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Water  heating  apparatus. 
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The  apparatus  has  a  horizontal  tunnel-like  passage  for 
hot  combustion  gases  from  a  fuel  burner  (52)  to  a  flue  outlet 
(57).  The  passage  is  defined  by  several  adjacent  but  discrete 
helical  coils  (59)  each  comprising  from  3  to  12  turns  of  water 
conduit,  such  as  copper  tubing.  A  common  source  (54)  feeds 
water  separately  to  all  the  coils  which  in  turn  discharge  heated 
water  separately  to  a  common  outlet  (55).  In  one  embodiment, 
an  additional  outer  set  of  coils  (60),  similarly  connected,  may 
create  an  annular  space  around  the  tunnel-like  passage  and  an 
exterior  water  jacket  (50)  a  second,  outermost  annular  space. 
These  spaces  and  the  tunnel-like  passage  can  be  connected  in 
various  ways  to  impart  series  or  parallel  flow  to  the  hot  combus- 
tion  gases  therein.  The  apparatus  is  suitable  for  use  in  central 
heating  systems. 



This  i n v e n t i o n   r e l a t e s   to  a  w a t e r   h e a t i n g  

a p p a r a t u s ,   for   d o m e s t i c ,   i n s t i t u t i o n a l ,   i n d u s t r i a l   a n d  

o t h e r   p u r p o s e s .   I t   r e l a t e s   in  p a r t i c u l a r   to  a  w a t e r  

h e a t i n g   a p p a r a t u s   of  the  type   h a v i n g   a  p a s s a g e   for   h o t  

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

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

d e f i n e d   by  a  h e a t   e x c h a n g e r ,   h e r e i n a f t e r - r e f e r r e d   t o  

.as  a  w a t e r  h e a t i n g  a p p a r a t u s  o f  t h e   type   -  
d e s c r i b e d .  

In  many  examples   of  w a t e r   h e a t i n g   a p p a r a t u s  
of  the  type  d e s c r i b e d ,   a  wa t e r   j a c k e t   d e f i n e s ,   or  p a r t l y  
d e f i n e s ,   a  f i r e   box  i n t o   which  the  f lame  of  a  b u r n e r   i s  

d i r e c t e d   in  use .   The  i n n e r   wal l   of  the   w a t e r   j a c k e t ,  
which  d e f i n e s   or  p a r t l y   d e f i n e s   the  f i r e   box,  is  a  s h e e t  

of  m e t a l ,   u s u a l l y   c a s t   i r o n ,   and  c o n s t i t u t e s   the  s o l e  

h e a t   e x c h a n g e r   t h r o u g h   which  h e a t   ene rgy   g e n e r a t e d   by  t h e  

b u r n i n g   of  f u e l   is  communica ted   to  the  w a t e r   to  be  h e a t e d .  

This   a r r a n g e m e n t   s u f f e r s   from  s e v e r a l   d i s a d v a n t a g e s .   T h u s  
the  h e a t   e x c h a n g e r   s u r f a c e   exposed   to  the  f lame  or  h o t  

c o m b u s t i o n   gases   is  s m a l l ,   the  mass  of  w a t e r   t h a t   l i e s  

b e h i n d   the  hea t   e x c h a n g e r   is  r e l a t i v e l y   l a r g e ,   h e a t i n g  
of  the  wa te r   depends   l a r g e l y   on  the  g e n e r a t i o n  



of  c o n v e c t i o n   c u r r e n t s   w i t h i n   s a i d   mass  of  w a t e r ,   and  t h e  
l a t t e r   process  is  hampered  f i r s t l y   by  the  low  thermal  c o n d u c t i v i t y  
of  w a t e r ,   and  s e c o n d l y   by  the  a b s e n c e   in  most  c a s e s   of  f o r c e d  

c i r c u l a t i o n   or  a g i t a t i o n   of  the  w a t e r .   F u r t h e r m o r e   i t   i s  

not   p o s s i b l e   to  h e a t   a  sma l l   amount  of  w a t e r   for   u r g e n t  

r e q u i r e m e n t s ;   the  whole  mass  of  wa te r   p r e s e n t   must  b e  

h e a t e d   to  a  g iven   t e m p e r a t u r e   b e f o r e   any  w a t e r   can  b e  

drawn  of f   at  t h a t   t e m p e r a t u r e .  
The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   t owards   t h e  

a m e l i o r a t i o n   of  some  or  a l l   of  the  above  r e c i t e d   d r a w b a c k s  

of  c o n v e n t i o n a l   w a t e r   h e a t i n g   a p p a r a t u s .  
The  i n v e n t i o n   a c c o r d i n g l y   p r o v i d e s   a  w a t e r  

h e a t i n g   a p p a r a t u s   of  the  type  d e s c r i b e d ,   which  is  c h a r a c t e r i s e d  

in  t h a t   the  hea t   e x c h a n g e r   c o m p r i s e s   a  p l u r a l i t y   of  a d j a c e n t  

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

3  to  12  t u r n s   of  a  w a t e r  c o n d u i t ,   and  t h a t   each  c o i l   i s  

a r r a n g e d   to  convey  w a t e r   s e p a r a t e l y   from  a  s o u r c e   common 
to  a l l   the  c o i l s   to  an  o u t l e t   common  to  a l l   the  c o i l s .  

