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©  Space  heating  systems. 
5   A  space  heating  system  employs  a  length  of  ductwork 
which  is  divided  longitudinally  by  heat-conducting  septum 
(12)  into  flow  and  return  passages  (18,20),  which  form  a 
circulation  loop  for  flow  of  a  hot  gaseous  fluid  whereby  heat 
exchange  can  take  place  between  the  hotter  and  cooler gases 
on  each  side  of  the  septum  (12). 



T h i s   i n v e n t i o n   r e l a t e s   to   s p a c e   h e a t i n g   s y s t e m s  

of  a  k i n d   in  w h i c h   h o t   gas   or   v a p o u r   ( w h i c h   m a y  

be  a i r ,   the   w a s t e   g a s e s   from  a  f u r n a c e ,   the   c o m b u s t i o n  

p r o d u c t s   of  a  h e a t e r ,   or   any  m i x t u r e   of   t h e s e )  

i s   c i r c u l a t e d   t h r o u g h   d u c t w o r k   l o c a t e d   a d j a c e n t  

t h e   s p a c e   to  be  h e a t e d ,   so  t h a t   t h e   h e a t i n g   i s  

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

Such  s y s t e m s   a r e   p a r t i c u l a r l y   u s e f u l   f o r  

l a r g e   s p a c e s  -   f o r   e x a m p l e   a s s e m b l y   h a l l s ,   g y m n a s i a  

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

B e c a u s e   the   h e a t i n g   medium  has   a  low  d e n s i t y   v e r y  
l i g h t w e i g h t   m a t e r i a l   d u c t w o r k   can   be  u sed   t h u s  

m i n i m i s i n g   s t r u c t u r a l   work  to  s u p p o r t   the   d u c t s .  

The  low  t h e r m a l   i n e r t i a   p r o v i d e d   by  t h e   l i g h t w e i g h t  

d u c t w o r k   r e s u l t s   in   r a p i d   warmup  and  l i t t l e   d e l a y  

in   the   e s t a b l i s h m e n t   of  t h e   d e s i r e d   e n v i r o n m e n t a l  

c o n d i t i o n s .   In  a d d i t i o n   m i n o r   l e a k a g e s   p r e s e n t  

no  p r o b l e m s   and  t h e r e   i s   no  r i s k   of  f r o s t   d a m a g e .  

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

to   the   f o u r t h   p o w e r   of  t h e   s u r f a c e   t e m p e r a t u r e  

of   t he   r a d i a t i n g   b o d y .   I t   is   t h e r e f o r e   n e c e s s a r y  
to   run   a  r a d i a n t   h e a t i n g   s y s t e m   a t   h i g h   t e m p e r a t u r e  
in   o r d e r   to   g e t   a  u s e f u l   h e a t i n g   e f f e c t .   In  p r a c t i c e ,  

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

u s e d ,   by  t h e   maximum  w o r k i n g   t e m p e r a t u r e   of  t h e  
f a n   used   to  c i r c u l a t e   t h e   g a s ,   and  so  o n .  

As  t h e   h e a t i n g   medium  y i e l d s   up  i t s   e n e r g y  
by  r a d i a t i o n ,   i t s   t e m p e r a t u r e   f a l l s   and  the   h e a t i n g  

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

For   t h i s   r e a s o n ,   a c t u a l   i n s t a l l a t i o n s   have   o f t e n  

u s e d   b a n k s   of  l a r g e   d i a m e t e r   d u c t s ,   t y p i c a l l y  

s e t s   of  t h r e e   d u c t s   of  two  f e e t   or   e v e n   f o u r   f e e t  



d i a m e t e r   p e r   d u c t .   Even   t h e n ,   t he   maximum  l e n g t h  
of   d u c t   b e t w e e n   s u c c e s s i v e   h e a t   i n p u t   s o u r c e s  
h a s   b e e n   l i m i t e d ,   and  p r o b l e m s   may  be  e n c o u n t e r e d  

w i t h   u n e v e n   h e a t i n g   due  to   t he   t e m p e r a t u r e   d r o p  

a l o n g   t h e   l e n g t h   o f   t h e   p a t h   t r a v e r s e d   by  t h e  

h e a t i n g   f l u i d .  

