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annular  stream  on  the  outside  of  an  annular  fuel 
or  oxidant  conduit  concentrically  surrounding  the 
oxidant  conduit  or  fuel  conduit,  respectively. 
Although  such  systems  adequately  cool  the  fuel 
and  oxidant  conduits  and  bring  cooling  fluid  quite 
close  to  the  burner  face,  they  are  dis- 
advantageous  because  of  ,the  high  fabrication 
costs  required  for  the  two  separate  cooling 
streams  and  also  because  they  significantly 
increase  the  burner  outside  diameter. 

Another  known  cooling  system  for  a  post- 
mixed  burner  which  can  be  employed  when  the 
oxidant  and  fuel  are  delivered  to  the  burner  face 
in  separate,  i.e.  not  concentric,  tubes  employs  a 
number  of  oxidant  tubes  submerged  in  cooling 
water.  Such  a  system  effectively  cools  the  burner 
but  has  the  disadvantages  of  high  fabrication 
costs,  especially  when  the  number  of  oxidant 
tubes  is  large,  such  as  greater  than  four,  and  of 
high  pressure  drop  in  the  oxidant  tubes  because 
of  the  small  total  cross-sectional  area  of  the 
oxidant  tubes. 

It  is  often  desirable  to  outfit  the  discharge  end 
of  oxidant  tubes  with  directional  nozzles  which 
direct  the  oxidant  flow  in  a  direction  other  than 
straight  ahead.  It  is  further  desirable  that  such 
nozzles  be  replaceable  to  allow  for  a  variety  of 
flow  directions.  However,  such  replaceable 
nozzles  require  a  solid  portion  proximate  the 
burner  face  in  order  to  provide  a  threaded  seat  to 
hold  the  nozzles.  This  portion  is  more  susceptible 
to  overheating  because  of  its  proximity  to  the 
burner  face.  The  burner  having  a  cooling  system 
such  as  the  one  first  described  above  is  not 
applicable  to  this  situation  since  it  employs  an 
annular  oxidant  tube.  Replaceable  nozzles  are 
employed  only  on  separate  oxidant  passages. 
The  problem  of  cooling  such  a  burner  is  made 
greater  by  the  cooling  requirements  of  the 
replaceable  nozzles  which  can  oxidize  and  seize  in 
the  threaded  area  thus  rendering  them  incapable 
of  removal. 

It  is  therefore  an  object  of  this  invention  to 
provide  a  burner  having  an  improved  cooling 
system. 

It  is  another  object  of  this  invention  to  provide  a 
compact  cooling  system  for  a  post-mixed  burner 
which  uses  oxygen  or  oxygen-enriched  air  as  the 
oxidant. 

It  is  a  further  object  of  this  invention  to  provide 
an  effective  cooling  system  for  a  burner  which 
employs  replaceable  nozzles. 

Summary  of  the  invention 
The  above  and  other  objects  which  will  become 

apparent  to  those  skilled  in  the  art  upon  a  reading 
of  this  disclosure  are  attained  by:  > 

a  burner  comprising  a  fuel  tube;  an  annular 
oxidant  passageway  circumferentially  around 
said  fuel  tube  and  axially  along  said  fuel  tube;  a 
second  annular  passageway  circumferentially 
around  said  fuel  tube,  extending  axially  along 
said  fuel  tube  and  adapted  for  flow  of  cooling 
fluid;  and  a  third  passageway  circumferentially 
around  both  said  fuel  tube  and  said  oxidant 

Description 

Technical  field 
This  invention  relates  to  a  post-mixed  burner 

having  a  cooling  system  and  having  separate  fuel  5 
and  oxidant  conduits  which  conduits  discharge 
into  a  furnace  at  the  burner  face. 

Background  art 
Burners  which  operate  in  high  temperature  w 

furnaces  are  cooled  in  order  to  preserve  the 
structural  integrity  of  the  burner  components  and 
to  retard  the  oxidation  rate  of  hot  metallic  sur- 
faces.  In  conventional  burners  using  ambient  air 
as  the  oxidant,  adequate  cooling  of  the  burner  is  is 
generally  provided  by  the  combustion  air. 

