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@  Heat  exchanger. 

A  heat  exchanger  of  light  weight  having  high  heat  ex- 
change  efficiency  which  comprises  a  chamber  having  an  inlet 
and  an  outlet  for  a  fluid,  a  columnar  body  positioned  vertically 
at  the  center  of  the  chamber  and  a  plurality  of  pipes  surround- 
ing  spirally  the  columnar  body  and  arranged  side  by  side  at 
substantially  a  horizontal  position,  the  pipes  being  supported 
by  a  plurality  of  supports  fixed  to  the  outer  wall  of  the  columnar 
body  or  the  Inner  wall  of  the  chamber. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  h e a t   e x c h a n g e r .  

More  p a r t i c u l a r l y ,   i t   r e l a t e s   to   a  h e a t   e x c h a n g e r   of   l i g h t  

w e i g h t   h a v i n g   h i g h   h e a t   e x c h a n g e   e f f i c i e n c y .  

G e n e r a l l y ,   h e a t   e x c h a n g e r s   u s e d   in   w a t e r   h e a t e r s  

a r e   made  of  c o p p e r   or   i t s   a l l o y ,   w h i c h   has   good   h e a t   c o n d u c -  

t i v i t y   and  p r o v i d e s   h i g h   h e a t   e x c h a n g e   e f f i c i e n c y .   S i n c e ,  

h o w e v e r ,   c o p p e r   and   i t s   a l l o y   a r e   a p t   to   be  c o r r o d e d   o n  

c o m b u s t i o n   of   u r b a n   gas   or   p r o p a n e   g a s ,   t h e   h e a t   e x c h a n g e r s  

r e q u i r e   to   h a v e   t h i c k   w a l l s .   T h i s   m a k e s   t h e   h e a t   e x c h a n g e r s  

h e a v i e r .  

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

a  h e a t   e x c h a n g e r   of  l i g h t   w e i g h t ,   w h i c h   has   good   h e a t  

e x c h a n g e   e f f i c i e n c y .  

The  h e a t   e x c h a n g e r   of   t h e   i n v e n t i o n   c o m p r i s e s   a  

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

p o s i t i o n e d   v e r t i c a l l y   in   t h e   c e n t e r   of  t h e   c h a m b e r   and  a  

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

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

o u t e r   w a l l   of  t h e   c o l u m n a r   body   and  p r o j e c t e d   o u t w a r d l y   o r  

on  t h e   i n n e r   w a l l   of   t h e   c h a m b e r   and   p r o j e c t e d   i n w a r d l y ,  

s a i d   p i p e s   b e i n g   a r r a n g e d   s i d e   by  s i d e   a t   s u b s t a n t i a l l y   a  

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

body   and  t h e   i n n e r   w a l l   of  t h e   c h a m b e r .  

The  c h a r a c t e r i s t i c   f e a t u r e   of  t h e   h e a t   e x c h a n g e r  

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



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

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

t h e   c o l u m n a r   body   l o c a t e d   v e r t i c a l l y   a t   t h e   c e n t e r   of   t h e  

c h a m b e r ,   s a i d   p i p e s   b e i n g   a r r a n g e d   s i d e   by  s i d e   a t   s u b s t a n -  

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

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

of  t h e   p i p e s .  

As  s t a t e d   a b o v e ,   t h e   h e a t   e x c h a n g e r   of   t h e  

i n v e n t i o n   c o m p r i s e s   as  t h e   e s s e n t i a l   e l e m e n t s   a  c h a m b e r ,   a  

c o l u m n a r   b o d y ,   s u p p o r t s   and  p i p e s .  

The  c h a m b e r   and  t h e   c o l u m n a r   body   may  be  made  o f  

same  or   d i f f e r e n t   m a t e r i a l s   b u t   a r e   p r e f e r a b l y   made  o f   a  

same  m a t e r i a l .   The  m a t e r i a l s   may  be  a n y  o n e   i n s o f a r   as  t h e y  

a r e   r e s i s t a n t   t o   h e a t   and  c o r r o s i o n .   S p e c i f i c   e x a m p l e s   a r e  

i r o n ,   i r o n   a l l o y ,   s t a i n l e s s   s t e e l ,   a l u m i n u m ,   a l u m i n u m   a l l o y ,  

c o p p e r ,   c o p p e r   a l l o y ,   e t c .   O t h e r   a n t i - c o r r o s i v e   m e t a l s   s u c h  

as  T i ,   Zr ,   Ta ,   Mo  and   Nb,  and  t h e i r   a l l o y s   a r e   a l s o   u s a b l e .  

