48,60  and  72,  respectively,  results  in  a  greater  re- 
duction  in  the  NOx  ppm  level  as  compared  to  when  all 

30  of  the  separated  overfire  air  is  injected  through  the  sep- 
arated  overfire  air  compartments  at  the  same  angle  of 
+1  5°  such  that  all  of  the  separated  overfire  air  is  injected 
so  as  to  be  co-rotational  with  the  fuel  and  air  that  is  being 
injected  into  the  burner  region  1  6  of  the  fossil  fuel-fired 

35  furnace  1  0  through  the  fuel  compartments  38,54,66  and 
78  and  the  air  compartments  24,48,60  and  72,  respec- 
tively,  and  2)  that  injecting  all  of  the  separated  overfire 
air  through  the  separated  overfire  air  compartments 
94,96  and  98  at  different  firing  angles  of  +15°,  0°  and 

40  -1  5°  such  that  the  horizontal  "spray"  or  "fan"  distribution 
of  separated  overfire  air  that  is  depicted  in  Figure  4  of 
the  drawing  is  achieved  over  the  furnace  plan  area  re- 
sults  in  a  greater  reduction  in  the  NOx  ppm  level  as  com- 
pared  to  when  all  of  the  separated  overfire  air  is  injected 

45  through  the  separated  overfire  air  compartments  at  the 
same  firing  angle  of  -15°  such  that  the  separated  over- 
fire  air  is  injected  so  as  to  be  counter  rotational  with  the 
fuel  and  air  that  is  being  injected  into  the  burner  region 
16  of  the  fossil  fuel-fired  furnace  10  through  the  fuel 

so  compartments  38,44,66  and  78  and  the  air  compart- 
ments  24,48,60  and  72,  respectively. 

A  third  characteristic  which  the  advanced  overfire 
air  system  14  embodies  in  accordance  with  the  present 
invention  is  that  the  separated  overfire  air  is  injected  into 

55  the  burner  region  1  6  of  the  fossil  fuel-fired  furnace  1  0  at 
velocities  significantly  higher  than  those  utilized  hereto- 
fore  in  prior  art  firing  systems,  e.g.,  200  to  300  ft./sec. 
versus  100  to  150  ft./sec.  The  advantages  that  accrue 
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from  the  injection  of  the  separated  overfire  air  at  such 
increased  velocities  are  best  understood  with  reference 
to  Figure  6  of  the  drawing.  As  noted  previously  herein, 
Figure  6  is  a  graphical  depiction  of  the  effect  on  NOx  of 
using  an  advanced  overfire  air  system  constructed  in  ac- 
cordance  with  the  present  invention  wherein  the  overfire 
air  is  injected  into  the  furnace  at  high  velocities.  The  line 
denoted  by  the  reference  numeral  136  in  Figure  6  rep- 
resents  a  plot  of  the  NOx  ppm  levels  from  a  furnace, 
such  as  the  fossil  fuel-fired  furnace  10,  when  operating 
with  a  firing  system,  such  as  the  firing  system  12  and 
wherein  the  overfire  air  is  injected  at  low  velocities,  i.e., 
at  the  velocities  commonly  utilized  heretofore  in  prior  art 
firing  systems.  On  the  other  hand,  the  line  denoted  by 
the  reference  numeral  138  in  Figure  6  represents  a  plot 
of  the  NOx  ppm  levels  from  a  furnace,  such  as  the  fossil 
fuel-fired  furnace  10,  when  operating  with  a  firing  sys- 
tem  12  with  which  an  advanced  overfire  air  system  14 
constructed  in  accordance  with  the  present  invention  is 
cooperatively  associated  and  wherein  the  separated 
overfire  air  injected  into  the  burner  region  1  6  of  the  fossil 
fuel-fired  furnace  10  through  the  separated  overfire  air 
compartments  94,96  and  98  is  injected  at  velocities  sig- 
nificantly  higher  than  those  utilized  heretofore  in  prior 
art  firing  systems,  e.g.,  200  to  300  ft./sec.  versus  100  to 
150  ft./sec.  Thus,  from  the  preceding  and  from  a  refer- 
ence  to  Figure  6  it  should  now  be  readily  apparent  that 
injecting  all  of  the  separated  overfire  air  through  the  sep- 
arated  overfire  air  compartments  94,96  and  98  into  the 
burner  region  1  6  of  the  fossil  fuel-fired  furnace  1  0  at  ve- 
locities  significantly  higher  than  those  utilized  heretofore 
in  prior  art  firing  systems  results  in  a  greater  reduction 
in  the  NOx  ppm  levels  as  compared  to  when  all  of  the 
overfire  air  is  injected  into  the  burner  region  16  of  the 
fossil  fuel-fired  furnace  10  at  low  velocities,  i.e.,  at  the 
velocities  commonly  utilized  heretofore  in  prior  art  firing 
systems. 

