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Description 

[  Technical  Field  ] 

The  present  invention  relates  to  a  surface  combus- 
tion  burner  and  more  particularly  to  a  surface  combus- 
tion  burner  of  a  plural  layer  structure  which  is  construct- 
ed  by  laminating  a  layer  of  a  burning  resisting  material 
such  as  a  ceramic  material  for  forming  a  gas  combustion 
zone  and  a  supporting  layer  such  as  a  metal  fiber  mat. 

[  Background  Art  ] 

Among  infrared  heating  apparatus  whose  applica- 
tion  is  expected  in  a  wide  range  of  fields  such  as  cooking 
and  heating  of  foods  and  drying  of  coated  products,  etc., 
a  surface  combustion  burner  is  known  as  one  of  tech- 
niques  which  employ  as  a  heat  source  thereof  a  gas  fuel 
that  is  low  in  cost  and  high  in  calory. 

The  surface  combustion  burner  is  such  that  the  heat 
energy  of  a  combustion  gas,  which  is  largely  taken  out 
by  convection  in  the  case  of  the  ordinary  combustion,  is 
efficiently  converted  to  a  radiant  heat  and  it  is  designed 
so  that  a  mixture  or  a  premix  of  air  and  a  gas  fuel  is 
supplied  from  one  side  of  a  permeable  sheet  member  ( 
hereinafter  referred  to  as  a  burner  diaphragm  )  and  the 
mixture  is  burned  in  the  surface  layer  portion  on  the  oth- 
er  side  of  the  burner  diaphragm,  thus  heating  the  sur- 
face  layer  portion  itself  of  the  burner  diaphragm  and 
thereby  causing  it  to  discharge  the  radiant  heat.  Thus, 
in  the  surface  combustion  burner  the  combustion  of  the 
gas  is  maintained  in  a  condition  where  a  flame  is  brought 
into  close  contact  with  the  surface  of  the  burner  dia- 
phragm  or  entered  into  the  surface  layer  portion  and  the 
radiant  heat  is  radiated  from  the  flame  and  the  burner 
diaphragm  surface  layer  portion  heated  to  a  red  hot 
state. 

With  the  conventional  surface  burners,  those  of  the 
type  in  which  a  porous  sintered  metal  sheet  or  sintered 
ceramic  sheet  is  used  as  a  raw  material  for  its  burner 
diaphragm  have  already  been  put  in  practical  use  in 
some  fields  such  as  cooking  utensils  and  others  using 
a  fiber  mat  composed  of  metal  or  ceramic  fibers  sintered 
in  layer  form  have  been  studied  vigorously.  These  sur- 
face  combustion  burners  are  advantageous  in  that  in  ad- 
dition  to  the  fact  that  a  radiant  heat  can  be  obtained  with 
high  efficiency,  a  stable  combustion  is  possible  which  is 
not  dependent  on  the  external  environments  such  as 
wind  and  temperature.  Particularly,  since  the  burner  di- 
aphragm  composed  of  a  mat  made  by  sintering  stain- 
less  steel  fibers  can  be  formed  to  have  a  complicated 
surface  shape  and  its  strength  is  excellent  and  since  the 
realization  of  a  high-porosity  structure  makes  it  possible 
to  easily  manufacture  a  burner  which  is  large  in  area, 
low  in  pressure  loss,  high  in  combustion  degree  and 
high  in  power  output  density  and  which  is  relatively  in- 
expensive,  its  application  to  such  uses  as  a  heating  ap- 
paratus  at  an  outdoor  job  site  and  the  baking  and  drying 

of  automobile  painting  is  expected. 
Fig.  3  is  a  schematic  diagram  showing  the  construc- 

tion  of  an  infrared  heater  used  at  an  outdoor  job  site  as 
an  example  of  a  surface  combustion  burner  apparatus 

5  using  a  burner  diaphragm  made  of  a  stainless  steel  fiber 
mat,  and  its  principal  part  including  the  burner  dia- 
phragm  is  shown  in  section. 

In  Fig.  3,  the  burner  diaphragm  m  is  composed  of  a 
stainless  steel  fiber  mat  of  5  mm  thick  which  is  made  by 

10  forming  stainless  steel  (  JIS-SUS  31  6  )  long  fibers  of  20 
u.  m  in  diameter  and  about  50  mm  in  length  into  a  mat 
shape  and  sintering  the  long  fibers  together.  With  this 
burner  diaphragm  m,  its  surface  layer  portion  ml  forms 
a  gas  combustion  zone  during  the  operation  of  the  ap- 

15  paratus  and  this  gas  combustion  zone  is  a  radiant  heat 
radiation  portion. 