The  c h a m b e r   i s   p r o v i d e d   w i t h   an  i n l e t   and  an  o u t l e t ,   w h i c h  

may  be  u s e d   r e s p e c t i v e l y   f o r   i n t r o d u c t i o n   and  d i s c h a r g e   of  a  

f l u i d   f o r   h e a t i n g   or   to   be  h e a t e d .   The  c o l u m n a r   b o d y   may  b e  

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

s q u a r e   p i p e   o p t i o n a l l y   c l o s e d   a t   b o t h   e n d s   or   of   c o l u m n   o r  

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

c e n t e r .   In  g e n e r a l ,   t h e   u s e   of   a  h o l l o w   c o l u m n a r   b o d y  

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

t h e   h e a t   e x c h a n g e r   l i g h t   and  s a v i n g   t h e   a p p a r a t u s   c o s t .  

When  t h e   c o l u m n a r   body   i s   h o l l o w   and  o p e n e d   a t   b o t h   e n d s ,  



any  f l u i d   f o r   h e a t i n g   or   to   be  h e a t e d   may  f l o w   t h e r e i n .  

The  s u p p o r t s   and  t h e   p i p e s   may  be  a l s o   made  o f  

same  or   d i f f e r e n t   m a t e r i a l s .   E x a m p l e s   of   t h e   u s a b l e  

m a t e r i a l   a r e   s u b s t a n t i a l l y   t h e   same  as  e x p l a i n e d   f o r   t h e  

c h a m b e r   and  t h e   c o l u m n a r   b o d y .   The  s u p p o r t s ,   w h i c h   may  b e  

s h a p e d ,   f o r   i n s t a n c e ,   in   a  b a r - l i k e   or   o p e n - s i d e d  s q u a r e  

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

t h e   i n n e r   w a l l   of   t h e   c h a m b e r   by  any  c o n v e n t i o n a l   m e a n s  

( e . g .   w e l d i n g ) .   In  v i e w   of   t h e i r   p u r p o s e   to   s u p p o r t   t h e  

p i p e s ,   t h e   n u m b e r   and  p o s i t i o n   of  t h e   s u p p o r t s   may  b e  

s u i t a b l y   c h o s e n .   The  p i p e s   may  be  c o n s t r u c t e d   in   a  s i n g l e  

s t r u c t u r e   or   i n  a   d o u b l e   s t r u c t u r e .   When  c o n s t r u c t e d   in   a  

d o u b l e   s t r u c t u r e ,   t h e   i n s i d e   of  e a c h   p i p e   may  be  made  of  a  

c o r r o s i o n - r e s i s t a n t   m e t a l   s u c h   as  T i ,   Zr ,   Ta,   Mo  and   Nb  a n d  

t h e i r   a l l o y s   and  t h e   o u t s i d e   made  of  i r o n   or   i t s   a l l o y .   T h e  

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

a r r a n g e d   s i d e   by  s i d e   a t   s u b s t a n t i a l l y   a  h o r i z o n t a l   p o s i -  

t i o n .   They  a r e   c l o s e l y   c o n t a c t e d   e a c h   o t h e r . . T h e   l a r g e r  

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

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

m a t e r i a l ,   e t c .   i n t o   c o n s i d e r a t i o n .  

