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©  A  liquid  heater  and  a  gas  burner  therefor. 

A  liquid  heater  such  as  a  domestic  hot  water  heater 
which  comprises  a  vessel  (4),  means  defining  a  chamber  (18) 
beneath  the  vessel,  said  chamber  having  a  constricted  outlet 
(44),  and  a  gas  burner  assembly  (26,  28)  which  in  operation 
discharges  combustion  gases  into  the  chamber  at  a  sufficient 
pressure  to  force  the  combustion  gases  through  said  con- 
stricted  outlet.  Also  disclosed  is  a  gas  burner  (28)  which  is 
formed  with  a  multiplicity  of  radially  directed  flutes  (76)  and 
between  which  are  formed  passages  for  secondary  air. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  l i q u i d   h e a t i n g  

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

w a t e r   h e a t e r .   The  i n v e n t i o n   a l s o   r e l a t e s   to   a  n o v e l  

fo rm  of   g a s   b u r n e r   f o r   u s e  i n   t h e   h e a t e r .  

In  gas   f i r e d   l i q u i d   h e a t e r s ,   i t   i s   u s u a l l y  

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

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

t h e   g a s .   U n f o r t u n a t e l y ,   c o n s i d e r a b l e   h e a t   e n e r g y   i s  

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

g a s e s .   H e a t   i s   a l s o   l o s t   i n d i r e c t l y   when  t h e   g a s  
b u r n e r   i s   n o t   o p e r a t i n g   by  c o n v e c t i o n   c u r r e n t s   w h i c h  

c a u s e   h e a t   to   be  l o s t   f rom  t h e   h o t   w a t e r .   N o r m a l l y ,   i t  

i s   n o t   p o s s i b l e   t o  r e d u c e   t h e   s i z e   of  t h e   f l u e   o u t l e t  

or   f o r m   t h e   f l u e   in   a  t o r t u o u s   p a t h   or  in   a  p a t h   i n  

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

d i r e c t i o n   s i n c e   a  n o r m a l   gas   b u r n e r   w i l l   n o t   p r o d u c e  

e n o u g h   p r e s s u r e   to   f o r c e   t h e   c o m b u s t i o n   p r o d u c t s   t h r o u g h  

t h e   f l u e   u n l e s s   a s s i s t e d   by  a  f a n .   The  g e n e r a l   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   i s   t o   a v o i d   t he   d r a w b a c k   n o t e d  

a b o v e   by  p r o v i d i n g   new  c o m b u s t i o n   a r r a n g e m e n t s   w h i c h  

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

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

o u t l e t .  



More  s p e c i f i c a l l y ,   t h e   i n v e n t i o n   p r o v i d e s   a  

gas   f i r e d   l i q u i d   h e a t e r   c o m p r i s i n g   a  v e s s e l ,   m e a n s  

d e f i n i n g   a  c h a m b e r   b e n e a t h   t h e   v e s s e l ,   s a i d   c h a m b e r  

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

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

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

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

P r e f e r a b l y ,   t h e   gas   b u r n e r   a s s e m b l y   i n c l u d e s  

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

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

f l a m e s   f r o m   t h e   g a s   b u r n e r   h e a t   s a i d   t u b u l a r   m e m b e r   t o  

an  e l e v a t e d   t e m p e r a t u r e .  

The  i n v e n t i o n ' a l s o   p r o v i d e s   a  g a s   b u r n e r  

c o m p r i s i n g   an  a n n u l a r   b a s e ,   an  o u t e r   s i d e w a l l   e x t e n d i n g  

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

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

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

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

w a l l   p o r t i o n s   w h i c h   l i e   a d j a c e n t   to   an  u p p e r   p a r t   o f  

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

gas   o p e n i n g s   d e f i n e d   by  t h e   u p p e r   e d g e s   of   t h e   f l u t e s  

and  by  p a r t s   of   t h e   u p p e r   e d g e   of   s a i d   o u t e r   s i d e w a l l ,  

t h e r e   b e i n g   a i r   p a s s a g e s   b e t w e e n   a d j a c e n t   f l u t e s .  

