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©  Water  heating  apparatus. 
Water  heating  apparatus  of  the  invention  comprises  an 

inlet  section  (10,  140),  an  outlet  section  (11,  141)  and  a  body 
(14,  139)  between  the  two  sections,  the  body  (14,  139) 
containing  a  heater  unit  (26,  45,  124, 134,  137,  142, 149,  151, 
155,  156,  160,  161,  162)  including  printed  circuit  heater 
means.  In  a  preferred  embodiment  the  heater  unit  (26)  is  in 
the  form  of  a  printed  circuit  heater  (27)  sandwiched  between 
a  pair  of  metal  plates  and  rolled  into  a  spiral.  This  gives  a 
large  contact  area  for  water  flowing  around  the  spiral  as  well 
as  an  increased  contact  time,  thus  giving  improved  heating 
efficiency.  In  addition  the  printed  circuit  heater  can  be  kept 
relatively  short  and  compact,  so  that  the  water  heating 
apparatus  itself  does  not  become  bulky  or  expensive. 



T h i s   i n v e n t i o n   r e l a t e s   to  a p p a r a t u s   fo r   h e a t i n g  

w a t e r   f o r   d o m e s t i c   or  c o m m e r c i a l   p u r p o s e s   and  b e i n g  

p r o v i d e d   w i t h   a  s u p p l y   of  w a t e r ,   f o r   e x a m p l e ,   c o l d   w a t e r  

u n d e r   p r e s s u r e   from  a  w a t e r   m a i n .  

Hot  w a t e r   s u p p l i e s   a re   u s u a l l y   p r o v i d e d   from  a  
t a n k   or  o t h e r   s t o r a g e   c o n t a i n e r ,   in  which   t h e r e   i s  

h e a t i n g   means  such   as  an  e l e c t r i c a l   i m m e r s i o n   h e a t e r  

or  a  c o i l   t h r o u g h   wh ich   hot   w a t e r   h e a t e d   by  a  b o i l e r   i s  

c i r c u l a t e d .   Heat   e x c h a n g e   by  s u c h   m e t h o d s   is   r e l a t i v e l y  

s low  and  i n e f f i c i e n t ,   due  to  g a s s i f i c a t i o n ,   i . e .   w a t e r  

b u b b l e s   a d h e r i n g   to  the  h e a t e r   e l e m e n t ,   and  a l s o   the   s t o r a g e  
of  the   hot   w a t e r   is  w a s t e f u l .  

T h e r e   have   t h e r e f o r e   been   p r o p o s e d   v a r i o u s   e l e c t r i c a l  

h e a t i n g   d e v i c e s   wh ich   have  e f f i c i e n c y   s u f f i c i e n t   to  h e a t  

w a t e r   as  i t   f l o w s   t h r o u g h   the   a p p a r a t u s .   Th is   a r r a n g m e n t .  

e l i m i n a t e s   t he   need   f o r   s t o r a g e   of  hot   w a t e r .   T h e  

e l e c t r i c a l   h e a t i n g   is  by  means  of  e l e c t r i c a l   r e s i s t a n c e  

h e a t e r s   w h i c h   a re   u s u a l l y   c o i l e d   w i r e s   d i s p o s e d   in  t h e  

w a t e r   p a s s a g e .   Th i s   t ype   of  a p p a r a t u s   is  h o w e v e r   o n l y  

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

e x a m p l e   b e i n g   s u f f i c i e n t   to  s u p p l y   on ly   one  tap  at  a  

t i m e .  

I t   is  the   o b j e c t   of  the   i n v e n t i o n   to  p r o v i d e   w a t e r  

h e a t i n g   a p p a r a t u s   h a v i n g   no  n e c e s s i t y   f o r   s t o r a g e   o f  

the   w a t e r   wh ich   has  been  h e a t e d   and  which   has  a  h i g h  

e f f i c i e n c y   f o r   the   c o n v e r s i o n   of  e l e c t r i c a l   e n e r g y   i n t o  

h e a t .  

A c c o r d i n g   to  the  i n v e n t i o n   t h e r e   is  p r o v i d e d   w a t e r  

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

and  a  w a t e r   h e a t i n g   u n i t   b e t w e e n   the   i n l e t   and  o u t l e t   d u c t s ,  

the  h e a t i n g   u n i t   i n c l u d i n g   a  p r i n t e d   c i r c u i t   h e a t e r   m e a n s .  



The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

e x a m p l e   w i t h   r e f e r e n c e  t o   the   a c c o m p a n y i n g   d r a w i n g s  
in   w h i c h ;  

F i g u r e   1  is  a  s c h e m a t i c   p e r s p e c t i v e   v iew  of  a  w a t e r  

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

e m b o d i m e n t   of  the   i n v e n t i o n ,  

F i g u r e   2  is   a  p e r s p e c t i v e   v iew  of  a  body  f o r m i n g   p a r t  
of  t h e   w a t e r   h e a t i n g   a p p a r a t u s ,  

F i g u r e   3  is   a  f u r t h e r ,   s c h e m a t i c ,   p e r s p e c t i v e   v i ew   o f  

the   body  of   t he   w a t e r   h e a t i n g   a p p a r a t u s ,   s h o w i n g   the   i n s i d e  

t h e r e o f ,   w i t h   an  i n l e t   p i p e   and  h e a t e r   u n i t   t h e r e i n ,  

F i g u r e   4  is  a  p e r s p e c t i v e   v i ew  of  t he   i n l e t   p i p e   a n d  

h e a t e r   u n i t   of  F i g u r e   3,  r e m o v e d   from  the   b o d y ,  

F i g u r e   5  is  an  end  v iew  of  the   s p i r a l   h e a t i n g   u n i t ,  

F i g u r e   6  is  a  s c h e m a t i c   p e r s p e c t i v e   v iew  of  a  f i r s t  

e m b o d i m e n t   of  w a t e r   h e a t i n g   means  u s i n g   the   body  of  F i g u r e  

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

F i g u r e   7  is   a  s c h e m a t i c   p e r s p e c t i v e   v iew  s i m i l a r   t o  

F i g u r e   6  of  a  s e c o n d   e m b o d i m e n t ,  

F i g u r e   8  shows  an  a r r a n g m e n t   of  a  t h r e e   s t a g e   w a t e r  

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

F i g u r e   9  shows  a  h e a t i n g   u n i t   a r r a n g e m e n t   w h e r e  