A  p r e f e r r e d   w a t e r   c o n d u i t   is  me t a l   t u b i n g ,   c o p p e r  
t u b i n g   be ing   s p e c i a l l y   p r e f e r r e d   b e c a u s e   of  i t s   h igh  t h e r m a l  

c o n d u c t i v i t y   and  the  ease   wi th   which  i t   may  be  formed  i n t o  

h e l i c a l   c o i l s .   A  u s e f u l   s i z e   of  copper   t u b i n g   is  o f  

i n t e r n a l   d i a m e t e r   about   12  mm,  though   d i a m e t e r s   r a n g i n g  
from  5  to  40  mm  are  w i t h i n   the  scope  of  the  i n v e n t i o n .  

The  c o i l s   may  be  a r r a n g e d   to  form  a  s i m p l e  
r e c t i l i n e a r   t u n n e l   wi th   the  b u r n e r   l o c a t e d   at  one  end  a n d  

the  f l u e   o u t l e t   at   the  o t h e r   end  t h e r e o f .   Or  such  a  t u n n e l  

may  be  e n c l o s e d   w i t h i n   an  o u t e r   s h e l l   c o a x i a l l y   s p a c e d  

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

c o n s i s t s   of  a  c e n t r a l   t u n n e l   and  a  space   of  a n n u l a r   c r o s s -  
s e c t i o n   t h e r e a r o u n d .   In  the  l a t t e r   case   the  a p p a r a t u s   may 
be  a r r a n g e d   so  t h a t   the  c o m b u s t i o n   g a s e s   t r a v e l   in  a  s i n g l e  
d i r e c t i o n   t h r o u g h   the  c e n t r a l   t u n n e l   and  the  a n n u l a r   s p a c e  
in  p a r a l l e l ;   or  i t   may  be  a r r a n g e d   so  t h a t   the  s t r e a m   o f  

g a s e s   t r a v e r s e s   the  s a i d   two  spaces   in  s u c c e s s i o n ,   i t s  

d i r e c t i o n   be ing   r e v e r s e d   in  m i d s t r e a m   by  a p p r o p r i a t e  
c o n s t r u c t i o n a l   f e a t u r e s .  



A l t e r n a t i v e l y   the  c o i l s   may  c o m p r i s e   two  s e t s ,  

namely  a  f i r s t   s e t   of  a d j a c e n t   c o i l s   of  a  f i r s t   d i a m e t e r  

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

s u b s t a n t i a l l y   c o a x i a l   manner .   Through  the  two  s p a c e s  
c r e a t e d   by  t h i s   a r r a n g e m e n t   the  s t r e a m   of  ga ses   may  b e  

c a u s e d   to  flow  e i t h e r   in  p a r a l l e l   or  in  s u c c e s s i o n ,   a s  
in  the  p r e v i o u s   case   d e s c r i b e d .   What  is  more,   an  o u t e r  
s h e l l   may  be  p r o v i d e d   thus   c r e a t i n g   a  t h i r d   ( a n n u l a r )  

s p a c e ,   and  the  s t r e a m   of  gases   may  then   be  c aused   t o  

f low  t h r o u g h   the  t h r e e   s p a c e s   in  s u c c e s s i o n   or  in  p a r a l l e l  

or  in  a  s e l e c t e d   c o m b i n a t i o n   of  t h o s e   m o d e s .  

A  p r e f e r r e d   embodiment   o f  t h e   i n v e n t i o n   is  a  
s imp le   s e r i e s   a r r a n g e m e n t   of  the  t h r e e   s p a c e s   l a s t  

r e f e r r e d   to ,   in  which  the  gas  s t r e a m   f i r s t   p a s s e s   a l o n g  
the  c e n t r a l   t u n n e l ,   then   p a s s e s   back  be tween   the  two  s e t s  
of  c o i l s   and  a f t e r w a r d s   resumes   i t s   o r i g i n a l   d i r e c t i o n  

be tween   the  o u t e r   s e t   of  c o i l s   and  the  o u t e r   s h e l l   b e f o r e  

f i n a l l y   a r r i v i n g   at   the  f l u e   o u t l e t .  