Recently  the  use  of  oxygen  or  oxygen-enriched 
air  has  been  gaining  prominence  as  an  oxidant  for 
burners  because  its  use  is  more  energy  efficient 
and  less  pollution  generating  than  the  use  of  air.  20 
However,  use  of  oxygen  or  oxygen-enriched  air 
as  the  burner  oxidant  has  resulted  in  a  number  of 
problems  with  conventional  cooling  systems 
designed  to  cool  a  burner  which  uses  air  as  the 
oxidant.  25 

First,  as  is  well  known,  oxygen  or  oxygen- 
enriched  air  typically  produces  a  hotter  flame 
than  that  produced  by  air.  Thus  oxygen  burners 
are  exposed  to  higher  heat  flux  from  the  flame.  A 
second  problem  with  oxygen  burners  results  30 
from  the  fact  that  the  volume  of  the  oxidant 
required  to  bum  a  unit  amount  of  fuel  is  reduced 
significantly  as  compared  with  an  air  burner.  Thus 
it  is  difficult  to  provide  adequate  cooling  of  the 
burner  using  the  oxidant.  35 

Cooling  of  burners  using  oxygen  or  oxygen- 
enriched  air  is  often  provided  by  a  separate 
cooling  fluid.  The  most  common  cooling  fluid  is 
water.  The  amount  of  heat  that  cooling  water  is 
able  to  remove  is  a  function  of  the  conduction  40 
heat  transfer  from  hot  surfaces  to  water  cooled 
surfaces  and  the  convection  heat  transfer  from 
water  cooled  surfaces  to  the  water.  It  is  generally 
desirable  to  provide  cooling  water  as  close  to  the 
hot  surfaces  as  possible  at  a  sufficient  velocity  to  45 
effectively  transfer  heat  from  the  hot  surfaces  to 
water. 

For  a  post-mixed  burner  having  separate  fuel 
and  oxidant  conduits  which  discharge  into  a 
furnace  or  a  small  burner  block  at  the  burner  face,  so 
it  is  desirable  that  both  the  fuel  and  the  oxidant 
conduits  as  well  as  the  burner  exterior  surfaces  be 
directly  cooled  by  water  in  order  to  provide 
effective  cooling. 

One  known  method  for  providing  cooling  to  a  55 
post-mixed  burner  is  to  provide  cooling  fluid  in  an 
incoming  and  outgoing  annular  stream  between 
the  fuel  and  annular  oxidant  conduits  and  in  a 
separate  incoming  and  outgoing  annular  stream 
on  the  outside  of  the  oxidant  conduit.  It  is  also  eo 
known  (Journal  of  the  Institute  of  Fuel,  March 
1967,  pages  117  to  121  and  DE—  A—  2  942  726)  to 
provide  cooling  fluid  in  an  incoming  and  outgoing 
annular  stream  within  an  annular  oxidant  or  fuel 
conduit  and  in  a  separate  incoming  and  outgoing  65 
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ferred  embodiment  wherein  there  are  eight  oxid- 
ant  passages  equispaced  around  one  central  fuel 
tube.  Each  oxidant  passage  is  equipped  with  a 
nozzle  4  which  is  threaded  for  easy  removal  and 

5  replacement.  The  illustrated  preferred  embodi- 
ment  also  has  a  small  annular  conduit  5  for  the 
delivery  of  annular  oxidant  to  the  fuel  stream  in 
order  to  stabilize  the  flame.  Such  a  small  annular 
conduit  is  particularly  useful  when  the  oxidant  is 

10  oxygen. 
Cooling  fluid  is  preferably  provided  to  the 

burner  through  second  annular  passageway  6 
which  is  positioned  axially  along  and  radially 
around  the  fuel  tube  1.  This  second  annular 

15  passageway  extends  into  space  1  2  and  preferably 
extends  as  close  to  burner  face  1  as  possible.  The 
cooling  fluid  is  preferably  removed  from  the 
burner  through  third  annular  passageway  7  which 
is  positioned  axially  along  and  radially  around 

20  both  fuel  tube  1  and  annular  oxidant  passageway 
3  and  extends  into  space  12.  Preferably  third 
annular  passageway  7  extends  as  close  to  burner 
face  2  as  does  second  annular  passageway  6. 
Annular  passageways  6  and  7  are  connected  to 