Here,  a  fuel  gas  supply  system  including  a  gas  noz- 
zle  N,  a  solenoid  valve  SV  and  a  fuel  gas  bomb  T  and 
an  air  supply  system  including  an  air  blower  or  fan  F  are 

20  connected  to  a  burner  proper  K  to  which  the  burner  di- 
aphragm  m  is  attached.  In  addition,  a  spark  electrode  S 
for  ignition  purposes  is  arranged  in  opposition  to  the  low- 
er  end  of  the  burner  diaphragm  m  so  that  when  its  switch 
is  operated,  a  controller  C  not  only  brings  the  solenoid 

25  valve  SV  and  the  blower  F  into  operation  but  also  applies 
a  spike-like  high  voltage  between  the  spark  electrode  S 
and  the  burner  diaphragm  m  thus  producing  a  discharge 
spark  and  thereby  igniting  the  gas-air  mixture  at  the  sur- 
face  of  the  burner  diaphragm  m.  These  component 

30  members  are  mounted  on  a  movable  base  B  which  is 
equipped  with  wheels. 

Then,  when  the  switch  of  the  controller  C  is  operat- 
ed  so  that  the  heating  apparatus  is  started,  the  solenoid 
valve  SV  is  opened  causing  the  injection  of  the  fuel  gas 

35  through  the  nozzle  N  and  also  the  blower  F  is  started 
thus  supplying  air  whereby  inside  the  burner  proper  K 
the  resulting  mixture  of  the  fuel  gas  and  the  air  flows 
toward  and  passes  through  the  burner  diaphragm  m 
thereby  soaking  out  to  the  outside  through  the  surface 

40  layer  portion  ml.  On  the  other  hand,  a  spark  is  produced 
between  the  spark  electrode  S  and  the  burner  dia- 
phragm  m  across  which  a  high  voltage  has  been  applied 
so  that  the  air-gas  mixture  soaking  out  to  this  portion  is 
ignited  and  a  flame  is  rapidly  propagated  all  over  the 

45  surface  of  the  burner  diaphragm  m  thereby  starting  the 
burning  operation. 

At  this  time,  in  order  that  this  surface  combustion 
burner  may  effect  an  efficient  combustion,  the  amount 
of  gas  supply  and  the  amount  of  air  supply  must  be  con- 

so  trolled  exactly.  In  other  words,  the  ratio  of  the  amount  of 
gas  supply  to  the  amount  of  air  supply  (  the  mixture 
ratio  )  is  made  substantially  equivalent  to  a  chemical  re- 
action  stoichiometric  amount  ratio  and  also  the  flow  rate 
of  the  gas-air  mixture  passing  through  the  burner  dia- 

55  phragm  m  is  selected  to  be  in  such  a  range  that  the  flame 
does  not  get  off  the  surface  of  the  burner  diaphragm  m. 
As  a  result,  the  stable  combustion  is  maintained  in  the 
surface  layer  portion  ml  of  the  burner  diaphragm  m  and 
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the  surface  layer  portion  ml  is  heated  red  hot,  thereby 
radiating  a  radiant  heat  in  an  amount  substantially  de- 
pendent  on  the  surface  temperature  of  the  surface  layer 
portion  ml  . 

[  Problems  that  the  Invention  is  to  Solve  ] 

In  the  case  of  the  surface  combustion  burner  em- 
ploying  the  burner  diaphragm  made  of  a  stainless  steel 
fiber  mat,  the  progress  in  the  oxidation  deterioration  of 
the  burner  diaphragm  surface  layer  portion  heated  red 
hot  is  so  remarkable  that  the  stainless  steel  fiber  mat  is 
rapidly  thinned  out  thus  leading  to  breaking  and  the  life 
of  the  burner  diaphragm  is  decreased;  therefore,  as  for 
example,  in  the  case  of  the  burner  diaphragm  m  of  the 
conventional  heater,  the  life  has  never  exceeded  100 
hours  even  in  the  ordinary  operation. 

Fig.  4  shows  a  temperature  distribution  in  the  thick- 
ness  direction  of  the  burner  diaphragm  m  when  the  con- 
ventional  surface  combustion  burner  performed  the  or- 
dinary  operation.  In  Fig.  4,  the  abscissa  represents  the 
internal  depth  position  D[mm]  of  the  burner  diaphragm 
m  with  the  surface  of  the  surface  layer  portion  ml  as  the 
origin  (0)  and  the  ordinate  represents  the  temperature 
T[°C]. 

