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A  heating  system. 
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Q.  
I l l  

A  heating  system  for  transferring  heat  from  a  heat 
source  in  a  combustion  space  to  a  heat  exchange  fluid 
includes  an  enclosed  chamber  (2)  to  serve  as  a  reservoir  for 
heat-exchange  fluid  and  a  tubular  heat  exchange  manifold 
(14)  communicating  with  the  chamber  and  projecting  there- 
from  into  the  combustion  space  above  and  adjacent  to  the 
heat  source.  ln  a  domestic  heating  system,  the  manifold  (14) 
comprises  two  side  tubes  (15,  16)  projecting  substantially 
horizontally  from  the  base  of  a  back  boiler  (1),  with  a 
plurality  of  inclined  cross  tubes  (17,  18,  19)  connecting  the 
side  tubes  (15,16),  which  side  tubes  communicate  with  the 
boiler  chamber  (2).  One  of  the  side  tubes  (16)  communicates 
with  a  «low  resistance  zone»  (23)  within  the  chamber  which 
is  created  by  a  baffle  plate  (22)  acting  as  a  partition  extend- 
ing  vertically  from  the  base  (8)  of  the  chamber  to  near  its 
roof  (7)  and  bridging  front  (6)  and  back  (5)  walls  of  the 
chamber.  The  chamber  can  be  designed  to  surround  a  flue 
duct  (60).  In  use,  a  fire  is  set  on  a  firegrate  (46)  situated 
below  the  tubular  manifold  (14),  but  solid  fuel  may  also  be 
placed  in  between  and  on  top  of  the  manifold  tubes.  The 
system  can  also  be  applied  to  an  industrial  boiler  (85). 



The  p re sen t   i nven t ion   r e l a t e s   to  a  hea t i ng   system  for  t r a n s f e r r i n g  

heat  from  a  heat  source  to  a  heat  exchange  f l u i d .   In  p a r t i c u l a r ,   t h e  

i n v e n t i o n   provides   for  a  domestic   hea t ing   system  of  the  type  which 

i n c l u d e s   a  back  b o i l e r .   The  system  has  improved  heat  e x c h a n g e  

a t t r i b u t e s ,   and  improved  flow  of  heat  exchange  l i qu id   through  t h e  

s y s t e m .  

H i t h e r t o ,   domest ic   hea t ing   systems  have  employed  a  back  b o i l e r   a d a p t e d  

to  f i t   into  a  f i r e p l a c e   s u r r o u n d i n g   the  back  and/or  s ides  of  t h e  

h e a r t h .   Domestic  b o i l e r s   of  the  type  having  a  back  chamber  with  two 

s ide   chambers  i n t e r c o n n e c t e d   by  a  s e r i e s   of  c r o s s - p i p e s   p rov id ing   a 

f i r e g r a t e   are  known,  as  for  example  those   d e s c r i b e d   in  I r i s h   P a t e n t s  

S p e c i f i c a t i o n s   Nos.  26,285  and  40,706  and  in  U.K.  Pa t en t s   S p e c i f i c -  

a t i o n s   Nos.  820,210  and  946,744.   In  another   a r r angemen t ,   U.K.  P a t e n t  

S p e c i f i c a t i o n   No.  1 ,137 ,482   d e s c r i b e s   a  domest ic   back  b o i l e r   with  a 

t u b u l a r   grid  ex tend ing   h o r i z o n t a l l y   and  fo rward ly   from  the  base  of  t h e  

back  chamber  below  the  f i r e g r a t e .   Domestic  f i r e g r a t e s   provided  by  an 

a r rangement   of  tubes  in  the  form  of  a  h e a t - e x c h a n g e   manifo ld   are  a l s o  

d e s c r i b e d   in  U.K.  Pa t en t s   S p e c i f i c a t i o n s   Nos.  230,536  and  1 , 5 4 3 , 5 2 9  

and  in  I n t e r n a t i o n a l   Pa ten t   A p p l i c a t i o n   No.  PCT/EP80/00121  ( P u b l i c -  

a t ion   No.  W081/01324) .  



One of  the  problems  encoun te red   with  back  b o i l e r s   and  heat  e x c h a n g e r s  

i n c l u d i n g   a  s e r i e s   of  pipes  p rov id ing   a  f i r e g r a t e   is  tha t   the  h e a t  

exchange  l i qu id   con t a ined   t h e r e i n   does  not  c i r c u l a t e   a d e q u a t e l y .   When 

th i s   r e s u l t s   in  the  l i qu id   exceeding  i ts   b o i l i n g   po in t ,   steam  may  be 

produced  and  th i s   is  g e n e r a l l y   to  be  avoided.   More  e f f i c i e n t  

c i r c u l a t i o n   can  be  achieved  when  the  o u t l e t   from  the  pipes  opens  i n t o  

a  p a r t l y   enc losed   zone  wi thin   the  b o i l e r   chamber,  as  de sc r i bed   in 

..U.K.  Pa t en t   S p e c i f i c a t i o n   N o .  9 4 6 , 7 4 4 .   However,  in  order  to  e x t r a c t  

more  heat  from  a  domest ic   f i r e   it  is  d e s i r a b l e   to  i n c r e a s e   the  area  o f  

the  pr imary  heat  exchange  s u r f a c e s ,   i . e .   those  s u r f a c e s   a f f e c t e d  

d i r e c t l y   by  hot  f lue   gases ,   while  avoiding  the  g e n e r a t i o n   of  s t e am 

within   the  heat  exchange  p ipes .   Heat  exchangers   of  the  general   t y p e  

which  are  adapted  to  l ie   comple t e ly   below  the  source  of  heat  do  n o t  

p rov ide   any  e f f e c t i v e   pr imary  heat  exchange  s u r f a c e s   r e s u l t i n g   in  a 

loss  in  e f f i c i e n c y .  