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



F i g u r e   10  is  a  c i r c u i t   d i a g r a m   of  t he   c o n t r o l   of  t h e  

a p p a r a t u s ,  

F i g u r e   11  is  a  c r o s s - s e c t i o n a l   v iew  of   an  i n l e t   s e c t i o n  

of  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ,  

F i g u r e   11A  is  a  p e r s p e c t i v e   v iew  of  an  a l t e r n a t i v e  

h e a t e r   u n i t   f o r   use   w i t h   t he   i n l e t   s e c t i o n   of  F i g u r e   11 ,  

F i g u r e   11b  i s   a  c r o s s - s e c t i o n a l   v i ew  of  an  o u t l e t  

s e c t i o n   of  the   e m b o d i m e n t   of  F i g u r e   1 1 ,  

F i g u r e   12  i s   a  p e r s p e c t i v e   v iew  of  a  f u r t h e r   a l t e r n a t i v e  

h e a t e r   u n i t  ,  

F i g u r e   13  is   a  s c h e m a t i c   p e r s p e c t i v e   v i ew   of  a  s t i l l  

f u r t h e r   a l t e r n a t i v e   h e a t e r   u n i t ,  

F i g u r e   14  is  a  l a y - o u t   of  a  ye t   s t i l l   f u r t h e r   f o r m  

of  w a t e r   h e a t i n g   a p p a r a t u s ,  

F i g u r e   15  is  a  c r o s s - s e c t i o n a l   v i ew  of  a  s t i l l  

d i f f e r e n t   form  of  the   a p p a r a t u s ,   a n d  

F i g u r e   16  is   a  d i a g r a m m a t i c   l a y - o u t   of  t he   a p p a r a t u s  

in  F i g u r e   1 5 .  

R e f e r r i n g   to  F i g u r e   1  t h i s   shows  a  w a t e r   h e a t i n g  

a p p a r a t u s   f o r   use  f o r   e x a m p l e   in  a  d o m e s t i c   s i t u a t i o n  

f o r   p r o v i d i n g   a  s u p p l y   of  hot   w a t e r   and  b e i n g   s u p p l i e d  
from  a  c o l d   w a t e r   main  s u p p l y .  

The  a p p a r a t u s   as  shown  in  F i g u r e   1  i n c l u d e s   a n  

i n l e t   s e c t i o n   10  and  an  o u t l e t   s e c t i o n   11  and  a  b o d y  

s e c t i o n   12,  c o n t a i n i n g   the  h e a t i n g   means  of  the   a p p l i a n c e ,  

s i t u a t e d   b e t w e e n   the  i n l e t   and  o u t l e t   s e c t i o n s .   P a r t   o f  

the   c a s i n g   has  been  r e m o v e d   f o r   c l a r i t y   and  i t   i s   to  b e  



u n d e r s t o o d   t h a t   t he   e x t e r n a l   s h a p e   of  t he   a p p a r a t u s   may 
t a k e   any  o t h e r   fo rm  i n s t e a d   of   the   g e n e r a l l y   r e c t a n g u l a r  

c o n f i g u r a t i o n   shdwn.   In  a d d i t i o n   the   body  s e c t i o n   12 

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

of  p e a r - s h a p e d   c r o s s - s e c t i o n ,   as  shown  in   F i g u r e s   2  and  3 .  

On  t he   i n l e t   s e c t i o n   10  t h e r e   can  be  m o u n t e d   a  c o n t r o l  

13  by  means  of  w h i c h   t he   t e m p e r a t u r e   of  t he   w a t e r   d e l i v e r e d  

can  be  r e g u l a t e d ,   as  w i l l   be  d e s c r i b e d .  

F i g u r e s   2  to  5  show  t he   c o n s t r u c t i o n   and  a r r a n g e m e n t  

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

a p p a r a t u s ,   to  f i t   i n t o   a  c a s i n g   in   the   form  of  F i g u r e   1  o r  

in   any  s u i t a b l e   a l t e r n a t i v e   f o r m .  

F i g u r e s   2  and  3  show  a  m e t a l l i c   body  14  of  g e n e r a l l y  

p e a r   s h a p e   in   t r a n s v e r s e   c r o s s - s e c t i o n .   The  body  h a s  

end  w a l l s   15,  16  r e s p e c t i v e l y   and  in  the   end  w a l l   15,  w h i c h  

is  t he   i n l e t   end  of  t h e   body ,   . t h e r e   i s   p r o v i d e d   a  g e n e r a l l y  

c e n t r a l   h o l e   17.  The  h o l e   17  i s   t h r e a d e d   to  r e c e i v e   a n  

a d a p t o r   p l u g   s u p p o r t i n g   a  c o l d   w a t e r   i n l e t   p i p e   18  w h i c h ,  
in  u s e ,   is   a r r a n g e d   to  r e c e i v e   p r e s s u r i s e d   c o l d   or  r e l a t -  

i v e l y   c o l d   w a t e r   f rom,   f o r   e x a m p l e ,   t he   main   s u p p l y .  
I f   r e q u i r e d   t he   i n l e t   c o u l d   i n c o r p o r a t e   a  n o n - r e t u r n   v a l v e .  

The  w a l l   15  a l s o   c o n t a i n s   a  f u r t h e r   t h r e a d e d   h o l e   19,  w h i c h  

is  p l u g g e d ,   in   u s e ,   and  a  s l o t   2 0 .  

The  end  w a l l   16  has  a  h o l e   21,  l o n g i t u d i n a l l y   a l i g n e d  
w i t h   t h e   h o l e   19,  and  w h i c h   i s   t h r e a d e d   l i k e   t he   h o l e   1 7 ,  

to  r e c e i v e   an  a d a p t o r   p l u g   23  ( F i g u r e s   6  and  7 ) ,   s i m i l a r  

to  t h a t   f i t t e d   in   t he   h o l e   17,  and  c a r r y i n g   an  o u t l e t  

p i p e   2 4 .  



The  i n l e t   p i p e   18  e x t e n d s   to  t he   i n t e r i o r   s u r f a c e   o f  

the   end  w a l l   16  where   i t   is  c l o s e d .   However   the   p i p e   18 

has  an  a x i a l l y   e x t e n d i n g   s l o t   25  in  i t s   s u r f a c e   to  a l l o w  

the   c o l d   w a t e r   to  f l ow  t h e r e f r o m   i n t o   a  s p i r a l l y   a r r a n g e d  
h e a t e r   u n i t   26  shown  in  F i g u r e   3 .  

