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©  Heating  System. 
  A  heating  system  comprises  a  diaphragm  operated  fuel 
valve  (100)  for  supplying  fuel to  a  burner (40)  with  said  diap- 
hragm  (124) forming  a  wall  portion  of  a  control  chamber  (118) 
which  is  directly  connected  to  a  pressure  sensing  port  pro- 
vided  at  a  venturi  nozzle  (106).  This  nozzle  is  located  in  the 
stack  180)  and  derives  a  pressure  signal  corresponding  to  the 
flow  rate  of  combustion  air  provided  by  a  blower  (60)  (Fig.  1). 



In  h e a t i n g   s y s t e m s   c o m p r i s i n g   a  c o m b u s t i o n  a i r   b l o w e r   and  a  

f u e l   v a l v e   f o r   p r o v i d i n g   f u e l   to  a  b u r n e r ,   i t   is   g e n e r a l l y  

d e s i r e d   to  p r o v i d e   f u e l   to   t h e   b u r n e r   o n l y   when  p r o p e r  
c o n d i t i o n s   e x i s t   f o r   t h e   f l a m e   and  t o   m a i n t a i n   an  o p t i m u m  

f u e l - t o - a i r   r a t i o   when  t h e   b u r n e r   i s   in   o p e r a t i o n .   P r i o r   a r t  

a p p r o a c h e s   to  t h e s e   p r o b l e m s   a r e   r e l a t i v e l y   c o m p l e x .   T h e  

f u r n a c e   c o n t r o l   s y s t e m   d i s c l o s e d   in   US-A  4  251  025  (DE-A 

30  26  190)  r e q u i r e s   a  p r e s s u r e   r e g u l a t o r   v a l v e   c o m p r i s i n g  

a  r e g u l a t i n g   c h a m b e r   as  w e l l   as  an  o p e r a t o r   v a l v e   a c t u a t e d  

by  a  s u i t a b l e   e l e c t r o - m a g n e t i c   a c t u a t o r .   F u r t h e r m o r e ,   a  

s e p a r a t e   p r e s s u r e   s w i t c h   i s   r e q u i r e d   to   c h e c k   f o r   a  b l o c k e d  

s t a c k ,   and  t h i s   p r e s s u r e   s w i t c h   i s   i n c o r p o r a t e d   w i t h   a  

s p e c i a l i z e d   c o n t r o l   s y s t e m   w h i c h   s h u t s   o f f   t h e   f u e l   f l o w   i f  

p r e s s u r e   c o n d i t i o n s   a r e   n o t   c o r r e c t .  

I t   i s   the   main  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   s i m p l i f y  

o v e r   p r i o r   a r t   s y s t e m s   and  to   a c h i e v e   one  or  more   of  t h r e e  

s e p a r a t e   and  d i s t i n c t   f e a t u r e s :   (1)  f u e l   s h o u l d   be  a l l o w e d  

to   f l o w   o n l y   upon  s e n s i n g   a  p r e d e t e r m i n e d   minimum  a i r   f l o w ;  

(2)  t h e   f u e l   f l o w   may  be  m o d u l a t e d   so  t h a t   a  f i x e d   f u e l - t o -  

a i r   r a t i o   i s   m a i n t a i n e d ;   and  (3)  f u e l   s u p p l y   to  t h e   b u r n e r  

i s   s h u t   o f f   c o m p l e t e l y   i f   a i r   f l o w   s u b s t a n t i a l l y   c e a s e s ,  

s u c h   as  in  t h e   c a s e   of  a  b l o c k e d   s t a c k   or   m a l f u n c t i o n i n g  

c o m b u s t i o n   b l o w e r .   T h e s e   o b j e c t s   a r e   a c h i e v e d   by  t h e  

i n v e n t i o n   as  c h a r a c t e r i z e d   in  c l a i m   1.  P r e f e r r e d   i m p r o v e m e n t s  
and  e m b o d i m e n t s   a r e   d e s c r i b e d   in   t h e   s u b c l a i m s .   T h r o u g h   t h e  

p r e s e n t   i n v e n t i o n ,   s u b s t a n t i a l l y   s i m p l i f i e d   c o n t r o l s   may  b e  



u s e d ;   f o r   e x a m p l e ,   no  s e p a r a t e   r e g u l a t o r   c h a m b e r   and  n o  

e l e c t r o - m a g n e t i c   a c t u a t o r   i s   r e q u i r e d   w i t h i n   t h e   f u e l  

c o n t r o l .   E m b o d i m e n t s   of   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d  

w i t h   r e f e r e n c e   to   t h e   a t t a c h e d   d r a w i n g s .  

F i g u r e s   1  and  5  s c h e m a t i c a l l y   i l l u s t r a t e   h e a t i n g  

s y s t e m s   i n c o r p o r a t i n g   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   2,  3  and  6  show  a l t e r n a t e   e m b o d i m e n t s   o f  

t h e   f u e l   c o n t r o l   v a l v e   and  i t s   o p e r a t i n g  

m e a n s ;  

F i g u r e s   4  and  7  i l l u s t r a t e   t y p i c a l   p e r f o r m a n c e   o f  

t h e   e m b o d i m e n t s   shown  in  F i g u r e s   2  and  6 ,  

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

US-A  4  251  025  d e s c r i b e s   how  a  f u r n a c e   c o n t r o l   s y s t e m  
f u n c t i o n s   g e n e r a l l y ,   so  t h a t   s e v e r a l   d e t a i l s   n e e d   no t   t o  

be  e x p l a i n e d   a g a i n   in  t h e   p r e s e n t   s p e c i f i c a t i o n .  

F i g u r e   1  i l l u s t r a t e s   an  induced  d r a f t   f u r n a c e   i n c o r p o r a t i n g  

a  f u e l   c o n t r o l   in  a c c o r d a n c e   w i t h   two  a l t e r n a t e   e m b o d i m e n t s  

100  and  100A  of  t h e   v a l v e s   as  shown  in  F i g .   2  and  3 .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   to   i n d u c e d  

d r a f t   f u r n a c e s ,   i t   w i l l   be  e x p l a i n e d   h e r e   i n   c o n n e c t i o n  

w i t h   s u c h   a  h e a t i n g   s y s t e m .   O t h e r   a p p l i c a t i o n s   of   t h e  

p r e s e n t   i n v e n t i o n   i n c l u d e   f o r c e d   d r a f t   s y s t e m s   and  p o w e r  
b u r n e r s .  

A f t e r   o p e r a t i o n   of   t h e   F i g u r e   1  f u r n a c e   s y s t e m   i s   e x p l a i n e d ,  

f u e l   c o n t r o l s   100  and  100A  w i l l   be  e x p l a i n e d .   An  a l t e r n a t e  

f u e l   c o n t r o l   v a l v e   100B  shown  in  F i g .   6  i s   c o m p a t i b l e   w i t h  

t h e   f u r n a c e   s y s t e m   i l l u s t r a t e d   in   F i g u r e   5  w i l l   t h e n   b e  

e x p l a i n e d .  



