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©  A  combustion  control  apparatus,  which  can  pre- 
vent  a  flame  vibration  which  occurs  within  a  burning 
appliance,  is  provided.  Flow  sensors  9a,  9b  detect 
the  amount  of  the  flow  of  combustion  air  flowing 
through  a  duct  1  and  supplies  a  corresponding  sig- 
nal  to  a  control  circuit  10.  When  flame  vibration 
occurs  within  the  duct  1  ,  the  pressure  distribution  of 
combustion  air  changes  and  correspondingly,  the 
amount  of  the  flow  of  combustion  air  changes.  Then, 
when  the  changes  of  the  flow  amounts  detected  by 
the  flow  sensors  9a,  9b  are  small,  namely  when 
flame  vibration  is  small,  the  control  circuit  10  adjusts 
the  degree  of  the  opening  of  a  dumper  3  or  the 
rotation  speed  of  a  fan  motor  depending  on  the 
change  of  the  flow  amount  in  order  to  suppress 
flame  vibration.  If  flame  vibration  increases  further, 
the  control  circuit  10  adjusts  the  degree  of  the 
opening  of  the  dumper  3  or  the  rotation  speed  of  the 
fan  motor  and  simultaneously  drives  the  adjusting 
valve  11  to  adjust  the  amount  of  the  flow  of  gas, 
thereby  further  suppressing  flame  vibration. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  combustion 
control  apparatus  for  preventing  flame  vibration 
which  occurs  in  a  burning  appliance,  for  example,  a 
gas  combustion  type  hot  water  supply  system. 

Description  of  the  Prior  Art 

Since  before,  gas  combustion  type  hot  water 
systems  have  been  well  known  which  mixes  com- 
bustion  air  supplied  from  a  fan  motor,  provided  on 
an  end  of  a  duct  and  gas  (city  gas,  propane  gas), 
and  burns  them  in  order  to  obtain  hot  water 
through  a  heat  exchanger  mounted  beside  the  bur- 
ner,  for  example. 

It  is  generally  known  that  so-called  flame  vibra- 
tion,  which  means  expansion  and  contraction  of 
flame  from  the  burner,  occurs  in  a  hot  water  supply 
system  which  locally  heats  combustion  air  flowing 
within  a  duct.  If  flame  vibration  occurs,  uncomfort- 
able  noise  is  generated.  Depending  on  situations,  a 
burner  or  a  heat  exchanger  may  be  damaged. 
There  is  such  a  method  in  order  to  prevent  flame 
vibration  available  as  determines  whether  or  not 
flame  vibration  occurs  by  detecting  vibration  of  fire 
current  flowing  between  the  surface  of  a  burner 
and  a  heat  exchanger  and  controlling  the  condition 
of  combustion  depending  on  the  vibration  of  the 
fire  current. 

However,  although  conventional  combustion 
control  apparatus  is  capable  of  sufficiently  detect- 
ing  flame  vibration  when  flame  vibration  is  small,  if 
flame  vibration  increases,  fire  current  is  disturbed. 
Consequently,  this  conventional  combustion  control 
apparatus  has  such  a  problem  that  it  cannot  detect 
flame  vibration  accurately.  If  a  large  flame  vibration 
is  generated  so  that  noise  occurs  suddenly  after  a 
small  flame  vibration  continues  for  a  short  time,  it 
is  impossible  to  detect  the  frequency  of  flame 
vibration  based  on  fire  current.  Thus,  the  conven- 
tional  combustion  control  apparatus  was  not  ca- 
pable  of  controlling  combustion  depending  on  the 
amplitude  of  flame  vibration  and  therefore  was  not 
capable  of  preventing  flame  vibration. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  an  object  of  the  present  invention 
is  to  solve  the  aforementioned  problem  and  provide 
a  combustion  control  apparatus  capable  of  effec- 
tively  preventing  flame  vibration  by  controlling  the 
condition  of  combustion  depending  on  the  am- 
plitude  of  flame  vibration. 