25  one  another  by  at  least  one  connecting  conduit  8. 
The  illustrated  embodiment  depicts  a  preferred 
arrangement  wherein  there  are  eight  connecting 
conduits  8,  each  between  two  different  oxidant 
passages  11.  Each  connecting  conduit  8  being 

30  parallel  to  the  burner  face  and  connecting  both 
the  second  and  third  annular  passageways  at 
their  respective  points  most  proximate  burner 
face  2.  As  mentioned,  it  is  preferable  that  cooling 
fluid  be  provided  to  the  burner  through  passage- 

35  way  6  and  removed  from  the  burner  through 
passageway  7.  However,  if  desired,  the  roles  of 
these  passages  may  be  reversed,  i.e.,  the  cooling 
fluid  could  be  provided  to  the  burner  through 
passageway  7  and  withdrawn  from  the  burner 

40  through  passageway  6. 
In  operation,  fuel  which  is  generally  coke  oven 

gas  or  natural  gas,  and  oxidant  flow  in  their 
separate  conduits  and  are  discharged  through  the 
discharge  end  of  each  conduit  into  the  furnace  at 

45  the  burner  face.  Combustion  occurs  upon  mixture 
of  the  fuel  and  oxidant.  Due  to  the  intense  flame 
created  proximate  to  the  burner  face,  the  burner 
components  are  subject  to  high  heat  flux  result- 
ing  in  heating  of  the  burner  components. 

so  Cooling  fluid,  generally  and  preferably  water,  is 
brought  to  the  hot  area  preferably  through 
second  annular  passageway  6.  The  cooling  water 
flows  to  the  end  of  passageway  6  inside  space  12 
where  it  is  directed  radially  outward  through 

55  conduit  8  and  into  third  annular  passageway  7, 
through  which  the  warmed  cooling  water  is 
removed  from  the  burner. 

The  components  of  burner  9  for  which  cooling 
is  most  important  are  the  burner  face,  the  oxidant 

60  nozzles  and  the  fuel  tube.  Cooling  is  very  impor- 
tant  for  the  burner  face  because  it  is  the  com- 
ponent  closest  to  the  combustion  reaction  thus 
receiving  more  heat  than  other  burner  com- 
ponents.  Cooling  is  very  important  for  the  oxidant 

65  nozzles  because  high  temperatures  will  increase 

passageway,  adapted  for  flow  of  cooling  fluid  and 
connected  to-said  second  annular  passageway, 
characterized  in  that 

(a)  said  fuel  tube  has  its  discharge  end  at  the 
burner  face; 

(b)  said  annular  oxidant  passageway  extends 
axially  to  a  point  short  of  the  burner  face  so  as  to 
define  a  space  between  said  point  and  the  burner 
face; 

(c)  a  plurality  of  oxidant  passages  pass  through 
said  defined  space,  are  connected  to  and  com- 
municate  with  said  annular  oxidant  passageway 
at  said  point  and  have  their  discharge  end  at  the 
burner  face; 

(d)  said  second  annular  passageway  axially 
extends  into  said  defined  space  and  is  positioned 
between  said  fuel  tube  and  said  annular  oxidant 
passageway; 

(e)  said  third  passageway  extends  into  said 
defined  space;  and 

(f)  at  least  one  connecting  conduit  is  provided  in 
said  defined  space  for  connecting  said  second 
and  third  annular  passageways. 

Brief  description  of  the  drawings 
Figure  1  is  a  view  of  one  preferred  embodiment 

of  the  burner  of  this  invention  as  it  would  be  seen 
from  a  furnace. 

Figure  2  is  a  cross-sectional  representation  of 
Figure  1  seen  along  the  section  A—  A. 

Detailed  description 
The  burner  of  this  invention  will  be  described  in 

detail  with  reference  to  the  drawings.  As  indicated 
above,  the  drawings  depict  one  preferred 
embodiment  of  the  burner  of  this  invention.  The 
numerals  for  Figure  1  and  2  are  identical  for  the 
common  elements  of  burner  9. 