The  h e a t i n g   s y s t e m   shown  in  F i g u r e   1  c o m p r i s e s   a  

c o m b u s t i o n   c h a m b e r   20  w h i c h   has   a  b u r n e r   40  l o c a t e d  

n e a r   i t s   b o t t o m   and  w h i c h   i s   s u b s t a n t i a l l y   e n c l o s e d  

by  e x t e r i o r   w a l l s   36.   F u e l ,   w h i c h   in  t h e   p r e f e r r e d  

e m b o d i m e n t   i s   a  g a s   s u c h   as  n a t u r a l   gas   or  l i q u i f i e d  

p e t r o l e u m ,   i s   f e d   to   b u r n e r   40  by  a  gas   o u t l e t   24 

n e a r   t h e   m o u t h   of  b u r n e r   40.   A i r   e n t e r s   b u r n e r   4 0  

and  c o m b u s t i o n   c h a m b e r   20  a t   a i r   i n l e t s   22  l o c a t e d  

n e a r   t h e   t i p   of   gas   o u t l e t   24  and  t h e   mou th   o f  

b u r n e r   40.   B u r n e r   40  i s   i g n i t e d   by  a  p i l o t   b u r n e r ,  

n o t   s h o w n .  

A l t e r n a t e l y ,   t h e   s y s t e m   c o u l d   i n c l u d e   a  d i r e c t  

i g n i t i o n   s y s t e m   ( i . e . ,   s p a r k i n g   t h e   ma in   b u r n e r  

d i r e c t l y )   or   an  i n t e r m i t t e n t   p i l o t   f l a m e .  

S u r r o u n d i n g   c o m b u s t i o n   c h a m b e r   20  i s   a  h e a t   e x c h a n g e r  

30  w i t h   i t s   i n t e r i o r   b o u n d a r y   b e i n g   f o r m e d   by  e x -  
t e r i o r   w a l l s   36  of  c o m b u s t i o n   c h a m b e r   20,   t h e   e x -  
t e r i o r   b o u n d a r y   of   h e a t   e x c h a n g e r   30  b e i n g   f o r m e d  

by  w a l l s   3 5 .  



T h u s ,   two  s e p a r a t e   f l u i d   p a t h s   a r e   f o r m e d .   The  c o m b u s -  

t i o n   c h a m b e r   p a t h   l e a d s   f rom  gas   o u t l e t   24  and  a i r   i n l e t s  

22  t h r o u g h   b u r n e r   40  and  o u t   of  a  f l u e   25.  The  h e a t  

e x c h a n g e r   p a t h   f o l l o w s   t h e   e x t e r i o r   w a l l s   36  of  c o m b u s -  

t i o n   c h a m b e r   20;  t he   f l u i d   to  be  h e a t e d   e n t e r s   b e l o w  

b u r n e r   40  and  p r o c e e d s   a l o n g   a  v e r t i c a l   p o r t i o n   of  t h e  

e n c l o s e d   a r e a   b e t w e e n   w a l l s   35  and  t h e  e x t e r i o r   b u r n e r  

w a l l   36  to  e x i t   a b o v e   c o m b u s t i o n   c h a m b e r   20.  W h i l e   i n  

the   e m b o d i m e n t   shown  a i r   i s   t he   f l u i d   to  be  h e a t e d ,   o t h e r  

f l u i d s   such   as  w a t e r   may  be  used   w i t h   m i n o r   d e s i g n  

c h a n g e s .  

Movement   of  a i r   i n t o   and  t h r o u g h   h e a t   e x c h a n g e r  

30  is  p r o v i d e d   by  a  fan   34  d r i v e n   by  an  e l e c t r i c   m o t o r .  

Cold  a i r   is  p u l l e d   i n t o   h e a t   e x c h a n g e r   30  a t   a  c o l d   a i r  

r e t u r n   d u c t   32  and  p a s s e s   t h r o u g h   an  a i r   f i l t e r   33  b e f o r e  

i t   e n t e r s   fan   34.  Fan  34  d r i v e s   the   a i r   i n t o   h e a t  

e x c h a n g e r   30  t h r o u g h   an  o p e n i n g   in  i t s   b o t t o m   w a l l .  

H e a t e d   a i r   p a s s e s   o u t   of  h e a t   e x c h a n g e r   30  t h r o u g h   a  warm 

a i r   d u c t   37  w h i c h   e x t e n d s   f rom  an  o p e n i n g   in  a  t op   w a l l  

in  h e a t   e x c h a n g e r   3 0 .  

With   the   e x c e p t i o n   of  f l u e   25  and  c o m b u s t i o n  

a i r   i n l e t s   22,  c o m b u s t i o n   c h a m b e r   20  i s   e n c l o s e d   and  s u b -  

s t a n t i a l l y   a i r   t i g h t .   A c c o r d i n g l y ,   t h e   o n l y   e x i t   f o r  

c o m b u s t i o n   m a t e r i a l   i s   p r o v i d e d   by  f l u e   25.   In  o r d e r   t o  

i n d u c e   a i r   to  e n t e r   c o m b u s t i o n   c h a m b e r   a t   b o t t o m   a i r  



i n l e t s   22  and  to  i n d u c e   c o m b u s t e d   g a s e s   to  e x i t   from  c o m -  

b u s t i o n   c h a m b e r   20  and  f low  o u t   of  f l u e   25  in  e x h a u s t  

s t a c k   or  v e n t   80,  an  i n d u c e d   d r a f t   b l o w e r   60  is  u s e d .  

T h i s   i n d u c e d   d r a f t   b l o w e r   i s   p o w e r e d   by  an  e l e c -  

t r i c   mo to r   61  and  i s   l o c a t e d   in  l i n e   w i t h   f l u e   25  a n d  

e x h a u s t   s t a c k   or  v e n t   80.  B l o w e r   60  may  be  s i n g l e   o r  

m u l t i p l e   s p e e d ,   d e p e n d i n g   upon  t h e   t y p e   of  c o n t r o l   s y s t e m  

w i t h   which   i t   is   to  be  u s e d .  

A  f l u i d ,   p r e f e r a b l y   n a t u r a l   gas   or  l i q u i f i e d  

p e t r o l e u m ,   is  p r o v i d e d   to  b u r n e r   40  a t   gas   o u t l e t   24 

w h i c h   i s   fed   by  an  o u t l e t   p i p e   104  of  a  m o d u l a t i n g   f u e l  

v a l v e   such   as  v a l v e   100.   Gas  f rom  a  s u p p l y   l i n e   a t   l i n e  

p r e s s u r e   e n t e r s   gas   v a l v e   100  a t   a  gas   i n l e t   p i p e   1 0 1 .  

