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©  Combustion  apparatus. 

©  A  combustion  apparatus  comprises:  a  large-di- 
ameter  sleeve-like  element  (1)  forming  an  incoming 
passage  (3)  through  which  an  air/fuel  mixture  gas 
flows  in  a  predetermined  direction;  at  least  one 
small-diameter  sleeve-like  element  (21)  disposed  in 
the  incoming  passage,  which  small-diameter  sleeve- 
like  element  forms  an  outgoing  passage  (4)  through 
which  a  combustion  gas  having  been  issued  from 
the  incoming  passage  flows  in  a  direction  counter  to 
the  above  predetermined  direction;  an  air/fuel  mixing 
unit  (15)  for  issuing  the  air/fuel  mixture  gas  under  a 
predetermined  pressure  to  a  main  incoming  port  (5) 
located  in  an  upstream  side  of  the  incoming  pas- 

CMsage;  an  auxiliary  incoming  unit  (6)  for  issuing  a 
^combustion  gas  produced  by  a  pilot  burner  (12)  to 
f^the  upstream  side  of  the  incoming  passage  prior  to 
CO  supplying  the  air,  fuel  mixture  gas  to  the  incoming 
®  passage;  and  a  combustion-gas  outlet  port  (7)  for 
©discharging  tne  combustion  gas  having  passed 
W  through  the  outgoing  passage,  which  combustion- 
^ g a s   outlet  port  communicates  with  an  outlet  opening 
Oof  the  outgoing  passage. 
Q_ 
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COMBUSTION  APPARATUS 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention: 

The  present  invention  relates  to  a  combustion 
apparatus  for  supplying  a  high-temperature  com- 
bustion  gas  to  a  suitable  machine  or  plant,  for 
example  such  as  gas  turbines,  heating  furnaces, 
boilers  and  the  like,  and  more  particularly  to  a 
combustion  apparatus  for  supplying  a  high-tem- 
perature  combustion  gas  to  multistage  combustion- 
gas  utilization  systems  connected  to  each  other  in 
series,  in  which  combustion  apparatus  an  air/fuel 
mixture  gas  is  brought  into  contact  with  a  number 
of  high-temperature  heating  surfaces  to  attain  a 
complete  combustion  thereof  so  as  to  produce  the 
high-temperature  combustion  gas  which  is  substan- 
tially  free  from  oxygen. 

Description  of  the  Prior  Art: 

The  combustion  gas  produced  in  this  type  of 
combustion  apparatus  is  preferably  produced 
through  a  complete  combustion  so  as  to  be  free 
from  any  of  pollutants  such  as  nitrogen  oxides 
(NOx),  unburned  hydrocarbons  and  carbon  monox- 
ide,  and  to  be  sufficiently  low  in  its  residual  oxygen 
content. 

Heretofore,  in  this  type  of  combustion  appara- 
tus,  the  following  three  combustion  apparatuses 
have  been  proposed: 

(1)  A  combustion  apparatus  in  which:  fuel  is 
mixed  with  air  to  prepare  an  air/fuel  mixture  gas  an 
air/fuel  ratio  of  which  is  within  a  flammable  limit 
range;  an  electric  spark  from  an  igniter  plug  of  the 
apparatus  initiates  combustion  of  the  mixture  gas; 
and  thereby  the  air/fuel  mixture  gas  is  continuously 
burned; 

(2)  A  combustion  apparatus  disclosed  in 
Japanese  Patent  Laid-Open  No.  62-33213  filed  by 
inventors  of  the  present  invention,  in  which  com- 
bustion  apparatus:  fuel  is  mixed  with  a  preheated 
air  to  prepare  a  preheated  air/fuel  mixture  gas 
which  reacts  with  catalysts  to  attain  its  catalytic 
combustion;  and 

(3)  A  combustion  apparatus  disclosed  in 
Japanese  Patent  Laid-Open  No.  62-116808  filed  by 
the  inventors  of  the  present  invention,  in  which 
combustion  apparatus:  an  outer  peripheral  surface 
of  a  heating  tube  of  a  main  combustion  unit  is 
constantly  heated  to  temperatures  of  ignition  points 
of  fuels  by  means  of  an  auxiliary  combustion  unit; 

and  the  fuels  are  brought  into  contact  with  the  thus 
heated  heating  tube  of  the  main  combustion  unit  so 
as  to  be  burned  continuously. 

Of  the  conventional  combustion  apparatuses 
5  described  in  the  above  items  (1)  to  (3): 

The  combustion  apparatus  described  in  the  item 
(1)  suffers  from  the  fact  that  the  combustion  gas  is 
partially  kept  at  a  high  temperature  in  order  to  keep 
the  flame  alight,  which  high  temperature  makes  it 

w  impossible  to  prevent  nitrogen  oxides  (NOx)  from 
occurring  in  the  combustion  gas.  In  this  combus- 
tion  apparatus,  since  the  time  taken  for  fuel  to  mix 
with  air  is  very  short  and  the  time  taken  for  the 
thus  prepared  air/fuel  mixture  gas  to  be  burned  is 

75  also  very  short,  the  combustion  gas  produced  in 
the  combustion  apparatus  of  the  item  (1)  suffers 
from  pollutants  such  as  unburned  hydrocarbons 
and  the  like  together  with  a  considerable  amount  of 
residual  oxygen  therein; 

20  The  combustion  apparatus  described  in  the  item 
(2)  enables  the  air/fuel  mixture  gas  to  burst  into 
flame  at  a  relatively  low  temperature.  However, 
when  the  mixture  gas  is  burned  at  a  temperature  of 
more  than  1300  'C,  such  high-temperature  com- 

25  bustion  of  the  mixture  gas  shortens  the  service  life 
of  the  catalysts  employed  in  the  combustion  ap- 
paratus,  which  makes  it  impossible  to  operate  the 
combustion  apparatus  over  an  extended  period  of 
time.  In  addition,  in  this  combustion  apparatus,  it  is 

30  impossible  to  use  sulfur-containing  fuels  because 
the  sulfur  has  poisoning  effects  on  the  catalysts; 
and 
The  combustion  apparatus  described  in  the  item 
(3)  suffers  from  the  fact  that  the  auxiliary  combus- 

35  tion  unit  is  also  constantly  kept  in  operation  to- 
gether  with  the  main  combustion  unit,  which  dis- 
turbs  the  operator  of  the  apparatus  in  control  of 
both  units.  In  addition,  in  this  combustion  appara- 
tus,  it  is  not  possible  to  substantially  completely 

40  prevent  nitrogen  oxides  (NOx)  from  occurring  in  the 
combustion  gas. 

In  an  air/fuel  mixing  unit  employed  in  this  type 
of  combustion  apparatus,  an  oxygen-containing  gas 
such  as  air  is  mixed  with  fuel  at  a  predetermined 

45  ratio  to  prepare  an  air/fuel  mixture  gas  which  is 
supplied  under  a  predetermined  pressure  to  the 
combustion  unit  of  the  apparatus.  The  air/fuel  mix- 
ing  unit  is  provided  with  a  venturi  tube  having  a 
venturi  throat  portion  in  which  a  fuel  discharge 

so  nozzle  is  provided.  As  a  preheated  air  flows 
through  the  throat  portion  of  the  venturi  tube  of  the 
air/fuel  mixing  unit,  a  partial  vacuum  is  produced  at 
the  venturi  throat  portion.  This  vacuum  then  causes 
the  fuel  discharge  nozzle  to  deliver  a  spray  of  fuel 
into  the  passing  preheated  air  stream  in  the  venturi 
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throat  portion. 
In  the  above  combustion  apparatus,  in  case 

that  the  combustion  is  conducted  at  a  temperature 
of  from  1200  to  1400  '  C,  the  fuel  is  mixed  with  the 
oxygen-containing  preheated  gas  or  air  in  the 
airfuel  mixing  unit,  which  air  has  been  preheated 
to  a  temperature  of  from  500  to  900  °  C.  In  this 
case,  the  fuel  discharge  nozzle  provided  in  the 
throat  portion  of  the  venturi  tube  is  also  heated  to  a 
temperature  of  from  500  to  900  "  C  together  with  a 
fuel  feed  pipe  connected  with  the  fuel  discharge 
nozzle.  As  a  result,  the  fuel  is  often  pyrolyzed  or 
thermally  decomposed  to  precipitate  carbon  par- 
ticles  in  the  fuel  discharge  nozzle  and  the  fuel  feed 
pipe.  The  thus  precipitated  carbon  particles  often 
clog  these  nozzle  and  pipe. 