The  o u t e r   s h e l l ,   when  p r e s e n t ,   may  be  a  p a r t   o f  

a  w a t e r   j a c k e t   which  c o n s t i t u t e s   the  common  s o u r c e   of  w a t e r  
above  r e f e r r e d   t o .   Such  a  j a c k e t   has  two  u s e f u l   c h a r a c t e r -  

i s t i c s .   F i r s t l y   i t   s e r v e s   as  a  t h e r m a l   i n s u l a t o r   f o r  

m i n i m i s i n g   h e a t   l o s s e s   from  the  c o m b u s t i o n   gases   p a s s a g e .  
S e c o n d l y ,   any  h e a t   a b s o r b e d   by  the  j a c k e t   s e r v e s   to  r a i s e  
the  wa t e r   t e m p e r a t u r e   t h e r e i n ,   t h e r e b y   r e d u c i n g   the  o v e r a l l  

e n e r g y   r e q u i r e m e n t   of  the  a p p a r a t u s .   An  i n s u l a t i n g   j a c k e t  
of  c o n v e n t i o n a l   type  may  a d v a n t a g e o u s l y   be  p r o v i d e d   t o  
e n c l o s e   the  wa t e r   j a c k e t   i t s e l f ,   t h e r e b y   f u r t h e r   r e d u c i n g  
h e a t   l o s s e s .  

Each  c o i l   of  wa t e r   c o n d u i t   p r e f e r a b l y   c o m p r i s e s  
from  5  to  10  t u r n s ,   s t i l l   more  p r e f e r a b l y   from  6  to  8  t u r n s ,  
most  p r e f e r a b l y   abou t   6  t u r n s .  

The  a p p a r a t u s   of  the  i n v e n t i o n   may  be  used  f o r  

h e a t i n g   wa te r   for   a  v a r i e t y   of  p u r p o s e s   and  on  w i d e l y  
d i f f e r e n t   s c a l e s .   A  u s e f u l   a p p l i c a t i o n   is   fo r   a  d o m e s t i c  

c e n t r a l   h e a t i n g   sys tem  and  for   t h i s   p u r p o s e   a  p r e f e r r e d  



embodiment   c o m p r i s e s   6  c o i l s   of  12  mm  i n t e r n a l   d i a m e t e r  

c o p p e r   t u b i n g   d i s p o s e d   in  the  s imp le   s e r i e s   a r r a n g e m e n t  
of  t h r e e   s p a c e s   d e s c r i b e d   above,   wi th   3  c o i l s   of  8  t u r n s  
each  in  the  i n n e r   s e t ,   and  3  c o i l s   of  12  t u r n s   each  i n  

the  o u t e r   s e t ,   the   whole  s u r r o u n d e d   by  a  c y l i n d r i c a l   w a t e r  

j a c k e t   e x t e r n a l l y   l a g g e d .   A  c o n v e n t i o n a l   o i l   b u r n e r   i s  

u sed ,   wi th   the  b u r n e r   j e t   h o r i z o n t a l l y   d i s p o s e d   to  d i r e c t  

the  f lame  a x i a l l y   i n t o   the  c e n t r a l   t u n n e l .  
A  w a t e r   pump  is  i n c o r p o r a t e d ,   a r r a n g e d   to  s w i t c h  

on  and  o f f   in  r e s p o n s e   to  a  room  t h e r m o s t a t   l o c a t e d   in  t h e  

space   to  be  h e a t e d .   The  common  o u t l e t   f e eds   hot   w a t e r   t o  

a  s e t   of  room  h e a t e r s   c o n v e n t i o n a l l y   c o n n e c t e d ,   and  t h e  
h e a t e r s   feed  i t   back  to  the  w a t e r   j a c k e t ,   which  forms  t h e  

common  s o u r c e   above  r e f e r r e d   to .   A  b u r n e r   t h e r m o s t a t   i s  
l o c a t e d   in  the  wa t e r   j a c k e t ,   and  o p e r a t e s   to  i g n i t e   t h e  
b u r n e r   whenever   the  w a t e r   t e m p e r a t u r e   in  the  j a c k e t   f a l l s  

below  a  p r e d e t e r m i n e d   work ing   v a l u e ,   for   example   5 0 ° C .  

The  b u r n e r   t h e r m o s t a t   however   is   s u b o r d i n a t e d   to  the  room 
t h e r m o s t a t ,   so  as  to  o p e r a t e   the  b u r n e r   only   w h i l e   t h e  

pump  is  w o r k i n g ,   i . e .   w h i l e   t h e r e   is  a  demand  for   hot   w a t e r  
for   space   h e a t i n g .   The  c a p a c i t y   of  the  pump  is  so  s e l e c t e d ,  
and  the  flow  from  the  common  sou rce   to  the  c o i l s   so  a d j u s t e d  

( e . g .   by  v a l v e s )   as  to  a c h i e v e   a  p r e d e t e r m i n e d   w a t e r  

t e m p e r a t u r e ,   for   example  80°C,  in  the  common  o u t l e t .   T h i s  

c o m p l e t e s   the  g e n e r a l   d e s c r i p t i o n   of  an  embodiment   of  t h e  