In  Fig.  4,  the  temperature  at  the  surface  of  the  sur- 
face  layer  portion  ml  of  the  burner  diaphragm  m  is  as 
high  as  about  1200°C  and  this  is  a  severe  environment 
for  this  kind  of  stainless  steel  fiber  mat  whose  normal 
temperature  is  desired  to  be  maintained  lower  than 
about  800°C.  On  the  other  hand,  since  the  stainless 
steel  fiber  mat  itself  is  a  material  which  is  relatively  low 
in  heat  conductivity  and  it  is  always  cooled  by  the  un- 
burned  gas-air  mixture  passing  therethrough,  as  the  po- 
sition  becomes  closer  to  the  back  side  from  the  surface 
layer  portion  ml,  the  temperature  is  decreased  rapidly 
so  that  even  in  Fig.  4  the  temperature  is  in  fact  below 
800°C  at  the  internal  position  of  only  1  mm  from  the  sur- 
face  of  the  surface  layer  portion  ml  and  here  the  tem- 
perature  is  such  that  it  is  satisfactorily  withstood  by  the 
stainless  steel  fiber  mat. 

Nothing  this  point,  the  inventor  has  attempted  to 
produce  a  burner  diaphragm  of  a  two-layer  structure  by 
replacing  the  surface  layer  portion  ml  of  the  burner  dia- 
phragm  m  with  a  mat  of  a  heat  resisting  material,  e.g., 
a  sintered  burning  resisting  material  such  as  Al203  ce- 
ramic  fibers,  using  the  remainder,  i.e.,  the  back  side  ex- 
cluding  the  surface  layer  portion  as  a  supporting  layer 
for  the  stainless  steel  fiber  mat  and  bonding  the  heat 
resisting  material  mat  and  the  stainless  steel  fiber  mat 
together  by  sintering.  However,  the  stainless  steel  fibers 
and  the  heat  resisting  material  fibers  differ  considerably 
with  respect  to  the  essential  conditions  for  sintering,  that 
is,  the  stainless  steel  fibers  will  be  melted  under  the  re- 
quired  temperature  condition  for  the  sintering  of  the  heat 
resisting  material  fibers  and  so  on  and  thus  it  is  now  ap- 
parent  that  it  is  difficult  to  bond  the  two  mats  by  sintering. 
Also,  while  attempts  have  been  made  to  replace  the 

bonding  by  sintering  by  means  of  arranging  a  large 
number  of  small  heat  resisting  screws  at  the  combustion 
surface,  penetrating  the  screws  through  the  two  layers 
and  fastening  the  screws  on  the  back  side,  the  actual 

5  combustion  tests  conducted  have  shown  that  oxidation 
deterioration  of  the  stainless  steel  fiber  mat  proceeds 
more  severely  than  the  remainder,  particular  at  those 
portions  along  the  small  heat  resisting  screws  penetrat- 
ing  through  the  burner  diaphragm  and  eventually  it  re- 

10  suits  in  the  formation  of  a  gap  around  each  of  the  small 
heat  resisting  screws,  thereby  deteriorating  the  uniform- 
ity  of  the  flow  rate  and  combustion  of  the  gas-air  mixture 
at  the  combustion  surface. 

On  the  other  hand,  it  has  been  confirmed  that  if  a 
is  large-area  burner  diaphragm  is  made  with  the  bonding 

between  the  two  layers  being  left  insufficient,  a  partial 
gap  is  formed  between  the  layers  thus  disturbing  the 
flow  of  the  air-gas  mixture  and  making  the  combustion 
unstable  and  nonuniform,  and  that  as  the  result  of  the 

20  repeated  operations  the  relatively  thin  ceramic  fiber  mat 
layer  collapses  and  falls  off  due  to  the  difference  in  ther- 
mal  expansion  between  the  two  layers. 

GB-A-1  ,368,084  discloses  a  surface  combustion 
burner  comprising  one  or  two  layers  of  hand  deformable 

25  ceramic  fibre  cloth,  backed  by  a  hand  deformable  ce- 
ramic  fibre  blanket.  The  clotch  layer  or  layers  and  the 
blanket  are  held  together  by  individual  loops  anchored 
in  a  layer  of  a  wire  mesh  sheet.  Further,  the  mesh  sheet 
is  backed  by  a  hard  deformable  foamed  metal  serving 

30  as  a  flame  trap. 

[Disclosure  of  Invention] 

The  invention  aims  to  provide  an  improved  surface 
35  combustion  burner,  in  particular  a  surface  combustion 

burner  having  a  long  life,  which  is  so  designed  that  the 
heat  resistance  of  a  burner  diaphragm  is  enhanced  by 
making  its  surface  layer  portion  with  a  burning  resisting 
material,  and  the  layer  of  the  burning  resisting  material 

40  and  a  layer  of  stainless  steel  fiber  mat  are  firmly  bonded 
without  deteriorating  the  uniformity  of  gas  combustion 
at  the  combustion  surface. 

A  surface  combustion  burner  according  to  a  basic 
concept  of  the  present  invention  is  defined  in  claim  1  . 