Thus,  in  accordance  with  the  present  invention 
there  is  provided  a  new  and  improved  advanced  overfire 
air  system  for  NOx  control  which  is  designed  for  use  in 
a  firing  system  of  the  type  that  is  employed  in  fossil  fuel- 
fired  furnaces.  As  well,  there  is  provided  in  accord  with 
the  present  invention  an  advanced  overfire  air  system 
for  NOx  control  that  is  designed  for  use  in  a  firing  system 
of  the  type  that  is  employed  in  tangentially  fired,  fossil 
fuel  furnaces.  Moreover,  in  accord  with  the  present  in- 
vention  there  is  provided  an  advanced  overfire  air  sys- 
tem  for  NOx  control  for  use  in  a  firing  system  of  the  type 
employed  in  tangentially  fired,  fossil  fuel  furnaces  such 
that  through  the  use  thereof  NOx  emissions  are  capable 
of  being  reduced  to  levels  that  are  at  least  equivalent  to, 
if  not  better  than,  that  which  is  currently  being  contem- 
plated  as  the  standard  for  the  United  States  in  the  leg- 
islation  being  proposed.  Also,  there  is  provided  in  ac- 
cord  with  the  present  invention  an  advanced  overfire  air 
system  for  NOx  control  that  is  designed  for  use  in  a  firing 
system  of  the  type  employed  in  tangentially  fired,  fossil 
fuel  furnaces  characterized  in  that  the  advanced  overfire 

air  system  involves  the  use  of  multi-elevations  of  over- 
fire  air  compartments  consisting  of  close  coupled  over- 
fire  air  compartments  and  separated  overfire  air  com- 
partments.  Further,  in  accordance  with  the  present  in- 

5  vention  there  is  provided  an  advanced  overfire  air  sys- 
tem  for  NOx  control  that  is  designed  for  use  in  a  firing 
system  of  the  type  employed  in  tangentially  fired,  fossil 
fuel  furnaces  and  which  is  characterized  in  that  there  is 
a  predetermined  most  favorable  distribution  of  overfire 

10  air  between  the  close  coupled  overfire  air  compartments 
and  the  separated  overfire  air  compartments.  Besides, 
there  is  provided  in  accord  with  the  present  invention  an 
advanced  overfire  air  system  for  NOx  control  that  is  de- 
signed  for  use  in  a  firing  system  of  the  type  employed 

is  in  tangentially  fired,  fossil  fuel  furnaces  and  which  is 
characterized  in  that  the  advanced  overfire  air  system 
involves  the  use  of  a  multi-angle  injection  pattern.  In  ad- 
dition,  in  accordance  with  the  present  invention  there  is 
provided  an  advanced  overfire  air  system  for  NOx  con- 

20  trol  that  is  designed  for  use  in  a  firing  system  of  the  type 
employed  in  tangentially  fired,  fossil  fuel  furnaces  and 
which  is  characterized  in  that  in  accordance  with  the 
multi-angle  injection  pattern  thereof  a  portion  of  the  total 
overfire  air  flow  is  introduced  at  different  angles  such  as 

25  to  achieve  a  horizontal  "spray"  or  "fan"  distribution  of 
overfire  air  over  the  plan  area  of  the  furnace.  Further- 
more,  there  is  provided  in  accord  with  the  present  inven- 
tion  an  advanced  overfire  air  system  for  NOx  control  that 
is  designed  for  use  in  a  firing  system  of  the  type  em- 