According  to  the  i n v e n t i o n ,   t he re   is  provided  a  hea t ing   system  f o r  

t r a n s f e r r i n g   heat  from  a  heat  source  to  a  heat  exchange  f l u i d ,  

compr i s ing   in  c o m b i n a t i o n :  

(a)  an  enc losed   chamber  to  serve  as  a  r e s e r v o i r   f o r  

the  heat  exchange  f l u i d ,  

(b)  a  t u b u l a r   heat  exchange  man i fo ld ,   which  m a n i f o l d  

communicates  with  the  chamber  and  p r o j e c t s   f rom 

the  chamber  over  and 

ad j acen t   to  the  heat  s o u r c e .  

If  the  heat  source  is  a  so l id   fuel  f i r e ,   the  manifold   may 

a d v a n t a g e o u s l y   p r o j e c t   at  such  a  he ight   tha t   the  so l id   fuel  may  be 

d i sposed   below  and  on  top  of  the  man i fo ld ,   and  also  in  the  s p a c e s  

between  the  tubes  of  the  man i fo ld ,   so  that   heat  from  the  burning  f u e l  

is  t r a n s f e r r e d   d i r e c t l y   to  the  m a n i f o l d .  



According  to  one  aspect   of  the  i n v e n t i o n ,   there   is  provided  a  d o m e s t i c  

hea t i ng   system  for  t r a n s f e r r i n g   heat  from  a  heat  source  to  a  h e a t  

exchange  f l u i d ,   compr i s ing   an  enc losed   chamber  to  serve  as  a  r e s e r v o i r  

for   heat  exchange  f l u i d ,   a  heat  exchange  manifold   communicat ing  w i t h  

the  chamber  and  mounted  at  the  base  of  the  chamber  so  as  to  p r o j e c t  

f o r w a r d l y   from  the  chamber  over  and  ad jacen t   to  the  heat  source ,   s a i d  

mani fo ld   compr i s ing   f i r s t   and  second  side  tubes  ex tend ing   from  t h e  

chamber  and  a  p l u r a l i t y   of  cross  tubes  connec t ing   said  side  t u b e s .  

P r e f e r a b l y   both  of  the  side  tubes  communicate  with  the  chamber  v i a  

r e s p e c t i v e   tube  openings  in  the  chamber  wa l l .   However  it  i s  

s u f f i c i e n t   if  the  second  of  said  side  tubes  communicates  with  t h e  

chamber  at  a  manifo ld   o u t l e t ,   t h i s   side  tube  being  on  the  o p p o s i t e  

s ide  of  the  mani fo ld   from  an  i n l e t   condui t   connected   t o  t h e   f i r s t   o f  

said  s ide  t u b e s .  

The  i n l e t   condui t   is  normal ly   connected  to  a  chamber  i n l e t   p o r t ,  

which  is  p r e f e r a b l y   ad j acen t   to  a  tube  opening  communicat ing  with  t h e  

f i r s t   of  said  s ide  tubes  at  a  manifo ld   i n l e t .  

The  side  tubes  of  the  mani fo ld   are  d i s t i n g u i s h e d   from  side  tanks  in  a 

c o n v e n t i o n a l   b o i l e r   in  tha t   the  tubes  are  l oca ted   at  the  base  of  t h e  

chamber  and  have  a  he igh t   s u b s t a n t i a l l y   less   than  hal f   the  he ight   o f  

the  chamber  e .g.   about  one  q u a r t e r   the  he igh t   of  the  chamber .  

The  manifo ld   p r e f e r a b l y   p r o j e c t s   s u b s t a n t i a l l y   h o r i z o n t a l l y   from  t h e  

chamber  but  with  the  mid-p lane   of  the  manifo ld   i n c l i n e d   downwardly  t o  

the  f ron t   at  a  small  angle  ( e . g .   5  to  1 5 0 ) .  

According  to  a  p r e f e r r e d   embodiment,  the  manifold   has  t h r e e  

s u b s t a n t i a l l y   p a r a l l e l   cross  tubes  i n t e r c o n n e c t i n g   the  two  side  t u b e s ,  

both  of  which  communicate  with  the  chamber  via  t h e i r   r e s p e c t i v e  

o p e n i n g s .   S u i t a b l y ,   at  l e a s t   the  cross  tubes  are  of  polygonal   c r o s s  

s e c t i o n ,   p a r t i c u l a r l y   t r i a n g u l a r   or  q u a d r i l a t e r a l   cross  s e c t i o n ,  



p r e f e r a b l y   a  p a r a l l e l o g r a m   having  2  major  and  2  minor  s ides  and 

inc luded   angles  of  about  95°  and  850.  Most  d e s i r a b l y ,   each  of  t h e  

cross   t u b e s  h a s   a  major  face  t i l t e d   at  about  200 -   30°  to  t h e  

v e r t i c a l .  

A d v a n t a g e o u s l y ,   the  i n l e t   port  is  loca ted   ad j acen t   to  the  f i r s t   s i d e  

tube  opening,   i . e .   the  manifold   i n l e t .   A l t e r n a t i v e l y ,   the  i n l e t   p o r t  

can   be  loca ted   in  p rox imi ty   to  the  second  side  tube  opening,   i . e .   t h e  

manifo ld   o u t l e t .  

Fu r the r   accord ing   to  the  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   t h e r e  

is  provided  a  means  for  d e f i n i n g   a  part   of  the  volume  of  the  chamber  

as  a  zone  of  low  f l u i d   d e n s i t y   when  heated  f l u i d   is  c i r c u l a t e d   t h r o u g h  

the  chamber.  P r e f e r a b l y ,   the  means  comprises   a  s u b s t a n t i a l l y   v e r t i c a l  

b a f f l e   p l a t e   ex tend ing   from  the  base  of  the  chamber  to  near  the  top  o f  

the  chamber,  and  b r idg ing   f ron t   and  back  of  the  chamber,  to  p a r t i a l l y  

p a r t i t i o n   off  a  zone  of  low  f l u i d   d e n s i t y   wi th in   the  chamber  d i r e c t l y  

above  an  opening  in  the  chamber  where  the  chamber  communicates  w i t h  

the  manifo ld   o u t l e t .  

