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©  Heater. 
©  Aheaterintheformofahotairgunl  has  a  heat  mass  (8,9) 
capable  of  storing  heat  energy  from  heat  sources  (13)  and 
capable  of  transfering  that  heat  energy  to  a  fluid  e.g.  airto  be 
heated.  The  air  enters  the  gun  1  through  inlet  6  and  passes  via 
conduit  10,  in  which  it  is  heated  by  contact  with  the  heat  mass 
(8,  9)  to  a  plenum  chamber  (11).  A  venturi  (14)  pumps  the  air 
from  the  plenum  chamber  (11)  to  an  outlet  (5),  via  a  conduit 
(12)  where  the  air  is  again  heated  by  contact  with  the  heat 
mass  (9).  The  heat  mass  (8,  9)  transfers  heat  to  the  air  rapidly 
so  that  during  a  pulse  of  air,  much  energy  is  transferred,  but 
between  air  pulses  the  heat  mass  acts  as  a  reservoir  of  heat. 

Croydon  Printing  Company  Ltd. 

A heater in the form of a hot air gun  1 has a heat mass (8,9) 
capable  of  storing  heat  energy  from  heat  sources  (13)  and 
capable  oftransfering  that  heat  energy  to  a  fluid  e.g.  air to  be 
heated. The  air enters the  gun  1  through  inlet  6  and  passes via 
conduit  10,  in  which  it  is  heated  by  contact  with  the  heat  mass 
(8, 9)  to  a  plenum  chamber  (11).  A   venturi  (14)  pumps  the  air 
from  the  plenum  chamber  (11)  to  an  outlet  (5),  via  a  conduit 
(12)  where  the  air  is  again  heated  by  contact  with  the  heat 
mass  (9).  The  heat  mass  (8, 9)  transfers  heat  to  the  air  rapidly 
so  that  during  a  pulse  of  air,  much  energy  is  transferred,  but 
between  air  pulses  the  heat  mass  acts  as  a  reservoir  of  heat. 



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 r   f o r  

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

I t   i s   w e l l   known  to  g e n e r a t e   a  f l o w   of  h o t   f l u i d ,  

e i t h e r   l i q u i d   or  g a s   by  p a s s i n g   t he   f l u i d   p a s t   one  o r  

more   h e a t i n g   e l e m e n t s .   For   e x a m p l e ,   a  s t a n d a r d   h a i r  

d r i e r   has   a  f an   w h i c h   p r o d u c e s   a  f l o w   of  a i r   w h i c h   i s  

e x p e l l e d   f rom  t h e   d r i e r   o v e r   an  e l e c t r i c a l l y   h e a t e d   c o i l  

or  w i r e .   For  i n d u s t r i a l   p u r p o s e s ,   h o t   a i r   b l o w e r s ,  

o p e r a t i n g   on  a  s i m i l a r - p r i n c i p l e   to  a  h a i r   d r i e r ,   a r e  

u s e d   in  a  l a r g e   n u m b e r   of  s i t u a t i o n s   e . g .   f o r   d r y i n g ,  

s o f t e n i n g   of  p l a s t i c s   m a t e r i a l s   or  c u r i n g   of  a d h e s i v e s .  

S i m i l a r   a r r a n g e m e n t s   a r e   known  f o r   h e a t i n g   l i q u i d s .  

The  h e a t i n g   e l e m e n t s   of  s u c h   h e a t e r s   h a v e   a  

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

e n e r g y   to  be  t r a n s f e r r e d   q u i c k l y   and  e f f i c i e n t l y   to  t h e  

gas   (or   l i q u i d   w h e r e   a p p r o p r i a t e ) .   H o w e v e r ,   t h i s   m e a n s  

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

be  s u p p l i e d   to  t h e   h e a t i n g   e l e m e n t   in  o r d e r   to  m a i n t a i n  

i t   a t   a  s u f f i c i e n t l y   h i g h   t e m p e r a t u r e   to  h e a t   t h e   g a s .  

A n y  h e a t i n g ,   e l e m e n t   w i l l   h a v e   a  warm  up  t i m e   so  t h a t   i f  

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

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

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



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

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

c o n t i n u o u s l y .  

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

s u p p l y   of   h o t   g a s   i s   r e q u i r e d ,   s u c h   h e a t e r s   a r e  

s a t i s f a c t o r y .   H o w e v e r ,   t h e r e   a r e   many  i n d u s t r i a l  

p r o c e s s e s   w h i c h   r e q u i r e   an  i n t e r m i t t e n t   h o t   gas   s u p p l y .  

An  e x a m p l e   of   t h i s   i s   in   s h r i n k   w r a p p i n g .   In   s h r i n k  

w r a p p i n g ,   an  i t e m   or  i t e m s   to  be  w r a p p e d   a r e   e n c l o s e d   i n  

a  l o o s e   s l e e v e   or  bag  of   t h i n   f i l m   p l a s t i c s   m a t e r i a l .  