Fuel  is  delivered  to  the  furnace  through  fuel 
tube  1  and  is  discharged  into  the  furnace  at  the 
burner  face  2  which  is  essentially  perpendicular  to 
the  flow  direction  of  fuel  through  fuel  tube  1.  The 
burner  may  be  flush  with  the  furnace  wall  or 
recessed  a  short  distance  in  a  burner  block  as  is 
well  known  to  those  skilled  in  this  art.  Oxidant 
annulus  3  is  circumferentially  around  fuel  tube  1 
and  extends  axially  along  the  fuel  tube  to  a  point 
10.  At  this  point  the  oxidant  annulus  is  connected 
to  and  communicates  with  a  plurality  of  oxidant 
passages  11  which  extend  from  the  oxidant 
annulus  to  burner  face  2  and  discharge  into  the 
furnace.  The  burner  comprises  a  relatively  solid 
portion  12  from  the  burner  face  to  point  10.  This 
portion  is  commonly  referred  to  as  the  burner 
head.  It  is  preferred  that  the  burner  head  be  a 
unitary  piece  as  this  will  facilitate  heat  transfer 
better  than  a  piece  which  has  been  welded  or 
otherwise  fastened  together.  The  plurality  of  oxid- 
ant  passages  11  extend  through  portion  or  space 
12  from  the  oxidant  annulus  to  the  burner  face 
essentially  parallel  to  fuel  tube  1.  Space  12  may 
conveniently  also  contain  threaded  seats  for  the 
easy  attachment  and  removal  of  replaceable 
nozzles. 

The  embodiment  of  Figures  1  and  2  is  a  pre- 
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through  an  annular  cavity  radially  outward  from 
the  annular  oxygen  passageway,  and  is  removed 
by  directing  the  water  flow  180  degrees  into 
another  annular  cavity  radially  outward  the  first. 
The  cooling  water  flowrate  was  0.5  l/s  (8  gpm). 
The  temperature  of  the  furnace  was  1274°C 
(2326°F),  the  temperature  of  the  fuel  tube  at  the 
discharge  end  was  1090°C  (1994°F)  and  the 
temperature  of  the  oxidant  nozzles  was  254°C 
(490°F).  Heat  removal  was  at  a  rate  of  only 
11.7  kW  (0.040  million  BTU  per  hour).  The  incom- 
ing  water  temperature  was  11°C  (52°F)  and  the 
outgoing  water  temperature  was  17°C  (62°F). 

It  is  thus  demonstrated  that  the  cooling  system 
of  the  burner  of  this  invention  produces  signifi- 
cantly  improved  cooling  over  that  attainable  by 
conventional  cooling  systems  for  post-mixed  bur- 
ners. 

As  indicated  earlier,  the  advantages  of  the 
burner  of  this  invention  are  more  apparent  when 
oxygen  or  oxygen  enriched  air  is  the  oxidant. 
Other  advantages  of  this  invention,  in  addition  to 
those  discussed  earlier,  are  ease  of  manufacture 
due  to  a  much  smaller  burner  head  with  no 
internal  threads,  and  ease  of  water  distribution. 

By  the  use  of  the  burner  and  cooling  system  of 
this  invention  one  can  employ  replaceable  oxid- 
ant  nozzles  at  the  burner  face  and  yet  adequately 
cool  the  burner  face  and  the  portion  of  the  burner 
proximate  the  burner  face  which  is  needed  to 
support  the  nozzles.  The  cooling  is  accomplished 
by  bringing  cooling  fluid  toward  the  burner  face 
preferably  close  to  the  inner  fuel  tube  and  on  the 
inside  of  the  major  oxidant  annulus.  The  cooling 
fluid  travels  past  the  end  of  the  major  oxygen 
annulus  into  the  space  through  which  pass  the 
plurality  of  oxidant  passages.  In  this  space  the 
cooling  fluid  is  able  to  travel  across  the  plurality 
of  oxidant  passages  and  proximate  the  burner 
face.  From  this  point  the  cooling  fluid  travels  out 
away  from  the  burner  face  preferably  on  the 
outside  of  the  major  oxidant  annulus. 