Gas  r e g u l a t e d   to  t he   d e s i r e d   o u t p u t   p r e s s u r e   f l o w s   ou t   o f  

gas   v a l v e   100  t h r o u g h   o u t l e t   p i p e   104 .   The  d e t a i l e d  

s t r u c t u r e   and  o p e r a t i o n   of  g a s   v a l v e   100  is   d e s c r i b e d  

l a t e r .   A l t h o u g h   gas   v a l v e   100  is  t h e  

p r e f e r r e d   v a l v e   e m b o d i m e n t ,   an  a l t e r n a t e   e m b o d i m e n t   t o  

gas   v a l v e   100  w i l l   a l s o   be  d e s c r i b e d .  

By  way  of  f u r t h e r   d e s c r i b i n g   o p e r a t i o n   of  t h e  

h e a t i n g   s y s t e m   i l l u s t r a t e d   in  F i g u r e   1,  fan  34  i s   e l e c -  

t r i c a l l y   c o n n e c t e d   v i a   w i r e s   18  to  a  fan   l i m i t   c o n t r o l  

s w i t c h   56  which   i s   d r i v e n   by  a  t e m p e r a t u r e   s e n s i t i v e   e l e -  

ment   57  such   as  a  b i m e t a l   t h e r m o s t a t .   T h i s   t e m p e r a t u r e  

s e n s i t i v e   e l e m e n t   57  c a u s e s   f an   34  to  be  s w i t c h e d   on  w h e n  

the   a i r   t e m p e r a t u r e   in  h e a t   e x c h a n g e r   30  r i s e s   a b o v e   a  

p r e d e t e r m i n e d   t e m p e r a t u r e   ( f a n   s t a r t   s e t   p o i n t )   and  to  b e  



s w i t c h e d   o f f   when  t he   t e m p e r a t u r e   of  t he   a i r   in  h e a t  

e x c h a n g e r   30  f a l l s   b e l o w   a  p r e d e t e r m i n e d   t e m p e r a t u r e   ( f a n  

s t o p   s e t   p o i n t ) .   To  m i n i m i z e   c o n d e n s a t i o n   in  h e a t  

e x c h a n g e r   30,  t he   f an   s t a r t   s e t   p o i n t   i s   c h o s e n   s u b s t a n -  

t i a l l y   a t   or  s o m e w h a t   a b o v e   t h e   dew  p o i n t .   One  s u i t a b l e  

t e m p e r a t u r e   s e n s i t i v e   s w i t c h   f o r   t h i s   p u r p o s e   is   t h e  

L4064  fan   and  l i m i t   s w i t c h   m a n u f a c t u r e d   by  H o n e y w e l l   I n c .  

of  M i n n e a p o l i s ,   M i n n e s o t a .  

B e c a u s e   one  p u r p o s e   of  f an   l i m i t   c o n t r o l   s w i t c h  

56  is   to  d e l a y   fan   s t a r t   up  u n t i l   h e a t   e x c h a n g e r   30  c o n -  

t a i n s   a i r   a t   or  a b o v e   t h e   dew  p o i n t ,   a  t ime   d e l a y   m e c h a -  

n i s m   may  be  s u b s t i t u t e d   f o r   t e m p e r a t u r e   s e n s i t i v e   e l e m e n t  

57.  T h i s   m e c h a n i s m   may  be  a c t i v a t e d   a t   t he   same  t ime   a s  

b l o w e r   m o t o r   61,  bu t   i t   w o u l d   d e l a y   fan   s t a r t   up  fo r   a 

p r e d e t e r m i n e d   p e r i o d   s u f f i c i e n t   to  l e t   h e a t   e x c h a n g e r   30 

r e a c h   t h e   dew  p o i n t   t e m p e r a t u r e .  

Gas  i n l e t   p i p e   101  may  c o m p r i s e   a  

m a n u a l l y - a c t u a t e d   o n - o f f   v a l v e   ( n o t   shown)   b e t w e e n   i n l e t  

101  and  t he   s u p p l y   of  f u e l .   Such  a  m a n u a l l y - a c t u a t e d  

v a l v e   may  be  u sed   to  m a n u a l l y   a c t i v a t e   or  d e a c t i v a t e   t h e  

f u e l   c o n t r o l s   I n  

s u c h   a  c a s e ,   o p e n i n g   of  t h e   m a n u a l l y   a c t u a t e d   v a l v e   w o u l d  

be  a  p r e r e q u i s i t e   to  any  f l o w   of  gas   f rom  o u t l e t   p i p e  

104 .   O t h e r   " r e d u n d a n t "   c l o s u r e   p o i n t s ,   e .g .   a  s a f e t y  v a l v e  

may  a l so   be  employed  in  o rder   to  p rov ide   a d d i t i o n a l   c o n d i t i o n s   which  

m u s t   be  met  b e f o r e   v a l v e   100  p e r m i t s   gas   to  f low  to  b u r n -  

er  40.  H o w e v e r ,   s u c h   m a n u a l l y - a c t u a t e d   v a l v e s   or  o t h e r  



r e d u n d a n t   c l o s u r e   p o i n t s   a r e   no t   n e c e s s a r y   to  t he   p r e s e n t  

i n v e n t i o n .  

F u e l   c o n t r o l s   100  and  100A  d i s c u s s e d   b e l o w  

o p e r a t e   in  c o n n e c t i o n   w i t h   v e n t u r i   n o z z l e   106  on  one  s i d e  

of  c o m b u s t i o n   b l o w e r   60.  An  a p e r t u r e   in  v e n t u r i   n o z z l e  

106  is  c o n n e c t e d   d i r e c t l y   to  p r e s s u r e   c h a m b e r s   118  a n d  

118A  in  v a l v e s   100  and  100A,  r e s p e c t i v e l y   by  a  p r e s s u r e  

c o n d u i t   108.   The  p r e f e r r e d   l o c a t i o n   fo r   v e n t u r i   n o z z l e  

106  is   in  e x h a u s t   s t a c k   80  d o w n s t r e a m   of  c o m b u s t i o n   a i r  

b l o w e r   60.   H o w e v e r ,   v e n t u r i   n o z z l e   106  may  be  l o c a t e d   on  

e i t h e r   s i d e   of  c o m b u s t i o n   a i r   b l o w e r   60  in  any  s u i t a b l e  

p o r t i o n   of  t he   a i r   f l o w .   Note   a l s o   t h a t ,   w h i l e   v e n t u r i  

105  is  shown  o c c u p y i n g   t he   e n t i r e   c r o s s - s e c t i o n a l   a r e a   o f  

e x h a u s t   s t a c k   80,  a  s m a l l e r   v e n t u r i ,   n o t   o c c u p y i n g   t h e  

e n t i r e   c r o s s - s e c t i o n a l   a r e a   of  e x h a u s t   s t a c k   80  or  o t h e r  

h o u s i n g ,   would   a l s o   be  c o m p a t i b l e   w i t h   t he   p r e s e n t   i n v e n -  

t i o n .  