The  combustion  control  apparatus  of  the 
present  invention  is  provided  with  a  detecting 

means  for  detecting  the  amount  of  flow  of  combus- 
tion  air  flowing  through  a  duct,  the  detecting  means 
being  mounted  near  the  node  of  pressure  distribu- 
tion  within  the  duct,  and  is  further  provided  with  a 

5  control  means  for  determining  the  amplitude  of 
flame  vibration  according  to  the  change  of  air  flow- 
ing  therethrough,  controlling  the  amount  of  flowing 
air  when  flame  vibration  is  small  and  controlling  the 
amount  of  flowing  fuel  as  well  as  the  amount  of 

io  flowing  air  when  flame  vibration  increases. 
Because  the  detecting  means  mounted  near 

the  node  of  pressure  distribution  within  the  duct  in 
the  combustion  control  apparatus  of  the  present 
invention  detects  the  amount  of  the  combustion  air 

75  flow,  the  combustion  control  apparatus  is  capable 
of  detecting  the  amount  of  the  air  flow  stably  and 
further  detecting  even  slight  changes  of  the  amount 
of  the  flow  to  achieve  highly  accurate  detection  of 
the  changes  of  the  amount  of  flowing  air.  Further, 

20  the  control  means  determines  the  amplitude  of 
flame  vibration  according  to  the  changes  of  the  air 
flow,  controls  the  amount  of  the  combustion  air 
when  flame  vibration  is  small  and  further  controls 
the  amount  of  flowing  fuel  when  flame  vibration 

25  increases  in  order  to  effectively  prevent  flame  vi- 
bration. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

30  Fig.  1  is  a  partial  sectional  view  of  the  structure 
of  an  embodiment  of  the  present  invention. 

Fig.  2  is  a  front  view  of  a  flow  meter  applied  to 
the  embodiment  shown  in  Fig.  1. 

Fig.  3  is  a  perspective  view  of  a  flow  sensor  in 
35  the  flow  meter  shown  in  Fig.  2. 

Fig.  4(a)  is  a  partial  sectional  view  of  a  hot 
water  supply  system  for  explaining  the  mounting 
positions  of  a  gas  burner  and  a  flow  sensor. 

Fig.  4(b)  is  a  characteristic  view  for  showing 
40  the  pressure  distribution  of  combustion  air  in  a 

duct. 
Fig.  4(c)  is  a  characteristic  view  for  showing 

the  flow  speed  distribution  of  combustion  air  in  the 
duct. 

45 
DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

An  embodiment  of  the  present  invention  will  be 
50  described  with  reference  to  drawings.  Fig.  1  is  a 

partial  sectional  view  for  showing  the  structure  of 
an  embodiment  of  the  present  invention.  Referring 
to  Fig.  1,  reference  numeral  1  denotes  a  duct 
having  a  fan  motor  2  which  is  provided  on  an  end 

55  of  the  duct  1.  The  fan  motor  2  comprises  a  fan 
which  rotates  at  a  predetermined  rotation  speed. 
External  air  is  sucked  by  the  fan  and  fed  into  the 
duct  1  .  The  air  outlet  of  the  fan  motor  2  is  provided 
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with  a  dumper  3  for  adjusting  the  amount  of  com- 
bustion  air  flowing  into  the  duct  1.  The  dumper  3  is 
rotated  around  a  shaft  5  by  a  driving  unit  4.  The 
degree  of  the  opening  of  the  dumper  3  is  adjusted 
so  that  the  air  fuel  ratio  (air:  fuel)  of  a  gas  burner  is 
approximately  1  .2.  The  reason  why  the  air  fuel  ratio 
is  fixed  to  1  .2  is  that  combustion  under  this  ratio  is 
most  excellent. 

A  gas  burner  6  is  provided  in  the  downstream 
of  the  duct  1  .  The  gas  burner  6  is  supplied  with  a 
predetermined  amount  of  gas  (city  gas,  propane 
gas)  from  outside  the  duct.  When  propane  gas  is 
used  as  fuel  gas,  the  gas  is  supplied  from  a  gas 
cylinder  7.  A  heat  exchanger  8  is  provided  down- 
ward  of  the  gas  burner  6.  The  heat  exchanger  8 
comprises  cooling  pipes  of  copper  and  fins  con- 
necting  them.  Water  supplied  from  an  end  of  the 
cooling  pipe  passes  through  the  cooling  pipe  and 
then  is  discharged  from  the  other  end.  The  other 
end  of  the  duct  1  discharges  combustion  gas  pass- 
ing  through  the  duct  1  ,  as  an  exhaust  port. 