30  ployed  in  tangentially  fired,  fossil  fuel  furnaces  and 
which  is  characterized  in  that  the  advanced  overfire  air 
system  involves  the  injection  of  overfire  air  into  the  fur- 
nace  at  velocities  significantly  higher  than  those  utilized 
heretofore  in  prior  art  firing  systems.  Additionally,  in  ac- 

35  cordance  with  the  present  invention  there  is  provided  an 
advanced  overfire  air  system  for  NOx  control  that  is  de- 
signed  for  use  in  a  firing  system  of  the  type  employed 
in  tangentially  fired,  fossil  fuel  furnaces  such  that 
through  the  use  thereof  no  additions,  catalysts  or  added 

40  premium  fuel  costs  are  needed  for  the  operation  thereof. 
Penultimately,  there  is  provided  in  accord  with  the 
present  invention  an  advanced  overfire  air  system  for 
NOx  control  that  is  designed  for  use  in  a  firing  system  of 
the  type  employed  in  tangentially  fired,  fossil  fuel  furnac- 

es  es  and  which  is  characterized  in  that  the  advanced  over- 
fire  air  system  is  totally  compatible  with  other  emission 
reduction-type  systems  such  as  limestone  injection  sys- 
tems,  reburn  systems  and  selective  catalytic  reduction 
(SCR)  systems  that  one  might  seek  to  employ  in  order 

so  to  accomplish  additional  emission  reduction.  Finally,  in 
accordance  with  the  present  invention  there  is  provided 
an  advanced  overfire  air  system  for  NOx  control  that  is 
designed  for  use  in  a  firing  system  of  the  type  employed 
in  tangentially  fired,  fossil  fuel  furnaces  and  which  is 

55  characterized  in  that  the  advanced  overfire  air  system 
is  equally  well  suited  for  use  either  in  new  applications 
or  in  retrofit  applications. 
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Claims 

1.  A  tangentially  fired  fossil  fuel  furnace  10  having  a 
plurality  of  walls  embodying  therewithin  a  burner  re- 
gion  1  6,  a  windbox  22  embodying  a  plurality  of  ele- 
vations  and  mounted  in  supported  relation  within 
the  burner  region  16  of  the  tangentially  fired  fossil 
fuel  furnace  1  0,  a  first  fossil  fuel  nozzle  68  support- 
ed  in  the  windbox  22  at  a  first  elevation  thereof  and 
operative  for  introducing  fossil  fuel  in  a  first  direction 
into  the  burner  region  16  of  the  tangentially  fired  fos- 
sil  fuel  furnace  1  0  through  the  windbox  22  at  the  first 
elevation  thereof,  a  combustion  supporting  second- 
ary  air  nozzle  74  supported  in  the  windbox  22  at  a 
second  elevation  thereof  and  operative  for  introduc- 
ing  combustion  supporting  secondary  air  in  the  first 
direction  into  the  burner  region  16  of  the  tangentially 
fired  fossil  fuel  furnace  10  through  the  windbox  22 
at  the  second  elevation  thereof,  a  second  fossil  fuel 
nozzle  80  supported  in  the  windbox  22  at  a  third  el- 
evation  thereof  and  operative  for  introducing  fossil 
fuel  in  the  first  direction  into  the  burner  region  1  6  of 
the  tangentially  fired  fossil  fuel  furnace  10  through 
the  windbox  22  at  the  third  elevation  thereof,  and 
an  advanced  overfire  air  system  1  4  for  accomplish- 
ing  NOx  control  in  the  tangentially  fired  fossil  fuel 
furnace  10,  said  advanced  overfire  air  system  14 
being  characterized  in  that: 