Particularly,  in  case  that  the  combustion  ap- 
paratus  for  supplying  a  high-temperature  combus- 
tion  gas  (the  temperature  of  which  is  about  1400 
'  C)  to  each  of  a  plurality  of  boilers  connected  to 
each  other  in  series  is  provided  in  a  front  portion  of 
each  of  the  boilers:  the  combustion  gas  discharged 
from  the  first  one  of  the  combustion  apparatuses  is 
supplied  to  the  first  one  of  the  boilers;  the  combus- 
tion  gas  having  passed  through  such  first  boiler  is 
then  supplied  to  the  second  one  of  the  combustion 
apparatuses;  the  combustion  gas  having  passed 
through  such  second  combustion  apparatus  is  sup- 
plied  to  the  second  one  of  the  boilers;  and  oper- 
ations  similar  to  the  above  are  sequentially  con- 
ducted  through  the  remaining  boilers  and  combus- 
tion  apparatuses  until  the  combustion  gas  passes 
through  the  last  one  of  the  boilers;  whereby  mul- 
tistage  utilization  of  the  combustion  gas  is  realized. 
In  this  case,  the  combustion  gas  is  supplied  at  a 
temperature  of  about  1  400  *  C  to  each  of  the 
boilers,  while  discharged  at  a  temperature  of  about 
700  *  C  from  each  of  the  boilers  after  it  passes 
through  each  of  the  boilers.  The  thus  discharged 
combustion  gas  is  supplied  to  an  airfuel  mixing 
unit  of  a  subsequent  combustion  apparatus  so  as 
to  be  mixed  with  fuel  and  burned  to  be  heated 
again  to  a  temperature  of  about  1  400  '  C.  At  this 
time,  since  the  venturi  tube  of  the  air/fuel  mixing 
unit  has  been  heated  to  a  considerably  high  tem- 
perature  in  a  portion  in  the  vicinity  of  the  fuel 
discharge  nozzle,  the  fuel  in  the  nozzle  is  often 
pyrolyzed  or  thermally  decomposed  to  precipitate 
carbon  particles  which  disadvantageously  clog  the 
fuel  discharge  nozzle  in  the  venturi  tube  of  the 
air/fuel  mixing  unit. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  made  under  such  cir- 
cumstances. 

Consequently,  it  is  an  object  of  the  present 
invention  to  provide  a  combustion  apparatus  which 
may  produce  a  combustion  gas  substantially  com- 
pletely  free  from  any  of  pollutants  such  as  nitrogen 

5  oxides  (NOx),  unburned  hydrocarbons,  carbon 
monoxide  and  the  like. 

It  is  another  object  of  the  present  invention  to 
provide  a  combustion  apparatus  which  may  attain  a 
complete  combustion  of  a  mixture  gas  consisting  of 

70  an  oxygen-containing  gas  or  air  and  fuel,  the  mix- 
ture  gas  being  brought  into  contact  with  a  large 
number  of  high-temperature  surfaces,  and  the  com- 
bustion  apparatus  being  provided  in  multistage 
combustion-gas  utilization  systems  connected  to 

75  each  other  in  series  so  as  to  effectively  use  the 
combustion  gas,  whereby  a  considerable  energy 
saving  is  accomplished. 

It  is  further  another  object  of  the  present  inven- 
tion  to  provide  an  air/fuel  mixing  unit  for  the  com- 

20  bustion  apparatus,  which  mixing  unit  is  substan- 
tially  free  from  a  fear  that  a  fuel  discharge  nozzle 
and  a  fuel  feed  pipe  connected  to  the  fuel  dis- 
charge  nozzle  of  the  mixing  unit  are  clogged  with 
carbon  particles  produced  through  pyrolysis  or 

25  thermal  decomposition  of  the  fuel  supplied  to  the 
nozzle  and  the  pipe. 

According  to  a  first  embodiment  of  the  present 
invention,  the  above  objects  of  the  present  inven- 
tion  are  accomplished  by  providing: 

30  A  combustion  apparatus  comprising: 
(a)  an  incoming  passage  means  for  flowing  a 

combustion  gas  in  a  predetermined  direction,  the 
incoming  passage  means  being  defined  by  heat 
insulating  material,  disposed  in  a  substantially  cen- 

35  tral  portion  of  an  outer  casing  and  closed  at  its  one 
end  portion  located  in  an  upstream  side  of  a 
stream  of  the  combustion  gas; 

(b)  an  outgoing  passage  means  for  flowing, 
in  a  direction  counter  to  the  predetermined  direc- 

40  tion,  the  combustion  gas  having  passed  through 
the  incoming  passage  means,  the  outgoing  pas- 
sage  means  being  open  at  its  opposite  end  por- 
tions  and  disposed  in  the  incoming  passage  means 
so  as  to  communicate  with  the  incoming  passage 

45  means  at  its  one  end  portion  located  in  a  down- 
stream  side  of  the  incoming  passage  means; 

(c)  a  mixture  gas  main  incoming  means  for 
supplying  a  mixture  gas  consisting  of  an  oxygen- 
containing  gas  and  fuel,  the  mixture  gas  main  in- 

50  coming  means  being  in  communication  with  an  end 
portion  of  the  incoming  passage  means; 

(d)  an  oxygen-containing  gas/fuel  mixing  unit 
for  mixing  a  preheated  oxygen-containing  gas  with 
fuel  at  a  predetermined  ratio  to  prepare  the  mixture 

55  gas,  the  oxygen-containing  gas/fuel  mixing  unit  be- 
ing  connected  to  the  mixture  gas  main  incoming 
means  to  supply  the  mixture  gas  to  the  mixture  gas 
main  incoming  means  under  a  predetermined  pres- 
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sure; 
(e)  a  combustion-gas  auxiliary  incoming 

means  for  supplying  another  combustion  gas  to  the 
incoming  passage  means,  the  another  combustion 
gas  being  produced  by  burning  fuel  with  an 
oxygen-containing  gas  through  a  pilot  burner,  the 
combustion-gas  auxiliary  incoming  means  being 
connected  to  an  end  portion  of  the  incoming  pas- 
sage  means  so  as  to  be  in  communication  with  the 
same  at  a  position  oppositely  disposed  diamet- 
rically  from  a  position  of  the  mixture  gas  main 
incoming  means;  and 

(f)  a  combustion-gas  outlet  means  defined  in 
side  portions  of  the  outer  casing  and  the  heat- 
insulating  material  so  as  to  be  connected  to  a 
downstream  side  outlet  portion  of  the  outgoing 
passage  means;  whereby  a  downstream  side  outlet 
portion  of  the  incoming  passage  means  is  in  com- 
munication  with  an  inlet  portion  of  the  outgoing 
passage  means  through  a  space  defined  in  the 
other  end  portion  of  the  incoming  passage  means. 

According  to  a  second  embodiment  of  the 
present  invention,  the  above  objects  of  the  present 
invention  are  accomplished  by  providing: 

The  combustion  apparatus  having  the  above 
construction  of  the  first  embodiment  of  the  present 
invention,  wherein: 
a  honeycomb  passage  member  is  provided  in  each 
of  the  outlet  portions  of  the  incoming  passage 
means  and  the  outgoing  passage  means. 

According  to  a  third  embodiment  of  the  present 
invention,  the  above  objects  of  the  present  inven- 
tion  are  accomplished  by  providing:  The  combus- 
tion  apparatus  having  the  above  construction  of  the 
first  embodiment  of  the  present  invention,  wherein: 
both  of  the  incoming  passage  means  and  the  out- 
going  passage  means  are  constructed  of  sleeve 
elements,  provided  that  the  sleeve  element  con- 
stituting  the  outgoing  passage  means  is  smaller  in 
diameter  than  the  sleeve  element  constituting  the 
incoming  passage  means  while  concentrically  dis- 
posed  in  the  incoming  passage  means. 

According  to  a  fourth  embodiment  of  the 
present  invention,  the  above  objects  of  the  present 
invention  are  accomplished  by  providing:  The  com- 
bustion  apparatus  having  the  above  construction  of 
the  first  embodiment  of  the  present  invention, 
wherein: 
both  of  the  incoming  passage  means  and  the  out- 
going  passage  means  are  constructed  of  sleeve 
elements,  provided  that  a  plurality  of  the  sleeve 
elements  constitute  the  outgoing  passage  means, 
each  of  which  sleeve  elements  constituting  the 
outgoing  passage  means  is  smaller  in  diameter 
than  the  sleeve  element  constituting  the  incoming 
passage  means  while  disposed  in  the  incoming 
passage  means. 

