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@  A  burner  with  an  air  regulator. 

©  A  burner  having  an  air  regulator  upstream  of  the  burner 
which  automatically  controls  the  air  pressure  at  the  inlet  of 
the  burner  at  a  fixed  value.  The  air  regulator  comprises  a 
container  (2)  divided  into  a  zone  (6)  in  communication  with 
the  combustion  chamber  and  another  zone  (5)  in  communi- 
cation  with  the  air  supply  to  the  burner,  the  zones  (5,  6) 
being  separated  by  a  moveable  partition  (3)  connected  to  a 
regulating  device  (1)  for  regulating  the  amount  of  air  supply 
entering  the  burner  form  the  atmosphere.  When  the  move- 

Q|  able  partition  (3)  moves  in  response  to  a  pressure  difference 
g&  between  the  zones  (5,  6)  there  is  change  in  the  amount  of  air ^   supplied  to  the  burner. 
<0 
o  
ID 
o  
10  
o  

o  

ACTORUM  AG 

A   burner  having  an  air  regulator  upstream  of  the  burner 
which  automatically  controls  the  air  pressure  at  the  inlet  of 
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the  combustion  chamber  and  another  zone  (5)  in  communi- 
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This  invention  r e l a t e s   to  a  burner  having  a  regula tor   for  the  a i r  

supply.  

In  any  burner  the  air   for  combustion  is  regulated  by  a  damper, 

bu t t e r f ly   valve,  one  or  more  gates  etc,  and  this  causes  a  loss  of  head 

in  the  air  c i r c u i t .   Also  the  air  is  set  in  motion  e i the r ' by   the  n a t u r a l  

draught,  by  a  fan  or  more  usually  by  a  combination  of  the  two.  Apar t  

from  cer ta in   highly  automated  i n d u s t r i a l   i n s t a l l a t i o n s ,   the  ad jus tment  

is  fixed  and  is  set  at  i n t e rva l s   which  may  range  from  for  example  one 

week  to  one  year.  The  adjustment  is  made  for  average  condit ions  and 

therefore  is  ra re ly   s a t i s f a c t o r y   if  the  natural   draught  of  the  chimney 

represents   a  s u b s t a n t i a l   part  of  the  to ta l   motive  head.  

We  have  now  devised  a  burner  having  an  air  regula tor   which 

automatical ly   controls   the  air  pressure  at  the  in le t   of  the  burner  at  a 

fixed  value  which  may  be  that  of  the  base  of  the  chimney  or  at  a  va lue  

d i f fe r ing   from  that  of  the  base  of  the  chimney  by  a  fixed amount.  In  

accordance  with  this  invention  a  burner  having  an  air  regula tor   through 

which  air  must  flow  before  entering  the  air  in le t   to  the  burner is the wherein 

said  regula tor   comprises  a  container   d iv ided . in to   one  zone  in  communication 

with  the  air  supply  to  the  burner  and  another  zone  in  communication  w i th  

the  air  flow  downstream  of  the  burner.  These  zones  are  separated  by  a 

moveable partition which moves frealy with Sulsth hilly no elaish renurn fortes so  that  the  pressure  of  each  zone  is  r e s p e c t i v e l y  

that  of  the  air  supply  to  the  burner  and  the  air  flow  downstream  of  t h e  

burner.  A  change  in  pressure   in  the  combustion  chamber  of  the  bu rne r  

causes  movement  of  the  p a r t i t i o n   and  by  regula t ing   means  o p e r a t i v e l y  

connected  to  said  moveable  p a r t i t i o n  c a u s e s   a  change in  the  amount  of 

air  entering  the  r egu la to r   from  the  a tmosphere .  By   this  means  w h i l s t  



the  burner  is  opera t ing   the  pressure  d i f ference(which   is  preferably   zero)  between 

the  air  supply  to  the  burner  and  the  air  flow  downstream  of  the  bu rne r  

remains  s u b s t a n t i a l l y   c o n s t a n t .  