For  example,  a  flow  sensor  9a  is  mounted  in 
the  center  of  the  fan  motor  2  and  a  flow  sensor  9b 
is  mounted  adjacent  to  the  gas  burner  6,  upward  of 
the  gas  burner  6.  The  flow  sensors  9a,  9b  detect 
the  amount  of  combustion  air  flowing  through  the 
duct  1  and  supply  a  flow  signal  FS  corresponding 
to  the  amount  of  passing  air  to  a  control  circuit  10. 
As  the  flow  sensors  9a,  9b,  for  example,  thermal 
type  flow  sensors  are  used.  However,  only  one  flow 
sensor  9  is  depicted  to  facilitate  understanding  of 
the  following  description. 

Fig.  2  is  a  front  view  showing  the  structure  of 
the  thermal  type  flow  sensor.  The  thermal  type  flow 
sensor  comprises  two  cylinders  21  ,  22  mounted  in 
parallel  to  each  other  so  that  they  are  perpendicu- 
lar  to  the  direction  of  air  flowing  through  the  duct  1  , 
a  portion  in  which  the  ends  of  the  cylinders  pro- 
truding  outside  the  duct  1  are  connected  to  a 
through  hole  25  of  the  sensor  body  24  by  means  of 
tubes  26,  27  and  a  flow  sensor  portion  28  provided 
within  the  through  hole  25. 

Fig.  3  shows  the  structure  of  the  flow  sensor 
portion  28.  Fig.  3  is  a  perspective  view  showing  the 
flow  sensor  portion  28  of  the  thermal  type  flow 
sensor.  As  shown  in  Fig.  3,  the  flow  sensor  portion 
28  has  a  diaphragm  32  less  than  20  urn  in  thick- 
ness  on  a  semiconductor  chip  31  which  is  1.7  mm 
square  and  further  a  micro  flow  sensor  placed  on 
the  diaphragm,  the  micro  flow  sensor  containing  an 
exothermic  resisting  pattern  and  a  heat  sensitive 
resisting  pattern. 

When  a  predetermined  amount  of  current  is 
supplied  to  the  micro  flow  sensor,  the  exothermic 
resisting  pattern  becomes  to  be  exothermic.  The 
resistance  of  the  heat  sensitive  resisting  pattern  is 
set  to  a  certain  constant  value.  Combustion  air 
flowing  through  the  duct  1  enters  one  cylinder  21 

through  a  hole  21a,  passes  through  the  tube  26, 
the  through  hole  25,  and  the  tube  27,  and  finally 
goes  out  from  a  hole  22a  of  the  other  cylinder  22. 
At  this  time,  heat  on  the  semiconductor  chip 

5  changes  depending  on  the  amount  of  air  flowing 
over  the  micro  flow  sensor.  Consequently,  the  re- 
sistance  of  the  heat  sensitive  pattern  changes.  The 
change  of  the  resistance  is  detected  by  the  control 
circuit  10.  Because  the  aforementioned  flow  sensor 

io  portion  28  is  constructed  with  a  very  small  struc- 
ture,  the  flow  sensor  has  a  very  high  sensitivity  and 
an  excellent  responsibility  (several  meters  sec),  so 
that  it  is  always  capable  of  measuring  the  amount 
of  flow  accurately.  It  is  permissible  to  provide  the 

is  internal  surfaces  of  the  cylinders  21,  22  of  the 
micro  flow  sensor  with  minute  unevenness  in  order 
to  collect  dust  contained  in  combustion  air.  Or  it  is 
permissible  to  provide  the  internal  surfaces  of  the 
cylinders  21,  22  of  the  micro  flow  sensor  with  a 

20  trap,  a  partition  plate  coated  with  adhesive  or  po- 
rous  agent  or  a  dust  catching  plate. 

The  control  circuit  10  measures  the  change  of 
the  resistance  of  the  heat  sensitive  resisting  pat- 
tern.  The  change  of  the  resistance  of  the  heat 

25  sensitive  resisting  pattern  corresponds  to  the 
change  of  the  flow  amount  of  combustion  air.  Thus, 
the  change  of  the  flow  amount  of  combustion  air  is 
measured.  When  the  change  of  the  flow  amount  of 
combustion  air  exceeds  a  certain  constant  value 

30  (threshold),  the  control  circuit  10  determines  that 
flame  vibration  occurs  and  transmits  control  signals 
S1,  S2.  The  control  signal  S1  is  supplied  to  the 
driving  unit  4  and  the  control  signal  S2  is  supplied 
to  a  gas  flow  adjusting  valve  1  1  .  The  driving  unit  4 