The  h e a t e r   u n i t ,   shown  b e s t   in  F i g u r e s   4  and  5,  i s  

in   the   form  of   an  e l e c t r i c a l   p r i n t e d   c i r c u i t   h e a t e r   27 
s a n d w i c h e d   b e t w e e n   a  p a i r   of  m e t a l   p l a t e s   and  r o l l e d   i n t o  

a  s p i r a l .   C o n n e c t i o n s   28  f o r   s u p p l y i n g   power   to  and  f o r  

c o n t r o l l i n g   t he   h e a t e r   a re   p r o v i d e d   on  a  l o n g i t u d i n a l  
e x t e n s i o n   p a r t   at   one  c o r n e r   29  of  t he   h e a t e r   u n i t   w h i c h  

p r o t r u d e s   t h r o u g h   the   s l o t   20.  A  g l a s s   or  m e t a l   l a m i n a t e ,  

i . e .   a l u m i n i u m   can  be  p r o v i d e d   a r o u n d   the   o u t s i d e   of  t h e  

h e a t e r   u n i t .  

With   t h e   h e a t e r   u n i t   f i t t e d   in   the   w a t e r   h e a t i n g  

body  14  and  b e i n g   c l o s e d   by  the   end  w a l l s   15,  16,  w h i c h  

a r e , f o r   e x a m p l e ,   s e c u r e d   to  the   r e m a i n d e r   of  t he   body  b y  

w e l d i n g   as  shown  in  F i g u r e   3,  i t   can  be  a p p r e c i a t e d   t h a t  

co ld   w a t e r   e n t e r i n g   the   i n l e t   p i p e   18  w i l l   flow  out   of  t h e  

s l o t   25  and  i n t o   t he   i n n e r m o s t   t u r n   of  t h e  s p i r a l   o f  

the   h e a t e r   u n i t .   The  w a t e r   w i l l   t h e n ' f l o w   a r o u n d   t h e  

r e m a i n i n g   s p i r a l s   u n t i l   i t   l e a v e s   t he   o u t e r m o s t   p a r t   o f  

the   s p i r a l   and  f l o w s   out  of  the   o u t l e t   p i p e   24  c a r r i e d  

by  the   p l u g   23  f i t t e d   in  t he   h o l e   21  in  t he   o u t l e t   e n d  

w a l l   16  of  t he   body  1 4 .  

The  f a c t   t h a t   the   h e a t e r   u n i t   is   a  s p i r a l ,   in  t h i s  

e x a m p l e   of  f o u r   t u r n s ,   means  t h a t   t he   s u r f a c e   a r e a   of  t h e  

h e a t e r   u n i t   c o n t a c t e d   by  the   w a t e r ,   as  w e l l   as  the   c o n t a c t  

t ime   is   s i g n i f i c a n t l y   i n c r e a s e d   as  c o m p a r e d   to  c o n v e n t i o n a l  

h e a t e r   u n i t s   s u c h   as  h e a t i n g   c o i l s .   Th i s   i n c r e a s e s   t h e  

e f f i c i e n c y   of  the  h e a t e r ,   w h i l s t   e n a b l i n g   i t   to  be  k e p t  

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

h e a t i n g   a p p a r a t u s   i t s e l f   to  be  made  c o m p a c t l y   and  l e s s  

e x p e n s i v e l y .   I t   has  a l s o   been   found   t h a t   t h i s   c o n s t r u c t i o n  



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

i m p r o v i n g   t he   h e a t i n g  - e f $ c i e n c y .  

F i g u r e   6  shows  a  f i r s t   e x a m p l e   of  an  a s s e m b l e d   b o d y  
14,  i n l e t   and  o u t l e t   p i p e s   18,  24  h e a t e r   u n i t   26  a n d  

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

i n v e n t i o n .   A  c a s i n g   30  is  shown  s c h e m a t i c a l l y   a r o u n d  

the   body  14,  and  t h i s   can  c o n t a i n   a s b e s t o s   or  t he   l i k e   a s  
h e a t   i n s u l a t i o n   m a t e r i a l .   E l e c t r i c a l   c o n n e c t i o n   l i n e s  

31,  32  a r e   t a k e n   f rom  a  power   s u p p l y   ( to   be  d e s c r i b e d   i n  

F i g u r e   10)  to  t he   c o n n e c t i o n s   28  on  the   c o r n e r   e x t e n s i o n  

29  of   t h e   h e a t e r   u n i t .   An  o v e r r i d e   or  c u t - o u t   s e n s o r   33 

is   f i t t e d   on  t h e   body  14  to  m o n i t o r   t he   t e m p e r a t u r e   of  t h e  

w a t e r   e n t e r i n g   the   o u t l e t   p i p e   24  and  to  o p e r a t e   i f   a  

p r e d e t e r m i n e d   maximum  v a l u e   i s   e x c e e d e d .   For  e x a m p l e  
i t   c o u l d   o p e r a t e   to  s w i t c h   o f f   the   h e a t e r   u n i t   and  c o u l d  

be  m a n u a l l y   or  a u t o m a t i c a l l y   r e s e t .   E l e c t r i c a l   l i n e s  

34,  35  c o n n e c t   t he   s e n s o r   to  a  c o n t r o l   c i r c u i t ,   no t   s h o w n .  

F i g u r e   7  shows  a  s i m i l a r   a r r a n g e m e n t   to  f i g u r e   6 ,  

bu t   w i t h   an  i n c r e a s e d   number   of  p r i n t e d   c i r c u i t   h e a t e r s ,  

g i v i n g   s i x   c o n t a c t s   36  and  a s s o c i a t e d   s u p p l y  l i n e s   3 7 .  

As  w e l l   as  an  o v e r r i d e   s e n s o r   38,  s i m i l a r   to  t h e   s e n s o r  

33  in   F i g u r e   6,  t h e r e   a r e   a d d i t i o n a l   s e n s o r s   39,  40  i n  

the   i n l e t   and  o u t l e t   p i p e s   18,  24  r e s p e c t i v e l y ,   t o  

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

w a t e r   f l o w i n g   t h e r e i n .   Each  s e n s o r   has  a  p a i r   o f  

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

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

be  d e s c r i b e d   b e l o w .  