The  f i l m   is   h e a t e d   to   a  t e m p e r a t u r e   a t   w h i c h   t he   f i l m  

s h r i n k s   to   e n c a s e   t h e   i t e m   to  be  w r a p p e d .   S t a n d a r d  

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

a  t e m p e r a t u r e   b e t w e e n   800C  and  200°C   i n   o r d e r   to  a c h i e v e  

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

I t   i s   known  to   use   h e a t e r s   known  as  h o t   a i r   g u n s  

in  s h r i n k   w r a p p i n g   w h i c h   d i r e c t   a  j e t   or  j e t s   of  h o t   a i r  

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

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

t h e   same  p r o b l e m ,   n a m e l y   t h a t   t h e y   m u s t   be  o p e r a t e d  

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

e l e m e n t s   a t   t h e   d e s i r e d   t e m p e r a t u r e .   I t   i s   u s u a l   t o  

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

on  a  c o n v e y o r   b e l t .   I t   w o u l d   be  d e s i r a b l e   f o r   t h e   h o t  

a i r   gun  to  p r o d u c e   a  p u l s e   of  h o t   a i r   o n l y   when  a n  



a r t i c l e   to  be  w r a p p e d   is  p a s s i n g   t h e   g u n ,   bu t   t h i s   i s   n o t  

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

d e l a y s   due  to   warm  up  t i m e   t h a t   w o u l d   be  i m p o s e d   i f   t h e  

h o t   a i r   gun  was  o p e r a t e d   i n t e r m i t t e n t l y .   Thus   a  l a r g e  

p r o p o r t i o n   of   t h e   e n e r g y   o u t p u t   of   t h e   gun  is   w a s t e d   a n d  

t he   e n e r g y   i n p u t   to  t h e   gun  m u s t   be  m a i n t a i n e d  

c o n t i n u o u s l y   a t   a  h i g h   l e v e l .  

In  a d d i t i o n   to  t he   h o t   a i r   g u n ,   i t   i s   known  t o  

s h r i n k   w r a p   a r t i c l e s   u s i n g   a  " s h r i n k   t u n n e l " .   An  a r t i c l e  

l o o s e l y   w r a p p e d   in  a  p l a s t i c s   f i l m   i s   p a s s e d   by  a  

c o n v e y o r   t h r o u g h   an  oven   h e a t e d   to   a p p r o x i m a t e l y   1 5 0 ° C  

and  3 0 0 0 C .   The  oven   f o r m s   a  h e a t   m a s s   w h i c h   h e a t s   t h e  

a i r   w i t h i n   i t .   To  i m p r o v e   t h e   h e a t   e f f i c i e n c y ,   m o s t  

s h r i n k   t u n n e l s   use   f a n s   w i t h i n   t h e   o v e n   to   c i r c u l a t e   t h e  

a i r   in  i t .   H o w e v e r ,   t he   d e s i g n   of  s h r i n k   t u n n e l s  

i n e v i t a b l y   r e s u l t s   in  v e r y   h i g h   e n e r g y   l o s s e s ,   b o t h   d u e  

to  r a d i a t i o n   or  c o n v e c t i o n   f rom  t h e   o v e n   i t s e l f   and  a l s o  

due  to  t he   h e a t i n g   of  t h e   c o n v e y o r   as  w e l l   as  t h e  

a r t i c l e .   F u r t h e r m o r e ,   t h e   a i r   w i t h i n   t h e   oven  i s  

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

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

A l s o ,   s u c h   s h r i n k   t u n n e l s   a r e   n o t   p o r t a b l e .  

T h e r e f o r e   t h e   p r e s e n t  i n v e n t i o n   s e e k s   t o  

o v e r c o m e ,   or  a t   l e a s t   a m e l i o r a t e ,   t h e   p r o b l e m   of  h i g h  

e n e r g y   l o s s   when  a  h o t   a i r   gun  i s   o p e r a t e d  



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

p u l s e s   of   h e a t e d   f l u i d   e f f i c i e n t l y .   T h i s   i s   a c h i e v e d ,  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   by  t h e   use   of   a  h e a t  

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

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

be  h e a t e d   d u r i n g   a  p u l s e   of  h e a t e d   f l u i d .   A  h e a t i n g  

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

r e f e r r e d   to   h e r e i n a f t e r   as  a  h e a t   m a s s .   The  h e a t   m a s s  

s t o r e s   h e a t   e n e r g y   so  t h a t   i t   a c t s   as  a  r e s e r v o i r   of  h e a t  

e n e r g y   w h e r e b y   h e a t   e n e r g y   can   be  w i t h d r a w n   f rom  t h a t  

r e s e r v o i r   d u r i n g   a  f l u i d   p u l s e   and  t h e   r e s e r v o i r   b e  

r e p l e n i s h e d   by  i n p u t   of   e n e r g y   to  t h e   h e a t   m a s s   b e t w e e n  

t h e   p u l s e s .   To  a c h i e v e   t h i s   f u n c t i o n ,   t h e   h e a t   mass   m u s t  