45  According  to  preferred  embodiment  of  the  present 
invention,  the  burning  resisting  thread  is  composed  of  a 
heat  resisting  metal  wire,  and  the  first  and  third  are 
sewed  on  with  stitches  made  with  the  heat  resisting  met- 
al  wire  by  a  sewing  machine. 

so  In  the  surface  combustion  burner  according  to  the 
present  invention,  a  mixture  prepared  by  premixing  air 
and  a  gas  is  supplied  from  the  second  layer  side  so  that 
the  mixture  passes  through  the  second  layer,  soaks  out 
to  the  first  layer  and  is  burned  in  the  surface  layer  portion 

55  or  the  first  layer,  thereby  heating  the  surface  layer  por- 
tion  to  a  red-hot  state. 

On  the  other  hand,  the  first  and  third  layers  are 
bonded  together  by  sewing  and  the  second  layer  is 

3 
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bonded  to  the  third  layer  by  sintering,  thereby  firmly 
bonding  the  three  layers  to  one  another.  In  other  words, 
the  third  layer  is  made  of  a  material,  i.e.,  the  same  stain- 
less  steel  material  that  can  be  easily  sintered  with  the 
second  layer  so  that  after  the  third  layer  has  been  sewed 
on  the  first  layer,  the  second  layer  is  superposed  on  the 
third  layer  and  bonded  together  by  sintering. 

In  accordance  with  the  construction  of  the  burner 
diaphragm  of  the  present  invention,  the  first  layer  has  a 
certain  thickness  and  the  second  and  third  layers  are 
apart  from  the  high-temperature  combustion  surface  by 
a  distance  corresponding  to  the  thickness  of  the  first  lay- 
er,  thereby  preventing  them  from  being  directly  exposed 
to  an  elevated  temperature  due  to  the  gas  combustion. 
Also,  since  the  second  and  third  layers  are  bonded  by 
sintering,  there  are  no  holes  and  heat  resisting  material 
extending  through  the  burner  diaphragm  and  therefore 
the  uniformity  of  the  flow  rate  and  the  combustion  con- 
dition  of  the  air-gas  mixture  at  its  combustion  surface  is 
maintained. 

Here,  while  various  ceramic  cloths  are  usable  for 
the  first  layer,  it  is  desirable  to  make  the  selection  such 
that  it  has  the  same  porosity  as  the  materials  of  the  sec- 
ond  and  third  layers  or  no  stepped  difference  or  rapid 
variation  is  caused  in  the  joining  areas. 

Also,  while  a  burning  resisting  material,  e.g.,  heat 
resisting  metal  wires  such  as  a  Kanthal  wire  of  Fe-25%, 
Cr-5%  and  AI-2%  Co  or  a  twisted  thread  or  single-strand 
thread  of  a  ceramic  fiber  material  can  be  used  for  the 
thread  for  sewing  the  first  and  third  layers  together,  the 
thickness  of  these  threads  shoud  preferably  be  selected 
to  meet  the  minimum  required  limit  in  terms  of  strength 
from  the  standpoint  of  making  the  combustion  condition 
uniform. 

In  the  surface  combustion  burner  according  to  the 
present  invention,  the  first  layer  made  of  a  ceramic  cloth 
is  easy  to  handle  as  compared  with  a  ceramic  fiber  mat 
or  the  like  and  moreover  there  is  no  occurrence  of  any 
crushing  or  collapsing  due  to  the  sewing,  thereby  mak- 
ing  it  possible  to  join  the  first  and  third  layers  together 
by  using  for  example  the  ordinary  industrial  sewing  ma- 
chine  or  the  like. 

In  the  surface  combustion  burner  according  to  the 
present  invention,  the  burner  diaphragm  surface  layer 
forming  its  gas  combustion  zone  is  formed  by  the  first 
layer  of  the  burning  resisting  material  and  thereform  the 
progress  of  oxidation  deterioration  of  the  burner  dia- 
phragm  is  retarded.  Also,  since  the  first  layer  is  sewed 
on  the  third  layer  and  the  third  layer  is  firmly  bonded  to 
the  second  layer  by  sintering,  the  burner  diaphragm  and 
the  surface  combustion  burner  can  be  manufactured 
and  handled  easily  and  there  is  less  danger  of  causing 
nonuniformity  of  the  combustion  at  the  combustion  sur- 
face  due  to  the  sewing  and  hence  the  occurrence  of  a 
partial  oxidation  deterioration  phenomenon  due  to  such 
nonuniform  combustion.  Asa  result,  the  life  of  the  burner 
diaphragm  is  increased,  thus  making  it  possible  to  im- 
prove  the  utilization  of  the  burner  diaphragm  and  there- 

by  to  reduce  the  operating  cost  of  a  combustion  appa- 
ratus  using  this  burner  diaphragm. 