T y p i c a l l y   a  s m a l l   h e a t e r   u n i t ,   such   as  t h a t   s h o w n  

in  F i g u r e   6,  w i l l   be  u s e d   in   a  5kw  w a t e r   h e a t i n g  

a p p a r a t u s   and  a  m u l t i - c i r c u i t   a r r a n g e m e n t   such  as  i n  

F i g u r e   7  w o u l d   p r o d u c e   10kw.  



F i g u r e   8  shows  the   use   of  t h r e e   body  a s s e m b l i e s   o f  

F i g u r e   6  c o n n e c t e d   in  s e r i e s ,   so  t h a t   e a c h   one  c a n  

p e r f o r m   a  s t a g e   o f  t h e   w a t e r   h e a t i n g   o p e r a t i o n .   T h e  

i n l e t   p i p e   18  of  the   f i r s t   body  a s s e m b l y   i s   fed   from  t h e  

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

t he   s p i r a l   h e a t i n g   u n i t   in  the  body,   t he   w a t e r   p a s s e s   o u t  

t h r o u g h   the   o u t l e t   p i p e   24  of  s a i d   f i r s t   body ,   wh ich   a l s o  

s e r v e s   as  the   i n l e t   p i p e   to  the   n e x t   body  d o w n s t r e a m   i n  

t he   s e r i e s ,   and  so  on  f o r   the   t h i r d   and  any  s u b s e q u e n t   b o d y  

a s s e m b l i e s ,   as  t he   number   is  not   l i m i t e d   to  t he   t h r e e  

shown.   T h i s   a r r a n g e m e n t   r e d u c e s   t he   wear   on  each   h e a t e r  

u n i t   and  t h u s   p r o l o n g s   t he   l i f e   t h e r e o f .   Each  b o d y  

a s s e m b l y   i s   shown  as  in  F i g u r e   6,  but   w i t h   a  w a t e r   t e m p e r a -  

t u r e   s e n s o r   41,  and  a l t h o u g h   not   shown  e a c h   body  a s s e m b l y  

can  a l s o   be  p r o v i d e d   w i t h   an  o v e r r i d e   s e n s o r .   A  h e a t e r  

c o n t r o l   u n i t   42  and  a  t e m p e r a t u r e   c o n t r o l   u n i t   43  a r e  

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

of  f i v e   o u t l e t   b r a n c h e s   44  f o r   the   h e a t e d   w a t e r   to  b e  

t a k e n   o f f .   The  t e m p e r a t u r e   s e n s o r s   m o n i t o r   w a t e r   t e m p e r a -  

t u r e   a l o n g   the   who le   body  a s s e m b l y   and  can  d e t e c t   ho t   o r  

c o l d   s p o t s ,   f o r   e x a m p l e ,   to  cut  out   t h e   h e a t e r   in  o n e  

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

each   a s s e m b l y   can  r a i s e   t he   w a t e r   t e m p e r a t u r e   by  a  g i v e n  

amoun t   so  t h a t  t h e   h e a t i n g   l o a d   i s  s p r e a d   o v e r   t h r e e   h e a t e r  

u n i t s   to  p r o d u c e   w a t e r   of  t he   r e q u i r e d   t e m p e r a t u r e   at  t h e  

o u t l e t   of  t he   end  a s s e m b l y .   I f   r e q u i r e d   t he   b o d i e s   c o u l d  

be  as  in   F i g u r e   7 .  

F i g u r e   9  shows  an  a r r a n g e m e n t   whe re   t he   t e m p e r a t u r e  

s e n s o r   44  is   p r o d u c e d   t o g e t h e r   w i t h   the   h e a t i n g   e l e m e n t s   45  

in  t h e   p r i n t e d   c i r c u i t   b o a r d   of  the   h e a t e r   u n i t .   Th i s   i s  

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

46  to  be  made  to  the   h e a t e r   c o n t r o l   u n i t   47  and  c o n n e c t i o n s  

48  to  t he   t e m p e r a t u r e   c o n t r o l   u n i t   49  at   the   b o a r d   e d g e ,  

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

s e n s o r ,   l i k e   the   s e n s o r   41  in  F i g u r e   8.  However   l i k e   t h e  

s e n s o r   41,  t he   s e n s o r   44  m o n i t o r s   w a t e r   t e m p e r a t u r e   a l o n g  



the   who le   of   the   h e a t e r   u n i t   and  can  cut   out   a  h e a t i n g  

s e c t i o n   i f   a  h o t   s p o t   i s   d e t e c t e d .  

F i g u r e   10  shows  an  e l e c t r i c a l   c o n t r o l   c i r c u i t   s u i t a b l e  

f o r   a l l   t he   w a t e r   h e a t i n g   a r r a n g e m e n t s   shown  in  F i g u r e s   1  t o  

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

s e n s i n g .  

A  s p i r a l   h e a t e r   u n i t   i s   d e n o t e d   by  t he   n u m e r a l   50  a n d  

s e n s o r s   f o r   m o n i t o r i n g   i n l e t   and  o u t l e t   w a t e r   t e m p e r a t u r e  

a r e   d e n o t e d   by  t he   n u m e r a l s   39  and  40,  as  f o r   F i g u r e   7 ,  

in   the   i n l e t   and  o u t l e t   s e c t i o n s   10  and  11.  The  h e a t e r  

u n i t   is  c o n t r o l l e d   t h r o u g h   a  s o l i d   s t a t e   s w i t c h   or  r e l a y  

51.  T h i s   i s   p r o v i d e d   w i t h   a  m a i n s   e l e c t r i c a l   s u p p l y   a t  

52.  I f   a  r e l a y   i s   u s e d ,   i t   can  be  of  any  s u i t a b l e   t y p e ,  

f o r   e x a m p l e   i n c o r p o r a t i n g   a  t r i a c   v a l u e .  