The  i n v e n t i o n   w i l l   now  be  more   f u l l y  

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 c c o m p a n y i n g   d r a w i n g s ,  

i n   w h i c h :  



F i g u r e   1  i s   a  c r o s s   s e c t i o n   t h r o u g h   a  

p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n ,  

F i g u r e   2  i s   a  c r o s s   s e c t i o n   a l o n g   t h e   l i n e  

2 - 2 ,  

F i g u r e   3  i s   a  p l a n   v i e w   of   t h e   gas   b u r n e r  

of   t h e :  i n v e n t i o n ,   a n d  

F i g u r e   4  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g  

t h e   l i n e   4 - 4 .  

The  l i q u i d   h e a t i n g   d e v i c e   of  t h e  i n v e n t i o n  

c o m p r i s e s   an  o u t e r   h o u s i n g   2  w h i c h   i s   of   g e n e r a l l y  

r e c t a n g u l a r   c r o s s   s e c t i o n ,   as  s e e n   i n   F i g u r e   2 .  

L o c a t e d   w i t h i n   t h e   h o u s i n g   i s   a  p r e s s u r e   v e s s e l   4  .  

h a v i n g   c y l i n d r i c a l   s i d e w a l l   6,  a  c o n v e x   t op   8  a n d  

c o n c a v e   b o t t o m   10.  The  u p p e r   p a r t   of  t he   s i d e w a l l s   6 

and  t h e   t o p   8  a r e   c o v e r e d   w i t h   a  l a y e r   12  of   i n s u l a t i n g  

m a t e r i a l .   The  v e s s e l   4  h a s   a  c o l d   w a t e r   i n l e t   14  a n d  

a  h o t   w a t e r   o u t l e t   16  l o c a t e d   n e a r   t h e   b o t t o m   and   t o p  

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

L o c a t e d   b e n e a t h   t h e   b o t t o m   10  o f   t h e   v e s s e l  

i s   a  c h a m b e r   18  w h i c h   i s   d e f i n e d   in   p a r t   by  t h e  

c o n c a v e   b o t t o m   10  of   t h e   v e s s e l ,   an  a n n u l a r   p l a t e   2 0  

and  t h e   l o w e r   p o r t i o n   22  o f   a  c y l i n d r i c a l   i n t e r m e d i a t e  

w a l l   24.   The  i n n e r   p e r i p h e r y   of   t h e   a n n u l a r   p l a t e   2 0  

i s   c o n n e c t e d   to  a  t u b u l a r   member   26  w h i c h   i s   o p e n   a t  

b o t h   e n d s .   A  b u r n e r   28  i s   l o c a t e d   j u s t   b e l o w   t h e  

o p e n   end   of  t h e   t u b u l a r   member   26  and  i s   a r r a n g e d   t o  

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



i n n e r   s u r f a c e   of  t he   member   26.  The  b u r n e r   28  i s  

f e d   w i t h   gas   f rom  a  j e t   32,  t h e   s u p p l y   o f   gas   t h e r e t o  

b e i n g  c o n t r o l l e d   by  a  gas   r e g u l a t o r   34  w h i c h   i s   o f  

s t a n d a r d   f o r m .   The  b u r n e r   28  a l s o   i n c l u d e s   a  p i l o t  

b u r n e r   a s s e m b l y   36  w h i c h   i s   a l s o   of   s t a n d a r d   f o r m ,   a n d  

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

e l e c t r o d e s .  