According  to  a  fifth  embodiment  of  the  present 

invention,  the  above  objects  of  the  present  inven- 
tion  are  accomplished  by  providing:  The  combus- 
tion  apparatus  having  the  above  construction  of  the 
fourth  embodiment  of  the  present  invention, 

5  wherein: 
at  least  one  baffle  plate  member  is  so  disposed  in 
the  incoming  passage  means  as  to  extend  in  a 
direction  perpendicular  to  a  longitudinal  direction  of 
the  incoming  passage  means. 

w  According  to  a  sixth  embodiment  of  the 
present  invention,  the  above  objects  of  the  present 
invention  are  accomplished  by  providing:  The  com- 
bustion  apparatus  having  the  above  construction  of 
the  first  embodiment  of  the  present  invention, 

15  wherein: 
the  oxygen-containing  gas;fuel  mixing  unit  com- 
prises: 
a  venturi  tube,  provided  with  a  venturi  throat  portion 
and  surrounded  by  a  heat-insulating  material; 

20  a  fuel  feed  pipe  having  its  fuel  discharge  nozzle 
opened  into  the  venturi  throat  portion  of  the  venturi 
pipe,  the  fuel  discharge  nozzle  being  provided  in  a 
front-end  portion  of  the  fuel  feed  pipe;  and 
a  cooling  unit  for  cooling  suitable  portions  of  the 

25  fuel  discharge  nozzle  and  the  fuel  feed  pipe  com- 
municating  with  the  fuel  discharge  nozzle. 

According  to  a  seventh  embodiment  of  the 
present  invention,  the  above  objects  of  the  present 
invention  are  accomplished  by  providing:  A  com- 

30  bustion  apparatus  comprising: 
(a)  a  sleeve-like  casing,  having  a  circular 

cross  section  and  surrounded  by  a  heat-insulating 
material; 

(b)  a  cylindrical  combustion-gas  passage 
35  member  provided  with  a  plurality  of  combustion- 

gas  passages  for  providing  a  plurality  of 
honeycomb-like  passage  wall  surfaces,  which  plu- 
rality  of  combustion-gas  passages  are  so  formed 
as  to  be  adjacent  to  each  other,  so  as  to  assume  a 

40  honeycomb-like  cross  section  as  a  whole,  through 
which  passage  member  a  combustion  gas  flows 
axially,  the  cylindrical  combustion-gas  passage 
member  being  rotatably  mounted  in  the  sleeve-like 
casing  so  as  to  be  rotated  on  a  supporting  shaft 

45  which  is  mounted  in  the  sleeve-like  casing,  an  axis 
of  the  supporting  shaft  being  aligned  with  an  axis 
of  the  sleeve-like  casing; 

(c)  a  pair  of  chambers,  one  of  which  serves 
as  an  inlet  and  an  outlet  chamber  of  an  oxygen- 

50  containing  gas/fuel  mixture  gas  and  the  other  of 
which  serves  as  an  outlet  chamber  of  the  combus- 
tion  gas,  the  pair  of  chambers  being  so  formed  in 
an  axial  end  portion  of  the  sleeve-like  casing  as  to 
be  oppositely  disposed  from  an  axial  end  portion  of 

55  the  cylindrical  combustion-gas  passage  member, 
the  pair  of  chambers  being  adjacent  to  each  other 
through  a  partition  wall  extending  in  a  diametrical 
direction  of  the  sleeve-like  casing,  the  partition  wall 

4 
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Deing  integrally  formed  with  the  sleeve-like  casing; 
(d)  a  combustion-gas  chamber  so  formed  in 

tie  other  axial  end  portion  of  the  sleeve-like  casing 
as  to  be  oppositely  disposed  from  the  other  axial 
3nd  portion  of  the  cylindrical  combustion-gas  pas- 
sage  member; 

(e)  a  mixture-gas  inlet  means  provided  with  a 
nixture  gas  inlet  port  which  opens  into  one  of  side 
oortions  the  the  inlet  chamber  of  the  mixture  gas; 

(f)  an  auxiliary  incoming  means  provided 
/vith  a  pilot  burner,  the  auxiliary  incoming  means 
Deing  provided  with  an  auxiliary  incoming  port  of 
ihe  mixture  gas,  which  auxiliary  incoming  port 
opens  into  the  other  side  portion  of  the  inlet  cham- 
oer  of  the  mixture  gas  at  a  position  spaced  apart 
from  the  mixture  gas  inlet  means;  and 

(g)  a  driving  unit  for  rotatably  driving  an 
outlet  means  of  the  combustion  gas  and  the  cylin- 
drical  combustion-gas  passage  member,  the  driv- 
ing  unit  being  connected  to  the  supporting  shaft  of 
the  cylindrical  combustion-gas  passage  member, 
the  outlet  means  of  the  combustion  gas  being 
provided  with  a  combustion-gas  outlet  port  in  its 
one  end  portion,  which  combustion-gas  outlet  port 
opens  into  one  side  portion  of  the  outlet  chamber 
of  the  combustion  gas. 

According  to  a  eighth  embodiment  of  the 
present  invention,  the  above  objects  of  the  present 
invention  are  accomplished  by  providing:  The  com- 
bustion  apparatus  having  the  above  construction  of 
the  seventh  embodiment  of  the  present  invention, 
wherein  the  combustion  apparatus  further  com- 
prises  an  oxygen-containing  gas/fuel  mixing  unit 
which  is  provided  with: 
a  venturi  tube,  provided  with  a  venturi  throat  portion 
and  surrounded  by  a  heat-insulating  material; 
a  fuel  feed  pipe  having  its  fuel  discharge  nozzle 
opened  into  the  venturi  throat  portion  of  the  venturi 
pipe,  the  fuel  discharge  nozzle  being  provided  in  a 
front-end  portion  of  the  fuel  feed  pipe;  and 
a  cooling  unit  for  cooling  suitable  portions  of  the 
fuel  discharge  nozzle  and  the  fuel  feed  pipe  com- 
municating  with  the  fuel  discharge  nozzle. 

According  to  a  ninth  embodiment  of  the 
present  invention,  the  above  objects  of  the  present 
invention  are  accomplished  by  providing:  The  com- 
bustion  apparatus  having  the  above  construction  of 
the  seventh  embodiment  of  the  present  invention, 
wherein: 
the  honeycomb-like  passage  wall  surfaces  of  the 
cylindrical  combustion-gas  passage  member  are 
coated  with  catalysts  to  attain  a  catalytic  combus- 
tion  of  the  oxygen-containing  gas/fuel  mixture  gas. 

Additional  objects,  embodiments  and  advan- 
tages  of  the  present  invention  will  become  appar- 
ent  to  anyone  skilled  in  the  art  from  the  following 
detailed  description  of  the  preferred  embodiments 
of  the  present  invention,  which  will  be  made  with 

reference  to  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
5 

Fig.  1  is  a  longitudinal  sectional  view  of  a 
first  embodiment  of  the  combustion  apparatus  of 
the  present  invention; 

to  Fig.  2  is  a  cross-sectional  view  of  the  first 
embodiment  of  the  combustion  apparatus  of  the 
present  invention,  taken  along  the  line  11-11  of  Fig. 
1; 

Fig.  3  is  a  longitudinal  sectional  view  of  a 
;5  second  embodiment  of  the  combustion  apparatus 

of  the  present  invention; 
Fig.  4  is  a  cross-sectional  view  of  the  second 

embodiment  of  the  combustion  apparatus  of  the 
present  invention,  take  along  the  line  1V-1  V  of  Fig. 

20  3; 
Fig.  5  is  a  cross-sectional  view  of  the  second 

embodiment  of  the  combustion  apparatus  of  the 
present  invention,  take  along  the  line  V-V  of  Fig.  3; 

Fig.  6  is  a  longitudinal  sectional  view  of  a 
25  third  embodiment  of  the  combustion  apparatus  of 

the  present  invention; 
Fig.  7  is  a  cross-sectional  view  of  the  third 

embodiment  of  the  combustion  apparatus  of  the 
present  invention,  take  along  the  line  V11-V11  of 

30  Fig.  6; 
Fig.  8  is  a  longitudinal  sectional  view  of  a 

first  embodiment  of  the  oxygen-containing  gas/fuel 
mixing  unit  employing  in  the  combustion  apparatus 
of  the  present  invention;  and 

3s  Fig.  9  is  a  longitudinal  sectional  view  of  a 
second  embodiment  of  the  oxygen-containing 
gas/fuel  mixing  unit  employing  in  the  combustion 
apparatus  of  the  present  invention. 

40  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Now,  preferred  embodiments  of  a  combustion 
45  apparatus  of  the  present  invention  and  those  of  an 

oxygen-containing  gas/fuel  mixing  unit  employed  in 
the  combustion  apparatus  will  be  described  in  de- 
tail  with  reference  to  the  accompanying  drawings. 