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

d e t a i l   from  the  f o l l o w i n g   d e s c r i p t i o n   of  a  s p e c i f i c  
embodiment   t h e r e o f ,   g iven   by  way  of  example   on ly ,   w i t h  

. r e f e r e n c e   to  the  accompany ing   d r a w i n g s ,   a l l   of  which  a r e  
s c h e m a t i c   s e c t i o n a l   r e p r e s e n t a t i o n s .   In  the  d r a w i n g s ,  

F ig .   1  is  a  s i de   e l e v a t i o n   of  a  d o m e s t i c   c e n t r a l  

h e a t i n g   b o i l e r   of  a  c o n v e n t i o n a l   t y p e ;  

F ig .   2  is  a  s ide   e l e v a t i o n   of  a  d o m e s t i c   c e n t r a l  

h e a t i n g   b o i l e r   a c c o r d i n g   to  a  f i r s t  

embodiment   of  the  i n v e n t i o n ;  



Fig .   3  is  a  s ide   e l e v a t i o n   of  a  d o m e s t i c   c e n t r a l  

h e a t i n g   b o i l e r   a c c o r d i n g   to  a  s e c o n d  

embodiment   of  the  i n v e n t i o n ;   a n d  

F ig .   4  is  a  c r o s s - s e c t i o n   of  the  b o i l e r   of  F ig .   3 ,  
t aken   a long   the  l i n e   IV-IV  in  t h a t   f i g u r e  
and  v iewed  in  the  d i r e c t i o n   of  t h e  
a s s o c i a t e d   a r r o w s .  

R e f e r r i n g   now  to  F ig .   1,  a  c o n v e n t i o n a l   d o m e s t i c  

c e n t r a l   h e a t i n g   b o i l e r   c o m p r i s e s   an  o i l   b u r n e r   10,  a  f i r e  

box  11,  a  wa t e r   j a c k e t   13  t h a t   s u r r o u n d s   the  f i r e   box  11 

on  a l l   s i d e s   e x c e p t   the  f r o n t ,   where  the  b u r n e r   10  i s  

mounted ,   and  a  p l u r a l i t y   of  f i r e   t u b e s   12  l e a d i n g   f r o m  

the  f i r e   box  11  to  a  f l u e   o u t l e t   1 4 .  

R e f e r r i n g   to  F ig .   2,  a  s imp le   d o m e s t i c   c e n t r a l  

h e a t i n g   b o i l e r   of  the  i n v e n t i o n   c o m p r i s e s   a  c y l i n d r i c a l  
f i r e   box  20  mounted  on  s u p p o r t   s t r u c t u r e s   21,  an  o i l   b u r n e r  
22,  i n l e t   and  o u t l e t   p i p e s   23  and  24  r e s p e c t i v e l y   for   w a t e r  
to  be  h e a t e d ,   a  w a t e r   pump  25,  a  h e a t   e x c h a n g e r   26  and  a  
f l u e   o u t l e t   27.  The  f i r e   box  20  is   s u r r o u n d e d   by  a n  
i n s u l a t i n g   j a c k e t   28.  The  h e a t   e x c h a n g e r   26  c o m p r i s e s  
t h r e e   d i s c r e t e   but   a d j a c e n t   s u b s t a n t i a l l y   h e l i c a l   c o i l s  
2 9 , 3 0 , 3 1   e a c h  c o m p r i s i n g   four   t u r n s   of  12  mm  i n t e r n a l  
d i a m e t e r   copper   t u b i n g .   Each  c o i l   2 9 , 3 0 , 3 1   in  use  is  f e d  

from  a  r e s p e c t i v e   limb  of  a  feed  m a n i f o l d   32  e x t e n d i n g  
from  the  i n l e t   p ipe   23,  and  d i s c h a r g e s   t h r o u g h   a  r e s p e c t i v e  
limb  of  an  o u t l e t   m a n i f o l d   33  which  c o m m u n i c a t e s   wi th   t h e  
o u t l e t   p ipe   2 4 .  

The  c o i l s   2 9 , 3 0 , 3 1   form  a  c o n t i n u o u s   t u n n e l   f o r  

the  hot   c o m b u s t i o n   g a s e s  ,   and  are  shown  as  s e p a r a t e d  

m e r e l y   for   c l a r i t y   in  the  d r a w i n g ,   b e i n g   s p a t i a l l y   u n -  
s e p a r a t e d   in  f a c t .   S i m i l a r l y   the  c o i l s   2 9 , 3 0 , 3 1   are   d i s p o s e d  

a d j a c e n t   the  c y l i n d r i c a l   -shell -34  of  the  f i r e   box  20  i n  

f a c t ,   the  a p p a r e n t   gap  be ing   n e c e s s i t a t e d   for   c l a r i t y   i n  

showing  the  c o n n e c t i o n s   of  the  m a n i f o l d s  3 2 , 3 3 .   A  b a f f l e  
35  of  r e f r a c t o r y   m a t e r i a l   c o n s t r i c t s   the  p a s s a g e   fo r   t h e  



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

wi th   the  hea t   e x c h a n g e r   b e f o r e   s a i d   g a s e s   r e a c h  t h e   f l u e  

o u t l e t   2 7 .  