The  s e n s o r s   39,  40  a r e   c o n n e c t e d   in  a  b r i d g e   c i r c u i t  

53  w h i c h   is   v a r i a b l e   a t   54  to  r e g u l a t e   the   h e a t e r   u n i t  

o u t p u t .   T h i s   v a r i a t i o n   i s   c a r r i e d   out   by  way  of   the   c o n t r o l  

knob  13  of  F i g u r e   1.  A  24  v o l t   power   s u p p l y   is   c o n n e c t e d  

b e t w e e n   l i n e s   55  and  56  w i t h   t he   v o l t a g e   b e i n g   s u p p l i e d  

to  t he   s w i t c h   or  r e l a y   51.  The  l i n e   55  is  c o n t i n u e d  

to  t he   v a r i a b l e   a d j u s t m e n t   means  54  of  the   b r i d g e   c i r c u i t  

53,  w h i l s t   t h e   l i n e   56  i s   c o n n e c t e d   to  t he   o p p o s i t e   p o i n t  

of  t he   c i r c u i t   53.  A  l i n e   57  e x t e n d s   from  a  f u r t h e r  

j u n c t i o n   of  t h e   b r i d g e   c i r c u i t   b e t w e e n   the   c o n n e c t i o n   o f  

the   s e n s o r   39  and  a  r e s i s t o r   to  one  i n p u t   of  an  o p e r a t i o n a l  

a m p l i f i e r   58.  T h i s   i s   a  ( t e m p e r a t u r e )   d i f f e r e n c e   a m p l i f i e r .  

A  l i n e   59  e x t e n d s   f rom  the   r e m a i n i n g   j u n c t i o n   of  t he   c i r c u i t  

53  to  a n o t h e r   i n p u t   of  t he   a m p l i f i e r   58.  An  o u t p u t   l i n e  

60  f rom  t he   a m p l i f i e r   is   c o n n e c t e d   to  t he   l i n e   56  of  z e r o  

v o l t a g e ,   t h r o u g h   r e s i s t o r s   61  and  62.  C o n n e c t e d   b e t w e e n  

the   l i n e s   59  and  60  is  a  c o i l   6 3 .  



A  l i n e   63  e x t e n d s   from  the   s w i t c h   or  r e l a y   51  to  j o i n  
the   l i n e   60  b e t w e e n   the   r e s i s t o r s   61,  62.  I t   has  a  d i o d e  
64  c o n n e c t e d   in  i t  b e t w e e n   c o l l e c t o r   and  b a s e   and  a  l i n e  
65  from  t he   e m i t t e r   of  the   d i o d e   64  e x t e n d s   to  the   b a s e  

of  a n o t h e r   d i o d e   66,  whose  c o l l e c t o r   and  e m i t t e r   a r e   in   a  
l i n e   67  b e t w e e n   l i n e s   56  and  63.  A  f u r t h e r   r e s i s t o r   6 8  

is   c o n n e c t e d   b e t w e e n   the   l i n e s   56  and  65  to  c o m p l e t e   t h e  

c i r c u i t .  

The  a r r a n g e m e n t   is   s u c h   t h a t   t he   i n l e t   and  o u t l e t  

t e m p e r a t u r e s   a r e   s e n s e d   by  s e n o r s   39,  40  and  a c c o r d i n g   t o  

the   s e t t i n g   of  the   c o n t r o l   knob  13  at  v a r i a b l e   a d j u s t m e n t  

54,  t he   h e a t e r   c u r r e n t   is   r e g u l a t e d   to  m a i n t a i n   the   c h o s e n  

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

R e f e r r i n g   to  F i g u r e s   11,  11a  and  11b,  t h e s e   s h o w  

i n l e t   and  o u t l e t   s e c t i o n s   and  an  a l t e r n a t i v e   form  o f  

h e a t e r   u n i t   f o r   use   in  w a t e r   h e a t i n g   a p p a r a t u s   in  t he   f o r m  

shown  in  F i g u r e   1.  The  i n l e t   s e c t i o n   10  shown  in  F i g u r e  

11  i n c l u d e s   a  c e n t r a l   w a t e r   d u c t   114.  In  the   e n t r a n c e   o f  

t h i s   i s   an  a d a p t o r   115  f o r   a t t a c h m e n t   to  a s s o c i a t e d   p i p e w o r k  

i  and   t h i s   a l s o   i n c o r p o r a t e s   a  n o n - r e t u r n   v a l v e   i n d i c a t e d  

g e n e r a l l y   at  116.  The  n o n - r e t u r n   v a l v e   may  t a k e   a n y  
c o n v e n t i o n a l   fo rm.   E x t e n d i n g   i n t o   the   d u c t   114  in  t h e  

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

117  wh ich   is   c a p a b l e   of  p r o v i d i n g   an  e l e c t r i c a l   s i g n a l  

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

the  i n l e t   d u c t .  

S u r r o u n d i n g   the   d u c t   114  a r e   c a s i n g s   c o n t a i n i n g   t h e  

e l e c t r i c a l   s u p p l y   and  c o n t r o l   e q u i p m e n t   can  be  of  t h e & r m s  

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

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

t h r o u g h   c o o l i n g   f o r   the   e l e c t r i c a l   and  e l e c t r o n i c   e q u i p m e n t .  



At  the   top  of  t he   s e c t i o n   10  t h e r e   i s   a  s c r e w  

a d a p t o r   1 1 8 .  

The  o u t l e t   s e c t i o n   11  a l s o   has  a  c e n t r a l   d u c t   119 
t h r o u g h   w h i c h   the   h e a t e d   w a t e r   f l o w s .   At  t he   o u t l e t  
end  i s   an  a d a p t o r   120  f o r   c o n n e c t i o n   to  a s s o c i a t e d   p i p e w o r k  
and  t h e r e   i s   a l s o   an  e l e c t r i c a l   t e m p e r a t u r e   s e n s o r   121 

wh ich   e x t e n d s   i n t o   t he   d u c t   119.  T h e r e   is   a l s o   a  s c r e w e d  

a d a p t o r   122  at   t he   i n l e t   end  of  the  d u c t   1 1 9 .  

S i t u a t e d   c l o s e   to  t h e   d u c t   119  is   a  t e m p e r a t u r e  

r e s p o n s i v e   s w i t c h   123.  L i k e   the   s e n s o r s   33  and  38 

a l r e a d y   d e s c r i b e d ,   t h i s   i s   a r r a n g e d   to  o p e r a t e   in   t h e  

e v e n t   t h a t   t he   t e m p e r a t u r e   in   the   o u t l e t   d u c t   119 

e x c e e d s   a  p r e d e t e r m i n e d   maximum  v a l u e .   I t   is  a r r a n g e d  

to  be  m a n u a l l y   r e s e t   when  i t   has  been   a c t u a t e d   in  t h e  

e v e n t   of   e x c e s s   t e m p e r a t u r e   c o n d i t i o n s .  