The  c h a m b e r   18  i s   c l o s e d   e x c e p t   f o r   t h e  

f o l l o w i n g   o p e n i n g s :   f i r s t ,   t h e   o p e n i n g   a t   t h e   l o w e r  

end   o f   t h e   t u b u l a r   member   26  w h e r e   t h e   b u r n e r   28  i s  

l o c a t e d ;   s e c o n d l y ,   a  t o r t u o u s   f l u e   p a t h   40  and  t h i r d l y  

r e l a t i v e l y   s m a l l   c o n d e n s a t i o n   o u t l e t   42.   The  f l u e  p a t h  

40  c o m p r i s e s   a  f i r s t   a n n u l a r   u p w a r d   l e g   44  w h i c h   i s  

d e f i n e d   b e t w e e n   t he   s i d e w a l l   6  of   t h e   v e s s e l   and   t h e  

i n t e r m e d i a t e   w a l l   24.  The  c y l i n d r i c a l   s i d e w a l l   24  m a y  

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

and   a  m e t a l   f o i l   o u t e r   w a l l .   The  f i r s t   l e g   44  c o n n e c t s  

t o   a  s e c o n d   d o w n w a r d l y   e x t e n d i n g   l e g   46  w h i c h   i s  

d e f i n e d   b e t w e e n   t h e   o u t e r   w a l l   of   t h e   i n t e r m e d i a t e   w a l l  

24  a n d   a  s h e e t   m e t a l   w a l l   48.   The  w a l l   48  i s   c l a d  

w i t h   i n s u l a t i n g   m a t e r i a l   5 0 .  

The  s e c o n d   l e g   46  t e r m i n a t e s   i n   an  o u t l e t  

r e g i s t e r   52  w h i c h   o p e n s   i n t o   a  d u c t   54  w h i c h   e x t e n d s  

u p w a r d l y   and   t e r m i n a t e s   i n   a  b a l a n c e d   f l u e   56.  A s  

b e s t   s e e n   in   F i g u r e   2,  t h e   d u c t   54  i s   l o c a t e d   i n   o n e  

of   t h e   f o u r   c o r n e r   s p a c e s   l e f t   w i t h i n   t h e   h o u s i n g   2 

by  t h e   c y l i n d r i c a l   v e s s e l .   The  h o u s i n g   2  i n c l u d e s   a i r  

i n l e t   o p e n i n g s   58  l o c a t e d   a d j a c e n t   to  t h e   f l u e   56  a i r  

f r o m   t h e   o p e n i n g s   58  b e i n g   f r e e   to   move  down  t o w a r d s  

t h e   b u r n e r   28  in  t h e   f r e e   s p a c e s   d e f i n e d   b e t w e e n   t h e  



h o u s i n g   and  the   v e s s e l .   As  w i l l   be  d e s c r i b e d   s h o r t l y ,  

t h e   b u r n e r   28  has   a  c e n t r a l   o p e n i n g   60  w h i c h   s e r v e s   a s  

an  o p e n i n g   f o r   a  s u b s t a n t i a l   p a r t   of  t h e   s e c o n d a r y   a i r  

i n l e t   f o r   c o m b u s t i o n .  

The  o p e r a t i o n   of  t h e   h e a t e r   i s   as  f o l l o w s .  

When  t h e   b u r n e r   28  i s   o p e r a t i n g ,   t h e   p r o d u c t s   o f  

c o m b u s t i o n   a r e   d i s c h a r g e d   i n t o   t h e   c h a m b e r   18  w h e r e  

h e a t   t r a n s f e r   to   t h e   b o t t o m   10  and  s i d e w a l l s   6  of   t h e  

v e s s e l   t a k e s   p l a c e .   A d d i t i o n a l l y ,   t h e   f l a m e s   30  o f  

t h e   b u r n e r   r a i s e   t h e   t e m p e r a t u r e   of  t h e   t u b u l a r   m e m b e r  

26  w h i c h   in   use   p r e f e r a b l y   glows  r e d   h o t .   The  m e m b e r  

26  t e n d s   to  m a i n t a i n   t h e   h i g h   t e m p e r a t u r e   of   t h e  

c o m b u s t i o n   g a s e s   and   c o n s t r a i n   them  to   move  in   a  

g e n e r a l l y   v e r t i c a l   d i r e c t i o n .   The  member   26  c o u l d   b e  

r e g a r d e d   as  f u n c t i o n i n g   l i k e   a  s h o r t   h o t   f l u e .   T h e  

c o m b i n e d   e f f e c t   o f   b u r n e r   28  and   t h e   h o t   t u b u l a r   m e m b e r  