First  of  all,  Figs.  1  and  2  show  a  first  embodi- 
50  ment  of  the  combustion  apparatus  of  the  present 

invention,  in  which:  the  reference  numeral  1  de- 
notes  an  outer  sleeve;  and  2  an  inner  sleeve  con- 
centrically  disposed  in  the  outer  sleeve  1.  Both  of 
the  outer  sleeve  1  and  the  inner  sleeve  2  are  made 

55  of  ceramic  materials.  As  shown  in  Fig.  1,  an  an- 
nular  incoming  passage  3  of  an  oxygen-containing 
gas/fuel  mixture  gas  is  defined  between  an  inner 
peripheral  surface  of  the  outer  sleeve  1  and  an 

5 
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outer  peripheral  surface  of  the  inner  sleeve  2,  while 
the  interior  portion  of  the  inner  sleeve  2  forms  an 
outgoing  passage  4  of  a  combustion  gas.  The 
incoming  passage  3  is  closed  at  its  end  portion 
located  in  an  upstream  side  of  a  stream  of  the 
mixture  gas,  while  opened  at  its  the  other  end 
portion  into  a  space  located  in  a  downstream  side 
of  the  stream  of  the  mixture  gas,  the  space  being 
formed  in  an  end  portion  of  the  outer  sleeve  1  so 
as  to  communicate  with  an  inlet  opening  of  the 
outgoing  passage  4.  Consequently,  the  incoming 
passage  3  communicates  with  the  outgoing  pas- 
sage  4  through  such  space.  A  main  incoming  port 
5  opens  into  a  peripheral  wall  of  the  incoming 
passage  3  at  a  position  in  the  vicinity  of  its  end 
portion  located  in  the  upstream  side  of  the  mixture 
gas.  On  the  other  hand,  an  auxiliary  incoming  port 
6  also  opens  into  the  peripheral  wall  of  the  incom- 
ing  passage  3  at  a  position  circumferentially 
spaced  apart  from  that  of  the  main  incoming  open- 
ing  5.  An  outlet  opening  of  the  outgoing  passage  4 
opens  into  a  combustion-gas  output  port  7.  In  the 
downstream  side  end  portion  of  the  incoming  pas- 
sage  3  is  fixedly  mounted  an  annular  honeycomb 
passage  member  8  made  of  ceramic  materials.  On 
the  other  hand,  in  the  outlet  opening  of  the  out- 
going  passage  4  is  fixedly  mounted  a  plug-shaped 
honeycomb  passage  member  9  made  of  ceramic 
materials.  These  honeycomb  passage  members  8, 
9  increase  the  number  of  passage  surfaces  brought 
into  contact  with  the  combustion  gas. 

As  shown  in  Fig.  1,  the  outer  sleeve  1  is  fixedly 
mounted  in  an  outer  casing  10a  through  a  heat- 
insulating  material  10. 

An  oxygen-containing  gas/fuel  mixing  unit  1  1  is 
connected  to  the  main  incoming  port  5  in  an  up- 
stream  side  of  the  incoming  passage  3.  On  the 
other  hand,  a  pilot  burner  12  is  connected  to  the 
auxiliary  incoming  port  6  in  the  upstream  side  of 
the  incoming  passage  3.  To  the  mixing  unit  1  1  are 
connected:  a  preheated  oxygen-containing  gas  inlet 
pipe  or  preheated  air  inlet  pipe  13;  and  a  fuel  feed 
pipe  14.  Fuel  supplied  from  the  fuel  feed  pipe  14  is 
mixed  with  a  preheated  oxygen-containing  gas 
(hereinafter  simply  referred  as  the  preheated  air) 
supplied  from  the  preheated  air  inlet  pipe  13  at  a 
predetermined  ratio  in  an  air/fuel  mixing  portion  15 
of  the  mixing  unit  11  to  prepare  an  air/fuel  mixture 
gas  which  is  supplied  to  an  upstream  side  of  the 
incoming  passage  3.  To  the  pilot  burner  12  are 
connected:  an  air  inlet  pipe  16;  and  a  fuel  feed 
pipe  17.  A  combustion  gas  issued  from  the  pilot 
burner  12  is  supplied  to  an  upstream  side  of  the 
incoming  passage  3  through  the  auxiliary  incoming 
port  6. 

In  operation  of  the  first  embodiment  of  the 
combustion  apparatus  of  the  present  invention  hav- 
ing  the  above  construction,  first  of  all,  the  pilot 

burner  12  is  operated  to  issue  the  combustion  gas 
to  the  upstream  side  of  the  incoming  passage  3  so 
that  the  combustion  gas  heats  both  the  outer 
sleeve  1  and  the  inner  sleeve  2  in  the  upstream 

5  side  of  the  incoming  passage  3.  After  both  the 
outer  sleeve  1  and  the  inner  sleeve  1  are  heated  to 
predetermined  temperatures  of  more  than  about 
900  °  C  in  the  upstream  side  of  the  incoming 
passage  3,  the  mixing  unit  11  is  operated  to  issue 

w  an  oxygen-containing  gas/fuel  mixture  gas,  i.e.,  an 
air/fuel  mixture  gas  to  the  upstream  side  of  the 
incoming  passage  3  through  the  main  incoming 
port  5.  At  this  time,  operation  of  the  pilot  burner  12 
is  immediately,  or  gradually  stopped  so  as  to  coop- 

15  erate  with  that  of  the  mixing  unit  12  for  a  while. 
Under  such  circumstances,  the  thus  issued 

air-fuel  mixture  gas  enters  the  incoming  passage  3 
through  the  main  incoming  port  5,  and  is  brought 
into  contact  with  both  of  the  inner  peripheral  sur- 

20  face  of  the  outer  sleeve  1  and  the  outer  peripheral 
surface  of  the  inner  sleeve  2,  which  peripheral 
surfaces  have  been  heated  to  sufficiently  high  tem- 
peratures,  so  that  the  mixture  gas  bursts  into  flame 
to  produce  a  combustion  gas.  The  thus  produce 

25  combustion  gas  passes  through  the  incoming  pas- 
sage  3  to  enter  the  outgoing  passage  4,  and  is 
then  discharged  from  the  combustion-gas  outlet 
port  7.  Consequently,  the  combustion  gas  heats  the 
outer  and  inner  peripheral  surface  of  the  incoming 

30  passage  3  and  the  inner  peripheral  surface  of  the 
outgoing  passage  4  sequentially,  to  make  it  possi- 
ble  to  attain  a  complete  combustion  of  the  mixture 
gas  which  is  issued  from  the  mixing  unit  1  1  to  the 
incoming  passage  3.  As  described  above,  the  fuel 

35  supplied  to  the  mixing  unit  11  is  so  mixed  with  the 
preheated  air  in  the  mixing  unit  11  as  to  constantly 
keep  the  combustion  gas  at  a  predetermined  tem- 
perature  of  from  1200  to  1400  °  C. 

In  the  above  operation,  the  combustion  initiated 
40  at  the  upstream  side  of  the  incoming  passage  3 

propagates  to  the  downstream  side  of  the  incoming 
passage  3,  and  further  propagates  to  the  outlet 
opening  of  the  outgoing  passage  4  therethrough. 
Consequently,  the  inner  sleeve  2  interposed  be- 

45  tween  the  incoming  passage  3  and  the  outgoing 
passage  4  is  heated  by  the  combustion  gas  in  its 
inner  and  outer  peripheral  surface.  The  honeycomb 
passage  members  8  and  9,  which  are  mounted  in 
the  downstream  side  end  portion  of  the  incoming 

so  passage  3  and  the  outlet  opening  of  the  outgoing 
passage  9  respectively,  further  ensure  the  mixture 
gas  a  complete  combustion.  In  addition,  in  case 
that  the  inner  peripheral  surface  of  the  outer  sleeve 
1  is  coated  with  a  suitable  material  excellent  in 

55  infrared-absorption  properties,  it  is  possible  to  fur- 
ther  increase  the  temperature  of  the  inner  periph- 
eral  surface  of  the  outer  sleeve  1  because  infrared 
radiation  from  the  outer  peripheral  surface  of  the 

6 
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inner  sleeve  2  is  effectively  received  by  the  inner 
peripheral  surface  of  the  outer  sleeve  1  so  as  to 
increase  the  temperature  of  the  inner  peripheral 
surface  of  the  outer  sleeve  1.  The  thus  coated 
inner  surface  of  the  outer  sleeve  1  may  serve  as  an 
effective  heating  surface  for  enhancing  the  com- 
bustion  of  the  mixture  gas. 

Figs.  3  to  5  show  a  second  embodiment  of  the 
combustion  apparatus  of  the  present  invention.  In 
the  second  embodiment  of  the  present  invention, 
the  components  which  are  the  same  as  ones  in  the 
first  embodiment  of  the  present  invention  shown  in 
Figs.  1  and  2  have  been  given  the  same  reference 
numerals,  and  therefore  are  not  further  explained 
hereinbelow. 

As  shown  in  Fig.  3,  in  the  second  embodiment 
of  the  combustion  apparatus  of  the  present  inven- 
tion,  a  plurality  of  inner  sleeves  22  made  of  ce- 
ramic  materials  are  fixedly  mounted  in  the  outer 
sleeve  21  made  of  ceramic  materials  so  that  the 
incoming  passage  23  is  defined  between  the  inner 
peripheral  surface  of  the  outer  sleeve  21  and  the 
outer  peripheral  surfaces  of  the  inner  sleeves  22. 
On  the  other  hand,  the  interior  portion  of  each  of 
the  inner  sleeves  22  forms  the  outgoing  passage 
24.  An  upstream  side  end  of  the  incoming  passage 
23  is  closed  with  a  supporting  wall  member  25 
which  supports  each  of  the  outlet  opening  portions 
of  the  inner  sleeves  22.  Honeycomb  passage 
members  26  and  27  are  fixedly  mounted  in  the 
downstream  side  portion  of  the  incoming  passage 
23  and  the  outlet  opening  portions  of  the  outgoing 
passages  24,  respectively.  In  addition,  in  the  in- 
coming  passage  23,  there  are  also  fixedly  mounted 
at  least  one  baffle  plate  member  28  the  number  of 
which  is  three  in  the  second  embodiment  of  the 
combustion  apparatus  of  the  present  invention,  as 
shown  in  Fig.  3. 