Fue l   c o n t r o l s   100  and  100A  a r e   a c t u a t e d   ( t u r n e d  

on)  and  d e a c t i v i a t e d   ( t u r n e d   o f f )   by  p r e s s u r e   s i g n a l s  

r e c e i v e d   d i r e c t l y   f rom  v e n t u r i   n o z z l e   106 .   In  a d d i t i o n ,  

as  w i l l   be  f u r t h e r   e x p l a i n e d   b e l o w ,   f u e l   c o n t r o l   100  i s  

c o n s t r u c t e d   so  t h a t   i t s   o u t p u t   is   m o d u l a t e d   b a s e d   on  t h e  

p r e s s u r e   c o m m u n i c a t e d   to  c o n t r o l   c h a m b e r   118  t h r o u g h   c o n -  

d u i t   108  f rom  n o z z l e   106 .   S i m i l a r l y ,   as  e x p l a i n e d   i n  

connec t i on   with  Fig.  5  and  6  fuel   c o n t r o l   100B  p r o v i d e s   a  m o d u l a t e d  

o u t p u t   b a s e d   on  the   p r e s s u r e   c o m m u n i c a t e d   to  c o n t r o l  

c h a m b e r   118B  from  the   r e g i o n   u p s t r e a m   of  o r i f i c e   p l a t e  



107.   A c c o r d i n g l y ,   w i t h   f u e l   c o n t r o l s   100A  and  100B,  t h e  

f i r i n g   r a t e   of  t he   f u r n a c e   or  o t h e r   a p p l i a n c e   w i l l   b e  

d e t e r m i n e d   by  t h e   c o m b u s t i o n   a i r   f l o w   r a t e ,   wh ich   i s  

d e t e r m i n e d   p r i m a r i l y   by  the   s p e e d   of  c o m b u s t i o n   b l o w e r  

60.  T h u s ,   p r o o f   of  c o m b u s t i o n   a i r   as  w e l l   as  b l o c k e d  

s t a c k   d e t e c t i o n   i s   i n h e r e n t   in  s y s t e m s   i n c o r p o r a t i n g  

t h e s e   c o n t r o l s .  

For  e x a m p l e ,   in  the   c a s e   of  f u e l   c o n t r o l s   1 0 0  

and  100A  o p e r a t i n g   in  c o n n e c t i o n   w i t h   v e n t u r i   n o z z l e   1 0 6  

as  i l l u s t r a t e d   in  F i g u r e   1,  a  t o t a l l y   b l o c k e d   s t a c k   w i l l  

r e s u l t   in  p o s i t i v e   p r e s s u r e   f rom  v e n t u r i   n o z z l e   106  b e i n g  

c o m m u n i c a t e d   t h r o u g h   c o n d u i t   108  to   v a l v e   100  or  100A 

w h i c h   w i l l   t h e n   t u r n   o f f   gas   f l o w   to   o u t l e t   104.   A  p a r -  

t i a l l y   b l o c k e d   s t a c k   w i l l   d e c r e a s e   t h e   f l o w   t h r o u g h  

v e n t u r i   n o z z l e   106  r e s u l t i n g   in  a  l o w e r   f e e d b a c k   s i g n a l  

t h r o u g h   p r e s s u r e   c o n d u i t   108  a n d ,   in  t h e   c a s e   of  f u e l  

c o n t r o l   100 ,   l e s s   gas   f low  t h r o u g h   v a l v e   100 .   A c c o r d i n g -  

l y ,   a p p r o p r i a t e   c l e a n   c o m b u s t i o n   w i l l   be  m a i n t a i n e d .  

The  system  is  i n h e r e n t l y   safe   and  r e q u i r e s n o   f l o w   o   p r e s s u r e  

s e n s o r   to  p r o v e   c o m b u s t i o n   a i r   or  to   d e t e c t   b l o c k e d  

s t a c k s .   F u r t h e r ,   t h e   v a l v e s   a r e   m u c h  

s i m p l e r   t h a n   v a l v e s   p r e v i o u s l y   a v a i l a b l e .  



F i g u r e   2  i l l u s t r a t e s   f u e l   c o n t r o l   100,   w h i c h   i s  

an  a l t e r n a t e   p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n -  

t i o n .   F u e l   c o n t r o l   100  c o m p r i s e s   an  i n l e t   c h a m b e r   1 1 0  

h a v i n g   an  i n l e t   101  fo r   r e c e i v i n g   a  s u p p l y   of  g a s .   T h e  

c o n t r o l   a l s o   c o m p r i s e s   an  o u t l e t   c h a m b e r   112  h a v i n g   a n  

o u t l e t   104  fo r   p r o v i d i n g   a  s u p p l y   of  g a s .   The  i n l e t   a n d  

o u t l e t   c h a m b e r s   a r e   c o n n e c t e d   by  v a l v e   o p e n i n g   114.   F u e l  

c o n t r o l   100  a l s o   c o m p r i s e s   a  v a l v e   116  o p e r a t i v e l y  

a s s o c i a t e d   w i t h   o p e n i n g   114 ,   v a l v e   116  h a v i n g   a  c l o s e d  

p o s i t i o n   fo r   p r e v e n t i n g   t he   f l o w   of  gas   t h r o u g h   o p e n i n g  

114  and  an  open  p o s i t i o n   fo r   p e r m i t t i n g   t h e   f l o w   of  g a s  

t h r o u g h   the   o p e n i n g .  

As  i l l u s t r a t e d   in  F i g u r e   2,  f u e l   c o n t r o l   1 0 0  

a l s o   c o m p r i s e s   a  c o n t r o l   c h a m b e r   118  b o u n d e d   in  p a r t   b y  

d i a p h r a g m   means   120  m e c h a n i c a l l y   c o u p l e d   to  v a l v e   116  f o r  

moving   t h e   v a l v e   in  r e s p o n s e   to  m o v e m e n t   of  d i a p h r a g m  

means  120.   In  t he   e m b o d i m e n t   shown ,   d i a p h r a g m   means   1 2 0  

c o m p r i s e s   a  f i r s t   d i a p h r a g m   122  and  a  s e c o n d   d i a p h r a g m  