The  air  r egu l a to r   is  eminently  su i t ab le   for  use  with  the  burne r  

described  in  French  patent   s p e c i f i c a t i o n   75-15854  (equivalent   to  UK 

patent  app l i c a t i on   20532/76).  However  the  air  regula tor   can  be  a t t a c h e d  

to  any  burner,  for  example  burners  used  for  heating  premises  connected 

to  natural   draught  chimneys.  Furthermore  the  air  r egu la to r   can  act  as 

a  scavenging  l i m i t e r   when  the  burner  is  not  being  used,  for  as  t he  

pressure  drops  in  the  combustion  zone  and  chimney  of  the  burner  so  w i l l  

the  supply  of  air   to  the  regu la tor   from  the  atmosphere  s u b s t a n t i a l l y  

cease .  

It  has  been  found  that  there  is  good  control   on  burners  f i t t e d   w i t h  

this  r egu la tor   with  a  d iminu t ion  in   the  v a r i a t i o n   in  the  amount  of  C02 

produced  compared  with  the  same  burner  not  using  this  r e g u l a t o r .  

The  conta iner   which  is  divided  into  zones  by  the  moveable  p a r t i t i o n  

can  take  various  forms,  and  may  simply  be  a  cyl inder  or  a  r e c t a n g u l a r  

box  with  a  s l i d e a b l e   p i s ton   as  the  moveable  p a r t i t i o n .   A l t e r n a t i v e l y ,  

it  may  be  a  c y l i n d r i c a l   housing  with  rotary  blades  c o n s t i t u t i n g   t he  

moveable  p a r t i t i o n .   Other  su i t ab le   forms  of  container   are  any  mechanica l  

arrangements  producing  a  displacement  when  submitted  to  a  d i f f e r e n t i a l  

pressure  provided  the  displacements  are  s u f f i c i e n t   to  overcome  any 

e l a s t i c   re turn   fo rces .   In  such  cases  the  moveable  p a r t i t i o n   can  f o r  

example  be  a  pendulum,  a  membrane  or  an  aneroid  type  e lement .  

The  separa te   communications  between  the  zones  and  the  air  f low 

downstream  of  the  burner  and  the  air  supply  to  the  burner  are  usually  by 

way  of  pipe,  conduit   or  tubing.  The  communication  with  the  air   supply  



downstream  of  the  burner  is  preferably   made  with  the  chimney  stack  of 

the  burner,  but  it  can  if  desired  be  made  at  the  combustion  chamber 

i t s e l f .  

Most  burners  are  provided  with  a  fan  or  other  device  which  takes  i n  

air  at  atmospheric  pressure  and  del ivers   it  at  a  higher  pressure  e.g.  a 

compressor.  In  such  cases  the  respect ive   zone  of  the  container  must 

communicate  with  the  air  supply  upstream  of  the  fan  or  said  other  dev ice .  

Most  burners  also  have  an adjustment  means  whereby  for  a  given  o p e r a t i o n  

the  amount  of  air  enter ing  the  burner  is  fixed  at  a  cer ta in   l e v e l .  

Again  the  respec t ive   zone  of  the  container  must  communicate  wi th  the   a i r  

supply  upstream  of  the  adjustment  means. 

The  regu la t ing   means  for  causing  a  change  in  the  amount  of  a i r  

entering  the  regu la tor   may  be  of  various  forms,  for  example  a  damper, 

bu t t e r f ly   valve,  a  gate  or  one  or  more  vanes,  eg  where  the  moveable 

p a r t i t i o n   comprises  rotary  blades.  It  must  be  designed  so  that  aerodynamic 

forces  do  not  product  s u b s t a n t i a l l y   any  force  or.momentum  tending  to  c lo se  

or  open  the  r egu la t ing   means.  The  regula t ing  means  is  o p e r a t i v e l y  

connected  to  the  moveable  p a r t i t i o n   and  this  may  be  by  means  of  a  l i n k  