R e f e r r i n g   now  to  Fig .   3,  a  l a r g e r   c e n t r a l   h e a t i n g  
b o i l e r   c o m p r i s e s   a  w a t e r   j a c k e t   50,  an  i n s u l a t i n g   j a c k e t  
51,  an  o i l   b u r n e r   52,  a  h e a t   e x c h a n g e r   53,  i n l e t   and  o u t l e t  

p i p e s   54  and  55  r e s p e c t i v e l y   for   wa t e r   to  be  h e a t e d ,   a  
wa t e r   pump  56  and  a  f l u e   o u t l e t   57.  The  whole  a s s e m b l y  
s t a n d s   on  a  s u p p o r t   s t r u c t u r e   h a v i n g   l egs   5 8 .  

The  h e a t   e x c h a n g e r   53  c o m p r i s e s   a  c o a x i a l   p a i r  
of  t u n n e l s   formed  by  a  se t   of  four   i n n e r   c o i l s   59  of  e i g h t  
t u r n s   each ,   and  a  se t   of  t h r e e   o u t e r   c o i l s   60  of  t w e l v e  

t u r n s   each ,   a l l   the  c o i l s   be ing   of  c o p p e r   t u b i n g   s i m i l a r  

to  t h a t   of  Fig.   1.  The  c o i l s   in  each  s e t   are   a d j a c e n t ,  
the  a p p a r e n t   gaps  be tween   them  be ing   shown  in  the  d r a w i n g  
only   fo r   c l a r i t y .   The  p a i r   of  t u n n e l s   is  e n c l o s e d   w i t h i n  

a  s h e l l   which  s e r v e s   as  the  i n n e r   wa l l   of  a  wa t e r   j a c k e t   5 0 .  
Each  c o i l   59,60  in  use  is  fed  from  a  r e s p e c t i v e  

limb  of  a  feed  m a n i f o l d   61  e x t e n d i n g   from  the  i n l e t   p i p e  
54,  and  d i s c h a r g e s   t h r o u g h   a  r e s p e c t i v e   limb  of  an  o u t l e t  
m a n i f o l d   62  which  c o m m u n i c a t e s   wi th   the  o u t l e t   p ipe   5 5 .  

An  a d d i t i o n a l   c o i l   63,  s p i r a l   in  form,  is  c o n n e c t e d   b e t w e e n  
the  m a n i f o l d s   61  and  62  and  h e l p s   to  d e f i n e   a  f i r s t   U - t u r n  
in  the  p a s s a g e   for   hot   c o m b u s t i o n   g a s e s ,   as  shown  by  t h e  
a s s o c i a t e d   a r r o w s .   S i m i l a r   a r rows   o u t l i n e   the  r e m a i n d e r  

of  the  p a s s a g e ,   which  is  S - s h a p e d   in  o v e r a l l   l o n g i t u d i n a l  
s e c t i o n ,   as  can  be  s e e n .  

A  b a f f l e   64  of  r e f r a c t o r y   m a t e r i a l ,   backed   by  
m e t a l l i c   gu ide   p l a t e s   65,  h e l p s   to  c o n f i n e   the  s t r e a m   o f  

g a s e s   to  the  r e q u i r e d   pa thway .   A  manometer   and  p r e s s u r e  
r e g u l a t i n g   equ ipmen t   66  are  i n d i c a t e d   s c h e m a t i c a l l y .   A 

room  t h e r m o s t a t   67  and  a  b o i l e r   t h e r m o s t a t   68,  wi th   c i r c u i t r y  
e n a b l i n g   them  to  govern   the  o p e r a t i o n   of  the   pump  56  a n d  

the  b u r n e r   52  r e s p e c t i v e l y ,   c o m p l e t e   the   a p p a r a t u s .  
The  o u t l e t   p ipe   55  f eeds   the  r a d i a t o r s   o r  

c o n v e c t o r s   (not  shown)  of  a  c e n t r a l   h e a t i n g   sy s t em,   t h e  

r e t u r n   flow  from  which  r e - e n t e r s   the  w a t e r   j a c k e t   50  v i a  

a  r e t u r n   p ipe   6 9 .  