a.  a  first  overfire  air  nozzle  88,90  is  supported 
in  the  windbox  22  at  a  fourth  elevation  thereof 
and  is  operative  for  introducing  overfire  air  in 
the  first  direction  into  the  burner  region  16  of 
the  tangentially  fired  fossil  fuel  furnace  10 
through  the  windbox  22  at  the  fourth  elevation 
thereof; 
b.  a  plurality  of  overfire  air  compartments  94,96 
are  mounted  in  supported  relation  in  the  burner 
region  1  6  of  the  tangentially  fired  fossil  fuel  fur- 
nace  10  above  and  in  spaced  relation  to  the 
windbox  22; 
c.  a  second  overfire  air  nozzle  1  00  is  supported 
in  one  94  of  the  plurality  of  overfire  air  compart- 
ments  94,96  and  is  operative  for  introducing 
overfire  air  in  a  second  direction  counter  rota- 
tional  to  the  first  direction  into  the  burner  region 
1  6  of  the  tangentially  fired  fossil  fuel  furnace  1  0 
through  the  one  94  of  the  plurality  of  overfire  air 
compartments  94,96; 
d.  a  third  overfire  air  nozzle  1  02  is  supported  in 
another  one  96  of  the  plurality  of  overfire  air 
compartments  94,96  and  is  operative  for  intro- 
ducing  overfire  air  in  a  direction  other  than  the 
second  direction  into  the  burner  region  16  of  the 
tangentially  fired  fossil  fuel  furnace  10  through 
the  another  one  96  of  the  plurality  of  overfire  air 
compartments  94,96;  and 
e.  air  supply  means  28  is  connected  to  the  first 

overfire  air  nozzle  88,90,  the  second  overfire 
air  nozzle  100  and  the  third  overfire  air  nozzle 
102,  the  air  supply  means  28  is  operative  to 
supply  to  the  first  overfire  air  nozzles  88,90  for 

5  introduction  through  the  windbox  22  at  the 
fourth  elevation  thereof  approximately  one- 
third  of  the  total  amount  of  overfire  air  that  is 
introduced  into  the  burner  region  1  6  of  the  tan- 
gentially  fired  fossil  fuel  furnace  10  and  is  op- 

10  erative  to  supply  to  the  second  overfire  air  noz- 
zle  1  00  and  the  third  overfire  air  nozzle  1  02  for 
introduction  through  the  plurality  of  overfire  air 
compartments  94,96  the  remaining  approxi- 
mately  two-thirds  of  the  total  amount  of  overfire 

is  air  that  is  introduced  into  the  burner  region  16 
of  the  tangentially  fired  fossil  fuel  furnace  10. 

2.  A  tangentially  fired  fossil  fuel  furnace  1  0  having  an 
advanced  overfire  air  system  14  as  set  forth  in 

20  Claim  1  wherein  the  second  overfire  air  nozzle  100 
is  operative  to  introduce  the  overfire  air  into  the 
burner  region  1  6  at  velocities  in  the  range  of  60  m./ 
sec.  to  90  m./sec.  (200  ft./sec.  to  300  ft./sec). 

25  3.  A  tangentially  fired  fossil  fuel  furnace  10  having  an 
advanced  overfire  air  system  14  as  set  forth  in 
Claim  1  wherein  the  third  overfire  air  nozzle  102  is 
operative  to  introduce  the  overfire  air  into  the  burner 
region  16  at  velocities  in  the  range  of  60  m./sec.  to 

30  90  m./sec.  (200  ft./sec.  to  300  ft./sec). 

Patentanspriiche 

35  1.  Tangential  mit  Fossilbrennstoff  befeuerter  Kessel 
10  mit  einer  Mehrzahl  von  darin  eine  Brennerzone 
16  bildenden  Wanden,  einem  Windkasten  22,  der 
eine  Mehrzahl  von  Hohen  aufweist  und  innerhalb 
der  Brennerzone  1  6  des  tangential  mit  Fossilbrenn- 

40  stoff  befeuerten  Kessels  1  0  abgestutzt  montiert  ist, 
einer  ersten  im  Windkasten  22  auf  einer  ersten  H6- 
he  davon  abgestutzten  Fossilbrennstoffduse  68, 
die  zur  Einfuhrung  von  Fossilbrennstoff  in  einer  er- 
sten  Richtung  in  die  Brennerzone  1  6  des  tangential 

45  mit  Fossilbrennstoff  befeuerten  Kessels  10  durch 
den  Windkasten  22  auf  dessen  erster  Hohe  dient, 
einer  die  Verbrennung  unterstutzenden,  im  Wind- 
kasten  22  auf  einer  zweiten  Hohe  davon  abgestutz- 
ten  Sekundarluftduse  74,  die  zur  Einfuhrung  von 

so  Hilfssekundarluft  in  der  ersten  Richtung  in  die  Bren- 
nerzone  16  des  tangential  mit  Fossilbrennstoff  be- 
feuerten  Kessels  10  durch  den  Windkasten  22  auf 
dessen  zweiter  Hohe  dient,  einer  zweiten  im  Wind- 
kasten  22  auf  einer  dritten  Hohe  davon  abgestutz- 