26  i n c r e a s e   t he   p r e s s u r e   w i t h i n   t h e   c h a m b e r   18  to   a  

s u f f i c i e n t   e x t e n t   t h a t   t h e   p r o d u c t s   of  c o m b u s t i o n   a r e  

f o r c e d   t h r o u g h   t h e   t o r t u o u s   f l u e   p a t h   4 0 . w h i c h   i n c l u d e s  

t h e   d o w n w a r d   l e g   46.   I t   w i l l   be  n o t e d   t h a t   h e a t  

t r a n s f e r   d i r e c t l y   t o   t h e   s i d e w a l l s   o f   t h e   v e s s e l   can   t a k e  

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

l e g   44  of   the   p a t h   40,   as   w e l l   as  t h r o u g h   t h e   b o t t o m   1 0 .  

The  l i q u i d   h e a t e r   d e f i n e d   a b o v e   has   b e e n  

f o u n d   to   be  v e r y   e f f i c i e n t   in   t h a t   when  t h e   b u r n e r   2 8  

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

a v a i l a b l e   f o r  h e a t   t r a n s f e r   to   t h e   w a t e r   v e s s e l   4  a n d  

when  t h e   b u r n e r   28  i s   n o t   o p e r a t i n g ,   t h e  t o r t u o u s   f l u e  

p a t h   40  s u b s t a n t i a l l y   p r e v e n t s   any  f l o w   of  c o n v e c t i o n  

c u r r e n t s   t h r o u g h   t h e   f l u e   p a t h   40,  t h e   h o t   g a s e s   b e i n g  



t r a p p e d   i n   t h e   t r a n s i t i o n   r e g i o n   45  b e t w e e n   t h e   f i r s t  

l e g   44  and   t h e   s e c o n d   l e g   46  o f   t h e   f l u e   p a t h .   In  f a c t ,  

t h e   a r r a n g e m e n t   i s   so  e f f i c i e n t   t h a t   t h e   p i l o t   t u b e   3 6  

c a n   be  a d j u s t e d   so  t h a t   i t   c a n  m a k e   up  t h e   h e a t   l o s s e s  

w h i c h   w o u l d   be  due  to   t h e   v e r y   s m a l l   l o s s   w h i c h   o c c u r s  

f r o m   t h e   f l u e   56  and  f rom  t h e   h o u s i n g   2 .  

F i g u r e s   3  and  4  i l l u s t r a t e   t h e   b u r n e r   28  o f  

t h e   i n v e n t i o n .   The  b u r n e r   has   an  a n n u l a r   b a s e   w a l l  

64  f o r m e d   w i t h   an  u p t u r n e d   l i p   68  on  i t s   i n n e r   p e r i p h e r y .  

The  o u t e r   p e r i p h e r y   o f   t he   b a s e   i s   f o r m e d   i n t o   a  

c y l i n d r i c a l   w a l l   70  w h i c h   s t e p s   i n w a r d l y   to   a  r e d u c e d  

d i a m e t e r   u p p e r   p o r t i o n   7 2 . - - T h e   b u r n e r   i n c l u d e s   a  

s h e e t   m e t a l   m e m b e r   74  w h i c h   i s   f o l d e d   so  as  t o   h a v e   a  

p l u r a l i t y   o f   r a d i a l l y   i n w a r d l y   e x t e n d i n g   f l u t e s   7 6 .  

T h o s e   p o r t i o n s   o f   t h e   member   74  w h i c h   do  n o t   f o r m   t h e  

f l u t e s   76  l i e   a d j a c e n t   to   t h e   r e d u c e d   d i a m e t e r   p o r t i o n  