The  u n e v e n   h e a t i n g   e f f e c t   c a n n o t   be  a v o i d e d  

s i m p l y   by  a r r a n g i n g   t h e   d u c t w o r k   in   t h e   form  o f  

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

s u b s t a n t i a l l y   c o n t i n u o u s l y )   so  t h a t   t h e   l o o p   h a s  

two  p a r a l l e l   p o r t i o n s   a t   such   s p a c i n g   r e l a t i v e  

to  one   a n o t h e r   and  t o   t h e   g r o u n d   t h a t   t h e   b e a m s  

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

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

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

o p p o s i t e   t h e   c o o l e s t   p o r t i o n   of   t h e   d u c t ,   t h i s  

d o e s   n o t   c o m p e n s a t e   f o r   t h e   t e m p e r a t u r e   d r o p   t h a t  

o c c u r s   a r o u n d   t h e   l o o p   b e c a u s e   of  t h e   f o u r t h   p o w e r  

e f f e c t   m e n t i o n e d   a b o v e .  

The  o b j e c t   of   t h e   i n v e n t i o n   i s   to   p r o v i d e  

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

a  r a d i a n t   e n e r g y   f i e l d   whose   i n t e n s i t y   i s   m o r e  

u n i f o r m .  

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   a  s p a c e  

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

c o n t a i n i n g   a t   l e a s t   one   h e a t   c o n d u c t i n g   s e p t u m  

w h i c h   d i v i d e s   t h e   i n t e r i o r   of  t h e   d u c t w o r k   i n t o  

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

a n o t h e r   a t   or   a d j a c e n t   t h e   e n d s   of   t h e   d u c t w o r k  

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

t h e   d u c t w o r k   f r o m   one   end  to   t h e   o t h e r   to   p r o d u c e  

a  c i r c u l a t o r y   f l o w .  



By  t h e s e   m e a n s ,   t h e   h o t t e s t   f l u i d   in  o n e  

of  the   p a s s a g e s   of   t h e   d u c t   can   be  l o c a t e d   o p p o s i t e  

t h e   c o o l e s t   g a s   in   t he   o t h e r   of  t he   d i v i s i o n s  

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

f rom  t h e   h o t t e s t   to  t he   c o l d e s t   and  t h u s   a s s i s t s  

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

more   u n i f o r m .  

In  one  e m b o d i m e n t   of  t he   i n v e n t i o n ,   t h e   c o m m u n i c a t i o n  

b e t w e e n   s a i d   p a s s a g e s   w i l l   be  e x c l u s i v e l y   a t   o r  

a d j a c e n t   t he   e n d s   of   t he   l e n g t h   of  d u c t w o r k   a n d  

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

one  a n o t h e r   e l s e w h e r e   a l o n g   t h e   l e n g t h   of   t h e  

d u c t w o r k .   In  a  m o d i f i c a t i o n ,   s u c h   c o m m u n i c a t i o n  

may  be  p r i m a r i l y   a t   or   a d j a c e n t   t he   end  of   t h e  

l e n g t h   of  d u c t w o r k   bu t   p r o v i s i o n   may  be  made  f o r  

some  d e g r e e   of   c o m m u n i c a t i o n   a t   one  or   more   i n t e r m e d i a t e  

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

t h a t   a  p r o p o r t i o n   of   t he   ho t   g a s   can  be  d i v e r t e d  

f rom  one  p a s s a g e   to   t h e   o t h e r   so  as  to   mix  w i t h  

t h e   c o o l e r   g a s   in   t h e   o t h e r   p a s s a g e .  