S u i t a b l y ,   the  chamber  de f ine s   a  f i r s t   f lue   duct  between  the  back  w a l l  

of  the  f i r e p l a c e   in  which  it  is  i n s t a l l e d   and  the  back  of  the  chamber  

and  s u f f i c i e n t   space  is  l e f t   between  the  mani fo ld   and  the  base  of  t h e  

f i r e p l a c e   to  accomodate  a  s t anda rd   f i r e g r a t e   with  coals   or  o ther   s o l i d  

fuel  placed  t h e r e o n .  

In  another   embodiment  of  the  i n v e n t i o n ,   the  chamber  su r rounds   a  f l u e  

duct .   S u i t a b l y ,   the  f lue   duct  has  a  f ron t   wal l ,   a  rear   wal l ,   and  two 

side  walls  one  of  which  is  p r e f e r a b l y   c o i n c i d e n t   with  the  b a f f l e  

p l a t e .  

If  d e s i r e d ,   coal  or  o ther   so l id   fuel  can  also  be  placed  on  and  be tween  

the  manifold   t u b e s ,   but  it  should  not  be  allowed  to  impede  a  d r a u g h t  

of  air  past  the  tubes  when  the  fuel  is  b u r n i n g .  



According  to  a  f u r t h e r   aspect   of  the  i n v e n t i o n   the re   is  provided  an 

i n d u s t r i a l   b o i l e r   system  having  a  c e n t r a l   combustion  space  and  f l u e  

duct  sur rounded   on  four  s ides  by  an  enc losed   chamber,  the  chamber  

i n c l u d i n g   an  i n l e t   and  an  o u t l e t   po r t ,   a  t u b u l a r   heat  e x c h a n g e  

mani fo ld   communicating  with  the  chamber  and  mounted  at  the  base  of  t h e  

chamber  so  as  to  p r o j e c t   s u b s t a n t i a l l y   h o r i z o n t a l l y   into  t h e  

combust ion  space  above  and  ad j acen t   to  the  heat  source ,   the  m a n i f o l d  

.  compr is ing   f i r s t   and  second  side  tubes  ex tend ing   from  the  chamber  and 

a  p l u r a l i t y   of  c r o s s - t u b e s   connec t ing   the  side  t u b e s .  

In  the  i n d u s t r i a l   b o i l e r   system,  the  means  for  de f i n ing   par t   of  t h e  

volume  of  the  chamber  as  a  zone  of  low  f l u i d   d e n s i t y   comprises   two 

s u b s t a n t i a l l y   v e r t i c a l   p a r a l l e l   b a f f l e   p l a t e s   which  extend  from  t h e  

base  of  the  chamber  to  near  the  roof  of  the  chamber,   b r idg ing   i n n e r  

and  outer   wal ls   of  the  chamber .  

Four  embodiments  of  the  i n v e n t i o n   will   now  be  de sc r i bed   in  d e t a i l   w i t h  

r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h : -  

F igure   1  is  a  s e c t i o n a l   plan  view  of  a  f i r s t   embodiment  of  t h e  

i n v e n t i o n   viewed  along  the  s ec t i on   l ine   A-A  in  F igure   2 .  

F igure   2  is  a  s e c t i o n a l   f ron t   e l e v a t i o n   viewed  along  the  s e c t i o n   l i n e  

B-B  in  Figure   1.  

F igure   3  is  a  s e c t i o n a l   side  e l e v a t i o n   of  the  hea t ing   system  in  s i t u  

in  a  f i r e p l a c e   viewed  along  the  s e c t i o n   l ine   C-C  in  F igure   1 .  

F igure   4  is  a  s e c t i o n a l   plan  view  of  a  second  embodiment  of  t h e  

i n v e n t i o n   viewed  along  the  s e c t i o n   l i ne   D-D  in  Figure  5 .  

Figure  5  is  a  s e c t i o n a l   side  e l e v a t i o n   viewed  along  the  s e c t i o n   l i n e  

E-E  in  F igure   4 .  



Figure   6  is  a  s e c t i o n a l   plan  view  of  a  t h i r d   embodiment  of  t h e  

i n v e n t i o n   viewed  along  s ec t ion   l i ne   F-F  in  Figure   7 .  

Figure   7  is  a  side  e l e v a t i o n   of  the  t h i r d   embodiment  of  the  i n v e n t i o n .  

F igure   8  is  a  p e r s p e c t i v e   view  of  the  hea t ing   system  of  the  p r e s e n t  

i n v e n t i o n   i n s t a l l e d   in  a  domestic   s t o v e .  

R e f e r r i n g   to  F igures   1  to  3  of  the  accompanying  drawings  a  d o m e s t i c  

s o l i d   fuel  h e a t i n g   system  comprises   a  back  b o i l e r   1  having  an  e n c l o s e d  

chamber  2  formed  by  side  walls   3,  4,  back  wall  5,  f ron t   wall  6,  and 

roof  7.  The  base  of  the  chamber  2  comprises   a  f l a t   po r t i on   8  a n d  a  

s l o p i n g   chamfered  po r t ion   9 .  

An  o u t l e t   port  10  communicates  with  the  upper  part  of  the  chamber  2 

through  s ide  wall  3.  An  i n l e t   condui t   11  branches  into  two  i n l e t   f e e d  

pipes  12,  13,  feed  pipe  12  communicat ing  with  the  lower  part   of  t h e  

chamber  2  through  an  i n l e t   port  in  s ide  wall  3,  while  feed  pipe  13 

communicates  with  f i r s t   side  tube  15  of  mani fo ld   14.  