In  use ,   the  room  t h e r m o s t a t   67  g o v e r n s   t h e  

o p e r a t i o n   of  the  pump  56  to  c i r c u l a t e   h e a t i n g   w a t e r   f r o m  

the  a p p a r a t u s   t h r o u g h   the  c e n t r a l   h e a t i n g   sys t em  r a d i a t o r s ;  

d u r i n g   o p e r a t i o n   of  the  pump  the  b o i l e r   t h e r m o s t a t   68 

a d d i t i o n a l l y   i g n i t e s   the  b u r n e r   52  whenever   and  for   a s  

long  as  the  wa te r   r e s e r v e   in  the  j a c k e t   50  is  below  a  

p r e s e t   t e m p e r a t u r e   such  as  50°C.  Dur ing   normal   o p e r a t i o n  
w i th   the  b u r n e r   o f f ,   the  w a t e r   t e m p e r a t u r e   at   the  o u t l e t  

p ipe   55  is  t h a t   of  the  wa t e r   r e s e r v e   in  the  j a c k e t   5 0 .  
With  the  b u r n e r   in  a c t i o n ,   the  s a i d   t e m p e r a t u r e   has  a  
d i f f e r e n t   v a l u e ,   such  as  80°C,  which  can  be  s e t   by  c h o i c e  

of  componen t s   and  a d j u s t m e n t   of  w a t e r   f low  and  o t h e r  

p a r a m e t e r s .  
R e f e r r i n g   now  to  F ig .   4,  in  which  c o r r e s p o n d i n g  

e l e m e n t s   bear   the  same  r e f e r e n c e   n u m e r a l s   as  in  F ig .   3 ,  
i t   is   to  be  no ted   t h a t   the  l a y o u t   of  the  m a n i f o l d s   6 1 , 6 2  
b e a r s   a  c l o s e r   r e s e m b l a n c e   to  a c t u a l i t y   than   in  F i g .  3 ,  

h a v i n g   been  s i m p l i f i e d   in  the  l a t t e r   f i g u r e   fo r   c l a r i t y .  
The  p a s s a g e   for   hot  c o m b u s t i o n   gases   c o m p r i s e s   t h r e e  
s u c c e s s i v e   s e c t i o n s   7 0 , 7 1 , 7 2   here   seen  in  c r o s s - s e c t i o n .  
I t   is  p r e f e r r e d   t h a t   the  c r o s s - s e c t i o n a l   a r e a s   of  t h e s e  

t h r e e   s e c t i o n s   shou ld   be  a p p r o x i m a t e l y   e q u a l ,   a l t h o u g h  
t h i s   is  not  a p p a r e n t   from  the  d r a w i n g .   This   p r o v i s i o n  
h e l p s   to  a c h i e v e   a  c o n s t a n t   speed  for   the  s t r e a m   of  g a s e s .  

Some  of  the  a d v a n t a g e s   of  the  i n v e n t i o n   w i l l   b e  

a p p r e c i a t e d   from  the  f o l l o w i n g   example   d e s c r i p t i v e   of  a  

p i l o t   t e s t   c a r r i e d   out  t h e r e o n .  

EXAMPLE. 

A  t e s t   run  was  c a r r i e d   out  on  a  c o n v e n t i o n a l  

w a t e r   h e a t i n g   a p p a r a t u s   s i m i l a r   to  t h a t   of  F ig .   1  a b o v e ,  

d u r i n g   which  the  a p p a r a t u s   was  fed  w i t h   mains  w a t e r   a t  
12°C,  at  a  r a t e   of  7.5  l i t r e s   per  m i n u t e .   The  t e m p e r a t u r e  
of  the  o u t p u t   wa te r   was  o b s e r v e d   u n t i l   i t   became  s t e a d y ,  
which  i t   did  at  80°C.  Thus  the  a p p a r a t u s   took  20  m i n u t e s  

to  h e a t   150  l i t r e s   of  w a t e r   t h r o u g h   80-12  =  6 8 ° C .  



An  a p p a r a t u s   of  the   i n v e n t i o n   s i m i l a r   to  t h a t  

of  F ig .   2  was  c o n s t r u c t e d ,   h a v i n g   however   only   two  c o i l s  

b e c a u s e   of  the   d i f f i c u l t y   of  f a b r i c a t i n g   such  c o i l s   b y  
hand.   I n s t e a d   of  the  t h i r d   c o i l   an  a s b e s t o s   p ipe   s e c t i o n  

was  s u b s t i t u t e d   to  gu ide   the  c o m b u s t i o n   g a s e s .   The  c o i l s  

were  s e p a r a t e l y   fed  wi th   mains  wa te r   at   12°C.  The  same 
b u r n e r   used  in  the  above  d e s c r i b e d   t e s t   run  was  r e m o v e d  