Claims 

1.  A  burner  (9)  comprising  a  fuel  tube  (1);  an 
annular  oxidant  passageway  (3)  circumferentially 
around  said  fuel  tube  and  axially  along  said  fuel 
tube;  a  second  annular  passageway  (6)  circum- 
ferentially  around  said  fuel  tube,  extending  axially 
along  said  fuel  tube  and  adapted  for  flow  of 
cooling  fluid;  and  a  third  passageway  (7)  circum- 
ferentially  around  both  said  fuel  tube  and  said 
oxidant  passageway,  adapted  for  flow  of  cooling 
fluid  and  connected  to  said  second  annular 
passageway,  characterized  in  that 

(a)  said  fuel  tube  (1  )  has  its  discharge  end  at  the 
burner  face  (2); 

(b)  said  annular  oxidant  passageway  (3) 
extends  axially  to  a  point  (10)  short  of  the  burner 
face  (2)  so  as  to  define  a  space  (12)  between  said 
point  and  the  burner  face; 

(c)  a  plurality  of  oxidant  passages  (11)  pass 
through  said  defined  space  (12),  are  connected  to 
and  communicate  with  said  annular  oxidant 

the  oxidation  rate  and  possibly  result  in  the 
threaded  area  seizing,  rendering  the  nozzles  unre- 
movable.  Cooling  is  very  important  to  the  fuel 
tube  because  due  to  the  small  annular  oxidant 
conduit,  the  fuel  tube  surface  is  not  directly  water  5 
cooled. 

The  cooling  system  of  the  burner  of  this  inven- 
tion  successfully  addresses  each  of  these  con- 
cerns.  First,  preferably  the  cooling  water  flows 
closest  to  the  fuel  tube  when  it  is  in  its  coldest  10 
condition  thus  facilitating  heat  removal  from  the 
fuel  tube  by  radiation  heat  transfer  even  through 
there  is  no  direct  contact  between  the  hot  fuel 
tube  and  a  water  cooled  surface.  Second,  the 
cooling  water  flows  completely  around  or  across  15 
the  oxidant  passages  within  space  12  and  proxi- 
mate  the  burner  face.  This  facilitates  heat  removal 
from  larger  portions  of  the  oxidant  nozzles  than  is 
possible  with  conventional  designs.  Third,  the 
cooling  water  flows  across  a  larger  area  proxi-  20 
mate  the  burner  face  because  it  flows  in  from 
close  to  the  fuel  tube  on  the  inside  of  the  oxidant 
passages,  across  the  oxidant  passages,  and  out 
on  the  outside  of  the  oxidant  passages.  The  large 
area  proximate  the  burner  face  where  the  cooling  25 
were  flows  across  the  oxidant  passages  through 
connecting  conduits  8  greatly  improves  the  heat 
removal  from  the  burner  face. 

The  following  examples  serve  to  further  illus- 
trate  the  benefits  of  the  burner  of  this  invention  or  30 
demonstrate  the  advantages  of  the  burner  of  this 
invention  over  the  cooling  available  with  use  of  a 
conventional  cooling  arrangement. 

Example  1  35 
A  burner  similar  to  that  depicted  in  Figures  1 

and  2  was  extended  into  a  hot  furnace  and  cooled 
by  flowing  cooling  water  through  the  burner  at 
the  rate  of  0.51  l/s  (8.1  gallons  per  minute  (gpm)). 
The  cooling  fluid  flowed  in  the  preferred  direction  40 
of  toward  the  burner  face  in  passageway  6, 
radially  outward  through  conduits  8  and  away 
from  the  burner  face  through  passageway  7.  At 
steady  state  conditions  the  furnace  temperature 
was  1314°C  (2397°F),  the  temperature  of  the  fuel  45 
tube  at  the  discharge  end  was  1038°C  (1901°F)  and 
the  temperature  of  the  oxidant  nozzles  was  1  1  1°C 
(232°F).  The  heat  carried  away  by  the  cooling 
water,  calculated  based  on  the  rise  in  water 
temperature  and  the  flowrate  was  21.4  kW  (0.073  50 
million  BTU  per  hour).  The  temperature  of  the 
incoming  water  was  16°C  (61°F)  and  the  tempera- 
ture  of  the  outgoing  water  was  26°C  (79°F). 

The  cooling  water  flowrate  was  then  reduced  to 
0.26  l/s  (4.1  gpm)  and  at  steady  state  the  tempera-  55 
ture  of  the  fuel  tube  discharge  end  was  1039°C 
(1902°F),  the  temperature  of  the  oxidant  nozzles 
was  119°C  (246°F)  and  the  heat  removal  was  at  a 
rate  of  19.3  kW  (0.066  million  BTU  per  hour).  The 
incoming  water  temperature  was  17°C  (62°F)  and  60 
the  outgoing  water  temperature  was  34°C  (94°F). 