The  mani fo ld   14  is  formed  of  hollow  tubing  of  s u b s t a n t i 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 ,   and  is  d i sposed   in  f ron t   of  the  back  b o i l e r  

1  ex t end ing   from  the  chamfered  po r t i on   9  of  the  base  of  the  chamber  2 

of  the  b o i l e r   so  that   it  p r o j e c t s   into  the  combustion  s p a c e .  

The  manifo ld   14  comprises   f i r s t   and  second  side  tubes  15,  16  spaced  a t  

each  side  of  the  b o i l e r   and  i n t e r c o n n e c t e d   by  th ree   cross  tubes  1 7 ,  

18,  19.  Each  of  the  cross  tubes  is  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   and  is  t i l t e d   f o r w a r d l y   so  as  to  p resen t   one  of  the  m a j o r  

faces   of  each  cross  tube  as  a  primary  heat  exchange  su r f ace   at  an 

angle  of  between  20°  and  400,  p r e f e r a b l y   about  20°  to  30°,  t o  

the  v e r t i c a l .   The  edges  of  the  tubes  are  r o u n d e d .  S i d e   tubes  15,  16 

are  c losed  at  t h e i r   outer   ends,  but  communicate  with  the  base  of  t h e  



chamber  2  at  t h e i r   r e s p e c t i v e   openings  20,  21  where  the  side  tubes  a r e  

welded  to  the  b o i l e r   1.  The  forwardmost   c r o s s - t u b e   17  is  of  s i m i l a r  

c r o s s - s e c t i o n   to  the  side  tubes  15,  16.  Opening  20  is  the  m a n i f o l d  

i n l e t   opening  and  opening  21  is  the  manifo ld   o u t l e t   o p e n i n g .  

The  mani fo ld   is  i n c l i n e d   downwardly  to  the  f r o n t   at  a  s l i g h t   a n g l e  

(about   10°)  to  the  h o r i z o n t a l   as  shown  in  F igure   3.  

The  t i l t i n g   of  the  c r o s s - t u b e s   and  the  i n c l i n a t i o n   of  the  manifo ld   a r e  

advan tageous   for  d e f l e c t i n g   a  h o r i z o n t a l   draught   of  air  around  each 

cross   tube  in  t u r n .   A l t e r n a t i v e l y ,   the  c r o s s - t u b e s   can  be  ar ranged  so 

as  to  be  t i l t e d   r e a r w a r d l y ,   or  with  one  of  the  tubes  being  t i l t e d  

r e a r w a r d l y   and  the  remaining  tubes  being  t i l t e d   f o r w a r d l y ,   as  shown  i n  

F igures   4  and  5.  When  burning  coal  or  other   so l id   f u e l ,   the  fuel  i s  

suppor ted   on,  and  in  between,  the  mani fo ld   tubes ,   which  has  the  e f f e c t  

of  i n c r e a s i n g   t u r b u l e n c e   of  the  draught   around  the  manifo ld   t u b e s .  

Fuel  is  also  suppor ted   on  a  c o n v e n t i o n a l   f i r e g r a t e   46  p l a c e d  

unde rnea th   the  man i fo ld .   H o w e v e r ,  i f   coal  were  to  be  dense ly   packed  

around  the  manifo ld   tubes ,   the  e f f e c t   of  i n c r e a s e d   t u r b u l e n c e   would  b e  

g r e a t l y   r educed ,   with  a  subsequent   r e d u c t i o n   in  e f f e c t i v e   p r i m a r y  

h e a t - e x c h a n g e   s u r f a c e .  

The  chamber  2  inc ludes   a  b a f f l e   p l a t e   22  ex tend ing   v e r t i c a l l y   from  t h e  

base  of  the  chamber  to  near  the  roof  7  of  the  chamber  and  b r i d g i n g   t h e  

f r o n t   wall  6  and  the  back  wall  5  of  the  chamber,  t o  p a r t i a l l y  

p a r t i t i o n   off  a  zone  23  in  the  chamber  2  h e r e i n a f t e r   r e f e r r e d   to  as  a 

"low  r e s i s t a n c e   zone".   The  b a f f l e   p l a t e   22  is  s i t u a t e d   c lose   t o  

s idewa l l   4  of  the  chamber,  but  spaced  t h e r e f r o m   to  allow  m a n i f o l d  

o u t l e t   opening  21  of  side  tube  16  to  communicate  with  the  zone  2 3 .  

F igure   3  shows  the  back  b o i l e r   1  ar ranged  in  s i tu   in  a  f i r e p l a c e  

compr i s ing   wal l s   44  of  r e f r a c t o r y   m a t e r i a l ,   and  a  main  chimney  f l u e  

43.  A  s t a n d a r d   f i r e g r a t e   46  is  placed  below  the  manifo ld   14,  with  a 



normal  f i r e g u a r d   47,  i n c l u d i n g   draught   c o n t r o l ,   placed  in  f ront   of  t h e  

f i r e g r a t e   46.  The  manifold   14  p r o j e c t s   into  the  combustion  space  o f  

the  f i r e p l a c e .   The  back  b o i l e r   1  is  spaced  from  the  back  wall  of  t h e  

f i r e p l a c e   to  de f ine   a  f lue   48  between  the  back  wall  of  the  b o i l e r   and 

the  back  wall  of  the  f i r e p l a c e .   The  back  b o i l e r   1  is  mounted  in  p l a c e  

on  side  suppor t s   49,  50  which  are  formed  by  p l a t e s   welded  to  the  b a s e  

of  the  b o i l e r   1 .  

R e f r a c t o r y   t i l e s   49a  and  50a  are  p r e f e r a b l y   placed  on  each  side  of  t h e  

b o i l e r   chamber  to  provide  v e r t i c a l   s ides   to  the  combust ion  space  i n  

use.  The  t i l e s   49a,  50a  are  ar ranged  so  as  to  r e s t   aga ins t   the  s i d e  

tubes  15,  16  of  the  m a n i f o l d .  