72  o f   t h e   s i d e w a l l s   of   t h e   b u r n e r .   The  member   74  r e s t s  

on  an  a n n u l a r   g a s k e t   75.  Gas  i s   s u p p l i e d   to   t h e  

b u r n e r   28  v i a   a  s u p p l y   p i p e   78  and   c i r c u l a t e s   a b o u t  

t h e   b u r n e r   t h r o u g h   t h e   t o r o i d a l   c h a m b e r   77  f o r m e d  

b e t w e e n  t h e   s i d e w a l l s   70  and  t h e   member   74.   The  g a s  
t h e n   f l o w s   i n   a  g e n e r a l l y   v e r t i c a l   d i r e c t i o n   and   i s s u e s  

f r o m   t h e   u p p e r   p a r t s   o f   t h e   f l u t e s   76.   When  t h e   b u r n e r  

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

p e r i p h e r y   o f   t h e   b u r n e r   and  t h r o u g h   t h e   c e n t r a l   o p e n i n g  

60  o f   t h e   b u r n e r   and  i s   t h e n   f r e e   to   p a s s   i n t o   t h e  

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

F i g u r e   3  t h e   p i l o t   a s s e m b l y   36  p a r t i a l l y   o b s t r u c t s   t h e  

o p e n i n g   60,   t h u s   a s s i s t i n g   in   m a i n t a i n i n g   t h e   c h a m b e r   a t  

a  h i g h e r   p r e s s u r e   when  t h e   m a i n   b u r n e r   i s   o p e r a t i n g .  



A  p r o t o t y p e   of  t he   i n v e n t i o n   has   b e e n  

t e s t e d   and  f o u n d   to   p e r f o r m   in  a  v e r y   e f f i c i e n t   m a n n e r .  

The  p r o t o t y p e   i n c l u d e d   a  v e s s e l   w h i c h   was  a p p r o x i m a t e l y  

380mm  in  d i a m e t e r .   In  t h a t   a r r a n g e m e n t   t h e   t u b e   m e m b e r  

26  was  c o n s t r u c t e d   of   s t a i n l e s s   s t e e l   and   a p p r o x i m a t e l y  

120mm  in   w i d t h   150mm  in  l e n g t h   and   i t s   t o p   l o c a t e d   a b o u t  

50mm  f rom  t h e   c o n c a v e   b o t t o m   10  o f   t h e   v e s s e l .   T h e  

f i r s t   l e g   44  of   t h e   f l u e   p a t h   was  a b o u t   500mm  i n  

a x i a l   l e n g t h   and  a p p r o x i m a t e l y   8mm  in   w i d t h   w h e r e a s   t h e  

s e c o n d   l e g   46  was  a p p r o x i m a t e l y   20mm  in   w i d t h .   T h e  

p r e s s u r e   w i t h i n   t h e   c h a m b e r   18  was  m e a s u r e d   to   be  a b o u t  

0 . 0 1 5   i n c h e s   of   w a t e r   g a u g e   a b o v e   t h e   a i r   p r e s s u r e   w i t h i n  

t h e  h o u s i n g   when  t h e ' b u r n e r   28  was  o p e r a t i n g   a t   25  m j  

i n p u t .  

Many  m o d i f i c a t i o n s   w i l l   be  a p p a r e n t   t o  

t h o s e   s k i l l e d   in   t h e   a r t   w i t h o u t   d e p a r t i n g   f rom  t h e  

s p i r i t   and   s c o p e   o f   t h e   i n v e n t i o n .   F o r   i n s t a n c e ,   t h e  

d u c t   54  c o u l d   be  o m i t t e d   and  t h e   r e g i s t e r   52  o p e n  

d i r e c t l y   to   a t m o s p h e r e .  



1.  A  gas   f i r e d   l i q u i d   h e a t e r   c o m p r i s i n g   a  

v e s s e l   ( 4 ) ,   means   d e f i n i n g   a  c h a m b e r   (18)  b e n e a t h  

t he   v e s s e l ,   s a i d   c h a m b e r   h a v i n g   a  c o n s t r i c t e d   o u t l e t   ( 4 4 ) ,  

and  a  gas   b u r n e r   a s s e m b l y   (26,  28)  c h a r a c t e r i s e d   i n  

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

c o m b u s t i o n   g a s e s   i n t o   t h e   c h a m b e r   a t   a  s u f f i c i e n t  

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

c o n s t r i c t e d   o u t l e t .  