whereby  for  example  l a t e r a l   sh i f t ing   of  the  moveable  p a r t i t i o n   in  a  box 

or  cylinder  causes  l a t e r a l   sh i f t ing   of  the  link  which  thereby  a l t e r s   the  

set t ing  of  the  regu la t ing   means  according  to  how  much  l a t e r a l   s h i f t i n g  

has  been  undergone  by  the  moveable  p a r t i t i o n .   Where  a  rotary  c o n t a i n e r  

is  used  sh i f t ing   of  the  blades  due  to  a  d i f ference  of  pressure  w i l l  

cause  a  sh i f t ing   of  a  vane  or  vanes  whereby  the  amount  of  air  e n t e r i n g  

the  regulator   is  a l t e r e d .  

If  desired  one  could  use  a  servo  mechanism,  for  example  pneumatic,  

hydraulic  or  e l e c t r i c ,   to  replace  the  bare  connection  between  the  moveable 

p a r t i t i o n   and  the  regu la t ing   means.  This  could  be  sui table   for  l a r g e  

burners  where  the  r egu la t ing   means  may  be  hard  to  move. 



The  connection  between  the  moveable  p a r t i t i o n   and  the  regula t ing   means 

can  be  adjusted  so  that  negative  pressure  in  the  combustion  chamber  w i l l  

tend  to  move  the moveable  p a r t i t i o n   in  a  d i rec t ion   closing  the  r e g u l a t i n g  

means.  If  the  burner  is  operating  this  closure  will  subject  the  air  supply  

to  a  subatmospheric  pressure  and  with  no  return  force  the  regula t ing   means 

will  continue  to  close  unt i l   the  air  supply  pressure  is  equal  to  that  i n  

the  combustion  chamber. 

If  the  burner  is  not  working  the  flow  of  air  is  very  s l igh t   so  t h a t  

the  pressure  drop  through  the  regula tor   is  neg l ig ib le   and  the  r e g u l a t o r  

will  close  completely,  thus  l imi t ing   the  scavenging  of  the  combustion 

chamber  when  the  burner  is  not  working.  This  may  often  be  advantageous  i n  

that  heat  losses  can  be  reduced  during  shut-down  pe iods .  

By  contras t   when  the  burner  s t a r t s ,   a  pressure  peak  general ly  occurs  

before  the  draught  (which  is  due  to  the  d i f ference   in  temperature  between 

the  flue  gases  and  ambient  air)  is  es tabl ished  and  for  analogous  r easons  

the  regula tor   opens  widely,  so  reducing  the  smoke'during  the  few  seconds  o r  

minutes  following  the  s t a r t   up. 

For  a  natural   draught  burner  there  must  be  a  d i f fe rence   in  p r e s s u r e  

between  the  air  supply  and  the  combustion  chamber  and  the  pressure  of  t h e  

air  supply  must  be  greater   than  that  of  the  combustion  chamber.  It  i s  

necessary  therefore   that  the  d i f ference  in  pressure  between  the  zones 

should  not  cause  the  moveable  p a r t i t i o n   to  move  so  much  that  the  r e g u l a t i n g  

means  changes  the  amount  of  air  so  that  the  pressure  of  the  air  supply  

equalises  that  of  the  combustion  chamber.  This  can  be  readi ly   prevented  by 

applying  a  force  to  one  side  of  the  moveable  p a r t i t i o n ,   the  force  being 

applied  so  as  to  act  against  the  tendency  of  the  moveable  p a r t i t i o n   t o  

close  the  r egu la to r .   A  weight  connected  to  the  moveable  p a r t i t i o n   by  a 

line  passing  over  a  pulley  is  a  convenient  way  of  applying  a  force.  It  i s  

desi rable   that  the  d i f fe rence   in  pressure  between  the  air  supply  and  t h e  

combustion  chamber  should  be  constant,   and  the  use  of  the  weight  as  j u s t  

described  provides  this  constant  pressure  d i f f e r e n c e .  