124,   t he   two  d i a p h r a g m s   b e i n g   shown  m e c h a n i c a l l y   c o u p l e d  

by  a  p i n   126  l o c a t e d   a p p r o x i m a t e l y   c e n t r a l   to  t he   d i a -  

p h r a g m s .   D i a p h r a g m   122,   w h i c h   a l s o   p a r t i a l l y   e n c l o s e s  

o u t l e t   c h a m b e r   112 ,   is  m e c h a n i c a l l y   c o u p l e d   to  v a l v e   1 1 6  

and  to  p i n   126  by  a  p i n   128 .   In  t he   F i g u r e   2  e m b o d i m e n t  

of  f u e l   c o n t r o l   100,   an  o p t i o n a l   b i a s   means   or  s p r i n g   1 3 0  

is  i l l u s t r a t e d   f o r   k e e p i n g   v a l v e   116  in  i t s   c l o s e d  

p o s i t i o n   w h e n e v e r   t he   p r e s s u r e   in  c o n t r o l   c h a m b e r   118  i s  

above   a  p r e d e t e r m i n e d   n e g a t i v e   p r e s s u r e   l e v e l   and  f o r  



p e r m i t t i n g   v a l v e   116  to  move  to  i t s   open   p o s i t i o n ( s )  

w h e n e v e r   t h e   p r e s s u r e   in  c o n t r o l   c h a m b e r   118  i s   be low  t h e  

p r e d e t e r m i n e d   n e g a t i v e   p r e s s u r e   l e v e l .   As  an  a l t e r n a t e  

e x a m p l e   to   b i a s   s p r i n g   130 ,   d i a p h r a g m   means   120  c o u l d  

e m p l o y   a  c o n f i g u r a t i o n   w h i c h   i n h e r e n t l y   p r o v i d e s   the   b i a s  

p r o v i d e d   by  s p r i n g   130.  P r e s s u r e   c o n d u i t   108  p r o v i d e s  

means   f o r   d i r e c t l y   c o n n e c t i n g   c o n t r o l   c h a m b e r   118  t o  

v e n t u r i   n o z z l e   106  so  t h a t   v a l v e   116  moves   in  r e s p o n s e   t o  

the   p r e s s u r e   s i g n a l   f rom  v e n t u r i   n o z z l e   1 0 6 .  

In  t he   e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   2,  c o n -  

t r o l   c h a m b e r   118  i s   b o u n d e d   by  an  u p p e r   d i a p h r a g m   1 2 2  

wh ich   i s   s m a l l e r   t h a n   a  l o w e r   d i a p h r a g m   124 .   As  p r e v i -  

o u s l y   i n d i c a t e d ,   t h e s e   two  d i a p h r a g m s   form  d i a p h r a g m  

means   120  m e c h a n i c a l l y   c o u p l e d   to  v a l v e   116  f o r   m o v i n g  

v a l v e   116  in  r e s p o n s e   to  m o v e m e n t   of  d i a p h r a g m s   122  a n d  

124.   For  t he   F i g u r e   2  e m b o d i m e n t ,   a  n e g a t i v e   p r e s s u r e  

b e l o w   a  p r e d e t e r m i n e d   l e v e l   i n t r o d u c e d   i n t o   c o n t r o l   c h a m -  

ber   118  t h r o u g h   p r e s s u r e   c o n d u i t   108  f rom  v e n t u r i   n o z z l e  

106  c a u s e s   v a l v e   116  to  move  in  an  upward   d i r e c t i o n ,   t h u s  

p e r m i t t i n g   t h e   f l o w   of  gas   t h r o u g h   o r i f i c e   114  f rom  i n l e t  

c h a m b e r   110  to  o u t l e t   c h a m b e r   112.   I f   t he   n e g a t i v e  

p r e s s u r e   in  c h a m b e r   118  i s   or  g o e s   above   t h e   p r e d e t e r -  

mined   n e g a t i v e   p r e s s u r e ,   v a l v e   116  w i l l   r e m a i n   or  w i l l   g o  

c l o s e d .  

In  t h e   e m b o d i m e n t   shown,   l o w e r   d i a p h r a g m   124  i s  

p r o t e c t e d   by  h o u s i n g   132  c o m p r i s i n g   a i r   l e a k   o r i f i c e   134  



fo r   p e r m i t t i n g   v a l v e   means   116  to  f r e e l y   move  in  r e s p o n s e  

to  the   p r e s s u r e   c h a n g e s   w i t h i n   c h a m b e r   means   1 1 8 .  

A l t h o u g h   f u e l   c o n t r o l   100  may  be  c o n f i g u r e d   a s  

m e r e l y   an  o n - o f f   v a l v e   (so  t h a t   the   f u e l   c o n t r o l   d o e s   n o t  

m o d u l a t e   the   o u t p u t   gas   p r e s s u r e )   t he   p r e f e r r e d  

e m b o d i m e n t   of  t he   p r e s e n t   c o n t r o l   m o d u l a t e s   the   p r e s s u r e  

a v a i l a b l e   a t   o u t l e t   104  as  a  f u n c t i o n   of  t he   n e g a t i v e  

p r e s s u r e   in  v e n t u r i   n o z z l e   106.  F i g u r e   4  is   a  t y p i c a l  

p l o t   of  t h e   o u t p u t   p r e s s u r e   a t   o u t l e t   104  v e r s u s   the   n e g -  

a t i v e   p r e s s u r e   in  v e n t u r i   n o z z l e   106  f o r   a  v a l v e   of  t h e  

e m b o d i m e n t   shown  in  F i g u r e   2.  Note   t h a t ,   as  the   n e g a t i v e  

p r e s s u r e   in  v e n t u r i   n o z z l e   106  and ,   a c c o r d i n g l y ,   in  c o n -  

t r o l   c h a m b e r   118  g o e s   b e l o w   a  p r e d e t e r m i n e d   n e g a t i v e  

p r e s s u r e ,   t he   f u e l   p r e s s u r e   a t   o u t l e t   104  i n c r e a s e s .  

The  F i g u r e   2  e m b o d i m e n t   p r o v i d e s   t h i s   m o d u l a -  

t i o n   by  the   c o m b i n e d   e f f e c t   of  the   o u t l e t   gas   p r e s s u r e  

a c t i n g   a g a i n s t   one  s i d e   of  d i a p h r a g m   122  and  the   e f f e c t  

of  the   p r e s s u r e   in  c o n t r o l   c h a m b e r   118  a c t i n g   on  t h e  

o t h e r   s i d e   of  d i a p h r a g m   122  as  w e l l   as  e x e r t i n g   a 

f o r c e   on  d i a p h r a g m   124.   As  n e g a t i v e   p r e s s u r e   in  c h a m b e r  

118  d e c r e a s e   ( i . e . ,   as  t h e   a b s o l u t e   v a l u e   of  t h i s  

p r e s s u r e   i n c r e a s e s ) ,   t he   f o r c e s   on  d i a p h r a g m s   122  and  1 2 4  

t end   to  open   v a l v e   116  ( i . e . ,   to  push   i t   u p w a r d ) ,  

r e s u l t i n g   in  i n c r e a s e d   p r e s s u r e   in  o u t l e t   c h a m b e r   112  a n d  

a t   o u t l e t   104;  t he   r e s u l t i n g   i n c r e a s e d   o u t l e t   p r e s s u r e   i n  

c h a m b e r   112  r e s u l t s   in  a  downward   f o r c e   on  d i a p h r a g m   1 2 2 ,  

t e n d i n g   to  c l o s e   v a l v e   116  ( i . e . ,   to  p u s h   i t   d o w n w a r d ) .  