As  shown  in  F i g u r e   1,  t he   body  s e c t i o n   12  can  be  i n  

the   form  of  a  r e c t a n g u l a r   c o w l i n g ,   and  w i t h i n   t h i s   is   a  

c y l i n d r i c a l   h e a t i n g   u n i t   124  shown  in  F i g u r e   11a.  T h i s  

has  s c r e w   t h r e a d e d   ends  to  e n g a g e   in  the   a d a p t o r s   118  a n d  

122  in  t h e   i n l e t   and  o u t l e t   s e c t i o n s   10  and  11.  W i t h i n  

t h i s   is   a  m a t r i x   i n d i c a t e d   a t   125  made  up  f rom  a  n u m b e r  

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

h e a t e r   c i r c u i t s   on  t h e i r   r e s p e c t i v e   s u r f a c e s .   The  m a t r i x  

is   made  up  f rom  a  number   of  b o a r d s   a r r a n g e d   p e r p e n d i c u l a r l y  
to  one  a n o t h e r   so  as  to  d e f i n e   a  number   of   s q u a r e   o r  

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

c i r c u i t   b o a r d s .  

C o n v e n i e n t l y   the   m a t r i x   is   made  up  from  a  n u m b e r  

of  f l a t   b o a r d s   w i t h   s l i t s   w h i c h   e n a b l e   i n t e r - e n g a g e m e n t  
b e t w e e n   the   b o a r d s   in  a  r i g i d   m a n n e r .   E l e c t r i c a l  

c o n n e c t i o n s   b e t w e e n   them  a r e   e i t h e r   at  the   ends  o r  
at  any  c o n v e n i e n t   p l a c e   w i t h i n   the   m a t r i x . .  



E x t e r n a l   c o n n e c t i o n s   of  which   t h e r e   a re   f o u r   s h o w n  

at  126  p r o v i d e   e l e c t r i c a l   s u p p l y   to  the   p r i n t e d   c i r c u i t  

b o a r d s .  

The  a p p a r a t u s   t h e r e f o r e   o p e r a t e s   w i t h   w a t e r   f l o w i n g  

t h r o u g h   the   i n l e t   d u c t   114  o f  t h e   i n l e t   s e c t i o n   10  a n d  

t h r o u g h   the   m a t r i x   125  to  be  h e a t e d   as  it  p a s s e s   t h r o u g h  

t h i s   u n i t .   The  w a t e r   h a v i n g   been  h e a t e d   t h e n   f l o w s   o u t  

t h r o u g h   the   o u t l e t   d u c t   119.  H e a t i n g   o f  the   w a t e r   o c c u r s  

o n l y   when  t h e r e   is  a  demand  and  t h e r e   i s   t h e r e f o r e   n o  

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

A l t h o u g h   t h i s   m a t r i x   t y p e   of  h e a t e r   u n i t   is   q u i t e  

s a t i s f a c t o r y   in  u s e ,   i t   is  more  e x p e n s i v e   t h a n   t he   s p i r a l  

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

t he   s p r i a l   t y p e .  

F i g u r e   12  shows  a  f u r t h e r   a l t e r n a t i v e   h e a t e r   u n i t  

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

134.  Each  is   r e c t a n g u l a r   and  t h e y   a r e   m o u n t e d   a p a r t  

by  s u p p o r t   co lumns   135.  Such  a  u n i t   wou ld   be  e n c l o s e d  

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

can  be  made  at   t he   edges   of  the   p l a t e s .  

F i g u r e   13  shows  an  a l t e r n a t i v e   m a t r i x   form  of  h e a t e r  

u n i t   at  137  of  g e n e r a l l y   r e c t a n g u l a r   c o n f i g u r a t i o n   i n s t e a d  

of  t he   c y l i n d r i c a l   form  shown  in  F i g u r e   11a.  I t   is  h o w e v e r  

c o n s t r u c t e d   in  s i m i l a r   m a n n e r .   P a r t   i s   b r o k e n   away  f o r  

c l a r i t y   to  show  the   h e a t i n g   e l e m e n t s .  

F i g u r e   14  shows  an  a l t e r n a t i v e   h e a t i n g   a p p a r a t u s  

w h i c h   i n c l u d e s   a  c a s i n g   138  c o n t a i n i n g   a  h o l l o w   body  1 3 9 .  

An  i n l e t   p i p e   140  and  an  o u t l e t   p i p e   141  a re   c o n n e c t e d  

to  o p p o s i t e   ends  of  the   body  139  and  w i t h i n   i t   a r e   a  

p a i r   of  p r i n t e d   c i r c u i t   b o a r d   h e a t e r   p l a t e s   142  h a v i n g  

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

ends  o u t s i d e   the   body  139.  These   may  be  a r r a n g e d   t o  



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

body  so  t h a t   maximum  h e a t   e x c h a n g e   t a k e s   p l a c e   f r o m  

the   h e a t e r s   to  t he   w a t e r .   The  i n l e t   and  o u t l e t   p i p e s  

140,  141  i n c l u d e   r e s p e c t i v e   t e m p e r a t u r e   s e n s o r s   143,  144 

c o n n e c t e d   in   c o n t r o l   c i r c u i t s   in   the   manne r   a l r e a d y  

d e s c r i b e d .  

The  i n l e t   p i p e   140  i s   c o n n e c t e d   to  p i p e w o r k   145  w h i c h  

i n c l u d e s   a  m a n n u a l   v a l v e   146  f o r   i n t e r r u p t i n g   t h e   s u p p l y  
and  a  s o l e n o i d   o p e r a t e d   v a l v e   147  u p s t r e a m   of  t he   m a n u a l  

v a l v e .   The  s o l e n o i d   v a l v e   is   c o n n e c t e d   in  t he   c o n t r o l  

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

o u t p u t   t e m p e r a t u r e   r e q u i r e m e n t s .  

F i g u r e s   15  and  16  shows  a  f u r t h e r   form  of   w a t e r   h e a t i n g  

a p p a r a t u s   w h i c h   m i g h t   be  u s e d   in  a  c o m m e r c i a l   e n v i r o n m e n t .  