from  the  c o n v e n t i o n a l   a p p a r a t u s   and  mounted  in  t h e  

a p p a r a t u s   of  the   i n v e n t i o n .   With  the  b u r n e r   in  a c t i o n ,  
the  r a t e   of  flow  was  a d j u s t e d   u n t i l   the  o u t p u t   t e m p e r a t u r e  
became  s t e a d y   at   80°C,  whereupon  the   f low  r a t e   was  
m e a s u r e d   and  was  found  to  be  100  l i h r e s   per  minu te   ( i . e .  
50  l i t r e s   from  each  of  the  two  c o i l s   c o n n e c t e d   to  t h e  

common  o u t l e t   p i p e ) .  
This  e x p e r i m e n t ,   l i k e   the  t e s t   run  above ,   was  

c o n t i n u e d   for   20  m i n u t e s   and  y i e l d e d   20  x  100  =  2000  l i t r e s  

of  w a t e r   at   80°C.  The  t e m p e r a t u r e   of  the   c o m b u s t i o n   g a s e s  
e x i t i n g   at  the   f l u e   c o n n e c t i o n   was  found  to  be  of  the   o r d e r  

of  200°C.  I t   was  t h e r e f o r e   b e l i e v e d   s a f e   to  assume  t h a t  

as  many  as  s ix   c o i l s   cou ld   have  been  u s e d ,   p r e f e r a b l y   i n  

two  c o a x i a l   s e t s   of  t h r e e   s i m i l a r   to  the  embodiment   o f  

F i g s .   3  and  4,  and  a  s u b s t a n t i a l l y   u n i f o r m   o u t p u t   w a t e r  

t e m p e r a t u r e   of  80°C  a c h i e v e d   wi th   the  same  f low  r a t e   o f  

50  l i t r e s   per  minu te   t h r o u g h   each  c o i l .   This   e x t r a p o l a t i o n  

g i v e s   an  o u t p u t   of  6  x  50  =  300  l i t r e s   per   m i n u t e ,   or  6000  

l i t r e s   in  20  m i n u t e s   h e a t e d   t h r o u g h   a  t e m p e r a t u r e   span  o f  

68°C,  which  is  6000/150  =  40  t i m e s   the  p e r f o r m a n c e   of  t h e  

c o n v e n t i o n a l   a p p a r a t u s   u s i n g   the   same  c o n v e n t i o n a l   o i l  

b u r n e r .  



1.  A  w a t e r   h e a t i n g   a p p a r a t u s   of  the   type  h a v i n g  
fo r   hot   c o m b u s t i o n   gases   a  p a s s a g e   l e a d i n g   from  a  f u e l  

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

p a s s a g e   b e i n g  d e f i n e d   by  a  h e a t   e x c h a n g e r ,   w h e r e i n   t h e  

a p p a r a t u s   is  c h a r a c t e r i s e d   in  t h a t   the   h e a t   e x c h a n g e r  
(26  ;53)  c o m p r i s e s   a  p l u r a l i t y   of  a d j a c e n t   s u b s t a n t i a l l y  

h e l i c a l   c o i l s   ( 2 9 - 3 1 ; 5 9 , 6 0 ) , t h a t   each  c o i l   c o m p r i s e s   from  3 

to  12  t u r n s   of  a  w a t e r   c o n d u i t ,   a n d  

t h a t   each  c o i l   is  a r r a n g e d   to  convey  w a t e r   s e p a r a t e l y  
from a  source  (23;54)  common  to  a l l   the  c o i l s ,   to  an  o u t l e t  

(24,55)  common  to  a l l   the   c o i l s .  

2.  A  w a t e r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a i m   1 ,  
w h e r e i n   the   c o i l s   (29-31)   a re   a r r a n g e d   to  form  a  s i n g l e  
r e c t i l i n e a r   t u n n e l .  

3.  A  w a t e r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a im   2 ,  
w h e r e i n   the   t u n n e l   is  e n c l o s e d   w i t h i n   a  s h e l l   (34) ,   a n d  

in  t h a t   the   c o m b u s t i o n   gas  p a s s a g e   c o n s e q u e n t l y   c o n s i s t s  

of  s a i d   t u n n e l   and  a  space   of  a n n u l a r   c r o s s - s e c t i o n  

t h e r e a r o u n d .  

4.  A  w a t e r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a i m   1 ,  
w h e r e i n   the   c o i l s   ( 5 9 , 6 0 )  a r e   a r r a n g e d   to  form  a  

s u b s t a n t i a l l y   c o a x i a l   p a i r   of  t u n n e l s .  

5.  A  w a t e r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a i m   4 ,  
w h e r e i n   the   p a i r   of  t u n n e l s   is  e n c l o s e d   w i t h i n   a  s h e l l  

(50)  and  in  t h a t   the  c o m b u s t i o n  g a s   p a s s a g e   c o n s e q u e n t l y  
c o n s i s t s   of  the  i n n e r   t u n n e l   (70)  of  the   p a i r ,   a  space  (71)  o f  
a n n u l a r   c r o s s - s e c t i o n   be tween   the  t u n n e l s   and  a  s i m i l a r  

space  (72)  between  the  pair   of  t u n n e l s '   and  the   s h e l l .  