The  second  embodiment  of  the  combustion 
apparatus  of  the  present  invention  shown  in  Figs.  3 
to  5  is  the  substantially  same  in  operation  as  the 
first  embodiment  of  the  combustion  apparatus  of 
the  present  invention  shown  in  Figs.  1  and  2.  The 
second  embodiment  of  the  combustion  apparatus 
of  the  present  invention  is  advantageous  in  produc- 
ing  a  large  quantity  of  the  combustion  gas. 

Namely,  in  operation  of  the  second  embodi- 
ment  of  the  combustion  apparatus  of  the  present 
invention  shown  in  Figs.  3  to  5,  first  of  all,  walls  of 
the  incoming  passage  23  are  heated  to  predeter- 
mined  temperatures  of  about  900  °  C  by  means  of 
the  pilot  burner  12  in  the  upstream  side  of  the 
incoming  passage  23.  After  that,  the  air/fuel  mixture 
gas  produced  in  the  mixing  unit  1  1  is  supplied  to 
the  interior  of  the  incoming  passage  23  so  as  to 
burst  into  flame  therein  to  produce  the  combustion 
gas.  The  thus  produced  combustion  gas  passes 
through  a  labyrinth  constructed  of  the  baffle  plate 

members  28  within  the  incoming  passage  23,  and 
flows  to  the  downstream  side  of  the  incoming  pas- 
sage  23.  Consequently,  when  the  mixture  gas 
passes  through  the  incoming  passage  23,  it  is 

5  sufficiently  agitated  so  as  to  attain  a  complete 
combustion  thereof.  Then,  the  combustion  gas 
reached  the  downstream  side  of  the  incoming  pas- 
sage  23  enters  the  honeycomb  passage  members 
26.  The  combustion  gas  having  passed  through  the 

10  honeycomb  passage  members  26  enters  the  out- 
going  passages  24  in  which  the  combustion  gas  is 
brought  into  contact  with  the  inner  peripheral  walls 
of  the  inner  sleeves  22  so  as  to  be  further  heated 
to  ensure  the  complete  combustion  of  the  mixture 

75  gas.  After  that,  the  combustion  gas  enters  the 
honeycomb  passage  members  27,  and  passes 
therethrough  to  flow  into  the  combustion-gas  outlet 
port  7  from  which  the  combustion  gas  is  dis- 
charged. 

20  Figs.  6  and  7  show  a  fourth  embodiment  of  the 
combustion  apparatus  of  the  present  invention,  in 
which:  the  reference  numeral  41  denotes  a  heat- 
insulating  material;  and  31  a  sleeve-like  casing 
made  of  ceramic  material,  which  sleeve-like  casing 

25  31  has  a  circular  cross  section  and  extends  verti- 
cally.  In  the  sleeve-like  casing  31  is  concentrically 
and  rotatably  mounted  an  annular  honeycomb  pas- 
sage  member  32  which  is  made  of  ceramic  materi- 
als  while  rotatably  supported  on  a  supporting  shaft 

30  31a  an  axis  of  which  is  aligned  with  that  of  the 
sleeve-like  casing  31.  In  an  upper  portion  of  the 
sleeve-like  casing  31  are  provided  a  pair  of  cham- 
bers  34a,  34b  which  are  oppositely  disposed  from 
an  upper-end  surface  of  the  honeycomb  passage 

35  member  32.  These  chambers  34a,  34b  are  adja- 
cent  to  each  other  through  a  partition  wall  33  which 
is  so  integrally  formed  with  the  sleeve-like  casing 
31  as  to  extend  in  a  diametrical  direction  of  the 
casing  31.  One  34a  of  the  chamber  34a,  34b 

40  serves  as  an  airfuel  mixture  gas  inlet  chamber  34a, 
while  the  other  34b  serves  as  a  combustion-gas 
outlet  chamber  34b.  An  air/fuel  mixture  gas  inlet 
port  35  opens  into  a  side  portion  of  the  mixture  gas 
inlet  chamber  34a.  On  the  other  hand,  a 

45  combustion-gas  outlet  port  37  opens  into  the  a  side 
portion  of  the  combustion-gas  outlet  chamber  34b. 
In  a  lower  portion  of  the  sleeve-like  casing  31  is 
formed  a  combustion-gas  chamber  38  which  is 
oppositely  disposed  from  a  lower-end  surface  of 

so  the  honeycomb  passage  member  32. 
A  lower-end  portion  of  the  supporting  shaft  31a 

of  the  honeycomb  passage  member  32  is  rotatably 
mounted  in  a  supporting  frame  39,  while  connected 
to  a  suitable  driving  unit  40  for  rotatably  driving  the 

55  supporting  shaft  31a.  In  the  honeycomb  passage 
member  32,  there  are  provided  a  plurality  of  fine 
passages  which  extend  in  parallel  with  the  axis  of 
the  honeycomb  passage  member  32  over  the 
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whole  axial  length  of  the  passage  member  32  and 
are  adjacent  to  each  other.  An  upper-end  portion  of 
each  of  the  above  fine  passages  of  the  honeycomb 
passage  member  32  opens  into  the  mixture  gas 
inlet  chamber  34a  and  the  combustion-gas  outlet 
chamber  34b,  while  a  lower-end  portion  of  each  of 
such  fine  passages  opens  into  the  combustion-gas 
chamber  38,  as  shown  in  Fig.  6.  Namely,  as  the 
honeycomb  passage  member  32  rotates,  the  fine 
passages  of  the  honeycomb  passage  member  32 
alternately  serve  as  the  incoming  passage  and  the 
outgoing  passage. 

As  shown  in  Fig.  7,  the  pilot  burner  12  pro- 
vided  with  the  auxiliary  incoming  port  36  is  con- 
nected  to  the  mixture  gas  inlet  chamber  34a  at  a 
position  oppositely  disposed  diametrically  from  that 
of  the  mixture  gas  inlet  port  35  which  also  opens 
into  the  mixture  gas  inlet  chamber  34a.  The  sleeve- 
like  casing  31  is  surrounded  with  a  heat-insulating 
material  41,  while  fixedly  mounted  in  an  outer  cas- 
ing  42  through  the  heat-insulating  material  41. 

In  operation  of  the  third  embodiment  of  the 
combustion  apparatus  of  the  present  invention  hav- 
ing  the  above  construction,  the  honeycomb  pas- 
sage  member  32  is  constantly  rotated  at  a  pre- 
determined  rotational  speed.  Under  such  circum- 
stances,  first  of  all,  the  pilot  burner  12  is  operated 
to  issue  a  combustion  gas  to  the  mixture  gas  inlet 
chamber  34a  through  the  auxiliary  incoming  port 
36,  so  that  both  of  the  mixture  gas  inlet  chamber 
34a  and  the  upper-end  portion  of  the  honeycomb 
passage  member  32  are  heated  together  by  the 
combustion  gas.  During  such  heating,  since  the 
honeycomb  passage  member  32  is  rotated  con- 
stantly,  the  whole  area  of  the  upper-end  portion  of 
the  honeycomb  passage  member  32  is  sequen- 
tially  heated  to  a  predetermined  temperature  of 
about  900  '  C.  When  the  temperature  of  the  upper- 
end  portion  of  the  honeycomb  passage  member  32 
reaches  about  900  C,  operation  of  the  pilot  burner 
12  is  stopped  to  stop  the  heating  of  the  hon- 
eycomb  passage  member  32,  while  a  preheated 
air/fuel  mixture  gas  is  supplied  to  the  mixture  gas 
inlet  chamber  34a  through  the  mixture  gas  inlet 
port  35.  The  thus  supplied  mixture  gas  is  then 
brought  into  contact  with  a  preheated  wall  surface 
of  the  chamber  34a  to  burst  into  flame,  and  flows 
downward  through  a  part  of  the  honeycomb  pas- 

-.  sage  member  32  serving  as  the  incoming  passage 
so  that  the  combustion  of  the  mixture  gas  con- 
ducted  in  the  incoming  passage  is  completed  when 
the  gas  reaches  the  combustion-gas  chamber  38. 
The  combustion  gas  entered  the  combustion-gas 
chamber  38  then  flows  into  the  other  part  of  the 
honeycomb  passage  member  32  serving  as  the 
outgoing  passage  which  is  partially  constructed  of 
the  fine  passages  of  honeycomb  passage  member 
32  located  in  a  position  corresponding  to  that  of  the 

combustion-gas  outlet  chamber  34b.  Combustion 
of  the  mixture  gas  continues  in  the  outgoing  pas- 
sage  so  that  the  combustion  gas  reaches  the 
combustion-gas  outlet  chamber  34b  from  which  the 