35  drives  the  dumper  3  according  to  the  control  signal 
S1  and  adjusts  the  degree  of  the  opening  in  order 
to  control  the  flow  amount  of  combustion  air  flow- 
ing  through  the  duct  1.  Or  it  is  permissible  to 
control  the  flow  amount  of  combustion  air  flowing 

40  through  the  duct  1  by  changing  the  rotation  speed 
of  the  fan  motor  2.  On  the  other  hand,  the  adjusting 
valve  11  controls  the  flow  amount  of  gas  supplied 
to  the  gas  burner  6  according  to  the  control  signal 
S2. 

45  Next,  the  mounting  positions  of  the  gas  burner 
6  and  the  flow  sensors  9a,  9b  will  be  described 
with  reference  to  Figs.  4(a),  4(b),  4(c).  Figs.  4(a),  4- 
(b),  4(c)  are  figures  for  explaining  the  method  for 
determining  the  mounting  positions  of  the  gas  bur- 

50  ner  and  the  flow  sensor.  Fig.  4(a)  is  a  partial 
sectional  view  of  the  same  hot  water  supply  sys- 
tem  as  shown  in  Fig.  1.  Fig.  4(b)  is  a  characteristic 
diagram  for  showing  the  pressure  distribution  of 
combustion  air  in  the  duct,  and  Fig.  4(c)  is  a 

55  characteristic  diagram  for  showing  the  flow  speed 
distribution  of  combustion  air  within  the  duct. 
These  characteristics  are  measured  by  means  of  a 
plurality  of  pressure  sensors  41  ,  42,  43  (three  pres- 
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sures  sensors  are  depicted  in  the  present  embodi- 
ment)  provided  in  the  upstream  of  the  gas  burner 
within  the  duct  1  .  The  pressure  distribution  of  com- 
bustion  air  is  represented  in  the  sinusoidal  wave 
form  as  shown  in  Fig.  4(b).  On  the  other  hand,  the 
flow  speed  distribution  is  represented  in  cosine 
wave  form  approximately  90°  off  with  respect  to 
the  pressure  distribution. 

In  the  present  embodiment,  the  flow  sensors 
9a,  9b  are  mounted  in  the  vicinity  of  a  position  in 
which  the  amplitude  of  pressure  is  minimized  or 
the  amplitude  of  flow  speed  is  maximized.  Because 
the  change  of  pressure  is  small  at  this  position,  it  is 
possible  to  detect  the  amount  of  air  flow  stably  and 
further  it  is  possible  to  detect  a  minute  change  of 
air  flow.  Further,  because  flame  vibration  is  maxi- 
mum,  it  is  possible  to  achieve  a  high  precision 
detection.  Whether  or  not  flame  vibration  occurs  is 
determined  by  the  change  of  air  flow  detected  by 
the  flow  sensors  9a,  9b,  that  is,  a  deflection  of  the 
amplitude  of  pressure  or  amplitude  of  flow  speed. 

Next,  the  operation  of  the  aforementioned  em- 
bodiment  will  be  described.  When  the  hot  water 
supply  system  is  operated,  an  almost  constant 
amount  of  combustion  air  supplied  from  the  fan 
motor  2  is  mixed  with  the  predetermined  amount  of 
gas  and  then  the  mixture  thereof  is  burned  by 
means  of  the  gas  burner  6.  In  the  heat  exchanger 
8,  water  entering  therein  is  heated  by  flame  of  the 
gas  burner  6  so  that  it  is  hot  water  and  discharged 
outside.  When  no  flame  vibration  occurs,  there  is 
little  change  in  the  amount  of  flow  of  combustion 
air  detected  by  the  flow  sensors  9a,  9b.  Thus,  the 
dumper  3  or  the  adjusting  valve  1  1  is  kept  as  it  is. 