More  d e t a i l e d   e x p l a n a t i o n s   on  t h e   h e a t   e x c h a n g e r  

of  t h e   i n v e n t i o n   a r e   g i v e n   b e l o w   w i t h   r e f e r e n c e   to   t h e  

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

F i g .   1  i s   a  s c h e m a t i c   s i d e   v i e w   of  an  e m b o d i m e n t  

of  t h e   h e a t   e x c h a n g e r   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

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



t h e   l i n e   A-A  in   F i g .   1 ;  

F i g .   3  i s  a   p a r t i a l l y   e l i m i n a t e d   s c h e m a t i c   s i d e  

v i e w   of   an  e x a m p l e   of   a  w a t e r   h e a t e r   i n c o r p o r a t e d   w i t h   t h e  

h e a t   e x c h a n g e r   of   t h e   i n v e n t i o n ;  

F i g .   4  i s   a  s c h e m a t i c   s e c t i o n a l   v i e w   of   t h e   w a t e r  

f e e d i n g   s e c t i o n   of   t h e   w a t e r   h e a t e r   as  shown  in   F i g .   3;  a n d  

F i g .   5  i s   a  p a r t i a l l y   e l i m i n a t e d   s c h e m a t i c   s i d e  

v i e w   of   a n o t h e r   e x a m p l e   of   a  w a t e r   h e a t e r   i n c o r p o r a t e d   w i t h  

t h e   h e a t   e x c h a n g e r   o f   t h e   i n v e n t i o n .  

In  F i g s .   1  a n d   2,  t h e   c o l u m n a r   body   1  i s   p r o v i d e d  

w i t h   s u p p o r t s   3 , . 3 ,   . . . . .   a t   p l u r a l  p o s i t i o n s   by  w e l d i n g .   A 

p a i r   of   s u p p o r t s   3  a n d - 3   f o r m   a  s p a c e   of   o p e n - s i d e d   s q u a r e  

s h a p e   in   s e c t i o n ,   and  t h e   s p a c e   h o l d s   p i p e s   2,  2  and  2 ,  

w h i c h   s u r r o u n d   s p i r a l l y   t h e   c o l u m n a r   b o d y   1  and  a r e   a r r a n g e d  

s i d e   by  s i d e   a t   s u b s t a n t i a l l y   a  h o r i z o n t a l   p o s i t i o n .   T h e  

n u m b e r   and   s e c t i o n a l   s h a p e   of   t h e   p i p e s   a r e   o p t i o n a l .   T h e  

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

In  F i g s .   3  and   4  s h o w i n g   an  e x a m p l e   of   a  w a t e r  

h e a t e r   i n c o r p o r a t e d   w i t h   t h e   h e a t   e x c h a n g e r   as  shown  in   F i g .  

1,  t h e   c o l u m n a r   b o d y   1  i s   c o n s t r u c t e d   in   a  h o l l o w   c o l u m n  

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

t h e   c e n t e r   of   t h e   c h a m b e r   5  on  t h e   b o t t o m   p l a t e   7.  In  e a c h  

p a i r   of  s u p p o r t s   3  and  3,  t h e   p i p e s   2,  2  and  2  a r e   h e l d   a n d  

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

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

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

c o l u m n a r   body   1  and  t h e   i n n e r   w a l l   of   t h e   c h a m b e r   5,  w h e r e b y  



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

c o l u m n a r   body   1  and  t h e   i n n e r   w a l l   of  t h e   c h a m b e r   5.  T h e  

c h a m b e r   5  has   an  o u t e r   s h e l l   6  to   make  a  p a s s a g e .  

In  o r d e r   to   o b t a i n   h o t   w a t e r   by  t h e   u s e   of   t h e  

w a t e r   h e a t e r   h a v i n g   t h e   a b o v e   c o n s t r u c t i o n ,   t a p   w a t e r   (W)  i s  

s u p p l i e d   f r o m   a  v a l v e   t h r o u g h   t h e   p i p e   (P)  to   t h e   w a t e r  

f e e d i n g   s e c t i o n   4.  T h e n ,   t h e   w a t e r   f l o w s   i n t o   t h e   p i p e s  2 ,  