5  combustion  gas  is  discharged  through  the 
combustion-gas  outlet  port  37.  At  this  time,  the 
outgoing  passage  (32)  oppositely  disposed  from 
the  combustion-gas  outlet  chamber  34b  is  heated 
by  the  combustion  gas  issued  from  the 

w  combustion-gas  chamber  38.  As  the  honeycomb 
passage  member  32  rotates,  the  thus  heated  out- 
going  passage  or  some  of  the  fine  passages  of  the 
honeycomb  passage  member  32  is  sequentially 
transferred  to  a  position  oppositely  disposed  from 

15  the  mixture  gas  inlet  chamber  34a  so  as  to  serve 
as  the  incoming  passage.  Consequently,  since  the 
thus  sequentially  transferred  outgoing  passage  has 
been  sufficiently  heated  by  the  combustion  gas 
and  serves  as  the  incoming  passage,  the  mixture 

20  gas  entered  the  thus  heated  incoming  passage  is 
brought  into  contact  with  the  sufficiently  heated 
wall  surfaces  of  the  incoming  passage  constructed 
of  the  honeycomb  passage  member  32,  to  enable 
the  mixture  gas  to  continuously  burst  into  flame. 

25  The  third  embodiment  of  the  combustion  ap- 
paratus  of  the  present  invention  shown  in  Figs.  6 
and  7  may  be  modified  to  form  a  fourth  embodi- 
ment  of  the  combustion  apparatus  of  the  present 
invention  in  which  each  of  the  wall  surfaces  of  the 

30  fine  passages  of  the  honeycomb  passage  member 
32  are  coated  with  catalysts  to  attain  a  catalytic 
combustion  of  the  mixture  gas.  The  catalysts  em- 
ployed  in  the  present  invention  comprise  platinum, 
palladium  and  the  like.  Coating  of  the  wall  surfaces 

35  of  the  honeycomb  passage  member  32  with  the 
catalysts  is  conducted  by  dipping  the  honeycomb 
passage  member  32  in  solutions  of  the  catalysts. 

The  above  fourth  embodiment  of  the  combus- 
tion  apparatus  of  the  present  invention  enables  the 

40  mixture  gas  supplied  from  the  mixture  gas  inlet 
port  35  to  burst  into  flame  to  attain  a  catalytic 
combustion  thereof  even  when  the  temperatures  of 
the  wall  surfaces  of  the  upstream  side  of  the  in- 
coming  passage  are  less  than  900  °  C,  which  wall 

45  surfaces  are  heated  by  the  combustion  gas  which 
is  produced  by  the  pilot  burner  12  and  issued  from 
the  auxiliary  incoming  port  36. 

Namely,  in  the  fourth  embodiment  of  the  com- 
bustion  apparatus  of  the  present  invention,  the  fuel 

so  is  mixed  with  a  preheated  air  to  prepare  the  mix- 
ture  gas.  In  case  that  a  gaseous  fuel  is  employed, 
it  is  possible  to  eliminate  the  preheating  operation 
of  the  air.  In  case  that  a  liquid  fuel  is  employed,  it 
is  possible  to  extremely  lower  the  temperature  of 

55  the  preheated  air,  provided  that  the  temperature  of 
the  fuel  in  the  air  is  slightly  higher  than  dew  point. 

Incidentally,  in  the  above  fourth  embodiment  of 
the  combustion  apparatus  of  the  present  invention, 
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sulfur-containing  fuels  can  not  be  employed  be- 
cause  sulfur  has  poisoning  effects  on  the  catalysts 
employed  in  the  above  fourth  embodiment. 

In  each  of  the  above  embodiments  of  the  com- 
bustion  apparatus  of  the  present  invention,  the  ce- 
ramic  materials  constituting  each  of  the  compo- 
nents  such  as  the  outer  sleeve  1,  inner  sleeve  2, 
22,  sleeve-like  casing  31  and  the  honeycomb  pas- 
sage  member  8,  9,  26,  27,  32  may  be  silicon 
carbide  which  is  excellent  in  mechanical  strength, 
heat-resisting  properties  and  thermal  shock  resis- 
tance.  However,  it  is  also  possible  that  these  com- 
ponents  are  made  of  any  other  suitable  ceramic 
materials  such  as  zirconia-base  ceramics  and 
cordierite-base  ceramics. 

In  addition,  each  of  the  outer  sleeve  1,  21  and 
the  sleeve-like  casing  31  may  be  made  of  alumina- 
fiber  ceramics.  In  this  case,  it  is  preferable  to  firmly 
coat,  by  a  suitable  applying  process  such  as  spray- 
ing  and  the  like,  the  inner  surfaces  of  the  outer 
sleeve  1,  21  and  the  sleeve-like  casing  31  with  a 
paint  a  main  component  of  which  is  a  suitable 
oxide  such  as  SiZrOt,  MnC^'C^Cb  and  the  like 
excellent  in  infrared-absorption  properties. 

Now,  two  different  embodiments  of  the  oxygen- 
containing  gas.  fuel  mixing  unit  (hereinafter  referred 
to  as  the  airfuel  mixing  unit)  employed  in  the 
combustion  apparatus  of  the  present  invention  hav- 
ing  the  above  construction  will  be  described  in 
detail  with  reference  to  Figs.  8  and  9. 

In  a  first  embodiment  of  the  airfuel  mixing  unit 
of  the  present  invention  shown  in  Fig.  8:  the  refer- 
ence  numeral  50  denotes  a  venturi  tube  comprising 
an  inlet  reducer  portion  51,  an  outlet  diffuser  por- 
tion  52  and  a  venturi  throat  portion  53  sandwiched 
between  these  portions  50  and  51.  A  performance- 
control  rod  54  provided  with  a  tapered  front  portion 
is  threadably  engaged  with  a  supporting  member 
55  so  as  to  be  axially  displaceable  relative  to  the 
supporting  member  55  which  is  fixedly  mounted  in 
the  venturi  tube  50.  A  preheated-air  inlet  pipe  13  is 
connected  to  an  air-inlet  opening  of  the  venturi 
tube  50  an  air/fuel  mixture  gas  outlet  opening  of 
which  is  connected  to  the  combustion  apparatus  of 
the  present  invention. 

A  plurality  of  fuel  discharge  openings  56  are  so 
provided  in  an  inner  peripheral  surface  of  the  throat 
portion  53  of  the  venturi  tube  50  as  to  be  spaced 
apart  from  each  other  in  a  circumferential  direction 
of  the  of  the  inner  peripheral  surface  of  the  throat 
portion  53,  to  which  openings  56  a  fuel  feed  pipe 
14  is  connected.  As  is  clear  from  Fig.  8,  an  annular 
water  jacket  57  is  placed  around  the  venturi  throat 
portion  53  to  keep  this  portion  53  cool.  To  the 
water  jacket  57  are  connected:  a  cooling-water  inlet 
pipe  58;  and  a  cooling-water  outlet  pipe  59. 

As  shown  in  Fig.  8,  in  this  first  embodiment  of 
the  air/fuel  mixing  unit  employed  in  the  combustion 

apparatus  of  the  present  invention,  an  incoming 
gas  comprising  the  preheated  air  and  the  oxygen- 
containing  gas  such  as  the  combustion  gas  is 
supplied  from  the  preheated-air  inlet  pipe  13  to  the 

5  venturi  throat  portion  53  in  which  the  incoming  gas 
is  accelerated  to  cause  the  fuel  discharge  openings 
56  to  deliver  the  fuel  in  spraying  manner  so  that 
the  air/fuel  mixture  gas  is  produced.  The  thus  pro- 
duced  air/fuel  mixture  gas  is  then  supplied  to  the 

70  combustion  apparatus  of  the  present  invention, 
while  agitated  in  the  subsequent  outlet  diffuser 
portion  52  of  the  venturi  tube  50. 

In  the  air/fuel  mixing  unit  described  above, 
when  the  fuel  is  sprayed  into  the  heated  incoming 

75  gas  to  produce  the  air/fuel  mixture  gas,  a  part  of 
the  thus  produced  mixture  gas  reaches  a  flam- 
mable  limit  range.  In  order  to  prevent  the  air/fuel 
mixture  from  burning  in  the  venturi  tube  50,  the 
thus  produced  air/fuel  mixture  gas  must  be  rapidly 

20  agitated  in  the  venturi  tube  50.  Consequently,  in 
the  air/fuel  mixing  unit  employed  in  the  present 
invention,  it  is  necessary  to  accelerate  the  incom- 
ing  gas  to  a  velocity  of  at  least  100  m/second  in 
the  venturi  throat  portion  53  so  as  to  make  it 

25  possible  to  rapidly  agitate  the  thus  produced 
air/fuel  mixture  gas. 