Water  is  the  p r e f e r r e d   heat  exchange  l i q u i d ,   and  the  system  i s  

des igned  to  hold  about  7  ga l lons   (or  32  l i t r e s )   of  water ,   but  th i s   may 

be  var ied   accord ing   to  the  number  of  r a d i a t o r s   fed  from  the  s y s t e m .  

Water  f lowing  into  the  i n l e t   condui t   11  branches   into  two  s t reams  in  

feed  p i p e s  1 2 ,   13.  Water  f lowing  through  feed  pipe  12  passes  d i r e c t l y  

into  the  chamber  2,  while  water  f lowing  through  feed  pipe  13  p a s s e s  
into  the  manifold   14,  through  side  tube  15,  cross   tubes  17,  18,  19,  

s ide   tube  16  and  back  to  the  chamber  2  via  mani fo ld   o u t l e t   opening  2 1 ,  

as  i n d i c a t e d   by  d a s h e d - l i n e   arrows  in  F igures   1  and  2.  Water  a l s o  

passes   to  the  manifold   via  manifold   i n l e t   opening  20  d i r e c t l y   from  t h e  

chamber  2.  If  d e s i r e d ,   feed  pipe  13  may  be  o m i t t e d ,   so  tha t   all  o f  

the  water  passes  v i a  m a n i f o l d   i n l e t   opening  20.  Water  e n t e r i n g   t h e  

chamber  2  at  manifold   o u t l e t   opening  21  flows  upwards  through  t h e " l o w  

r e s i s t a n c e   zone"  23  of  the  chamber.  Without  the  b a f f l e   p l a t e   22 ,  

water  emerging  from  the  manifold   through  opening  21,  when  at  a  h i g h e r  

t e m p e r a t u r e   than  water  in  the  chamber .2,  would  meet  a  r e s i s t a n c e   t o  

flow  from  the  dense r ,   coo le r   water  in  the  chamber.  The  b a f f l e   p l a t e  

22  t h e r e f o r e   serves  to  p a r t i t i o n   off  zone  23  wi th in   the  chamber  2  t o  

i n h i b i t   mixing  of  r e l a t i v e l y   denser   coole r   water  in  the  chamber  w i t h  

r e l a t i v e l y   less  dense  water  at  h igher   t e m p e r a t u r e   emerging  from  t h e  

m a n i f o l d .  



The  "low  r e s i s t a n c e   zone"  i n c r e a s e s   c i r c u l a t i o n   of  water  through  t h e  

b o i l e r .   Also  the  s l i g h t   downward  i n c l i n a t i o n   of  the  man i fo ld ,   and  t h e  

f ac t   tha t   the  manifo ld   is  fed  s e p a r a t e l y   through  feed  pipe  13,  p romote  

b e t t e r   c i r c u l a t i o n   through  the  man i fo ld .   F igures   1  to  3  show 

d a s h e d - l i n e   arrows  which  denote  the  normal  water  c i r c u l a t i o n   in  t h e  

b o i l e r   and  m a n i f o l d .  

A  s l i d a b l e   damper  p l a t e   52  may  be  provided  over  the  roof  7  of  t h e  

b o i l e r   to  r e g u l a t e   the  flow  of  f lue   gases  through  the  back  f lue   48 .  

The  damper  may  be  made  of  cast   i ron .   When  the  back  f lue   48  is  c l o s e d ,  

the  f ron t   wall  6  of  the  b o i l e r   becomes  a  pr imary  heat  exchange  

s u r f a c e .  

The  mani fo ld   is  p r e f e r a b l y   welded  to  the  base  of  the  b o i l e r .   The 

mani fo ld   can  be  welded  by  the  "root   and  cap"  method,  where  the  j o i n s  

are  welded  on  each  side  s i m u l t a n e o u s l y .  

A  second  embodiment  of  the  i n v e n t i o n   will   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  F igures   4  and  5  of  the  drawings' .   In  t h i s   embodiment,  t h e  

b o i l e r   chamber  sur rounds   a  f lue   duct  60  which  has  an  i n l e t   opening  58 

in  wall  9  of  the  b o i l e r   and  an  o u t l e t   opening  59  in  roof  7,  and  h a v i n g  

a  r ea r   wall  61,  a  f ron t   wall  62,  and  two  side  wal ls   63,  64.  The  s i d e  

wall  64  is  formed  by  the  b a f f l e   p l a t e   22,  a  po r t ion   65  of  which  i s  

extended  to  the  roof   7  of  the  b o i l e r ,   but  s t i l l   l eav ing   passages   102,  

103  to  the  f ron t   and  rear   of  the  f lue   duct  60  communicat ing  with  t h e  

"low  r e s i s t a n c e   zone"  23 .  

The  wal ls   61,  62,  63,  64  of  the  f lue   duct  60  are  primary  heat  e x c h a n g e .  

s u r f a c e s .   The  main  body  of  water  in  the  b o i l e r   chamber  is  t h u s  

exposed  to  a  g r e a t e r   pr imary  heat  exchange  su r face   area  than  in  t h e  

f i r s t   embodiment.  A d v a n t a g e o u s l y ,   tha t   part   of  the  b a f f l e   p l a t e   22 

formed  by  the  s ide  wall  64  of  the  f lue   duct  is  also  a  pr imary  h e a t  

exchange  su r f ace   and  th i s   acts  to  main ta in   water  in  the  " low 



r e s i s t a n c e   zone"  at  a  h igher   t e m p e r a t u r e ,   which  enhances  upward  f l o w  

of  water  through  the  "low  r e s i s t a n c e   z o n e " .  