However  it  is  preferred  that  burners  where  there  is  no  p r e s s u r e  

d i f ference   between  the  air  supply  and  the  combustion  chamber  be  used.  

The  invent ion  is  now  described  with  reference  to  the  drawings  i n  

which: 

Figure  1  shows  a  perspect ive   view  of  one  form  of  regula tor   s u i t a b l e  

for  use  with  the  burner  in  accordance  with  the  i n v e n t i o n ;  

Figure  2  shows  a  view  of  another  r e g u l a t o r ;  

Figure  3  shows  a  view  of  one  form  of  burner  with  the  regula tor   of 

Fig  1; 

Figure  4  shows  an  exploded  view  of  a  rotary  form  of  the  r e g u l a t o r ;  

Figure  5  shows  a  sect ion  of  the  regu la tor   of  Figure  4; 

Figure  6  shows  a  c ros s - sec t ion   of  the  regula tor   on  the  line  6-6  of  

Figure  5;  and 

Figure  7  shows  a  view  of  a  de ta i l   of  a  modified  form  of  the  r e g u l a t o r  

according  to  Figures  4  to  6. 

Referr ing  to  Figure  1  of  the  drawings  where  it  is  assumed  that  t he  

combustion  chamber  is  under  negative  pressure  a  d a m p e r   closes  an  a i r  

box  2  in  communication  with  the  air  supply.  This  damper  1  is  c o n s t r u c t e d  

so  as  to  s l ide  f ree ly   so  that  the  d i f fe rence   in  pressure  between  the  two 

faces  of  the  damper  does  not  lead  to  any  forces  tending  to  open  or  

close  the  damper. 

A  pis ton  3  moves  in  a  cylinder  4  which  is  closed  at  both  ends 

except  for  allowing  passage  of  rod  8  which  connects  the  piston  3  to  t he  

damper  1.  In  this  example  the  regula tor   therefore   consis ts   of  the  box '  

2,  damper  1,  cyl inder   4,  piston  3  and  rod  8.  The  chamber  or  zones  5  and 

6  on  each  side  of  the  pis ton  3  are  connected  r e spec t ive ly   via  conduits  9 

and  10  to  the  box  2  and  the  combustion  chamber  (not  shown).  The  c r o s s -  

section  of  conduits  9  and  10  is  s u f f i c i e n t   to  enable  the  pressure  in  the  

zones  5 and  6  to  be  the  same  as  that  in  box  2  and  combustion  chamber 

r e s p e c t i v e l y .  



Since  this  r egu la to r   (Figure  1)  has  no  re turn  force  the  n e g a t i v e  

pressure  in  the  combustion  chamber  will  tend  to  move  the  piston  3  ( to  

the  le f t   in  Figure  1)  so  as  to  close  the  damper  1.  If  the  burner  i s  

operat ing,   the  closing  of  damper  1  will  subject   the  box  2  to  subatmospheric  

pressure  and  the  damper  1  will  continue  to  close  unt i l   the  pressure  i n  

the  box  2  is  equal  to  that  in  the  combustion  chamber. 

For  a  na tu ra l   draught  burner  there  must  obviously  be  a  d i f f e r e n c e  

in  pressure  between  the  system  upstream  of  the  burner  and  the  combustion 

chamber.  Figure  2  shows  a  regula tor   which  provides  this  d i f fe rence   i n  

pressure  and  a  d i f f e r ence   which  is  constant .   Parts  shown  with  numerals  

1,  3,  4,  5,  6  and  8  are  as  previously  descr ibed.   In  the  zone  5  there  i s  

a  rod  11  connected  to  the  piston  3.  This  rod  passes  out  of  zone  5  and 

is  connected  to  cable  12  which  passes  over  pulley  13  and  is  connected  to  

weight  14.  The  (constant)   d i f fe rence   in  pressure  between  zones  5  and  6, 

will  be  Δ P   =  -  w h e r e   m  is  the  mass  of  weight  14  and  S  the  c r o s s -  
S 

sec t ional   area  of  pis ton  3.  It  is  necessary  that  the  piston  3  should 

have  s u f f i c i e n t   power  to  overcome  f r i c t i o n   and  displace  the  damper  1. 