In  addition,  since  the  first  and  third  layers  are  joined 
together  by  sewing,  the  selection  of  materials  can  be 

5  made  with  a  considerable  freedom  without  giving  any 
consideration  to  the  difference  in  sintering  temperature 
and  the  matching  as  to  affinity,  etc.,  between  the  mate- 
rials  as  in  the  case  of  the  bonding  by  sintering. 

As  a  result,  not  only  the  material  cost  and  produc- 
10  tion  cost  of  the  burner  diaphragm  are  reduced  and  its 

life  is  increased,  but  also  it  is  possible  to  reduce  the  run- 
ning  cost  of  a  combustion  apparatus  employing  this 
burner  diaphragm.  Also,  since  there  is  no  need  to  give 
much  consideration  to  the  heat  resistance  of  the  burner 

is  diaphragm  during  the  operation,  it  is  possible  to  use  a 
high  calory  gas  such  as  propane  gas  to  effect  a  high- 
density  surface  combustion  and  also  to  set  higher  the 
surface  temperature  of  the  combustion  surface,  thereby 
obtaining  a  higher  radiation  efficiency. 

20  The  above  and  other  objects  and  advantages  of  the 
present  invention  will  become  more  apparent  from  the 
following  description  of  an  embodiment  for  purposes  of 
illustration  when  taken  in  conjunction  with  the  accompa- 
nying  drawing. 

25 
[  Brief  Description  of  Drawings  ] 

Fig.  1  a  is  a  front  view  showing  the  construction  of  a 
surface  combustion  burner  according  to  an  embodiment 

30  of  the  present  invention. 
Fig.  1b  is  a  partial  enlarged  sectional  view  of  Fig.  1a. 
Fig.  2  is  a  graph  showing  the  relation  between  the 

operating  condition  of  the  surface  combustion  burner 
according  to  the  embodiment  of  the  present  invention 

35  and  the  boundary  surface  temperatures  of  the  respec- 
tive  layers  in  the  burner  diaphragm,  with  the  abscissa 
representing  the  equivalent  amount  ratio  §  (  actual  fuel- 
air  ratio/stoichiometric  fuel-air  ratio  )  and  the  ordinate 
representing  the  temperature  T[°C]. 

40  Fig.  3  is  a  schematic  diagram  showing  an  example 
of  the  construction  of  a  heating  apparatus  for  outdoor 
operation  purposes  by  way  of  an  example  of  the  appli- 
cations  of  a  conventional  surface  combustion  burner. 

Fig.  4  is  a  graph  showing  a  temperature  distribution 
45  at  the  section  of  the  stainless  steel  fiber  mat  in  the  con- 

ventional  surface  combustion  burner,  with  the  abscissa 
representing  the  internal  depth  position  D[mm]  of  the 
burner  diaphragm  using  the  surface  of  the  surface  layer 
portion  as  the  origin  (0)  and  the  ordinate  representing 

50  the  temperature  T[°C]. 

[  Best  Mode  for  Carrying  Out  the  Invention  ] 

In  Figs.  1a  and  1b,  the  surface  combustion  burner 
55  according  to  this  embodiment  includes  a  burner  dia- 

phragm  M  of  a  three-layer  structure  including  an  Al203 
ceramic  cloth  1  as  a  first  layer  which  is  to  form  a  surface 
layer  portion,  a  stainless  steel  fiber  mat  3  as  a  second 

4 
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layer  which  is  to  form  a  supporting  layer,  and  a  stainless 
steel  fiber  mat  2  as  a  third  layer  which  is  to  be  interposed 
between  the  first  and  second  layers  to  effect  the  bonding 
between  the  two  layers  through  it.  Here,  the  ceramic 
cloth  1  forming  the  first  layer  and  the  stainless  steel  fiber 
mat  2  forming  the  third  layer  are  sewed  together  with  a 
Kanthal  single-strand  wire  4  as  will  be  described  in  detail 
later,  and  the  second  and  third  layers  are  bonded  to- 
gether  through  the  sintering  of  the  stailess  steel  fiber 
mats  2  and  3  of  the  same  material. 

The  first  layer  or  the  Al203  ceramic  cloth  1  is  a  non- 
woven  cloth  of  1  to  2  mm  thick  which  is  made  of  Al203 
long  fibers  of  8  urn  in  diameter,  and  the  second  and  third 
layers  or  the  stainless  steel  fiber  mats  2  and  3  are  each 
made  by  combining  and  forming  a  large  number  of  stain- 
less  steel  (  JIS-SUS  316  )  fibers  of  20  urn  in  diameter 
and  about  50  mm  in  length  into  a  mat  shape  and  then 
bonding  the  long  fibers  together  by  sintering,  with  the 
mat  3  having  a  thickness  of  4  mm  and  the  mat  2  having 
a  thickness  of  0.5  mm.  Also,  the  Al203  ceramic  cloth  1 
and  the  stainless  steel  fiber  mats  2  and  3  have  substan- 
tially  the  same  porosity  of  90%  or  over. 