In  order  to  make  the  b o i l e r   more  adap tab l e   in  use,  an  a l t e r n a t i v e  

i n l e t   condui t   68,  and  an  a l t e r n a t i v e   o u t l e t   port  69  can  be  provided  in 

the  s idewal l   4  of  the  b o i l e r .   When  the  b o i l e r   is  being  i n s t a l l e d   in  a 

f i r e p l a c e ,   t he re   is  thus  the  opt ion  of  a t t a c h i n g   an  out f low  pipe  t o  

.  e i t he r   the  o u t l e t   port  10  in  s idewa l l   3  or  the  o u t l e t   port  69  i n  

s idewa l l   4,  and  l i kewise   a  r e tu rn   flow  pipe  to  e i t h e r   the  i n l e t  

condui t   11  in  s idewal l   3  or  the  i n l e t   condui t   68  in  s idewal l   4.  The 

por t s   10,  69  and  condu i t s   11,  68  not  in  use  can  be  p l u g g e d .  

The  a l t e r n a t i v e   i n l e t   condui t   68  communicates  d i r e c t l y   with  the  b o i l e r  

chamber,  through  an  opening  in  the  b a f f l e   p l a t e   22  at  the  b a s e  o f   t h e  

chamber  between  the  rear   wall  61  of  the  f lue   duct  60  and  the  rear   w a l l  

5  of  the  chamber .  

Because  water  from  the  r e t u r n   flow  pipe  a t t a c h e d   to  the  a l t e r n a t i v e  

i n l e t   condui t   68  will  be  at  a  r e l a t i v e l y   low  t e m p e r a t u r e   i t  i s  

n e c e s s a r y   to  i s o l a t e   the  condu i t   68  from  hot  water  in  the  " low 

r e s i s t a n c e   zone"  if  the  t e m p e r a t u r e   of  the  water  in  the  lower  part   o f  

the  "low  r e s i s t a n c e   zone"  is  to  remain  u n a f f e c t e d .   This  is  a c h i e v e d  

by  the  p l a t e s   70,  71  which  form  a  tunnel   at  the  base  of  the  b o i l e r .  

As  shown  in  F igure   5,  the  c r o s s - t u b e   19  is  t i l t e d   r e a r w a r d l y ,   w h i l e  

the  c r o s s - t u b e s   17,  18  are  t i l t e d   f o r w a r d l y   as  in  the  f i r s t  

embodiment.  This  has  two  advan tages ;   (a)  the  gap  between  the  top  o f  

tube  18  and  tube  19  is  g r e a t e r   and  thus  f a c i l i t a t e s   s e t t i n g   a  f i r e   by 

a l l o w i n g  c o a l s   to  be  placed  more  e a s i l y   on  g ra te   46  below  t h e  

m a n i f o l d ,   and  (b)  the  rearward  t i l t   of  tube  19  tends  to  d e f l e c t   a 

d raught   of  air   around  i ts   major  s u r f a c e s   and  to  slow  down  tha t   d r a u g h t  

before   it  en t e r s   the  f lue   60.  The  gaps  between  the  bottom  of  a d j a c e n t  

c r o s s - t u b e s   are  s t i l l   s u b s t a n t i a l l y   e q u a l .  



The  b o i l e r   as  shown  in  F igure   5  can  be  mounted  in  a  f i r e p l a c e   to  a l l o w  

for  a  rear   f lue  duct  48  between  the  rear   wall  5  of  the  b o i l e r   and  back  

wall  44  of  the  f i r e p l a c e   as  in  Figure   3,  if  d e s i r e d .  

As  shown  in  F igures   4  and  5  the  f i r e g u a r d   47  and  f i r e g r a t e   46  can  be 

s p e c i a l l y   adapted  to  f i t   with  the  d imensions   of  the  man i fo ld .   In 

p a r t i c u l a r ,   the  f i r e g u a r d   can  be  squared  at  i ts   edges  in  order  t o  

.  su r round   the  f ron t   of  the  manifo ld   which  may  in  p r a c t i c e   p r o j e c t   f rom 

the  f i r e p l a c e   a l though  the  major  po r t ion   of  the  manifold   is  in  t h e  

combust ion  space  of  the  f i r e p l a c e .  

F igures   6  and  7  show  a  t h i r d   embodiment  of  the  i n v e n t i o n ,   which  is  an 

a p p l i c a t i o n   to  an  i n d u s t r i a l   type  of  b o i l e r .   The  combustion  space  84 

is  sur rounded  on  four  s ides   by  a  b o i l e r   85  having  four  inner  walls   8 6 ,  

87,  88,  89  and  four  outer   wal ls   90,  91,  92,  93.  At  the  base  of  w a l l s  

91,  86,  i . e .   the  f ron t   of  the  b o i l e r ,   t he re   is  a  f u e l i n g   opening  t o  

the  combustion  space  which  is  c losed  by  a  door  82.  A  t u b u l a r   m a n i f o l d  

compr i s ing   side  tubes  94  and  c r o s s - t u b e s   95  p r o j e c t s   from  wall  88  i n t o  

the  combustion  space  84  and  is  spaced  from  the  base  of  the  b o i l e r   so 

as  to  accomodate  a  gra te   or  f i r e b o x   83  undernea th   the  man i fo ld .   S i d e  

tubes  94  communicate  with  the  b o i l e r   chamber  at  t h e i r   r e s p e c t i v e  

openings   96,  97.  Opening  96  communicates  d i r e c t l y   with  a  " low 

r e s i s t a n c e   zone"  98,  p a r t i t i o n e d   off  from  the  b o i l e r   chamber  by  two 

b a f f l e   p l a t e s   99  which  br idge   walls  88  and  93  of  the  b o i l e r   and  e x t e n d  

from  the  base  of  the  b o i l e r   to  near  i t s   roof .   An  i n l e t   condui t   100  i s  

l oca t ed   in  wall  93  of  the  b o i l e r   ad j acen t   opening  97,  while  an  o u t l e t  

condu i t   101  is  loca ted   near  the  top  of  the  b o i l e r   in  wall  93  above  t h e  

level  of  the  top  of  b a f f l e   p l a t e s   99.  Arrows  i n d i c a t e   the  flow  o f  

water   through  the  b o i l e r   and  m a n i f o l d .  