For  comparative  purposes  a  post-mixed  burner 
was  extended  into  a  hot  furnace  and  cooled  using 
cooling  water  flowing  through  a  conventional 
cooling  system  wherein  cooling  water  is  supplied  65 
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erstreckt,  urn  einen  Raum  (12)  zwischen  dieser 
Stelle  und  der  Brennerstirnflache  zu  bestimmen; 

(c)  durch  den  bestimmten  Raum  (12)  mehrere 
Oxidationsmittelkanale  (11)  hindurchreichen,  die 

5  mit  dem  ringformigen  OxidationsmitteldurchlaS 
(3)  an  der  Stelle  (10)  verbunden  sind  und  in 
Verbindung  stehen  und  deren  Austrittsende  an 
der  Brennerstirnflache  (2)  liegt; 

(d)  derzweite  ringformige  DurchlaS  (6)  in  Axial- 
w  richtung  in  den  bestimmten  Raum  (12)  hinein- 

reicht  und  zwischen  dem  Brennstoffrohr  (1)  und 
dem  ringformigen  OxidationsmitteldurchlaS  (3) 
liegt; 

(e)  der  dritte  DurchlaS  (7)  in  den  bestimmten 
15  Raum  (12)  hineinreicht;  und 

(f)  mindestens  eine  Verbindungsleitung  (8)  zum 
Verbinden  des  zweiten  und  des  dritten  ringformi- 
gen  Durchlasses  (6,  7)  in  dem  bestimmten  Raum 
(12)  vorgesehen  ist. 

20  2.  Brenner  nach  Anspruch  1  ferner  versehen  mit 
einer  abnehmbaren  Duse  (4)  an  dem  Austritt- 
sende  der  Oxidationsmittelkanale  (11). 

3.  Brenner  nach  Anspruch  2,  wobei  die  Duse  (4) 
verschraubt  ist,  um  sie  abnehmbar  zu  machen. 

25  4.  Brenner  nach  einem  der  Anspruche  1  bis  3, 
wobei  die  mehreren  Oxidationsmittelkanale  (11) 
um  das  Brennstoffrohr  (1)  herum  in  gleichen 
Abstanden  verteilt  sind. 

5.  Brenner  nach  einem  der  Anspruche  1  bis  4, 
30  ferner  versehen  mit  einer  kleinen  ringformigen 

Leitung  (5)  zur  Abgabe  von  Flammen  stabilisie- 
rendem  Oxidationsmittel,  wobei  die  Leitung  (5) 
sich  in  Axialrichtung  entlang  und  im  Umfangs- 
richtung  um  das  Brennstoffrohr  (1)  herum 

35  erstreckt. 
6.  Brenner  nach  einem  der  Anspruche  1  bis  5, 

wobei  sowohl  der  zweite  als  auch  der  dritte 
ringformige  DurchlaS  (6,  7)  an  ihrer  der  Brenner- 
stirnflache  (2)  am  nachsten  kommenden  Stelle 

40  den  gleichen  Abstand  von  der  Brennerstirnflache 
haben. 

7.  Brenner  nach  einem  der  Anspruche  1  bis  6, 
wobei  die  Verbindungsleitung  (8)  parallel  zu  der 
Brennstimflache  (2)  verlauft. 

45  8.  Brenner  nach  einem  der  Anspruche  1  bis  7, 
wobei  eine  Verbindungsleitung  (8)  zwischen 
jedem  Paarvon  unterschiedlichen  Oxidationsmit- 
telkanalen  (11)  vorgesehen  ist. 

9.  Brenner  nach  einem  der  Anspruche  1  bis  8, 
so  wobei  die  Verbindungsleitung  (8)  den  zweiten 

und  den  dritten  ringformigen  DurchlaS  (6,  7)  an 
den  betreffenden  Stellen  verbindet,  die  der  Bren- 
nerstirnflache  (2)  am  nachsten  liegen. 