2.  A  h e a t e r   as  c l a i m e d   i n   C l a i m   1  w h e r e i n   t h e  

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

s e c o n d   l e g s   ( 4 4 ,   4 6 )  c h a r a c t e r i s e d  i n   t h a t   t h e  

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

g a s e s   move  u p w a r d l y   i n   t h e   f i r s t   l e g   and   d o w n w a r d l y  

i n  t h e   s e c o n d   l e g .  

3.  A  h e a t e r   as  c l a i m e d   in   C l a i m   1  or   2  w h e r e i n  

t h e   gas   b u r n e r   a s s e m b l y   i n c l u d e s   a  gas   b u r n e r   (28)  a n d  

a  t u b u l a r   member   (26)  c h a r a c t e r i s e d   i n   t h a t   t h e   t u b u l a r  

member   e x t e n d s   i n t o   t h e   c h a m b e r   and   i n   t h a t ,   i n  

o p e r a t i o n ,   f l a m e s   (30)  f rom  t h e   g a s   b u r n e r   h e a t   s a i d  

t u b u l a r   member   to  an  e l e v a t e d   t e m p e r a t u r e .  

4.  A   h e a t e r   as  c l a i m e d   i n   C l a i m   3  w h e r e i n   s a i d  

. t u b u l a r   member   f u n c t i o n s   as  a  s h o r t   h o t   f l u e .  

5.  A  h e a t e r   as  c l a i m e d   i n   C l a i m   2  or  3  w h e r e i n  

t h e   b u r n e r   i n c l u d e s   c o m b u s t i b l e   g a s   o u t l e t   means   (72,   7 4 )  

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

a n n u l a r   r i n g   of   f l a m e ,   s a i d   r i n g   o f   f l a m e   b e i n g   l o c a t e d  

a d j a c e n t   to   t h e   i n n e r   w a l l   of   s a i d   t u b u l a r   m e m b e r .  

6.  A  h e a t e r   as  c l a i m e d   i n   C l a i m   2,  3  or   4 

c h a r a c t e r i s e d   in   t h a t   s a i d   t u b u l a r   member   i s   made  f r o m  

s t a i n l e s s   s t e e l .  



7.  A  h e a t e r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

w h e r e i n   t h e   v e s s e l   has   a  b o t t o m   w a l l   (10)  c h a r a c t e r i s e d  

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

of   t he   c h a m b e r .  

8.  A  h e a t e r   as   c l a i m e d   in   C l a i m   7  c h a r a c t e r i s e d  

in   t h a t   t h e   v e s s e l   i n c l u d e s   a  s i d e w a l l   (6)  w h i c h   d e f i n e s  

p a r t   of  t h e   f i r s t   l e g   (44)  of  s a i d   f l u e   p a t h .  

9.  A  h e a t e r   as  c l a i m e d   in   C l a i m   8  c h a r a c t e r i s e d  

in   t h a t   t h e   v e s s e l   i s   c y l i n d r i c a l   and  i n c l u d e s   a  l a y e r  

(24)  of   i n s u l a t i o n   b e t w e e n   t h e   f i r s t   l e g   and  t h e   s e c o n d  

l e g   of  s a i d   f l u e   p a t h .  

10.  A  h e a t e r   as  c l a i m e d   i n   C l a i m s   7,  8  or   9 

c h a r a c t e r i s e d   by  t h e   p r o v i s i o n   o f   a  b a l a n c e d   f l u e   ( 5 6 )  

l o c a t e d   a t   t h e   end   o f   s a i d   f l u e   p a t h .  

11.  A  h e a t e r   as  c l a i m e d   in   C l a i m   10  w h e r e i n   t h e  

v e s s e l   i s   l o c a t e d   i n   a  h o u s i n g   (2)  w h i c h   i s   g e n e r a l l y  

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

b a l a n c e d   f l u e   i s   l o c a t e d   n e a r   one   c o r n e r   of  t h e   h o u s i n g ,  

s a i d   f l u e   p a t h   i n c l u d i n g   a  t h i r d   l e g   ( 5 4 ) ,   w h i c h  

e x t e n d s   u p w a r d l y   f r o m   an  o u t l e t   of   t h e   s e c o n d   l e g   t o  

t h e   b a l a n c e d   f l u e .  