F igure   8  shows  a  f u r t h e r   a p p l i c a t i o n   of  the  hea t i ng   system  of  t h e  

p r e s e n t   i n v e n t i o n   to  a  domestic   hea t ing   s tove  105.  In  th i s   case,   t h e  

b o i l e r   chamber,  manifold   and  f i r e g r a t e   are  mounted  i n s ide   an  e n c l o s e d  

combust ion  space  provided  by  the  s tove .   A  d i s m o u n t a b l e   door  106  i s  



provided  at  the  f ron t   of  the  stove  for  access  to  the  combustion  s p a c e  
for  f u e l i n g   purposes .   Air  in take   to  the  combustion  space  can  be 

c o n t r o l l e d   by  a  p e r f o r a t e d   s l i d a b l y   a d j u s t a b l e   damper  p l a t e   107.  

It  has  been  found  that   the  most  advantageous   flow  of  heat  exchange  

l i qu id   through  the  system  can  be  achieved  by  c a r e fu l   ad jus tment   of  t h e  

f o l l o w i n g   f a c t o r s : -  

(1)  The  height   of  the  b a f f l e   p l a t e   or  p l a t e s   ex tend ing   from  the  b a s e  

of  the  b o i l e r   chamber  to  near  the  top  of  the  chamber .  

(2)  The  volume  of  the  p a r t i a l l y   p a r t i t i o n e d   off  zone  def ined  by  t h e  

b a f f l e   p l a t e   or  p l a t e s   here in   r e f e r r e d   to  as  the  "low  r e s i s t a n c e  

z o n e " .  

(3)  The  volume  of  a  second  zone  at  the  top  of  the  b o i l e r   chamber  

between  a  h o r i z o n t a l   plane  c o i n c i d e n t   with  the  top  of  the  b a f f l e  

p l a t e ( s )   and  the  roof  of  the  b o i l e r .  

The  he igh t   (1)  of  the  b a f f l e   p l a t e   de t e rmines   the  volumes  (2)  and  ( 3 )  

above.  The  volume  (2)  of  t h e  " l o w   r e s i s t a n c e   zone"  is  p r e f e r a b l y   made 

a p p r o x i m a t e l y   equal  to  the  volume  of  the  manifo ld   tubes ,   for  example  

in  the  embodiment  of  f i g u r e s   4  &  5,  the  manifold   and  "low  r e s i s t a n c e  

zone  " p r e f e r a b l y   each  have  a  c a p a c i t y   of  about  0.7  gals   (3.2  l i t r e s ) ,  

when  a  t o t a l   volume  of  the  chamber  plus  mani fo ld   is  about  7  gals   (32 

l i t r e s ) .   The  r a t i o   between  the  volume  of  the  manifo ld   and  tha t   of  t h e  

"low  r e s i s t a n c e   zone"  may  s u i t a b l y   vary  from  about  0 .7  :   0.5  to  0 . 7  :  

1 . 0 .  

The  volume  of  the  second  zone  (3)  is  p r e f e r a b l y   made  a p p r o x i m a t e l y  

equal  to  25%  of  the  t o t a l   volume  of  the  b o i l e r   chamber,  exc lud ing   t h e  

mani fo ld   t u b e s .  



These  f a c t o r s  a r e   s a t i s f a c t o r i l y   met  in   one  example  of  the  embodiment 

of  F igures   4  &  5  when  the  he igh t   (1)  of  the  b a f f l e   p la te   is  be tween 

13"  and  14"  (31  and  33 cms) ,   given  tha t   the  height   of  the  b o i l e r   i s  
17"  (41  cms) .  

Water  in  the  manifold   tubes  reaches   a  t e m p e r a t u r e   of  about  180°F 

(82°C)  while  at  the  top  of  the  b a f f l e   p la te   water  at  about  170°F 

( 7 6 ° C )   mixes  with  coole r   water   in  the  body  of  the  chamber,  unde r  

optimum  working  c o n d i t i o n s .  

Due  to  the  i n c r e a s e d   output   of  the  hea t i ng   system  of  the  p r e s e n t  

i n v e n t i o n ,   c i r c u l a t i o n   of  water  through  r a d i a t o r s   a s s o c i a t e d   with  t h e  

system  can  be  i n c r e a s e d   by  employing  1¼"  (3.2  cm)  d iamete r   c i r c u l a t i o n  

p ipes ,   i n s t ead   of  the  normal  1"  (2.5  cm)  d iameter   p i p e s .  

The  fo l lowing   t e s t   r e s u l t s   are  given  by  way  of  example  to  i l l u s t r a t e  

the  output   and  e f f i c i e n c y   of  a  domestic   hea t ing   system  in  a c c o r d a n c e  

with  f i g u r e s   4  &  5  as  h e r e i n b e f o r e   d e s c r i b e d : -  

TEST  RESULTS 



Boiler   O u t p u t :  

The  manifo ld   p o s i t i o n e d   in  the  combustion  space  over  the  f i r e g r a t e  

p rov ides   a  s u b s t a n t i a l   area  of  pr imary  hea t i ng   s u r f a c e   through  which 

heat  is  t r a n s f e r r e d   to  the  water .   The  system  of  the  i n v e n t i o n  

u t i l i s e s   heat  of ten  wasted  in  a  f i r e p l a c e   and  i n c r e a s e s   the  q u a n t i t y  

of  heat  t r a n s f e r r e d   to  the  water  per  unit   of  energy  a v a i l a b l e   from  t h e  

f i r e .   It  i n c r e a s e s   b o i l e r   performance  as  compared  to  c o n v e n t i o n a l  

back  b o i l e r s   and  reduces  the  i n s t a l l a t i o n   cos t s   normal ly   e n c o u n t e r e d  

with  la rge   b o i l e r s .  