T y p i c a l   a p p l i c a t i o n s   of  t h e   i n v e n t i o n   a r e  

now  more   p a r t i c u l a r l y   d e s c r i b e d   by  way  of  e x a m p l e  

o n l y   w i t h   r e f e r e n c e   to   t he   a c c o m p a n y i n g   d i a g r a m m a t i c  

d r a w i n g s   in  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   of   a  d u c t w o r k  

m o d u l e ;  

F i g u r e   2  i s   a  s i d e   e l e v a t i o n   s h o w i n g   p a r t  
of   a  l e n g t h   of   d u c t w o r k   c o m p r i s i n g   a  s e r i e s   o f  

e n d w i s e   c o n n e c t e d   m o d u l e s ;  

F i g u r e   3  i s   a  p l a n   v i ew  of  t h e   l e n g t h   o f  

d u c t w o r k ;   a n d  

F i g u r e   4  i s   a  p l a n   v iew  of  a  m o d i f i c a t i o n .  



R e f e r r i n g   now  to   t h e   d r a w i n g s   and  p a r t i c u l a r l y  
t o   F i g u r e   1,  t h e   d u c t w o r k   m o d u l e   c o m p r i s e s   a  f i r s t  

c o m p o n e n t   10  of   s h e e t   m e t a l   c u r v e d   ( i n   t h i s   i n s t a n c e )  
t o   a  s e m i - c i r c u l a r   s h a p e .   In  g e n e r a l ,   r a d i a t i o n  

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

may  be  m o d i f i e d   to   p r o d u c e   a  p a r t i c u l a r   p a t t e r n  
of   r a d i a t i o n   to   s u i t   p a r t i c u l a r   c i r c u m s t a n c e s .  

A  s e p t u m   12,   a l s o   made  of  s h e e t   m e t a l ,   d i v i d e s  

t h e   m o d u l e   i n t o   two  e q u a l   p o r t i o n s   a l o n g   i t s   e n t i r e  

l e n g t h .   The  s e p t u m   12  may  be  s e c u r e d   to  t h e   a r c u a t e  
w a l l   f o r   e x a m p l e   by  s p o t   w e l d i n g .  

S h a l l o w   t r a y s   14,   16  a r e   s e c u r e d   a l o n g   l a t e r a l  

e d g e s   to  t h e   s e p t u m   12  and  t o   t h e   a r c u a t e   w a l l  

10  so  as  to   c o m p l e t e   t h e   f l o w   p a s s a g e s   18  a n d  

20 ,   and  t h e s e   t r a y s   may  be  u s e d   to   c o n t a i n   l o o s e ,  

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

p u r p o s e   of  m i n i m i s i n g   upward   r a d i a t i o n   f rom  t h e  

d u c t w o r k   m o d u l e .   C o n v e c t i o n   f l o w   s u p p r e s s o r s  

22 ,   w h i c h   may  a l s o   be  s h e e t   m e t a l   p a n e l s ,   a r e  

f i x e d   to  t h e   l a t e r a l   e d g e s   of  t h e   m o d u l e .  

The  m o d u l e s   a r e   c o n n e c t e d   e n d - t o - e n d   as  s h o w n  

in   F i g u r e s   2  and  3  and  the   e n d s   o f   e a c h   m o d u l e  

may  be  made  so  t h a t   t h e y   form  s p i g o t   and  s o c k e t  

c o n n e c t i o n s   w i t h   t h e   a d j a c e n t   m o d u l e s   and  so  t h a t  

t h e   i n d i v i d u a l   s e p t u m s   12  m a t e   to   f o r m   a  c o n t i n u o u s  

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

f l o w   s u p p r e s s o r s   22  may  t e r m i n a t e   s l i g h t l y   s h o r t  

o f   e a c h   e x t r e m e   end  of  t h e   m o d u l e s   so  as  to   c r e a t e  

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

l e n g t h   of   d u c t w o r k   as   s e e n   in   F i g u r e s   2  and  3 

w h e r e b y   s u s p e n s i o n   c h a i n s   ( n o t   shown)   c an   be  l o o p e d  

a b o u t   t he   d u c t w o r k   to  hang   i t   in   t h e   s p a c e   b e i n g  

h e a t e d .   F i g u r e   2  s h o w s   s u c c e s s i v e   l e n g t h s   o f  

d u c t   24,   26 ,   2 8 .  