12.   A  h e a t e r   as  c l a i m e d   in   C l a i m   5  c h a r a c t e r i s e d  

in   t h a t   t h e   c o m b u s t i b l e   gas  o u t l e t   means   i n c l u d e s   a  

r i n g   of  gas   o p e n i n g s   and  u p w a r d l y   e x t e n d i n g   a i r   p a s s a g e s  
b e t w e e n   a d j a c e n t   o p e n i n g s .  

13.  A  h e a t e r   as  c l a i m e d   in   C l a i m   12  w h e r e i n   t h e  

b u r n e r   has   an  a n n u l a r   b a s e   ( 6 6 ) ,   and  o u t e r   s i d e w a l l  

(70,  72)  e x t e n d i n g   u p w a r d l y   f rom  t h e   b a s e   and  an  i n n e r  

s i d e w a l l   ( 7 4 ) ,   e x t e n d i n g   u p w a r d l y   f rom  t h e   i n n e r  

p e r i p h e r y   o f   t h e   b a s e ,   c h a r a c t e r i s e d   in   t h a t   t he   i n n e r  



s i d e w a l l   i s   f o r m e d   w i t h   an  a r r a y   of   r a d i a l l y   d i r e c t e d  

f l u t e s   ( 7 6 )   and   i n t e r p o s e d   w a l l   p o r t i o n s   w h i c h   l i e  

a d j a c e n t   to   an  u p p e r   p a r t   (72)  of   o u t e r   s i d e w a l l   w h e r e b y  

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

of  s a i d   f l u t e s   and  a  p o r t i o n   of   t h e   u p p e r   e d g e   of   s a i d  

o u t e r   s i d e w a l l .  

14.  A  h e a t e r   as  c l a i m e d   in   C l a i m   13  c h a r a c t e r i s e d  

in   t h a t   t h e   l o w e r   p a r t   (70)  of  t h e   o u t e r   s i d e w a l l   i s  

of  w i d e r   d i a m e t e r   t h a n   t h e   u p p e r   p a r t   ( 7 2 ) ,   t h e   l o w e r  

p a r t ,   t o g e t h e r   w i t h   t h e   b a s e   and   l o w e r   p a r t   o f   t h e  

i n n e r   s i d e w a l l   (74)  d e f i n i n g   a  g e n e r a l l y   t o r o i d a l   g a s  

s u p p l y   p a s s a g e - ( 7 7 ) .  

15.   A  g a s   b u r n e r   c o m p r i s i n g   an  a n n u l a r   b a s e   ( 6 6 ) ,  

an  o u t e r   s i d e w a l l   (70,   72)  e x t e n d i n g   u p w a r d l y   f r o m   t h e  

o u t e r   p e r i p h e r y   of   t h e   b a s e   and  an  i n n e r   s i d e w a l l   ( 7 4 ) ,  

e x t e n d i n g   u p w a r d l y   f r o m   t h e   i n n e r   p e r i p h e r y   of   t h e   b a s e  

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

an  a r r a y   o f   i n w a r d l y   d i r e c t e d   f l u t e s   (76)  and   i n t e r p o s e d  

w a l l   p o r t i o n s   w h i c h   l i e   a d j a c e n t   to   an  u p p e r   p a r t   ( 7 2 )  

of  t h e   o u t e r   s i d e w a l l ,   w h e r e b y   s a i d   b u r n e r   h a s   a  r i n g  

of   g a s   o p e n i n g s   d e f i n e d   by  t he   u p p e r   e d g e s   of   t h e   f l u t e s  

and  by  p a r t s   of   t h e   u p p e r   e d g e   of   s a i d   o u t e r   s i d e w a l l ,  

t h e r e   b e i n g   a i r   p a s s a g e s   b e t w e e n   a d j a c e n t   f l u t e s .  
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