10.  Brenner  nach  Anspruch  2  oder  3,  wobei  die 
55  abnehmbare  Duse  (4)  gerichtet  ist. 

Revendications  :, 

1.  Bruleur  (9)  comprenant  un  tube  (1)  a  combus- 
60  tible;  un  passage  annuiaire  (3)  a  comburant 

entourant  circonferentiellement  ledit  tube  a  com- 
bustible  et  s'etendant  axialement  le  long  dudit 
tube  a  combustible;  un  deuxieme  passage  annu- 
iaire  (6)  entourant  circonferentiellement  ledit  tube 

65  a  combustible,  s'etendant  axialement  le  long 

passageway  (3)  at  said  point  (10)  and  have  their 
discharge  end  at  the  burner  face  (2); 

(d)  said  second  annular  passageway  (6)  axially 
extends  into  said  defined  space  (12)  and  is  posi- 
tioned  between  said  fuel  tube  (1  )  and  said  annular 
oxidant  passageway  (3); 

(e)  said  third  passageway  (7)  extends  into  said 
defined  space  (12);  and 

(f)  at  least  one  connecting  conduit  (8)  is  pro- 
vided  in  said  defined  space  (12)  for  connecting 
said  second  and  third  annular  passageways  (6,  7). 

2.  The  burner  of  claim  1  further  comprising  a 
removable  nozzle  (4)  at  the  discharge  end  of  the 
oxidant  passages  (11). 

3.  The  burner  of  claim  2  wherein  said  nozzle  (4) 
is  threaded  to  render  it  removable. 

4.  The  burner  of  any  one  of  claims  1  to  3 
wherein  said  plurality  of  oxidant  passages  (11)  is 
equispaced  around  the  fuel  tube  (1). 

5.  The  burner  of  any  one  of  claims  1  to  4  further 
comprising  a  small  annular  conduit  (5)  axially 
along  and  circumferentially  around  the  fuel  tube 
(1)  for  delivery  of  flame-stabilizing  oxidant. 

6.  The  burner  of  any  one  of  claims  1  to  5 
wherein  both  the  second  and  third  annular 
passageway  (6,  7),  at  their  closest  approach  to  the 
burner  face  (2)  are  the  same  distance  from  the 
burner  face. 

7.  The  burner  of  any  one  of  claims  1  to  6 
wherein  the  connecting  conduit  (8)  is  parallel  to 
the  burner  face  (2). 

8.  The  burner  of  any  one  of  claims  1  to  7 
wherein  there  is  one  connecting  conduit  (8) 
between  each  pair  of  different  oxidant  passages 
(11). 

9.  The  burner  of  any  one  of  claims  1  to  8 
wherein  the  connecting  conduit  (8)  connects  the 
second  and  third  annular  passageways  (6,  7)  at 
their  respective  points  most  proximate  the  burner 
face  (2). 

10.  The  burner  of  claim  2  or  3  wherein  said 
removable  nozzle  (4)  is  directional. 

Patentanspriiche 

1.  Brenner  (9)  mit  einem  Brennstoffrohr  (1); 
einem  sich  in  Umfangsrichtung  um  das  Brenn- 
stoffrohr  herum  und  axial  entlang  dem  Brennstof- 
frohr  erstreckenden  ringformigen  Oxidationsmit- 
teldurchlaB  (3);  einem  sich  in  Umfangsrichtung 
um  das  Brennstoffrohr  herum  und  axial  entlang 
dem  Brennstoffrohr  erstreckenden  zweiten  ring- 
formigen  DurchlaS  (6),  durch  den  ein  Kuhlfluid 
hindurchstromen  kann;  und  einem  sich  in 
Umfangsrichtung  sowohl  um  das  Brennstoffrohr 
als  auch  um  den  OxidationsmitteldurchlaB  herum 
erstreckenden  dritten  DurchlaG  (7),  durch  den 
Kuhlfluid  hindurchstromen  kann,  und  der  mit 
dem  zweiten  ringformigen  DurchlaS  verbunden 
ist,  dadurch  gekennzeichnet,  daS 

(a)  das  Austrittsende  des  Brennstoffrohres  (1) 
an  der  Brennerstirnflache  (2)  liegt; 

(b)  der  ringformige  OxidationsmitteldurchlaS 
(3)  sich  in  axialer  Richtung  bis  zu  einer  kurz  vor 
der  Brennstimflache  (2)  liegenden  Stelle  (10) 
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3.  Bruleur  selon  la  revendication  2,  dans  lequel 
ledit  injecteur  (4)  est  filete  de  fagon  a  etre  rendu 
amovible. 