A  n u m b e r   of  a l t e r n a t i v e   s e c t i o n s   a r e   shown  of  w h i c h   two  o r  

more  may  be  u s e d   in  c o m b i n a t i o n ,   or  each   can  be  u s e d  

i n d i v i d u a l l y   as  r e q u i r e d .   I n l e t   and  o u t l e t   s e c t i o n s  

a r e   o m i t t e d   and  t h e r e   is   shown  o n l y   the   h e a t i n g   u n i t   w h i c h ,  

in   t h i s   e x a m p l e ,   has  f o u r   s e c t i o n s .   The  f i r s t   s e c t i o n   148  

has  a  t u b u l a r   p r i n t e d   c i r c u i t   b o a r d   h e a t e r   149  b e i n g   f l a r e d  

t o w a r d s   t h e   i n l e t   end.   F i g u r e   16  shows  the   c i r c u l a r  

s e c t i o n   o f   t h i s .   The  p r i n t e d   h e a t e r   e l e m e n t s   a r e   s h o w n  

as  a  c o i l   on  t h e   p r i n t e d   c i r c u i t   b o a r d   and  e l e c t r i c a l  

c o n n e c t i o n s   to  o p p o s i t e   ends   of  t h i s   a r e   i n d i c a t e d   a t  

1 5 0 .  

A  s i m i l a r   but   c y l i n d r i c a l   form  of  h e a t e r   u n i t   151 

is   shown  i n  t h e   s e c t i o n   152  a t   the   o p p o s i t e   end  of  t h e  

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

at   1 5 3 .  

The  s e c t i o n   154  has  two  p a r a l l e l   c y l i n d r i c a l   u n i t s  

each   f o r m e d   as  a  p r i n t e d   c i r c u i t   b o a r d   155,  1 5 6 .  

R e s p e c t i v e   e l e c t r i c a l   c o n n e c t i o n s   a re   i n d i c a t e d   a t   157,  1 5 8 .  



The  f u r t h e r   form  shown  in  the   s e c t i o n   159  h a s  

t h r e e   p a r a l l e l   c y l i n d r i c a l   u n i t s   160,  161,  162  w i t h  

r e s p e c t i v e   e l e c t r i c a l   c o n n e c t i o n s   163,  164,  1 6 5 .  

O t h e r   f o rms   of  h e a t e r   can  be  u sed   each  i n c o r p o r a t i n g  

p r i n t e d   c i r c u i t   b o a r d s .   T h e s e   may  be  i n s u l a t e d   o r  

e x p o s e d   d i r e c t l y   to  the   w a t e r   in  which   case   a d e q u a t e  

e a r t h i n g   i s   n e c e s s a r y .  

As  s t a t e d ,   h o w e v e r ,   t he   s p i r a l   a r r a n g e m e n t   is  m o s t  

a d v a n t a g e o u s ,   s i n c e   in  a d d i t i o n   to  i t s   e f f i c i e n c y  

a d v a n t a g e s   and  l o w e r   c o s t ,   i t   s i m p l i e s   e l e c t r i c a l   c o n n e c t i o n s  

t h e r e t o   b e c a u s e   t h e y   can  be  made  at  any  c o n v e n i e n t   p l a c e .  

With  some  c o n s t r u c t i o n s   of  w a t e r   h e a t i n g   a p p a r a t u s  

u s i n g   t h i s   i n v e n t i o n ,   i t   i s   e n v i s a g e d   t h a t   i t   w i l l   b e  

p o s s i b l e   to  r e d u c e   c o s t s   to  a  d e g r e e   where   the   a p p a r a t u s  

can  be  c o n s i d e r e d   d i s p o s a b l e .  



1.  W a t e r   h e a t i n g   a p p a r a t u s   c o m p r i s i n g   an  i n l e t   d u c t ,  

an  o u t l e t   d u c t   and  a  w a t e r   h e a t i n g   u n i t   b e t w e e n   t h e  

i n l e t   and  o u t l e t   d u c t s ,   t he   h e a t i n g   u n i t   i n c l u d i n g   p r i n t e d  

c i r c u i t   h e a t e r   m e a n s .  

2.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   1,  i n c l u d i n g   s e n s o r  

means   f o r   p r o v i d i n g   i n f o r m a t i o n   r e l a t i n g   to  the   t e m p e r a t u r e  

of   w a t e r   in  t he   a p p a r a t u s .  

3.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   s a i d   s e n s o r  

p r o v i d e s   an  e l e c t r i c a l   s i g n a l   r e l a t e d   to  the   t e m p e r a t u r e  

of  w a t e r   a l o n g   the   l e n g t h   of  t he   h e a t i n g   u n i t ,   a n d  c o n t r o l  

means  f o r   r e g u l a t i n g   the   e l e c t r i c a l   s u p p l y   to  t he   h e a t i n g  

u n i t   in   r e s p o n s e   to  s a i d   s i g n a l .  

4.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   2,  i n c l u d i n g   r e s p e c t i v e  

e l e c t r i c a l  s e n s o r s   f o r   p r o v i d i n g   e l e c t r i c a l   s i g n a l s  

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

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

e l e c t r i c a l   s u p p l y   to  the   h e a t i n g   u n i t   in  r e s p o n s e   t o  

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

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

5.  A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  4 ,  

i n c l u d i n g   o v e r r i d e   s e n s o r   means  o p e r a b l e   to  c u t - o f f  

e l e c t r i c a l   s u p p l y   to  the  h e a t e r   u n i t   i f   the   w a t e r   t e m p e r a -  

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



6.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  the   p r e c e d i n g  
c l a i m s ,   w h e r e i n   the   h e a t i n g   u n i t   is   in  the   form  of  a  s p i r a l .  

7.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   6,  w h e r e i n   an  i n l e t  

p i p e   s u p p l i e s   w a t e r ,   in  u s e ,   to  s a i d   s p i r a l   h e a t i n g   u n i t  

and  s a i d   w a t e r   c i r c u l a t e s   a r o u n d   the   c o i l s   of  t he   s p i r a l  
b e f o r e   l e a v i n g   t h r o u g h   an  o u t l e t   p i p e .  

8.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   6  or  c l a i m   7,  w h e r e i n  

the   s p i r a l   h e a t i n g   u n i t   is   f i t t e d   b e t w e e n   o p p o s i t e   e n d s  

of  a  body  wh ich   c l o s e s   the   ends  of  t he   s p i r a l   r e s p e c t i v e l y ,  
and  an  e x t e n s i o n   of  the   s p i r a l   h e a t i n g   u n i t   p r o t r u d e s  

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

t h e r e t o .  

9.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   6  to  8 ,  

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

s a i d   h e a t e r   u n i t .  

10.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   6  to  8 ,  

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

p r o v i d e d   in  s a i d   h e a t e r   u n i t .  