The  e q u i l i b r i u m   p o s i t i o n   of  v a l v e   116  and ,   a c c o r d i n g l y ,  

t he   p r e s s u r e   a t   o u t l e t   104  is   d e t e r m i n e d   by  t h i s   s y s t e m  

b a l a n c e ,   w h i c h   c h a n g e s   as  t he   p r e s s u r e   in  c h a m b e r   1 1 8  

c h a n g e s .   T h u s ,   as  can   be  s e e n   f rom  F i g u r e   4,  the   g a s  

p r e s s u r e s   p r o v i d e d   a t   o u t l e t   104  v a r y   in  r e l a t i o n   to  t h e  

p r e s s u r e   in  v e n t u r i   n o z z l e   106  a n d ,   a c c o r d i n g l y ,   in  r e l a -  

t i o n   to  t he   p r e s s u r e s   w i t h i n   c o n t r o l   c h a m b e r   118 .   As  a  

s e c o n d a r y   e f f e c t ,   t h e   i n p u t   gas   p r e s s u r e   a t   i n l e t   101  a n d  

in  i n l e t   c h a m b e r   110  a f f e c t s   t h i s   e q u i l i b r i u m   p o s i t i o n   a s  

an  o f f s e t ;   s e e ,   f o r   e x a m p l e ,   t h e   t h r e e   p l o t s   in  F i g u r e   4 

wh ich   r e p r e s e n t   t y p i c a l   d a t a   f o r   i n p u t   p r e s s u r e s   a t   i n l e t  

101  of  4,  7  and  12  i n c h e s   of  w a t e r   r e s p e c t i v e l y .  

A l t h o u g h   F i g u r e   2  i l l u s t r a t e s   t he   p r e f e r r e d  

e m b o d i m e n t   of  f u e l   c o n t r o l   100 ,   o t h e r   e m b o d i m e n t s   w i t h i n  

the   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n   a r e   a l s o   p o s s i b l e .  

For  e x a m p l e ,   as  i l l u s t r a t e d   in  F i g u r e   3,  d i a p h r a g m   1 2 2  

c o u l d   be  r e p l a c e d   w i t h   a  n o n - f l e x i b l e   member  122A  h a v i n g  

a  p in   126A  m o v e a b l y   p a s s i n g   t h r o u g h   the   member ;   p in   1 2 6 A  

is   c o n n e c t e d   to  v a l v e   116  and  to   d i a p h r a g m   124  and  i s  

s e a l e d   w i t h   a  p r e s s u r e   s e a l   136  a t   t h e   p o i n t   i t   p a s s e s  

t h r o u g h   member  122A.   V a l v e   116  moves   in  r e s p o n s e   t o  

movemen t   of  d i a p h r a g m   124  w h i c h   in  t u r n   moves  p i n   126A  u p  

and  down  t h r o u g h   s e a l e d   h o l e   136  in  member  124A.  As  w i t h  

t h e   e m b o d i m e n t   shown  in  F i g u r e   2,  d i a p h r a g m   124  in  t h e  

F i g u r e   3  e m b o d i m e n t   moves  in  r e s p o n s e   to  the   n e g a t i v e  

p r e s s u r e   in  t h e   c o n t r o l   c h a m b e r   a b o v e   i t ;   i . e . ,   i n  

r e s p o n s e  t o   t h e   n e g a t i v e   p r e s s u r e   in  c h a m b e r   118A,  t h e  



p r e s s u r e   in  c h a m b e r   118A  b e i n g   c o m m u n i c a t e d   to  the   c h a m -  

ber   t h r o u g h   p r e s s u r e   c o n d u i t   108  from  v e n t u r i   n o z z l e   1 0 6 .  

An  a l t e r n a t e   f u e l   c o n t r o l   100B  i l l u s t r a t e d   i n  

F i g u r e   6  and  c o m p a t i b l e   w i t h   t he   f u r n a c e   s y s t e m  

i l l u s t r a t e d   in  F i g u r e   5  w i l l   now  be  e x p l a i n e d .  

The  f u r n a c e   s y s t e m   of  F i g u r e   5  is  i d e n t i c a l   t o  

t h a t   of  F i g u r e   1  e x c e p t   t h a t   s t a c k   80  c o m p r i s e s   an  o r i -  

f i c e   p l a t e   107  r a t h e r   t h a n   a  v e n t u r i   105  and  v e n t u r i   n o z -  

z l e   106.  O r i f i c e   p l a t e   107  c o m p r i s e s   an  o r i f i c e   w h i c h  

c a u s e s   a  p o s i t i v e   p r e s s u r e   b u i l d   up  u p s t r e a m   of  o r i f i c e  

p l a t e   107  d u r i n g   p r o p e r   o p e r a t i n g   c o n d i t i o n s   of  the   f u r -  

n a c e .   P r e s s u r e   c o n d u i t   108  c o n n e c t s   d i r e c t l y   to  f u e l  

c o n t r o l   100B  and  i n t o   s t a c k   80  u p s t r e a m   of  o r i f i c e   p l a t e  

1 0 7 .  

Fue l   c o n t r o l   100B  is   v e r y   s i m i l a r   to  f u e l   c o n -  

t r o l s   100  and  100A  e x c e p t   t h a t ,   w i t h   f u e l   c o n t r o l   1 0 0 B ,  

p r e s s u r e s   above   a  p r e d e t e r m i n e d   p o s i t i v e   l e v e l   c a u s e  

v a l v e   116  to  o p e n .   O t h e r   t h a n   t h a t ,   the   100B  f u e l   c o n -  

t r o l   i l l u s t r a t e d   in  F i g u r e   6  o p e r a t e s   s u b s t a n t i a l l y   l i k e  

t he   f u e l   c o n t r o l   i l l u s t r a t e d   in  F i g u r e   2,  and  t he   F i g u r e  

6  e m b o d i m e n t   m o d u l a t e s   t h e   o u t p u t   p r e s s u r e   a t   o u t l e t   104  

in  a  manner   s i m i l a r   to  t h e   m o d u l a t i o n   which   o c c u r s   in  t h e  

F i g u r e   2  e m b o d i m e n t .   As  can  be  s e e n   from  t he   t y p i c a l  

d a t a   p l o t t e d   in  F i g u r e   7,  as  t he   p o s i t i v e   p r e s s u r e   i n  

s t a c k   80  o r i f i c e   p l a t e   107  a n d ,   a c c o r d i n g l y ,   in  c o n t r o l  



c h a m b e r   118B  g o e s   a b o v e   a  p r e d e t e r m i n e d   p o s i t i v e  

p r e s s u r e   t he   f u e l   p r e s s u r e   a t   o u t l e t   104  i n c r e a s e s .  