The  area  of  c r o s s - s e c t i o n   S  must  therefore   be  large  and  f r i c t i o n   as 

low  as  poss ib le .   If  S  is  large  the  va r i a t i on   of  volume  of  zones  5  and  6 

will   be  large  and  conduits  9  and  10  (not  shown)  of  large  c r o s s - s e c t i o n a l  

area  are  used  to  avoid  excessive  time  for  achieving  desired  changes  to  

the  damper  opening .  

Normally  combustion  chambers  which  are  under  supera tmospher ic  

pressure  are  not  of  i n t e r e s t   as  far  as  this  invention  is  concerned 

because  they  are  usual ly   completely  i n s e n s i t i v e   to  va r i a t i ons   of  n a t u r a l  

draught.  However  where  combustion  chambers  are  occas ional ly   sub j ec t ed  



to  superatmospheric  pressure  the  regula tor   and  burner  of  this  i nven t ion  

can  be  used  provided  that  upstream  of  the  damper  there  is  a  fan  which 

for  the  normal  air   supply  produces  a  head  at  least   equal  to  the  h i g h e s t  

superatmospheric  pressure  recorded.  A  su i t ab le   regula tor   is  shown  i n  

Figure  3  where  the  same  numerals  indicate   i den t i ca l   parts  as  those  shown 

in  Figure  1  and  the  fan  is  shown  at  15. 

A  r egu la to r   having  more  s e n s i t i v i t y   is  described  with  reference  to  

Figures  4  to  7  which  is  a  rotary  r egu la to r .   There  is  a  fixed  housing  16 

and  a  rotary  bel l   17.  Both  housing 16  and  bell   have  blades  18  and  19 

r e s p e c t i v e l y .   In  this  case  there  are  two  zones  5  and  two  zones  6,  each 

zone  being  bounded  by  the  blades  18  and  19.  As  can  be  seen  from  F igure  

6  zones  6  are  in  communication  with  conduits  11  leading  to  the  combustion 

chamber  and  zones  5  communicate  with  ports  or  conduit  10  leading  to  t he  

air  supply .  

The  fixed  housing  16  carr ies   c i r cumfe ren t i a l   vanes  20  as  does  the  

rotary  bell   17  i . e .   vanes  21.  The  rotary  bell   17  is  mounted  c o - a x i a l l y  

inside  the  housing  16  so  that  the  r e l a t i v e   overlap  of  the  vanes  20  on 

the  one  hand  and  the  vanes  21  on  the  other  hand  act  as  a  damper  for  a i r  

passing  through  the  r egu la to r .   Pressure  d i f f e rences   between  zones  5  on 

the  one  hand and  zones  6  on  the  other  hand  wil l   cause  s l igh t   ro ta t ion   of 

bel l   17  thereby  a l t e r i n g   the  damper  se t t ing   un t i l   the  pressure  i s  

e q u a l i s e d .  

One  d i f f i c u l t y   of  a  rotary  regula tor   is  to  achieve  t ightness   between 

the  rotary  bel l   17  and  the  housing  16,  that  is  between  the  zones  5  and  6 

and  the  outs ide.   This  can  be  achieved  if  the  depth  of  the  housing 

amounts  to  a  few  cm,  if  d iametr ica l   play  is  minimum  (less  than  0.5  mm) 

and  if  one  of  the  two  walls  is  of  the  labyr in th   type.  This  is  shown  in  

Figure  7  where  the  hub  23  of  the  housing  16  has  an  undulat ing  su r face  

about  which  r o t a t e s   the  hub  22  of  the  rotary  bell   17. 