S i g n i f i c a n t l y ,   heat  is  i n i t i a l l y   r a d i a t e d   by  r a d i a t o r s   fed  from  t h e  

b o i l e r   of  the  i nven t ion   in  a  s h o r t e r   time  than  is  usual  f o r  

c o n v e n t i o n a l   back  b o i l e r   s y s t e m s .  

The  b o i l e r   chamber  and  mani fo ld   of  the  hea t i ng   system  may  be 

c o n s t r u c t e d   of  mild  s t e e l ,   s t a i n l e s s   s t e e l ,   copper ,   bronze,   or  any 

other   s u i t a b l e   meta l ,   a l though   mild  s t ee l   is  p r e f e r r e d .   Areas  exposed  

to  d i r e c t   con t ac t   with  the  heat  source  should  be  6  mm  in  t h i c k n e s s ,  

while  remaining  areas  should  be  4  mm  in  t h i c k n e s s .  



The  system  of  the  i nven t ion   can  be  adapted  for  use  with  other   f u e l s  

apar t   from  sol id   fuel  e .g .   oil  or  gas.  For  i n s t a n c e ,   oil  or  gas  

burners   can  be  placed  d i r e c t l y   below  each  c r o s s - t u b e   of  the  t u b u l a r  

manifo ld   to  provide  a  heat  s o u r c e .  



1.  A  hea t ing   system  for  t r a n s f e r r i n g   heat  from  a  heat  source  to  a 

heat  exchange  f l u i d ,   compr i s ing   in  c o m b i n a t i o n :  

(a)  an  enclosed  chamber  (2)  to  serve  as  a  r e s e r v o i r   f o r  

the  heat  e x c h a n g e  f l u i d ,  

(b)  a  t u b u l a r   heat  exchange  manifold   (14),   which  m a n i f o l d  

communicates  with  the  chamber  (2)  and  p r o j e c t s   f rom 

the  chamber  over  and  ad jacen t   to  the  heat  s o u r c e .  

2.  A  hea t i ng   system  as  claimed  in  claim  1  wherein  the  t u b u l a r   h e a t  

exchange  mani fo ld   (14)  is  mounted  at  the  base  of  the  chamber  (2)  so  as 

to  p r o j e c t   f o r w a r d l y   from  the  chamber  over  and  ad jacen t   to  the  h e a t  

sou rce ,   which  manifold   comprises   f i r s t   (15)  and  second  (16)  side  t u b e s  

e x t e n d i n g   from  the  chamber  (2)  and  a  p l u r a l i t y   of  cross  tubes  (17,  18 ,  

19)  connec t ing   the  side  tubes   (15,  1 6 ) .  

3.  A  hea t i ng   system  as  claimed  in  claim  2  wherein  the  t u b e s  

(15-19)  are  of  s u b s t a n t i 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 .  

4.  A  h e a t i n g   system  as  claimed  in  claim  3  wherein  the  cross   t u b e s  

(17-19)   are  t i l t e d   so  tha t   the  major  faces  of  each  tube  make  an  a n g l e  

from  200  to  30°  to  the  v e r t i c a l .  

5.  A  hea t ing   system  as  claimed  in  any  of  c laims  1  to  4  wherein  t h e  

mani fo ld   (14)  p r o j e c t s   from  the  chamber  at  an  angle  of  from  5°  t o  

150  to  the  h o r i z o n t a l .  

6.  A  hea t ing   system  as  claimed  in  any  p reced ing   claim  i n c l u d i n g   a 

means  for  d e f i n i n g   a  p a r t   of  the  volume  of  the  chamber  as  a  zone  o f  

low  f l u i d   d e n s i t y   when  heated  f l u i d   is  c i r c u l a t e d   through  the  c h a m b e r .  



7.  A  hea t ing   system  as  claimed  in  claim  6  wherein  the  means  f o r  

d e f i n i n g   part  of  the  volume  of  the  chamber  as  a  zone  of  low  f l u i d  

d e n s i t y   (23)  compr ises   one  or  more  s u b s t a n t i a l l y   v e r t i c a l   b a f f l e s   (22)  

for  p a r t i a l l y   p a r t i t i o n i n g   off  the  zone  of  low  f l u id   d e n s i t y   (23)  

d i r e c t l y   above  an  opening  (21)  in  the  chamber  where  the  chamber 

communicates  with  a  manifold   o u t l e t .  

8.  A  hea t ing   system  as  claimed  in  claim  6  wherein  the  said  part  o f  

the  volume  of  the  chamber  (23)  is  a p p r o x i m a t e l y   equal  to  the  volume  o f  

the  manifold   tubes  ( 1 5 - 1 9 ) .  

9.  A  hea t ing   system  as  claimed  in  any  p reced ing   claim  wherein  t h e  

chamber  sur rounds   a  f lue   duct  ( 6 0 ) .  

10.  A  hea t ing   system  as  claimed  in  claim  1  having  a  c e n t r a l  

combustion  space  (84)  and  f lue   duct  surrounded  by  the  e n c l o s e d  

chamber  (85) ,   a  t u b u l a r   heat  exchange  manifold   communicating  with  t h e  

chamber  and  mounted  at  the  base  of  the  chamber  so  as  to  p r o j e c t  

s u b s t a n t i a l l y   h o r i z o n t a l l y   over  and  ad jacen t   to  the  heat  source.,  t h e  

manifold   compris ing   f i r s t   and  second  side  tubes  (94)  ex tending   f rom 

the  chamber  and  a  p l u r a l i t y  o f   c r o s s - t u b e s   (95)  connec t i ng   the  s i d e  

tubes  ( 9 4 ) .  
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