The  F i g u r e   6  e m b o d i m e n t   p r o v i d e s   t h i s   m o d u l a -  

t i o n   by  the   c o m b i n e d   e f f e c t   of  the   o u t l e t   gas   p r e s s u r e  

a c t i n g   a g a i n s t   one  s i d e   of  d i a p h r a g m   122  and  the   e f f e c t  

of  the   p r e s s u r e   in  c o n t r o l   c h a m b e r   118B  a c t i n g   on  t h e  

o t h e r   s i d e   of  d i a p h r a g m   122 .   As  t h e   p o s i t i v e   p r e s s u r e   i n  

c h a m b e r   118B  i n c r e a s e s ,   t h e   f o r c e s   on  d i a p h r a g m   122  t e n d  

to  open  v a l v e   116  ( i . e . ,   to  push   i t   u p w a r d ) ,   r e s u l t i n g   i n  

i n c r e a s e d   p r e s s u r e   in  o u t l e t   c h a m b e r   112  and  a t   o u t l e t  

104;  the  r e s u l t i n g   i n c r e a s e d   o u t l e t   p r e s s u r e   in  c h a m b e r  

l12  r e s u l t s   in  a  d o w n w a r d   f o r c e   on  d i a p h r a g m   122,   t e n d i n g  

to  c l o s e   v a l v e   116  ( i . e . ,   to  move  i t   d o w n w a r d ) .   T h e  

e q u i l i b r i u m   p o s i t i o n   of  v a l v e   116  and ,   a c c o r d i n g l y ,   t h e  

p r e s s u r e   a t   o u t l e t   104  i s   d e t e r m i n e d   by  t h i s   s y s t e m   b a l -  

a n c e ,   which   c h a n g e s   as  t he   p r e s s u r e   in  c h a m b e r   1 1 8 B  

c h a n g e s .   T h u s ,   as  can  be  s e e n   from  F i g u r e   7  t he   g a s  

p r e s s u r e s   p r o v i d e d   a t   o u t l e t   104  v a r y   in  r e l a t i o n   to  t h e  

p r e s s u r e   b e l o w   o r i f i c e   p l a t e   107  and ,   a c c o r d i n g l y ,   i n  

r e l a t i o n   to  t h e   p r e s s u r e s   w i t h i n   c o n t r o l   c h a m b e r   1 1 8 B .  

As  a  s e c o n d a r y   e f f e c t ,   t he   i n p u t   gas   p r e s s u r e   a t   i n l e t  

101  and  in  i n l e t   c h a m b e r   110  a f f e c t s   t h i s   e q u i l i b r i u m  

p o s i t i o n   as  an  o f f s e t ;   s ee   fo r   e x a m p l e ,   t he   t h r e e   p l o t s  

in  F i g u r e   7  w h i c h   r e p r e s e n t   t y p i c a l   d a t a   fo r   i n p u t  

p r e s s u r e s   a t   i n l e t   101  of  5,  7  and  10  i n c h e s   of  w a t e r  

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



Fue l   c o n t r o l s   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n   t y p i c a l l y   a l s o   c o m p r i s e   a  b i a s   a d j u s t a b l e   f r o m  

the   e x t e r i o r   of  t he   f u e l   c o n t r o l   w h i c h ,   f o r   e x a m p l e ,   may 

be  used   to  a d j u s t   f o r   m a n u f a c t u r i n g   t o l e r a n c e s .   For  t h e  

e m b o d i m e n t s   i l l u s t r a t e d   in  F i g u r e s   2  and  3,  s u c h   a  b i a s  

may  c o m p r i s e   a  s p r i n g   ( n o t   shown)   c o u p l e d   b e t w e e n   t h e  

c e n t e r   of  d i a p h r a g m   124  and  an  a d j u s t m e n t   s c r e w   ( n o t  

shown)  p a s s i n g   t h r o u g h   h o u s i n g   132.   The  s p r i n g   and  s c r e w  

c o m b i n a t i o n   s e r v e s   to  a d j u s t   t he   b i a s   or  p r e d e t e r m i n e d  

p r e s s u r e   a t   w h i c h   t he   f u e l   c o n t r o l   w i l l   p e r m i t   gas   t o  

f low  t h r o u g h   v a l v e   o p e n i n g   114.   In  t h e   c a s e   of  t h e  

e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e   6,  t h e   a d j u s t a b l e   b i a s  

is   t y p i c a l l y   p l a c e d   b e t w e e n   d i a p h r a g m   122  and  a  s c r e w  

( n o t   shown)  p a s s i n g   t h r o u g h   h o u s i n g   132B,   a  p r e s s u r e   s e a l  

a r o u n d   t he   s c r e w   t y p i c a l l y   b e i n g   e m p l o y e d   in  s u c h   a  c o n -  

f i g u r a t i o n .   Means  f o r   b i a s i n g   t h e   d i a p h r a g m   of  a  p r e s s u r e  

r e g u l a t i n g   v a l v e   a r e   shown  e . g .   in  US-A  41  82  488  a n d  

US-A  44  06  4 0 0 .  

F i g .   4  and  7  i l l u s t r a t e   t h e   r e l a t i o n   of   t h e   f u e l   o u t l e t  

p r e s s u r e   w i t h   r e s p e c t   to   t h e   p r e s s u r e   s e n s e d   in  t h e  

s t a c k   w h i c h   d e p e n d s   on  t h e   f l o w   r a t e   of   t h e   f l u e   g a s e s .  

S i n c e   a  p r e s s u r e   r a t i o   i s   shown  t h e   d i a g r a m s   c o u l d   b e  

l a b e l e d   in  mm  w a t e r   c o l u m n   or  in  b a r   or   in   e v e r y   o t h e r  

p r e s s u r e   v a l u e   i n s t e a d   of  i n c h e s   w a t e r   c o l u m n   w i t h o u t  

c h a n g i n g   t he   c u r v e s   as  s u c h .   The  s c a l e   f a c t o r   i s   of  n o  

i m p o r t a n c e .  



1.  A  h e a t i n g   s y s t e m   c o m p r i s i n g  

a)  a  f u e l   v a l v e   ( 1 0 0 ; 1 1 4 , 1 1 6 )   f o r   s u p p l y i n g   f u e l   to   a  

b u r n e r   ( 4 0 ) ;  

b)  p r e s s u r e   c o n t r o l l e d   o p e r a t i n g   means   (120)   f o r  

c o n t r o l l i n g   s a i d   v a l v e   ( 1 0 0 ; 1 1 4 , 1 1 6 )   b e t w e e n   a n  

o p e n   and  a  c l o s e d   p o s i t i o n   w i t h   s a i d   o p e r a t i n g  

m e a n s   f o r m i n g   a  w a l l   p o r t i o n   of  a  c o n t r o l   c h a m b e r  

( 1 1 8 , 1 1 8 A ; 1 1 8 B ) ;  

c)  a  b l o w e r   (60)  f o r   s u p p l y i n g   c o m b u s t i o n   a i r   t o  

s a i d   b u r n e r   ( 4 0 ) ;  

d)  p r e s s u r e   s e n s i n g   means   ( 1 0 5 , 1 0 6 ; 1 0 7 )   a t   one  s i d e  

o f   s a i d   b l o w e r   (60)  f o r   c o n t r o l l i n g   s a i d   o p e r a t i n g  

m e a n s   ( 1 2 0 ) ;  

c  h  a  r  a  c  t  e  r  i  z  e  d   i n  t h a t  

t h e   c o n t r o l l e d   c h a m b e r   ( 1 1 8 ; 1 1 8 A ; 1 1 8 B )   i s   d i r e c t l y  

c o n n e c t e d   (108)  to   a  p r e s s u r e   s e n s i n g   p o r t   p r o v i d e d  

a t   s a i d   s i d e   of  t h e   c o m b u s t i o n   a i r   b l o w e r   ( 6 0 ) .  