55  ten  Fossilbrennstoffduse  80,  die  zur  Einfuhrung  von 
Fossilbrennstoff  in  der  ersten  Richtung  in  die  Bren- 
nerzone  16  des  tangential  mit  Fossilbrennstoff  be- 
feuerten  Kessels  10  durch  den  Windkasten  22  auf 
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dessen  dritter  Hohe  dient,  und  einem  hochentwik- 
kelten  Oberflammenluftsystem  14  zur  Beherr- 
schung  von  NOx  in  dem  tangential  mit  Fossilbrenn- 
stoff  befeuerten  Kessel  10,  wobei  dieses  hochent- 
wickelte  Oberflammenluftsystem  14  dadurch  ge-  s 
kennzeichnet  ist,  dal3 

a)  eine  erste  Oberflammenluftduse  88,  90  im 
Windkasten  22  auf  einer  vierten  Hohe  davon 
abgestutzt  ist  und  zur  Einfuhrung  von  Ober-  10 
flammenluft  in  der  ersten  Richtung  in  die  Bren- 
nerzone  16  des  tangential  mit  Fossilbrennstoff 
befeuerten  Kessels  10  durch  den  Windkasten 
22  auf  dessen  vierter  Hohe  dient, 
b)  eine  Mehrzahl  von  Oberflammenluftabteilen  15 
94,  96  in  der  Brennerzone  1  6  des  tangential  mit 
Fossilbrennstoff  befeuerten  Kessels  10  iiber 
und  im  Abstand  von  dem  Windkasten  22  abge- 
stutzt  montiert  sind, 
c)  eine  zweite  Oberflammenluftduse  100  in  ei-  20 
nem  (94)  von  der  Mehrzahl  von  Oberflammen- 
luftabteilen  94,  96  abgestutzt  ist  und  zur  Ein- 
fuhrung  von  Oberflammenluft  in  einer  zweiten, 
der  ersten  Rotationsrichtung  entgegengesetz- 
ten  Richtung  in  die  Brennerzone  16  des  tan-  25 
gential  mit  Fossilbrennstoff  befeuerten  Kessels 
10  durch  das  eine  (94)  von  der  Mehrzahl  von 
Oberflammenluftabteilen  94,  96  dient, 
d)  eine  dritte  Oberflammenluftduse  102  in  ei- 
nem  weiteren  (96)  von  der  Mehrzahl  von  Ober-  30 
flammenluftabteilen  94,  96  abgestutzt  ist  und 
zur  Einfuhrung  von  Oberflammenluft  in  einer 
anderen  Richtung  als  der  zweiten  Richtung  in 
die  Brennerzone  16  des  tangential  mit  Fossil- 
brennstoff  befeuerten  Kessels  10  durch  das  35 
weitere  (96)  von  der  Mehrzahl  von  Oberflam- 
menluftabteilen  94,  96  dient  und 
e)  eine  Luftzufuhrvorrichtung  28  mit  der  ersten 
Oberflammenluftduse  88,  90,  der  zweiten 
Oberflammenluftduse  100  und  der  dritten  40 
Oberflammenluftduse  102  verbunden  ist  und 
dazu  dient,  die  ersten  Oberflammenluftdusen 
88,  90  zur  Einfuhrung  durch  den  Windkasten 
22  auf  dessen  vierter  Hohe  mit  ungefahr  einem 
Drittel  der  Gesamtmenge  an  in  die  Brennerzo-  45 
ne  1  6  des  tangential  mit  Fossilbrennstoff  befeu- 
erten  Kessels  1  0  eingef  uhrter  Oberflammenluft 
sowie  die  zweite  Oberflammenluftduse  100 
und  die  dritte  Oberflammenluftduse  102  zur 
Einfuhrung  durch  die  Mehrzahl  von  Oberflam-  so 
menluftabteilen  94,  96  mit  den  verbleibenden 
ungefahr  zwei  Dritteln  der  Gesamtmenge  an  in 
die  Brennerzone  16  des  tangential  mit  Fossil- 
brennstoff  befeuerten  Kessels  10  eingefuhrter 
Oberflammenluft  zu  versorgen.  55 