2  and  2,  g o e s   up  s p i r a l l y   and  r e a c h e s   to   t h e   w a t e r   d i s c h a r g e  

s e c t i o n   11.  At  t h i s   s t a g e ,   c o m b u s t i b l e   gas   (G)  i s   i g n i t e d  

a t   t h e   gas   b u r n e r   8  so  t h a t   h e a t i n g   gas   g o e s   up  s p i r a l l y  

a l o n g   t h e   c o l u m n a r   b o d y   1  as  i n d i c a t e d   by  t h e   a r r o w   l i n e   a n d  

i s   d i s c h a r g e d   f r o m   t h e   o u t l e t   10.  When  a i r   i s   i n t r o d u c e d  

f rom  t h e   i n l e t   9,  i t   can   be  p r e - h e a t e d   d u r i n g   t h e   f l o w i n g  

t h r o u g h   t h e   p a s s a g e   b e t w e e n   t h e   c h a m b e r   5  and  t h e   o u t e r  

s h e l l   6  so  t h a t   t h e   h e a t i n g   gas   i s   a b l e   to   o b t a i n   a  h i g h e r  

t e m p e r a t u r e .   H e a t   e x c h a n g e   i s   e f f e c t e d   b e t w e e n   t h e   w a t e r  

f l o w i n g   in   t h e   p i p e s   and  t h e   h e a t i n g   g a s   f l o w i n g   in   t h e  

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

l o w e r   t e m p e r a t u r e   s u c h   as  a b o u t   50°C  and  d i s c h a r g e d   f r o m   t h e  

o u t l e t   10,  w h i l e   t h e   w a t e r   (H)  i s   h e a t e d   to   a  h i g h e r   t e m p e r -  

a t u r e   s u c h   as  a b o u t   80  to   90°C  and  t a k e n   o u t   f r o m   t h e   w a t e r  

d i s c h a r g e   s e c t i o n   1 1 .  

F i g .   5  shows   a n o t h e r   e x a m p l e   of   a  w a t e r   h e a t e r  

i n c o r p o r a t e d   w i t h   t h e   h e a t   e x c h a n g e r   of  t h e   i n v e n t i o n  

w h e r e i n   t h e   s u p p o r t s   3,  3 ,  . . . . .   a r e   f i x e d   n o t   to   t h e   o u t e r  

w a l l   of  t h e   c o l u m n a r   body   1  b u t   to   t h e   i n n e r   w a l l   of   t h e  

c h a m b e r   5.  F u r t h e r ,   t h e   c h a m b e r   5  i s   n o t   p r o v i d e d   w i t h   a n  



o u t e r   s h e l l   so  t h a t   a i r   i s   n o t   p r e - h e a t e d .   H e a t i n g   of   w a t e r  

may  be  e f f e c t e d   in   t h e   same  m a n n e r   as  in   t h e   w a t e r   h e a t e r  

shown  in   F i g .   3 .  

As  u n d e r s t o o d   f r o m   t h e   a b o v e ,   t h e   h e a t   e x c h a n g e r  

of   t h e   i n v e n t i o n   i s   e x t r e m e l y   l a r g e   in   t h e   c o n t a c t   a r e a  

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

be  h e a t e d   f l o w s ,   so  t h a t   t h e   f l u i d   can   be  e f f i c i e n t l y  

h e a t e d .   T h u s ,   t h e   h e a t   e x c h a n g e r   has   a  h i g h   h e a t   e x c h a n g e  

r a t e .  



1.  A  h e a t   e x c h a n g e r   w h i c h   c o m p r i s e s   a  c h a m b e r  

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

p o s i t i o n e d   v e r t i c a l l y   a t   t h e   c e n t e r   of  t h e   c h a m b e r   and  a  

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

and  a r r a n g e d   s i d e   by  s i d e   a t   s u b s t a n t i a l l y   a  h o r i z o n t a l  

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

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

i n n e r   w a l l   of  t h e   c h a m b e r .  

2.  The  h e a t   e x c h a n g e r   a c c o r d i n g   to   c l a i m   1 ,  

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

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

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

w h i l e   a  f l u i d   to   be  h e a t e d   f l o w s   s p i r a l l y   t h r o u g h   t h e   p i p e s ,  

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

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

3.  The  h e a t   e x c h a n g e r   a c c o r d i n g   to   c l a i m   1 ,  

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

c o l u m n a r   body   and  t h e   i n n e r   w a l l   of  t h e   c h a m b e r   and  c l o s e l y  

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

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

o u t e r   w a l l   of  t h e   c o l u m n a r   body   and  t h e   i n n e r   w a l l   of   t h e  

c h a m b e r .  
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