With  this  burner  diaphragm  M,  the  Al203  ceramic 
cloth  1  of  1  to  2  mm  thick  and  the  stainless  steel  fiber 
mat  2  of  0.5  mm  thick  are  arranged  one  upon  another 
so  that  the  superposed  two  layers  are  sewed  crosswise 
according  to  a  checkerboard-like  stitch  pattern  of  about 
10  mm  squares  with  the  single-strand  wire  of  Kanthal, 
an  iron-chromium  alloy  or  the  like,  of  0.  1  mm  in  diameter 
by  an  industrial  sewing  machine  thereby  bonding  the 
two  layers  together;  thereafter,  the  stainless  steel  fiber 
mat  3  of  4  mm  thick  is  superposed  on  the  stainless  steel 
fiber  mat  2  and  the  boundary  surface  portion  of  the  mats 
2  and  3  is  sintered  under  the  application  of  a  pressure 
in  a  high  temperature  condition,  thereby  bonding  the  two 
together. 

Fig.  2  shows  the  relation  between  the  equivalent 
amount  ratio  $  of  the  gas-air  mixture  (  the  actual  fuel-air 
ratio/  the  stoichiometric  fuel-air  ratio  )  in  the  surface 
combustion  burner  of  the  present  embodiment  and  the 
boundary  surface  temperatures  of  the  respective  layers 
in  the  burner  diaphragm  M.  In  this  case,  the  typical  flow 
velocity  of  the  mixture  is  selected  to  be  15  cm/sec  and 
methane  (CH4)  is  selected  as  the  fuel  gas.  The  curve 
Tms  represents  the  surface  temperature  of  the  Al203 
ceramic  cloth  1  ,  the  curve  Tmb  the  temperature  at  the 
back  of  the  Al203  ceramic  cloth  1  or  the  temperature  at 
the  boundary  surface  between  it  and  the  stainless  steel 
fiber  mat  2,  and  Tmd  the  temperature  at  the  boundary 
surface  between  the  stainless  steel  fiber  mats  2  and  3. 

As  shown  in  Fig.  2,  in  the  burner  diaphragm  M  of 
the  present  invention  in  which  the  Al203  ceramic  cloth 
1  is  used  in  place  of  the  portion  which  will  be  brought 
into  a  high-temperature  red  hot  state  with  the  progress 
of  the  gas  combustion,  the  temperature  at  the  boundary 
surface  between  the  Al203  ceramic  cloth  1  and  the 
stainless  steel  fiber  mat  2  can  be  maintained  below 
800°C  with  respect  to  the  various  equivalent  amount  ra- 

tios  $  and  also  the  temperature  at  the  boundary  surface 
between  the  stainless  steel  fiber  mats  2  and  3  can  be 
maintained  below  about  600°C. 

As  a  result,  the  progress  of  oxidation  in  the  stainless 
5  steel  fiber  mats  2  and  3  is  retarded  so  that  in  accordance 

with  the  present  embodiment  the  burner  diaphragm  life 
can  be  increased  up  to  5000  hours  even  under  the  max- 
imum  load  operation  as  compared  with  the  conventional 
life  of  about  100  hours,  whereas,  even  if  the  stitch  pat- 

10  tern  due  to  the  sewing  of  the  Al203  ceramic  cloth  1  and 
the  stainless  steel  fiber  mat  2  is  simply  present  at  the 
combustion  surface,  the  stainless  steel  fiber  mats  2  and 
3  are  bonded  by  sintering  so  that  there  is  no  occurrence 
of  the  breaking  out  of  a  flame  on  the  stitch  pattern  at  the 

is  combustion  surface  during  the  operation  and  the  uni- 
formity  of  the  surface  combustion  is  improved. 

It  is  to  be  noted  that  while,  in  the  above-described 
embodiment,  the  stainless  steel  fiber  mat  and  the  Al203 
ceramic  cloth  are  sewed  together  with  the  Kanthal-wire 

20  thread,  these  materials  may  be  selected  and  combined 
in  various  ways  in  consideration  of  the  heat  resisting 
properties  and  economy.  For  instance,  it  is  possible  to 
make  various  modifications  such  as  using  a  Ti02  ceram- 
ic  cloth  in  place  of  the  Al203  ceramic  cloth,  using  a  plat- 

25  inum  wire  in  place  of  the  Kanthal  wire  and  so  on. 