In  the  regula tor   described  with  reference  to  Figures  4  to  7  the  

nozzle  pipe  24  passes  through  the  regula tor   and  the  bearing  is  impor tan t  

in  size  and  d i f f i c u l t   to  r e a l i s e .   When  the  burner  is  of  the  pneumatic 

atomisat ion  type,  the  atomisat ion  compressor  f a c i l i t y   may  be  used  to  

provide  an  air  bearing  which  is  f r i c t i o n l e s s .   The  bearing  hence  r o t a t e s  

about  a  fixed  axis,  f loa t ing   on  an  air  film.  In  other  cases  good 

resu l t s   can  be  obtained  using  a  thin  axle  for  example  1  mm  diameter  f o r  

a  domestic  burner,  ro ta t ing   in  fixed  b e a r i n g s .  



1.  A  burner  having  an  air  regula tor   upstream  of  the  burner  so  t h a t  

air  must  flow  therethrough  before  entering  the  air  in le t   to  the  b u r n e r ,  

wherein  said  regu la tor   comprises  a  container  divided  into  one  zone  i n  

communication  with  the  air  supply  to  the  burner  and  another  zone  i n  

communication  with  the  air  flow  downstream  of  the  burner,  the  zones 
Which  n u r e s   f recly  wi th   sutssranhating  no  s l i s t u   r e t u r n  f o r t e s  

being  separated by  a  moveable  p a r t i t i o n   that  the  p ressure  o f   each 

zone  is  r e spec t i ve ly   that  of  air  supply  and  that  of  the  air  flow  downstream 

of  the  burner  and  wherein  a  change  in  pressure  in  the  combustion  chamber 

of  the  burner  causes movement  of  the  p a r t i t i o n   and  by  regula t ing   means 

opera t ive ly   connected  to  sa id   moveable  p a r t i t i o n   causes  a  change  in  t he  

amount  of  air  enter ing  the  regula tor   from  the  atmosphere  so  that  the  

pressure  d i f f e r ence ,   which  may  be  zero,  between  the  air  supply  to  the  

burner  and  the  air  flow  downstream  of  the  burner  remains  s u b s t a n t i a l l y  

c o n s t a n t .  

2.  A  burner  according  to  claim  1  wherein  the  c o n t a i n e r  i s   a  c y l i n d e r  

and  the  moveable  p a r t i t i o n   a  s l ideab le   p i s t o n .  

3.  A  burner  according  to  claim  2  wherein  the  regula t ing   means  is  a 

damper  and the  s l ideab le   p is ton  is  connected  to  the  damper  by  a  l i n k  

whereby  l a t e r a l   s h i f t i n g   of  the  piston  a l t e r s   the  se t t ing   of  the  damper. 

4.  A  burner  according  to  claim  1  wherein  the  container  is  a  c y l i n d r i c a l  

housing  and  the  moveable  p a r t i t i o n   comprises  rotary  b l a d e s .  

5.  A  burner  according  to  claim  4  wherein  the  regula t ing   means  comprises 

one  or  more  vanes .  

6.  A  burner  according  to  any  one  of  the  preceding  claims  wherein  a 

force  is  applied  to  one  side  of  the  moveable  p a r t i t i o n   so  as  to  a c t  

against   the  tendency  of  the  moveable  p a r t i t i o n   to  close  the  r e g u l a t o r .  



7.  A  burner  according  to  any one  of  claims  1  to  5  wherein  the  p r e s s u r e  

d i f ference   between  the  air  supply  to  the  burner  and  the  air  flow  downstream 

of  the  burner  is  s u b s t a n t i a l l y   zero .  

8.  A  burner  according  to  any one  of  the  preceding  claims  wherein  s a i d  

another  zone  of  the  container  commmunicates  with  the  chimney  stack  of  

the  bu rne r .  

9.  A  burner  according  to  any one  of  the  preceding  claims  which  i s  

provided  with  a  fan  upstream  of  which  is  the  air  supply  to  the  b u r n e r .  
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