2.  A  s y s t e m   a c c o r d i n g   to   c l a i m   1,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   i n  t h a t  

e)  t h e   p r e s s u r e   s e n s i n g   p o r t   i s   l o c a t e d   in   a  v e n t u r i  

n o z z l e   (106)  p r o v i d e d   b e t w e e n   t h e   b l o w e r   (60)  a n d  

an  e x h a u s t   s t a c k   (80)  c o n n e c t e d   to   a  c o m b u s t i o n  

c h a m b e r   (20)  w h e r e i n   s a i d   b u r n e r   (40)  i s   p r o v i d e d ;  

f)  an  i n c r e a s i n g   n e g a t i v e   p r e s s u r e   in  s a i d   c o n t r o l  

c h a m b e r   ( 1 1 8 , 1 1 8 A )   t e n d s   t o   move  v i a   t h e   o p e r a t i n g  

m e a n s   (124)  t h e   v a l v e   (116)  t o w a r d s   i t s   o p e n  

p o s i t i o n .  

3.  A  s y s t e m   a c c o r d i n g   to   c l a i m   1,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   i  n  t  h  a  t  

g)  t h e   p r e s s u r e   s e n s i n g   p o r t   i s   l o c a t e d   u p s t r e a m   o f  

an  o r i f i c e   p l a t e   (107)   p r o v i d e d   b e t w e e n   t h e   b l o w e r  

(60)  and  an  e x h a u s t   s t a c k   (80)  c o n n e c t e d   to  a  



c o m b u s t i o n   c h a m b e r   (20)  w h e r e i n   s a i d   b u r n e r   ( 4 0 )  

is   p r o v i d e d ;  

h)  an  i n c r e a s i n g   p o s i t i v e   p r e s s u r e   in  s a i d   c o n t r o l  

c h a m b e r   (118b)   t e n d s   to  move  v i a   t h e   o p e r a t i n g  

means   (122)  t h e   v a l v e   (116)  t o w a r d s   i t s   o p e n  

p o s i t i o n .  

4.  A  s y s t e m   a c c o r d i n g   to   c l a i m   2  or   3,  c  h  a  r  a  c  t   e  r  -  

i  z  e  d   i  n  t  h   a  t  t h e   p r e s s u r e   c o n t r o l l e d  

o p e r a t i n g   means   (120)  c o m p r i s e s   a t   l e a s t   one  d i a p h r a g m  

( 1 2 4 , 1 2 2 )   and  t h e   v a l v e   (116)  i s   s p r i n g   b i a s e d   ( 1 3 0 )  

in  c l o s i n g   d i r e c t i o n .  

5.  A  s y s t e m   a c c o r d i n g   to   c l a i m s   2  and  4,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   i  n  t  h   a  t  t h e   c o n t r o l   c h a m b e r  

(118)  i s   p r o v i d e d   b e t w e e n   two  d i a p h r a g m s   ( 1 2 2 , 1 2 4 )  

w i t h   one  d i a p h r a g m   (122)  c a r r y i n g   a  v a l v e   s t em  ( 1 1 4 )  

wh ich   has   an  e x t e n s i o n   (126)  p r o j e c t i n g   t h r o u g h   t h e  

c o n t r o l   c h a m b e r   i n t o   e n g a g e m e n t   w i t h   t he   o t h e r  

d i a p h r a g m   ( 1 2 4 ) .  

6.  A  s y s t e m   a c c o r d i n g   to   one  of  c l a i m s   2,  4  or  5 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t  h   a  t  o p e r a t i n g  

means  (120)  move  t h e   v a l v e   (116)   so  t h a t ,   when  t h e  

p r e s s u r e   in  t h e   c o n t r o l   c h a m b e r   (118)  i s   l o w e r   t h a n   a  

p r e d e t e r m i n e d   n e g a t i v e   p r e s s u r e ,   gas   w i l l   be  p r o v i d e d  

to  t he   o u t l e t   (104)  a t   a  p r e s s u r e   r e l a t e d   to  t h e  

p r e s s u r e   in  t h e   c o n t r o l   c h a m b e r   ( 1 1 8 , 1 1 8 A )   and  s o  

t h a t ,   when  t h e   p r e s s u r e   in  t h e   c o n t r o l   c h a m b e r   i s  

a b o v e   t h e   p r e d e t e r m i n e d   n e g a t i v e   p r e s s u r e ,   no  g a s  
w i l l   f l o w   t h r o u g h   t h e   o p e n i n g   (114)  to   t h e   o u t l e t .  

7.  A  s y s t e m   a c c o r d i n g   to   c l a i m   3,  c  h  a  r  a  c  t   e  r  i  z  e  d  

i  n  t  h   a  t  t he   o p e r a t i n g   m e a n s   (120)  move  t h e  

v a l v e   (116)  so  t h a t ,   when  t h e   p r e s s u r e   in  t h e   c o n t r o l  

c h a m b e r   (118B)  i s   h i g h e r   t h a n   a  p r e d e t e r m i n e d   p o s i t i v e  



p r e s s u r e ,   gas   w i l l   be  p r o v i d e d   to  t h e   o u t l e t   ( 1 0 4 ) ,  

a t   a  p r e s s u r e   r e l a t e d   to   t h e   p r e s s u r e   in  t h e   c o n t r o l  

c h a m b e r   and  so  t h a t ,   when  t h e   p r e s s u r e   in   t h e   c o n t r o l  

c h a m b e r   (118B)  i s   l o w e r   t h a n   t h e   p r e d e t e r m i n e d   p o s i t i v e  

p r e s s u r e ,   no  gas   w i l l   f l o w   t h r o u g h   t h e   o p e n i n g   ( 1 1 4 )  

to   t h e   o u t l e t   ( 1 0 4 ) .  

8.  A  s y s t e m   a c c o r d i n g   to   one  of  t h e   p r e c e d i n g   c l a i m s ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   i n  t h a t   t h e  

c o m b u s t i o n   a i r   b l o w e r   (60)  c o m p r i s e s   m e a n s   f o r  

v a r i a b l y   c o n t r o l l i n g   t h e   v o l u m e   d e l i v e r y   r a t e   o f  

t h e   b l o w e r .  
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