2.  Tangential  mit  Fossilbrennstoff  befeuerter  Kessel 
1  0  mit  einem  hochentwickelten  Oberflammenluftsy- 

stem  14  nach  Anspruch  1,  worin  die  zweite  Ober- 
flammenluftduse  1  00  dazu  dient,  die  Oberflammen- 
luft  mit  Geschwindigkeiten  im  Bereich  von  60  m/ 
Sek.  bis  90  m/Sek.  (200  FuB/Sek.  bis  300  FuB/Sek.) 
in  die  Brennerzone  16  einzufuhren. 

3.  Tangential  mit  Fossilbrennstoff  befeuerter  Kessel 
1  0  mit  einem  hochentwickelten  Oberflammenluftsy- 
stem  1  4  nach  Anspruch  1  ,  worin  die  dritte  Oberflam- 
menluftduse  102  dazu  dient,  die  Oberflammenluft 
mit  Geschwindigkeiten  im  Bereich  von  60  m/Sek. 
bis  90  m/Sek.  (200  FuB/Sek.  bis  300  FuB/Sek.)  in 
die  Brennerzone  16  einzufuhren. 

Revendications 

1  .  Un  four  a  combustible  fossile  a  chauffage  tangentiel 
1  0,  ayant  une  pluralite  de  parois  contenant  interieu- 
rement  une  region  de  bruleur  16,  une  boTte  a  vent 
22  incorporant  une  pluralite  de  niveaux  et  montee 
en  relation  de  support  a  I'interieur  de  la  region  de 
bruleur  1  6  du  four  a  combustible  fossile  a  chauffage 
tangentiel  10,  une  premiere  tuyere  a  combustible 
fossile  68  supportee  dans  la  boTte  a  vent  22  a  un 
premier  niveau  de  celle-ci  et  servant  a  introduire  du 
combustible  fossile  dans  une  premiere  direction 
dans  la  region  de  bruleur  16  du  four  a  combustible 
fossile  a  chauffage  tangentiel  10  a  travers  la  boTte 
a  vent  22  au  premier  niveau  de  celle-ci,  une  tuyere 
a  air  secondaire  supportant  la  combustion  74  sup- 
portee  dans  la  boTte  a  vent  22  a  un  deuxieme  niveau 
de  celle-ci  et  servant  a  introduire  I'air  secondaire 
supportant  la  combustion  dans  la  premiere  direc- 
tion  dans  la  region  de  bruleur  16  du  four  a  combus- 
tible  fossile  a  chauffage  tangentiel  10  a  travers  la 
boTte  a  vent  22  au  deuxieme  niveau  de  celle-ci,  une 
deuxieme  tuyere  a  combustible  fossile  80  suppor- 
tee  dans  la  boTte  a  vent  22  a  un  troisieme  niveau  de 
celle-ci  et  sert  a  introduire  du  combustible  fossile 
dans  la  premiere  direction  dans  la  region  de  bruleur 
16  du  four  a  combustible  fossile  a  chauffage  tan- 
gentiel  10  a  travers  la  boTte  a  vent  22  au  troisieme 
niveau  de  celle-ci,  et  un  systeme  avance  a  air  de 
surchauffe  14pourrealiseruncontr6ledu  NOxdans 
le  four  a  combustible  fossile  a  chauffage  tangentiel 
10,  ledit  systeme  avance  a  air  de  surchauffe  14 
etant  caracterise  en  ce  que  : 

a.  une  premiere  tuyere  a  air  de  surchauffe  88, 
90  est  supportee  dans  le  boTte  a  vent  22  a  un 
quatrieme  niveau  de  celle-ci  et  sert  a  introduire 
de  I'air  de  surchauffe  dans  la  premiere  direction 
dans  la  region  de  bruleur  1  6  du  four  a  combus- 
tible  fossile  a  chauffage  tangentiel  1  0  a  travers 
la  boTte  a  vent  22  au  quatrieme  niveau  de  celle- 
ci; 
b.  une  pluralite  de  compartiments  a  air  de  sur- 
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chauffe  94,  96  sont  montes  en  relation  de  sup- 
port  dans  la  region  de  bruleur  1  6  du  four  a  com- 
bustible  fossile  a  chauffage  tangentiel  10  au- 
dessus  de  et  en  relation  espacee  avec  la  boTte 
a  vent  22; 5 

leur  16  a  des  vitesses  comprises  dans  la  gamme 
allant  de  60  m/s  a  90  m/s  (200  ft/s  a  300  ft/s). 