11.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   c l a i m s   1  to  10 ,  

w h e r e i n   the   h e a t i n g   u n i t   c o m p r i s e s   at  l e a s t   one  p r i n t e d  
c i r c u i t   h e a t e r   s a n w i c h e d   b e t w e e n   a  p a i r   of  p l a t e s .  

12.  A p p a r a t u s   as  claimed  in  c l a i m   11  w h e r e i n   s a i d   p l a t e s  

a re   m e t a l l i c .  

13.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  5 ,  

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

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

t h e r e o n .  



14.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   13,  w h e r e i n   t he   h e a t i n g  
u n i t   m a t r i x   i s   made  up  'of   a  number   of  b o a r d s   a r r a n g e d  

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

s q u a r e   or  r e c t a n g u l a r   f l o w   p a s s a g e s   t h e r e t h r o u g h .  

15.  A p p a r a t u s   as  ch imed   in  c l a i m   14,  w h e r e i n   s a i d  

m a t r i x   i s   s q u a r e   or  r e c t a n g u l a r .  

16.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   14,  w h e r e i n   s a i d  

m a t r i x   i s   c y l i n d r i c a l .  

17.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   13,  w h e r e i n   s a i d  

m a t r i x   c o m p r i s e s   a  number   o f   p a r a l l e l   p r i n t e d   c i r c u i t  

b o a r d   p l a r e s   s p a c e d   one  above   the   o t h e r   on  s u p p o r t   c o l u m n s .  

18.  A p p a r a t u s   as  c l a i m e d   in   c a l i m   17,  w h e r e i n   s a i d   p l a t e s  

a r e   r e c t a n g u l a r .  

19.  A p p a r a t u s   as  c l a i m e d   i n  a n y  o n e   of  c l a i m s   1  to  1 8 ,  

w h e r e i n   s e p a r a t e d   h e a t i n g   s t a g e s   a r e   p r o v i d e d   in   s e r i e s ,  
w i t h   e a c h   s t a g e   i n c l u d i n g   a  h e a t i n g   up,  so  t h a t ,   in   u s e ,  
the   t e m p e r a t u r e   of   w a t e r   can  be  r a i s e d   in  each   s t a g e   u p t o  
the   r e q u i r e d   v a l u e .  

20.  A p p a r a t u s   as  c l a i m e d   in  c l a i m - 1 9 ,   w h e r e i n   t h r e e  

s t a g e s   a r e   p r o v i d e d .  

21.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  5 ,  
w h e r e i n   a  body  t h r o u g h   w h i c h   the   w a t e r   p a s s e s ,   in   u s e ,  
c o n t a i n s   one  or  more  p r i n t e d   c i r c u i t   b o a r d   h e a t e r   p l a t e s ,  

h a v i n g   means  f o r   d i s t u r b i n g   the   f l o w   in  the   body  f o r  

i n c r e a s e d   h e a t   e x c h a n g e .  



22.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   21,  in  wh ich   s a i d  

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

d i r e c t i o n .  

23.  A p p a r a t u s   as  c l a i m e d   in  any  one  of  c l a i m s   1  to  5  ,  

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

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

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

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

24.  A p p a r a t u s   as  c l a i m e d   in  any  one  of  c l a i m s   1  to  5 ,  

in  wh ich   the   h e a t i n g   u n i t   c o m p r i s e s   a  c y l i n d r i c a l   p r i n t e d  

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

as  a  c o i l   t h e r e o n .  

25.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   24,  w h e r e i n   a  p l u r a l i t y  

of  s a i d   c y l i n d r i c a l   p r i n t e d   c i r c u i t   b o a r d s   a re   a r r a n g e d  
in  p a r a l l e l   to  form  the   h e a t i n g   u n i t .  

26.  A p p a r a t u s   as  c l a i m e d   in  c l a i m s   23,  24  and  25,  w h e r e i n  

two  or  more  of  t he   d i f f e r e n t   h e a t e r   u n i t s   a re   c o m b i n e d   i n  

s e r i e s   to  p r o v i d e   as  a  m u l t i - s e c t i o n   h e a t e r .  

27.  A p p a r a t u s   as  c l a i m e d   in  any  one  of  c l a i m s   2  to  4 ,  

w h e r e i n   s a i d   p r i n t e d   c i r c u i t   h e a t i n g   means  has  s a i d   s e n s o r  

or  s e n s o r s   b u i l t   in  w i t h   i t .  

28.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   27,  w h e r e i n   c o n n e c t i o n s  

to  s a i d   h e a t i n g   means  and  s a i d   s e n s o r   or  s e n s o r s   a r e  

p r o v i d e d   at  an  edge  of  a  b o a r d   c a r r y i n g   s a i d   p r i n t e d  
c i r c u i t   h e a t e r   m e a n s .  



29.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   2  to  2 8 ,  

i n c l u d i n g   a  c o n t r o l   c i r c u i t   f o r   i n c r e a s i n g   or   d e c r e a s i n g  
t he   o u t p u t   of  the   h e a t i n g   u n i t , i n   u s e ,   in  r e s p o n s e   to  s a i d  

t e m p e r a t u r e   s e n s o r   or  s e n s o r s ,   to  m a i n t a i n   a  c h o s e n   w a t e r  
o u t p u t   t e m p e r a t u r e .  

30.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   29,  w h e r e i n   s a i d  

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

to  w h i c h   s a i d   s e n s o r   or  s e n s o r s   a re   c o n n e c t e d   and  which   h a s  

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

w a t e r   o u t p u t   t e m p e r a t u r e ,   t he   a r r a n g e m e n t   b e i n g   such   t h a t  

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

r e m p e r a t u r e ,   a  d e v i a t i o n   f rom  s a i d   t e m p e r a t u r e   at  t h e  

o u t p u t   of   t he   a p p a r a t u s   c a u s e s   a d j u s t m e n t   of  the   c u r r e n t  

s u p p l y   to  the   h e a t i n g   u n i t   by  means  of  a  ma ins   p o w e r e d  
s o l i d   s t a t e   s w i t c h   or  r e l a y   c o n t r o l l e d   by  an  à e c t r i c a l  

s i g n a l   f rom  s a i d   b r i d g e   c i r c u i t   p a s s e d   t h r o u g h   an  o p e r a t i o n -  
a l   a m p l i f i e r   in  s a i d   c o n t r o l   c i r c u i t .  
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