Claims 

30  1.  A  surface  combustion  burner  comprising  a  dia- 
phragm  (M)  comprising  a  first  layer  (1)  of  ceramic 
cloth  having  a  burning  resisting  property  and  form- 
ing  a  gas  combustion  zone,  and  a  second  layer  (3) 
for  supplying  a  gas  to  said  first  layer  and  supporting 

35  said  first  layer  (1  ),  characterized  in  that  said  second 
layer  (3)  is  composed  of  a  stainless  steel  fiber  mat 
which  is  made  of  a  large  number  of  stainless  steel 
fibers  bonded  with  each  other  by  sintering,  and  in 
that  said  burner  further  comprises  a  third  layer  (2) 

40  arranged  between  said  first  and  second  layers,  said 
third  layer  (2)  being  composed  of  a  stainless  steel 
fiber  mat  and  bonded  to  said  second  layer  (3)  by 
sintering,  said  first  layer  (1  )  and  said  third  layer  (2) 
being  sewed  together  with  machine  stitching  using 

45  a  thread  (4)  of  a  burning  resisting  material,  said  ma- 
chine  stitching  being  formed  into  a  crosswise  pat- 
tern  over  substantially  whole  area  of  said  dia- 
phragm  (M)  to  hold  said  first  and  third  layers  togeth- 
er. 

50 
2.  A  surface  combustion  burner  as  set  forth  in  claim  1  , 

characterized  in  that  said  first  layer  is  composed  of 
a  nonwoven  ceramic  cloth  which  is  made  of  Al203 
fibers. 

55 
3.  A  surface  combustion  burner  as  set  forth  in  claim  1 

or  2,  characterized  in  that  said  burning  resisting 
thread  (4)  is  composed  of  a  heat  resisting  metal 

5 
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wire. 

4.  A  surface  combustion  burner  as  set  forth  in  any  of 
claims  1  to  2,  characterized  in  that  said  burning  re- 
sisting  thread  (4)  is  composed  of  ceramic  fiber  ma- 
terial. 

5.  A  surface  combustion  burner  as  set  forth  in  any  of 
claims  1  to  4,  characterized  in  that  said  first  layer 
(1)  has  the  same  porosity  as  the  materials  of  said 
second  and  third  layers. 

6.  A  surface  combustion  burner  as  set  forth  in  any  of 
claims  1  to  5,  characterized  in  that  said  ceramic 
cloth  of  the  first  layer  (1)  and  said  stainless  steel 
fiber  mats  of  the  second  and  third  layers  (2,  3)  have 
substantially  the  same  porosity  of  90  %  or  over. 

Patentanspriiche 

1.  Brenner  mit  Oberflachenverbrennung,  der  mit  ei- 
nem  Diaphragma  (M)  mit  einer  ersten  Lage  (1  )  aus 
keramischem  Stoff  mit  feuerfesten  Eigenschaften, 
die  eine  Gasverbrennungszone  bildet,  und  mit  einer 
zweiten  Lage  (3)  zum  Zufuhren  eines  Gases  zur  er- 
sten  Lage  und  zum  Halten  der  ersten  Lage  (1)  ver- 
sehen  ist,  dadurch  gekennzeichnet,  daBdiezwei- 
te  Lage  (3)  sich  zusammensetzt  aus  einer  rostfreien 
Stahlfasermatte,  die  aus  einer  groBen  Anzahl  von 
rostfreien  Stahlfasern  hergestellt  ist,  die  miteinan- 
der  durch  Sintern  verbunden  sind,  und  dal3  der 
Brenner  weiterhin  eine  dritte  Lage  (2)  aufweist,  die 
zwischen  erster  und  zweiter  Lage  angeordnet  ist, 
wobei  die  dritte  Lage  (2)  aus  einer  rostfreien  Stahl- 
fasermatte  besteht  und  mit  der  zweiten  Lage  (3) 
durch  Sintern  verbunden  ist  und  erste  Lage  (1  )  und 
dritte  Lage  (2)  mit  einen  Faden  (4)  ausfeuerfestem 
Material  verwendenden  Maschinenstichen  zusam- 
mengenaht  sind  und  die  Maschinenstiche  in  einem 
Kreuzmuster  iiber  im  wesentlichen  die  ganze  Fla- 
che  des  Diaphragmas  (M)  zum  Zusammenhalten 
von  erster  und  dritter  Lage  gebildet  sind. 

2.  Brenner  mit  Oberflachenverbrennung  gemaB  An- 
spruch  1  ,  dadurch  gekennzeichnet,  dal3  die  erste 
Lage  aus  einem  keramischen  Faservlies  besteht, 
das  aus  AL203-Fasern  hergestellt  ist. 