Since  the  performance-control  rod  54  is  dis- 
posed  in  the  axially  central  portion  of  the  venturi 
throat  portion  53,  an  axially  central  passage  of  the 

30  incoming  gas  in  the  venturi  throat  portion  53  is 
decreased  in  its  cross-sectional  area  to  keep  a 
thickness  of  a  stream  of  the  incoming  gas  thin  in 
the  venturi  throat  portion  53.  Consequently,  even 
when  the  venturi  throat  portion  53  is  relatively  large 

35  in  its  cross-sectional  area,  it  is  possible  to  suffi- 
ciently  accelerate  the  incoming  gas  and  cause  the 
resultant  air/fuel  mixture  gas  to  rapidly  agitated  in 
the  subsequent  outlet  diffuser  portion  52  of  the 
venturi  tube  50. 

40  The  cross-sectional  area  of  the  venturi  throat 
portion  53  is  so  controlled  by  axially  displacing  the 
performance-control  rod  54  as  to  keep  a  flow  rate 
of  the  incoming  gas  constant  in  the  venturi  throat 
portion  53  even  when  a  quantity  of  the  incoming 

45  gas  varies,  whereby  it  is  possible  to  supply  the 
air/fuel  mixture  gas  having  a  constant  mixing  ratio 
to  the  combustion  apparatus  of  the  present  inven- 
tion. 

In  the  above  first  embodiment  of  the  air/fuel 
50  mixing  unit  shown  in  Fig.  8,  a  cooling  water  is 

supplied  to  the  water  jacket  57  to  cool  the  venturi 
throat  portion  53.  Since  the  venturi  throat  portion 
53  is  adequately  cooled  in  the  above  manner,  the 
fuel  discharge  openings  56  and  a  front-end  portion 

55  of  the  fuel  feed  pipe  14  connected  thereto  are  also 
adequately  cooled  to  prevent  the  fuel  from  being 
thermally  decomposed  in  the  fuel  discharge  open- 
ings  56.  When  the  fuel  is  thermally  decomposed  to 

9 



17 EP  0  350  032  A2 18 

produce  carbon  particles,  the  fuel  discharge  open- 
ings  56  are  clogged  with  the  thus  produced  carbon 
particles.  Consequently,  it  is  possible  to  prevent 
the  fuel  discharge  openings  56  from  being  clogged 
with  the  carbon  particles  by  adequately  cooling  the 
venturi  throat  portion  53. 

Fig.  9  shows  a  second  embodiment  of  the 
airfuel  mixing  unit  employed  in  the  combustion 
apparatus  of  the  present  invention,  which  second 
embodiment  represents  a  constant-performance 
type  airfuel  mixing  unit.  As  shown  in  Fig.  9,  the 
fuel  discharge  nozzle  56  is  so  disposed  in  the 
throat  portion  53  of  the  venturi  tube  50a  as  to  be 
oriented  toward  a  downstream  side  of  the  venturi 
tube  50a.  The  fuel  discharge  nozzle  56  is  formed  in 
a  front-end  portion  of  the  fuel  feed  pipe  14  around 
which  is  placed  the  water  jacket  57  to  which  are 
connected  the  cooling-water  inlet  pipe  58  and  the 
cooling-water  outlet  pipe  59. 

In  this  second  embodiment  of  the  air/fuel  mix- 
ing  unit  shown  in  Fig.  9,  a  cooling  water  is  supplied 
to  the  water  jacket  57  to  adequately  cool  both  the 
fuel  discharge  nozzle  56  and  the  fuel  feed  pipe  14 
so  that  the  fuel  is  prevented  from  being  thermally 
decomposed  and  from  producing  the  carbon  par- 
ticles  in  the  fuel  discharge  nozzle  56  and  the  fuel 
feed  pipe  14.  whereby  these  components  56,  14 
are  prevented  from  being  clogged  with  the  resul- 
tant  carbon  particles. 

Incidentally,  in  the  first  embodiment  of  the 
airfuel  mixing  unit  shown  in  Fig.  8,  it  is  also 
possible  to  control  the  performance-control  rod  54 
automatically  according  to  a  quantity  of  the 
preheated  incoming  gas  or  air. 

In  Figs.  8  and  9,  the  reference  numeral  61 
denotes  a  heat-insulating  material. 

In  the  above  air/fuel  mixing  unit  shown  in  Figs. 
8  and  9,  preferably,  the  venturi  throat  portion  53  is 
made  of  a  suitable  heat-resisting  alloy  such  as 
Inconel  alloys  and  Hastelloy  alloys,  while  each  of 
the  inlet  reducer  portion  51,  outlet  diffuser  portion 
52  and  other  inner  components  of  the  venturi  tube 
50  is  made  of  a  suitable  ceramic  material  such  as 
silicon  carbide,  zirconia,  cordierite  and  the  like. 

Claims 

1  .  A  combustion  apparatus  characterized  by 
(a)  an  incoming  passage  means  (3,23)  for  flowing  a 
combustion  gas  in  a  predetermined  direction,  said 
incoming  passage  means  being  defined  by  heat 
insulating  material  (10)  disposed  in  a  substantially 
central  portion  of  an  outer  casing  and  closed  at  its 
one  end  portion  located  in  an  upstream  side  of  a 
stream  of  said  combustion  gas; 
(b)  an  outgoing  passage  means  (4,24)  for  flowing, 
in  a  direction  counter  to  said  predetermined  direc- 

tion,  said  combustion  gas  having  passed  through 
said  incoming  passage  means,  said  outgoing  pas- 
sage  means  being  open  at  its  opposite  end  por- 
tions  and  disposed  in  said  incoming  passage 

5  means  so  as  to  communicate  with  said  incoming 
passage  means  at  its  one  end  portion  located  in  a 
downstream  side  of  said  incoming  passage  means; 
(c)  a  mixture  gas  main  incoming  means  (5)  for 
supplying  a  mixture  gas  consisting  of  an  oxygen- 

/o  containing  gas  and  fuel,  said  mixture  gas  main 
incoming  means  being  in  communication  with  an 
end  portion  of  said  incoming  passage  means 
(3,23); 
(d)  an  oxygen-containing  gas/fuel  mixing  unit  (15) 

75  for  mixing  a  preheated  oxygen-containing  gas  with 
fuel  at  a  predetermined  ratio  to  prepare  said  mix- 
ture  gas,  said  oxygen-containing  gas/fuel  mixing 
unit  being  connected  to  said  mixture  gas  main 
incoming  means  to  supply  said  mixture  gas  to  said 

20  mixture  gas  main  incoming  means  under  a  pre- 
determined  pressure; 
(e)  a  combustion-gas  auxiliary  incoming  means  (6) 
for  supplying  another  combustion  gas  to  said  in- 
coming  passage  means,  said  another  combustion 

25  gas  being  produced  by  burning  fuel  with  an 
oxygen-containing  gas  through  a  pilot  burner,  said 
combustion-gas  auxiliary  incoming  means  being 
connected  to  an  end  portion  of  said  incoming  pas- 
sage  means  so  as  to  be  in  communication  with  the 

30  same  at  a  position  oppositely  disposed  diamet- 
rically  from  a  position  of  said  mixture  gas  main 
incoming  means;  and 
(f)  a  combustion-gas  outlet  means  (7)  defined  in 
side  portions  of  said  outer  casing  and  said  heat- 

35  insulating  material  so  as  to  be  connected  to  a 
downstream  side  outlet  portion  of  said  outgoing 
passage  means; 
whereby  a  downstream  side  outlet  portion  of  said 
incoming  passage  means  is  in  communication  with 

40  an  inlet  portion  of  said  outgoing  passage  means 
through  a  space  defined  in  the  other  end  portion  of 
said  incoming  passage  means. 

2.  The  combustion  apparatus  as  set  forth  in 
claim  1  ,  characterized  in  that 

45  a  honeycomb  passage  member  (8,9,26,27)  is  pro- 
vided  in  each  of  said  outlet  portions  of  said  incom- 
ing  passage  means  (3,23)  and  said  outgoing  pas- 
sage  means  (4,24). 

3.  The  combustion  apparatus  as  set  forth  in 
so  claims  1  or  2,  characterized  in  that 

both  of  said  incoming  passage  means  and  said 
outgoing  passage  means  are  constructed  of  sleeve 
elements  (1  ,2,21  ,22),  provided  that  said  sleeve  ele- 
ment  constituting  said  outgoing  passage  means  is 

55  different  in  diameter  from  said  sleeve  element  con- 
stituting  said  incoming  passage  means. 