6.  A  w a t e r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a i m   3 

or  5  w h e r e i n   the  s h e l l   p a r t l y   d e f i n e s   a  wa t e r   j a c k e t   ( 5 0 ) .  



7.  A  wa te r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a im   6 ,  
w h e r e i n   the  wa te r   j a c k e t   (50)  is  c o n n e c t e d   to  the  c o i l s ,  
the   c o n n e c t i o n   s e r v i n g   as  the  common  s o u r c e   (54)  or  t h e  

common  o u t l e t .  

8.  A  wa te r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  any  c l a i m  

above ,   w h e r e i n   each  c o i l   c o m p r i s e s   from  5  to  10  t u r n s ,  
p r e f e r a b l y   6  to  8  t u r n s ,   more  p r e f e r a b l y   6  t u r n s .  

9.  A  wa te r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  any  o f  
c l a i m s   4  to  8,  c o m p r i s i n g   an  i n n e r   se t   of  3  c o i l s   (59)  of  8 
t u r n s   each ,   and  an  o u t e r   se t   of  3  c o i l s   (60)  of  12  turns  each,  
the  two  s e t s   of  c o i l s   be ing   s u r r o u n d e d   by  a  wa te r   jacket  (50). 

10.  A  wa te r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  c l a im   9 ,  
f u r t h e r   c o m p r i s i n g   an  o i l   b u r n e r   (52)  wi th   the  b u r n e r   j e t  
h o r i z o n t a l l y   d i s p o s e d   to  d i r e c t   the  f lame  a x i a l l y   i n t o  
the  i n n e r   t u n n e l  ( 7 0 ) .  

11.  A  c e n t r a l   h e a t i n g   sys tem  c h a r a c t e r i s e d   by  t h e  
i n c l u s i o n   of  a  wa te r   h e a t i n g   a p p a r a t u s   a c c o r d i n g   to  a n y  
c l a i m   a b o v e .  

12.  A  c e n t r a l   h e a t i n g   sys tem  a c c o r d i n g   to  c l a im  11 

h a v i n g   a  b u r n e r   (52)  and  a  water  c i r cu l a t ing   pump  (56)  and  adapted  
to  a c h i e v e   a  p r e d e t e r m i n e d   wa te r   t e m p e r a t u r e ,   fo r   e x a m p l e  
abou t   80°C,  in  the  common  o u t l e t   ( 5 5 ) .  

13.  A  c e n t r a l   h e a t i n g   sys tem  a c c o r d i n g   to  c l a im   12 

h a v i n g   a  wa te r   j a c k e t   (50)  with  a burner  thermostat  (68)  l o c a t e d  

t h e r e i n ,   the  t h e r m o s t a t   be ing   a d a p t e d   to  i g n i t e   the  b u r n e r ( 5 2 )  
whenever   the  wa te r   t e m p e r a t u r e   in  the  j a c k e t   f a l l s   b e l o w  

a  p r e d e t e r m i n e d   work ing   v a l u e ,   for   example   abou t   5 0 ° C .  

14.  A  c e n t r a l   h e a t i n g   sys tem  a c c o r d i n g   to  c l a im   13 

h a v i n g   at  l e a s t   one  room  t h e r m o s t a t   (67)  to which  t h e  b u r n e r  

t h e r m o s t a t   (68)  is  subordinated,  the  burner  thermostat  be ing  



a d a p t e d   to  i g n i t e   the  b u r n e r   (52)  and  o p e r a t e   i t   o n l y  
wh i l e   the  c i r c u l a t i n g   pump  (56)  is  w o r k i n g ,   the  room 
t h e r m o s t a t   g o v e r n i n g   the  o p e r a t i o n   of  the  c i r c u l a t i n g  

pump.  

15.  A  method  of  o p e r a t i n g   a  wa te r   h e a t i n g   a p p a r a t u s  
a c c o r d i n g   to  c l a im   5  which  i n c l u d e s   d i r e c t i n g   the  s t r e a m  
of  c o m b u s t i o n   gases   in  a  f i r s t   d i r e c t i o n   a long   the  i n n e r  
t u n n e l   (70) ,   then   in  the  r e v e r s e   d i r e c t i o n   back  b e t w e e n  

(71)  the  two  s e t s   of  c o i l s   (59,60)   and  f i n a l l y   b e t w e e n  

(72)  the  o u t e r   se t   of  c o i l s   (60)  and  the  e n c l o s i n g   s h e l l  

(50)  in  the   o r i g i n a l   s a i d   d i r e c t i o n   to  r e a c h   the  f l u e  

o u t l e t .  
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