One  end  of  t h e   l e n g t h   of   a s s e m b l e d   d u c t w o r k  

i s   c o m p l e t e d   by  a  g e n e r a l l y   D - s h a p e d   c h a m b e r   3 0  

( s e e   F i g u r e   4)  by  means   of  w h i c h   p a s s a g e   18  c o m m u n i c a t e s  

w i t h   p a s s a g e   20.  At  t h e   o p p o s i t e   e n d ,   t h e r e   i s  

p r o v i d e d   a  c a s i n g   32  w h i c h   a c c o m m o d a t e s   a  b u r n e r  

( n o t   s h o w n ) ,   wh ich   f i r e s   i t s   h o t   c o m b u s t i o n   p r o d u c t s  

i n t o   p a s s a g e   18,  and  a  f a n   ( n o t   shown)   w h i c h   i s  

a s s o c i a t e d   w i t h   p a s s a g e   20  and  s e r v e s   to  d r a w  

t h e   h o t   g a s e s   a l o n g   p a s s a g e   18 ,   a r o u n d   c h a m b e r  

30  and  a l o n g   p a s s a g e   20.  The  m a j o r   p r o p o r t i o n  

of  the   g a s   i s   t h e n   p a s s e d   b a c k   i n t o   t he   p a s s a g e  

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

g a s e s   from  t h e   b u r n e r .   A  s m a l l   p r o p o r t i o n   o f  

t he   g a s e s   i s   e x h a u s t e d   f rom  t h e   d u c t w o r k ,   e . g .  

a t   34,  to  c o m p e n s a t e   f o r   t h e   a d d i t i o n a l   g a s e s  
i n t r o d u c e d   by  t h e   b u r n e r .  

T h u s ,   i t   w i l l   be  n o t e d   t h a t   t he   m a j o r   p r o p o r t i o n  

of  the  g a s   i s   c o n t i n u o u s l y   c i r c u l a t e d   a r o u n d   a  

l o o p   c o m p r i s i n g   t h e   p a s s a g e s   1 8 , 2 0 ,   c h a m b e r   3 0  

and  c a s i n g   32.  The  g a s e s   in  p a s s a g e s   18  and  2 0  

a r e   i s o l a t e d   f rom  e a c h   o t h e r   by  t he   s e p t u m   1 2  

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

t h e   two  p a s s a g e s   so  t h a t   p a r t   of   t h e   e n e r g y   i n  

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

g a s e s .   In  a  m o d i f i c a t i o n ,   as   w e l l   as  h e a t   e x c h a n g e  

t h r o u g h   the   a g e n c y   of  t h e   s e p t u m   12,  p r o v i s i o n  

may  be  made  f o r   t r a n s f e r   of  h o t   gas   f rom  p a s s a g e  
18  to  p a s s a g e   20  e s p e c i a l l y   in   t h o s e   r e g i o n s   w h e r e  

t h e   gas   in  p a s s a g e   20  i s   a t   i t s   c o o l e s t ,   i . e .  

a d j a c e n t   t he   c a s i n g   30.  Such  t r a n s f e r   of  g a s  

may  be  a c h i e v e d   by  means   of  h o l e s   in  t h e   s e p t u m  

12  a t   s u i t a b l e   l o c a t i o n s   a l o n g   t h e   l e n g t h   of  t h e  

d u c t w o r k .  