On  the  other  hand,  if  flame  vibration  occurs 
during  combustion,  the  change  of  flow  of  combus- 
tion  air  due  to  flame  vibration  is  detected  by  means 
of  the  flow  sensors  9a,  9b.  When  the  change  of 
flow  is  small  or  when  flame  vibration  is  small,  the 
control  circuit  10  drives  the  driving  unit  4  by  the 
control  signal  S1  depending  on  the  change  of  flow 
in  order  to  adjust  the  degree  of  the  opening  of  the 
dumper  3  or  the  rotation  speed  of  the  fan.  As  a 
result,  the  air  fuel  ratio  of  the  gas  burner  6  is 
changed,  so  that  the  combustion  condition 
changes,  thereby  suppressing  flame  vibration.  If 
flame  vibration  increases  to  produce  noise,  the 
change  of  the  flow  amount  thereof  detected  by  the 
flow  sensors  9a,  9b  increases.  In  this  case,  namely, 
when  flame  vibration  increases,  the  control  circuit 
10  outputs  the  control  signal  S2  corresponding  to 
the  change  of  the  flow  amount  as  well  as  the 
control  signal  S1.  According  to  the  control  signal 
S2,  the  adjusting  valve  1  1  is  driven  so  as  to  adjust 
the  amount  of  the  flow  of  gas.  As  a  result,  the 
amount  of  the  flow  amount  of  gas  is  controlled  by 
means  of  the  adjusting  valve  as  well  as  the  degree 
of  the  opening  of  the  dumper  and  the  rotation 

speed  of  the  fan.  Consequently,  the  air  fuel  ratio  of 
the  gas  burner  6  is  changed  further,  so  that  the 
condition  of  combustion  changes,  thereby  further 
suppressing  flame  vibration. 

5  Although  a  burner  using  gas  (city  gas,  propane 
gas)  was  described  in  the  aforementioned  embodi- 
ment,  the  present  invention  is  not  restricted  to  this 
case  but  can  be  applied  to  burners  using  other  fuel 
such  as  kerosene,  gas  oil  and  the  like. 

io  As  described  above,  according  to  the  present 
invention,  the  combustion  control  apparatus  is  pro- 
vided  with  a  detecting  means  for  detecting  the 
amount  of  the  flow  of  combustion  air  flowing 
through  the  duct,  the  detecting  means  being 

is  placed  in  the  vicinity  of  the  node  of  the  pressure 
distribution  within  the  duct  and  determines  the  am- 
plitude  of  flame  vibration  according  to  the  change 
of  the  flow  amount.  The  combustion  control  appara- 
tus  comprises  a  control  means  for  controlling  the 

20  amount  of  fuel  as  well  as  controlling  the  amount  of 
the  flow  of  combustion  air  when  flame  vibration 
increases.  Thus,  this  combustion  control  apparatus 
is  capable  of  detecting  a  large  flame  vibration  as 
well  as  a  small  flame  vibration,  and  controlling  the 

25  condition  of  combustion  depending  on  the  am- 
plitude  of  flame  vibration.  Thus,  the  combustion 
control  apparatus  of  the  present  invention  is  ca- 
pable  of  preventing  flame  vibration  very  effectively. 

30  Claims 

1.  A  combustion  control  apparatus  comprising: 
a  detecting  means  for  detecting  the 

amount  of  combustion  air  flowing  through  a 
35  duct,  said  detecting  means  being  mounted  in 

the  vicinity  of  a  node  of  pressure  distribution 
within  said  duct;  and 

a  control  means  which  determines  the  am- 
plitude  of  flame  vibration  according  to  a 

40  change  of  the  flow  amount  detected  by  means 
of  said  detecting  means,  controls  the  amount 
of  the  flow  of  said  combustion  air  when  flame 
vibration  is  small,  and  controls  the  amount  of 
the  flow  of  said  combustion  air  while  control- 

45  ling  the  amount  of  the  flow  of  fuel  when  flame 
vibration  increases. 

2.  A  combustion  control  apparatus  according  to 
claim  1, 

50  wherein  the  detecting  means  comprises  a 
thermal  type  flow  sensor  including  two  cyl- 
inders  mounted  in  parallel  to  each  other  so  that 
they  are  perpendicular  to  the  direction  of  air 
flowing  through  the  duct,  a  portion  in  which  the 

55  ends  of  the  cylinders  protruding  outside  said 
duct  are  connected  to  a  through  hole  of  the 
sensor  body  by  means  of  tubes  and  a  flow 
sensor  portion  provided  within  said  through 

4 
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hole. 

A  combustion  control  apparatus  according  to 
claim  2, 

wherein  the  control  means  determines  the 
amplitude  of  flame  vibration  according  to  a 
change  of  the  resistance  of  heat  sensitive  pat- 
tern  of  the  thermal  type  flow  sensor. 
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