3.  Brenner  mit  Oberflachenverbrennung  gemaB  An- 
spruch  1  oder  2,  dadurch  gekennzeichnet,  dal3 
der  feuerfeste  Faden  (4)  aus  einem  hitzeresisten- 
ten  Metalldraht  besteht. 

4.  Brenner  mit  Oberflachenverbrennung  gemaB  ei- 
nem  der  Anspruche  1  bis  2,  dadurch  gekennzeich- 
net,  dal3  der  feuerfeste  Faden  (4)  aus  Keramikfa- 
sermaterial  besteht. 

5.  Brenner  mit  Oberflachenverbrennung  gemaB  ei- 
nem  der  Anspruche  1  bis  4,  dadurch  gekennzeich- 
net,  dal3  die  erste  Lage  (1  )  die  gleiche  Porositat  auf- 
weist  wie  die  Materialien  der  zweiten  und  dritten  La- 

5  ge. 

6.  Brenner  mit  Oberflachenverbrennung  gemaB  ei- 
nem  der  Anspruche  1  bis  5,  dadurch  gekennzeich- 
net,  dal3  die  Lage  (1)  aus  keramischem  Stoff  und 

10  die  rostfreien  Stahlfasermatten  der  zweiten  und 
dritten  Lage  (2,  3)  im  wesentlichen  die  gleiche  Po- 
rositat  von  90%  oder  mehr  aufweisen. 

is  Revendications 

1.  Bruleur  a  combustion  de  surface  comprenant  un 
diaphragme  (M)  comprenant  une  premiere  couche 
(1)  de  tissu  ceramique  presentant  une  propriete  de 

20  resistance  a  la  combustion  et  formant  une  zone  de 
combustion  de  gaz,  et  une  deuxieme  couche  (3) 
permettant  de  delivrer  un  gaz  a  ladite  premiere  cou- 
che  et  de  supporter  ladite  premiere  couche  (1  ),  ca- 
racterise  en  ce  que  ladite  seconde  couche  (3)  se 

25  compose  d'un  matelas  de  fibres  en  acier  inoxydable 
constitue  d'un  grand  nombre  de  fibres  en  acier 
inoxydable  liees  les  unes  aux  autres  par  frittage  et 
enceque  ledit  bruleurcomprend  une  troisieme  cou- 
che  (2)  agencee  entre  lesdites  premiere  et  deuxie- 

30  me  couches,  ladite  troisieme  couche  (2)  se  compo- 
sant  d'un  matelas  de  fibres  en  acier  inoxydable  et 
etant  Nee  a  ladite  deuxieme  couche  (3)  par  frittage, 
ladite  premiere  couche  (1)  et  ladite  troisieme  cou- 
che  (2)  etant  cousues  ensemble  par  des  coutures 

35  machine  a  I'aide  d'un  fil  (4)  en  un  materiau  resistant 
a  la  chaleur,  lesdites  coutures  machine  etant  for- 
mees  en  un  motif  de  damier  sur  sensiblement  toute 
la  zone  dudit  diaphragme  (M)  pour  maintenir  lesdi- 
tes  premiere  et  troisieme  couches  ensemble. 

40 
2.  Bruleur  a  combustion  de  surface  selon  la  revendi- 

cation  1  ,  caracterise  en  ce  que  ladite  premiere  cou- 
che  se  compose  d'un  tissu  ceramique  non  tisse 
constitue  de  fibres  en  Al203. 

45 
3.  Bruleur  a  combustion  de  surface  selon  la  revendi- 

cation  1  ou  2,  caracterise  en  ce  que  ledit  fil  (4)  re- 
sistant  a  la  combustion  se  compose  d'un  fil  metalli- 
que  resistant  a  la  chaleur. 

50 
4.  Bruleur  a  combustion  de  surface  selon  I'une  quel- 

conque  des  revendications  1  et  2,  caracterise  en  ce 
que  ledit  fil  (4)  resistant  a  la  combustion  se  compo- 
se  d'un  materiau  en  fibre  ceramique. 

55 
5 . .   Bruleur  a  combustion  de  surface  selon  I'une  quel- 

conque  des  revendications  1  a  4,  caracterise  en  ce 
que  ladite  premiere  couche  (1)  presente  la  meme 

6 
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porosite  que  les  materiaux  desdites  deuxieme  et 
troisieme  couches. 

6.  Bruleur  a  combustion  de  surface  selon  I'une  quel- 
conque  des  revendications  1  a  5,  caracterise  en  ce  s 
que  ledit  tissu  ceramique  de  la  premiere  couche  (1  ) 
et  lesdits  matelas  de  fibres  en  acier  inoxydable  des 
deuxieme  et  troisieme  couches  (2,  3)  presentent 
sensiblement  la  meme  porisite  qui  est  de  90  %  ou 
plus.  10 
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