4.  The  combustion  apparatus  as  set  forth  in 
claim  1  or  2,  characterized  in  that 

10 
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both  of  said  incoming  passage  means  (3)  and  said 
outgoing  passage  means  (4)  are  constructed  of 
sleeve  elements  (1,2),  provided  that  said  sleeve 
element  constituting  said  outgoing  passage  means 
is  smaller  in  diameter  than  said  sleeve  element 
constituting  said  incoming  passage  means  while 
concentrically  disposed  in  said  incoming  passage 
means. 

5.  The  combustion  apparatus  as  set  forth  in 
claim  3,  characterized  in  that 
both  of  said  incoming  passage  means  and  said 
outgoing  passage  means  are  constructed  of  sleeve 
elements  (21,22),  provided  that  a  plurality  of  said 
sleeve  elements  constitute  said  outgoing  passage 
means,  each  of  which  sleeve  elements  constituting 
said  outgoing  passage  means  is  smaller  in  diam- 
eter  than  said  sleeve  element  constituting  said  in- 
coming  passage  means  while  disposed  in  said 
incom  ing  passage  means. 

6.  The  combustion  apparatus  as  set  forth  in 
claim  3  or  5  characterized  in  that 
at  least  one  baffle  plate  member  (28)  is  so  dis- 
posed  in  said  incoming  passage  means  (23)  as  to 
extend  in  a  direction  perpendicular  to  a  longitudinal 
direction  of  said  incoming  passage  means. 

7.  The  combustion  apparatus  as  set  forth  in 
one  of  claims  1  to  6,  characterized  in  that 
said  oxygen-containing  gasfuel  mixing  unit  (15) 
comprises: 
a  venturi  tube  (50),  provided  with  a  venturi  throat 
portion  (53)  and  surrouned  by  a  heat-insulating 
material  (61); 
a  fuel  feed  pipe  having  its  fuel  discharge  nozzle 
(56)  opened  into  said  venturi  throat  portion  of  said 
venturi  pipe,  said  fuel  discharge  nozzle  being  pro- 
vided  in  a  front-end  portion  of  said  fuel  feed  pipe; 
and 
a  cooling  unit  (57,58,59)  for  cooling  suitable  por- 
tions  of  said  fuel  discharge  nozzle  and  said  fuel 
feed  pipe  communicating  with  said  fuel  discharge 
nozzle. 

8.  A  combustion  apparatus  characterized  by 
(a)  a  sleeve-like  casing  (31),  having  a  cir- 

cular  cross  section  and  surrounded  by  a  heat- 
insulating  material  (41); 

(b)  a  cylindrical  combustion-gas  passage 
member  (32)  provided  with  a  plurality  of 
combustion-gas  passages  for  providing  a  plurality 
of  honeycomb-like  passage  wall  surfaces,  which 
plurality  of  combustion-gas  passages  are  so 
formed  as  to  be  adjacent  to  each  other,  so  as  to 
assume  a  honeycomb-like  cross  section  as  a 
whole,  through  which  passage  member  a  combus- 
tion  gas  flows  axially,  said  cylindrical  combustion- 
gas  passage  member  being  rotatably  mounted  in 
said  sleeve-like  casing  so  as  to  be  rotated  on  a 
supporting  shaft  (31a)  which  is  mounted  in  said 
sleeve-like  casing,  an  axis  of  said  supporting  shaft 

being  aligned  with  an  axis  of  said  sleeve-like  cas- 
ing; 

(c)  a  pair  of  chambers  (34a,34b),  one  of 
which  serves  as  an  inlet  and  an  outlet  chamber  of 

5  an  oxygen-containing  gas/fuel  mixture  gas  and  the 
other  of  which  serves  as  an  outlet  chamber  of  said 
combustion  gas,  said  pair  of  chambers  being  so 
formed  in  an  axial  end  portion  of  said  sleeve-like 
casing  (31)  as  to  be  oppositely  disposed  from  an 

10  axial  end  portion  of  said  cylindrical  combustion-gas 
passage  member,  said  pair  of  chambers  being 
adjacent  to  each  other  through  a  partition  wall  (33) 
extending  in  a  diametrical  direction  of  said  sleeve- 
like  casing,  said  partition  wall  being  integrally 

15  formed  with  said  sleeve-like  casing; 
(d)  a  combustion-gas  chamber  (38)  so 

formed  in  the  other  axial  end  portion  of  said 
sleeve-like  casing  (31)  as  to  be  oppositely  dis- 
posed  from  the  other  axial  end  portion  of  said 

20  cylindrical  combustion-gas  passage  member; 
(e)  a  mixture-gas  inlet  means  (35)  provided 

with  a  mixture  gas  inlet  port  which  opens  into  one 
of  side  portions  of  said  inlet  chamber  of  said  mix- 
ture  gas; 

25  (f)  an  auxiliary  incoming  means  (36)  pro- 
vided  with  a  pilot  burner  (12),  said  auxiliary  incom- 
ing  means  being  provided  with  an  auxiliary  incom- 
ing  port  of  said  mixture  gas,  which  auxiliary  incom- 
ing  port  opens  into  the  other  side  portion  of  said 

30  inlet  chamber  of  said  mixture  gas  at  a  position 
spaced  apart  from  said  mixture  gas  inlet  means; 
and 

(g)  a  driving  unit  (40)  for  rotatably  driving  an 
outlet  means  of  said  combustion  gas  and  said 

35  cylindrical  combustion-gas  passage  member,  said 
driving  unit  being  connected  to  said  supporting 
shaft  (31a)  of  said  cylindrical  combustion-gas  pas- 
sage  member,  said  outlet  means  of  said  combus- 
tion  gas  being  provided  with  a  combustion-gas 

40  outlet  port  in  its  one  end  portion,  which 
combustion-gas  outlet  port  opens  into  one  side 
portion  of  said  outlet  chamber  of  said  combustion 
gas. 

9.  The  combustion  apparatus  as  set  forth  in 
45  claim  8,  characterized  in  that  said  combustion 

apparatus  further  comprises  an  oxygen-containing 
gas/fuel  mixing  unit  which  is  provided  with: 
a  venturi  tube  (50),  provided  with  a  venturi  throat 
(53)  portion  and  surrounded  by  a  heat-insulating 

so  material  (61); 
a  fuel  feed  pipe  having  its  fuel  discharge  nozzle 
(56)  opened  into  said  venturi  throat  portion  of  said 
venturi  pipe,  said  fuel  discharge  nozzle  being  pro- 
vided  in  a  front-end  portion  of  said  fuel  feed  pipe; 

55  and 
a  cooling  unit  (57,58,59)  for  cooling  suitable  por- 
tions  of  said  fuel  discharge  nozzle  and  said  fuel 
feed  pipe  communicating  with  said  fuel  discharge 

11 
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nozzle. 
10.  The  combustion  apparatus  as  set  forth  in 

claim  8  or  9,  characterized  in  that 
said  honeycomb-like  passage  wall  surfaces  of  said 
cylindrical  combustion-gas  passage  member  (32)  5 
are  coated  with  catalysts  to  attain  a  catalytic  com- 
bustion  of  said  mixture  gas. 

11.  The  combustion  apparatus  as  set  forth  in 
claim  1  0,  characterized  in  that 
said  catalysts  comprises  platinum  or  palladium.  w 

12.  The  combustion  apparatus  as  set  forth  in 
one  of  claims  1  to  11,  characterized  in  that 
each  of  said  incoming  passage  means  (3,23,31) 
and  said  outgoing  means  (4,24,31)  is  made  of  at 
least  one  of  ceramic  materials  selected  from  the  is 
group  consisting  of  silicon  carbide,  zirconia  and 
cordiente. 

13.  The  combustion  apparatus  as  set  forth  in 
one  of  claims  2  to  13,  characterized  in  that 
said  honeycomb  passage  member  (8.9.26,27,32)  is  20 
made  of  at  least  one  of  ceramic  materials  selected 
from  the  group  consisting  of  silicon  carbide,  zir- 
conia  and  cordierite. 

14.  The  combustion  apparatus  as  set  forth  in 
one  of  claims  7  to  13,  characterized  in  that  25 
said  venturi  tube  (50)  is  made  of  at  least  one  of 
ceramic  materials  selected  from  the  group  consist- 
ing  of  silicon  carbide,  zirconia  and  cordierite. 

15.  The  combustion  apparatus  as  set  forth  in 
one  of  claims  8  to  14,  characterized  in  that  30 
each  of  said  sleeve-like  casing  (31)  and  said  cylin- 
drical  combustion-gas  passage  member  (32)  is 
made  of  at  least  one  of  ceramic  materials  selected 
from  the  group  consisting  of  silicon  carbide,  zir- 
conia  and  cordierite.  35 

16.  The  combustion  apparatus  as  set  forth  in 
one  of  claims  9  to  15,  characterized  in  that 
said  venturi  tube  (50)  is  made  of  at  least  one  of 
ceramic  materials  selected  from  the  group  consist- 
ing  of  silicon  carbide,  zirconia  and  cordierite.  40 

45 
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