4.  Bruleur  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  dans  lequel  lesdits  passages  (11)  a 
comburant  sont  espaces  de  distances  egales 
autour  du  tube  (1)  a  combustible. 

5.  Bruleur  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  comprenant  en  outre  un  petit  conduit 
annulaire  (5)  s'etendant  axialement  le  long  et 
circonferentiellement  autour  du  tube  (1)  a  com- 
bustible  pourdistribuerle  comburant  stabilisant  la 
flamme. 

6.  Bruleur  selon  I'une  quelconque  des  revendi- 
cations  1  a  5,  dans  lequel  les  deuxieme  ettroisieme 
passages  annulaires  (6,  7),  a  leur  point  le  plus 
proche  de  la  face  (2)  du  bruleur,  sont  a  la  meme 
distance  de  la  face  du  bruleur. 

7.  Bruleur  selon  I'une  quelconque  des  revendi- 
cations  1  a  6,  dans  lequel  le  conduit  (8)  de 
raccordement  est  parallele  a  la  face  (2)  du  bruleur. 

8.  Bruleur  selon  I'une  quelconque  des  revendi- 
cations  1  a  7,  dans  lequel  il  y  a  un  conduit  (8)  de 
raccordement  entre  chaque  paire  de  passages  a 
comburant  differents  (11). 

9.  Bruleur  selon  I'une  quelconque  des  revendi- 
cations  1  a  8,  dans  lequel  le  conduit  (8)  de 
raccordement  raccorde  les  deuxieme  et  troisieme 
passages  annulaires  (6,  7)  en  leurs  points  respec- 
tifs  les  plus  proches  de  la  face  (2)  du  bruleur. 

10.  Bruleur  selon  la  revendication  2  ou  3,  dans 
lequel  ledit  injecteur  amovible  (4)  est  directionnel. 

dudit  tube  a  combustible  et  congu  pour  I'ecoule- 
ment  d'un  fluide  du  refroidissement;  et  un  troi- 
sieme  passage  (7)  entourant  circonferentiellement 
a  la  fois  ledit  tube  a  combustible  et  ledit  passage  a 
comburant,  congu  pour  I'ecoulement  du  fluide  de 
refroidissement  et  raccorde  audit  deuxieme  pas- 
sage  annulaire,  caracterise  en  ce  que 

(a)  I'extremite  de  decharge  dudit  tube  a  combus- 
tible  (1)  est  situee  a  la  face  (2)  du  bruleur; 

(b)  ledit  passage  annulaire  (3)  a  comburant 
s'etend  axialement  jusqu'a  un  point  (10)  situe  a 
peu  de  distance  de  la  face  (2)  du  bruleur  afin  de 
def  inir  un  espace  (1  2)  entre  ledit  point  et  la  face  du 
bruleur; 

(c)  plusieurs  passages  (1  1  )  a  comburant  passent 
a  travers  ledit  espace  defini  (12),  sont  raccordes 
audit  passage  annulaire  (3)  a  comburant  avec 
lequel  ils  communiquent  audit  point  (10),  et  ont 
leur  extremite  de  decharge  situee  a  la  face  (2)  du 
bruleur; 

(d)  ledit  deuxieme  passage  annulaire  (6)  s'etend 
axialement  jusque  dans  ledit  espace  defini  (12)  et 
est  dispose  entre  ledit  tube  (1)  a  combustible  et 
ledit  passage  annulaire  (3)  a  comburant; 

(e)  ledit  troisieme  passage  (7)  s'etend  jusque 
dans  ledit  espace  defini  (12);  et 

(f)  au  moins  un  conduit  (8)  de  raccordement  est 
prevu  dans  ledit  espace  defini  (12)  pour  raccorder 
lesdits  deuxieme  ettroisieme  passages  annulaires 
(6,  7). 

2.  Bruleur  selon  la  revendication  1,  comprenant 
en  outre  un  injecteur  amovible  (4)  a  I'extremite  de 
decharge  desdits  passages  (11)  a  comburant. 
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