F i g u r e   4  i l l u s t r a t e s   a  m o d i f i c a t i o n   in  w h i c h  

more   t h a n   one  h e a t - c o n d u c t i n g   s e p t u m   12A,  12B 

i s   p r o v i d e d   to   s u b d i v i d e   t he   l e n g t h   of  d u c t w o r k  



i n t o   m o r e   t h a n   two  f l ow  p a s s a g e s   18,  20A,  20B 

w i t h   e a c h   c o o l e r   g a s   p a s s a g e   20A,  20B  e x t e n d i n g  

a l o n g s i d e   a  h o t t e r   gas   p a s s a g e   18  so  t h a t   t w o  

or   more   g a s   c i r c u l a t i o n   l o o p s   a r e   p r o d u c e d .   E a c h  

s e p t u m   12A,  12B  may  be  a p e r t u r e d   i f   d e s i r e d   t o  

a l l o w   some  d e g r e e   of  t r a n s f e r   o f   g a s   f rom  a  h o t t e r  

g a s   p a s s a g e   18  t o   a  c o o l e r   gas   p a s s a g e   20A,  2 0 B .  



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

of  d u c t w o r k   c o n t a i n i n g   a t   l e a s t   one   h e a t   c o n d u c t i n g  

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

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

one   a n o t h e r   a t   o r   a d j a c e n t   t h e   e n d s   of  t he   d u c t w o r k  

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

t h e   d u c t w o r k   f rom  one  end  to   t h e   o t h e r   to  p r o d u c e  

a  c i r c u l a t o r y   f l o w .  

2.  A  s y s t e m   as  c l a i m e d   in  C l a i m   1  i n c l u d i n g  

m e a n s   f o r   c i r c u l a t i n g   ho t   g a s e o u s   f l u i d   a r o u n d  

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

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

in   s a i d   p a s s a g e s   v i a   t he   or   e a c h   h e a t - c o n d u c t i n g  

s e p t u m .  

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

t h e   d u c t w o r k   i n c l u d e s   a  w a l l   w h i c h   b o u n d s   s a i d  

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

e m i t t i n g   s u r f a c e .  

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

w a l l   i s   o u t w a r d l y   c o n v e x   as  s e e n   in   c r o s s - s e c t i o n .  

5.  A  s y s t e m   as  c l a i m e d   in  a n y  o n e   o f   C l a i m s  

1-4   in   w h i c h   the   d u c t w o r k   i s   of   D - s e c t i o n ,   t h e  

c u r v e d   p o r t i o n   of  w h i c h   i s   e x p o s e d   so  as   to   f o r m  

a  r a d i a n t   h e a t   e m i t t i n g   s u r f a c e   and  t h e   r e m a i n i n g  

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

m a t e r i a l .  

6.  A  s y s t e m   as  c l a i m e d   in  a n y  o n e   of   C l a i m s  

1-5   in  w h i c h   m e a n s   i s   p r o v i d e d   f o r   e n a b l i n g   s o m e  

d e g r e e   of  g a s   t r a n s f e r   b e t w e e n   s a i d   p a s s a g e s   a t  

one   or  more   l o c a t i o n s   i n t e r m e d i a t e   t h e   e n d s   o f  



t h e   l e n g t h   of   d u c t w o r k   to  a l l o w   m i x i n g   of  h o t t e r  

g a s   f rom  one  p a s s a g e   w i t h   c o o l e r   g a s   in   a n o t h e r  

p a s s a g e .  

7.  A  s y s t e m   as  c l a i m e d   in  C l a i m   6  in   w h i c h   s a i d  

g a s   t r a n s f e r   can   t a k e   p l a c e   v i a   h o l e s   in   t h e   o r  

e a c h   s e p t u m .  

8.  A  s y s t e m   as   c l a i m e d   in  any  one   of   C l a i m s  

1 -7   in   w h i c h   s a i d   l e n g t h   of   d u c t w o r k   c o m p r i s e s  

a  s e r i e s   of   e n d w i s e   c o n n e c t e d   d u c t   m o d u l e s .  

9.  A  s p a c e   h e a t i n g   s y s t e m   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e   t o ,   and  as   shown  i n ,  

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