c.  une  deuxieme  tuyere  a  air  de  surchauffe  1  00 
est  supportee  dans  un  premier  94  d'une  plura- 
lite  de  compartiments  a  air  de  surchauffe  94, 
96  et  sert  a  introduire  de  I'air  de  surchauffe 
dans  une  deuxieme  direction  de  rotation  anta-  10 
goniste  par  rapport  a  la  premiere  direction  dans 
la  region  de  bruleur  16  du  four  a  combustible 
fossile  a  chauffage  tangentiel  10  a  travers  le 
premier  94  d'une  pluralite  de  compartiments  a 
air  de  surchauffe  94,  96;  15 
d.  une  troisieme  tuyere  a  air  de  surchauffe  102 
est  supportee  dans  un  autre  96  d'une  pluralite 
de  compartiments  a  air  de  surchauffe  94,  96  et 
sert  a  introduire  de  I'air  de  surchauffe  dans  une 
direction  autre  que  la  deuxieme  direction  dans  20 
la  region  de  bruleur  16  du  four  a  combustible 
fossile  a  chauffage  tangentiel  10  a  travers 
I'autre  96  d'une  pluralite  de  compartiments  a  air 
de  surchauffe  94,  96;  et 
e.  des  moyens  de  fourniture  d'air  28  sont  relies  25 
a  la  premiere  tuyere  a  air  de  surchauffe  88,  90, 
a  la  deuxieme  tuyere  a  air  de  surchauffe  1  00  et 
a  la  troisieme  tuyere  a  air  de  surchauffe  102, 
les  moyens  de  fourniture  d'air  28  servent  a  four- 
nirapproximativement  un  tiers  de  laquantiteto-  30 
tale  de  I'air  de  surchauffe  qui  est  introduit  dans 
la  region  de  bruleur  16  du  four  a  combustible 
fossile  a  chauffage  tangentiel  10  a  la  premiere 
tuyere  a  air  de  surchauffe  88,  90  pour  I'intro- 
duction  a  travers  la  boTte  a  vent  22  au  quatrie-  35 
me  niveau  de  celle-ci  et  servent  a  fournir  ap- 
proximativement  les  deux  tiers  restants  de  la 
quantite  totale  de  I'air  de  surchauffe  qui  est  in- 
troduit  dans  la  region  de  bruleur  16  du  four  a 
combustible  fossile  a  chauffage  tangentiel  10a  40 
la  deuxieme  tuyere  a  air  de  surchauffe  100  et 
a  la  troisieme  tuyere  a  air  de  surchauffe  102 
pour  I'introduction  a  travers  la  pluralite  de  com- 
partiments  a  air  de  surchauffe  94,  96. 

45 
2.  Un  four  a  combustible  fossile  a  chauffage  tangentiel 

10,  ayant  un  systeme  avance  a  air  de  surchauffe 
14,  tel  qu'expose  dans  la  revendication  1,  dans  le- 
quel  la  deuxieme  tuyere  a  air  de  surchauffe  1  00  sert 
a  introduire  I'air  de  surchauffe  dans  la  region  de  bru-  so 
leur  16  a  des  vitesses  comprises  dans  la  gamme 
allant  de  60  m/s  a  90  m/s  (200  ft/s  a  300  ft/s). 

3.  Un  four  a  combustible  fossile  a  chauffage  tangentiel 
10,  ayant  un  systeme  avance  a  air  de  surchauffe  55 
14,  tel  qu'expose  dans  la  revendication  1,  dans  le- 
quel  la  troisieme  tuyere  a  air  de  surchauffe  1  02  sert 
a  introduire  I'air  de  surchauffe  dans  la  region  de  bru- 
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