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

a m o u n t   of   h e a t   e n e r g y .   To  p e r m i t   t h i s ,   i t   w o u l d   b e  

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

a  l a r g e   s p e c i f i c   h e a t   c a p a c i t y ,   s u c h   as  a  h e a t   i n s u l a t o r ,  

e x c e p t   t h a t   s u c h   m a t e r i a l s   g e n e r a l l y   h a v e   a  low  t h e r m a l  

c o n d u c t i v i t y   and  so  w o u l d   be  i n e f f i c i e n t   i n   t r a n s f e r r i n g  

h e a t   e n e r g y   to   t h e   f l u i d .   In   o r d e r   to  a c h i e v e   good  h e a t  

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

of   a t   l e a s t   t h e   p a r t   o f   t h e   h e a t   mas  a d j a c e n t   t h e   s u r f a c e  

to  be  c o n t a c t e d   by  t h e   f l u i d   i s   s u f f i c i e n t l y   h i g h ,  

n o r m a l l y   a t   l e a s t   30  W m - 1 K - 1 ,   more   p r e f e r a b l y   50  W m - 1 K - 1 .  

T h i s   l i m i t s   t h e   m a t e r i a l s   w h i c h   may  be  u s e d   f o r   t h e   h e a t  



m a s s ,   and  h e n c e   p r e v e n t s   m a x i m i s a t i o n   of  t h e   s p e c i f i c  

h e a t   c a p a c i t y .  

The  d e s i r e d   h e a t   c a p a c i t y   d e p e n d s   on  a  n u m b e r   o f  

p a r a m e t e r s :  

1.  The  t e m p e r a t u r e   a t   w h i c h   t h e   h e a t   mass   i s   to  b e  

o p e r a t e d   ( t h e   h i g h e r   t he   t e m p e r a t u r e   t h e   more   e n e r g y  

s t o r e d ) .  

2.  The  d e s i r e d   t e m p e r a t u r e   of  t h e   f l u i d   d u r i n g   a  

f l u i d   p u l s e   ( t h e   h i g h e r   t h e   d e s i r e d   t e m p e r a t u r e   t h e   m o r e  

e n e r g y   w h i c h   mus t   be  t r a n s f e r r e d ) .  

3.  The  p e r m i s s i b l e   d r o p   in  t e m p e r a t u r e   of  t h e   f l u i d  

d u r i n g   a  f l u i d   p u l s e   ( s i n c e   more   e n e r g y   i s   b e i n g   t a k e n  

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

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

and  h e n c e   so  w i l l   t he   f l u i d ) .  

4.  The  d e s i r e d   s i z e   of  t h e   h e a t e r   ( t h i s   l i m i t s   t h e  

mass   of  t h e   h e a t   m a s s ) .  

5.  The  d e s i r e d   o u t p u t   v o l u m e   of  t h e   f l u i d   d u r i n g   t h e  

p u l s e   ( t h e   l o n g e r   and  more  p o w e r f u l   t h e   p u l s e   t h e   m o r e  

e n e r g y   i s   r e m o v e d   and  h e n c e   t h e   more   h e a t   c a p a c i t y  

n e e d e d ) .  

6.  The  d e g r e e   of  i n s u l a t i o n   of  t h e   h e a t   mass   ( t h i s  

a f f e c t s   t h e   h e a t   l o s s e s   f rom  t he   h e a t   m a s s ) .  

T h e s e   p a r a m e t e r s   m u s t   be  s e l e c t e d   in  a c c o r d a n c e  

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



a r e   i n t e r - r e l a t e d   t h e   l i m i t s   on  t h e   r a n g e s   of  v a l u e s  

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

u s e .  

For   s h r i n k   w r a p p i n g   a p p l i c a t i o n s ,   t h e   d e s i r e d  

t e m p e r a t u r e   of  t h e   g a s   m u s t   be  a b o u t   80°C  to   200°C   a n d  

t h e   p e r m i s s i b l e   d r o p   in  t e m p e r a t u r e   i s   l e s s   t h a n   10% 

( u s u a l l y   a b o u t   2%) .   A  s u i t a b l e   t e m p e r a t u r e   f o r   t he   h e a t  

m a s s   i s   a b o u t   5 0 0 ° C   to   7 0 0 ° C   and  a t   l e a s t   100  k J  

( p r e f e r a b l y   800  kJ )   of   e n e r g y   s h o u l d   be  s t o r e d .   Thus   t h e  

h e a t   c a p a c i t y   i s   d e s i r a b l y   a t   l e a s t   200  J K - 1 ,   p r e f e r a b l y  

1600  J K - 1 .  

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

h e a t   m a s s   m e a n s   t h a t   t h e   m a t e r i a l   i s   d e s i r a b l y   a  m e t a l .  

A  m e t a l   w i t h   h i g h   t h e r m a l   c o n d u c t i v i t y   s u c h   as  a l u m i n i u m  

may  be  u s e d ,   a l t h o u g h   s t e e l   has   been   f o u n d   s u i t a b l e .   A 

m a s s   of  a b o u t   3 . 1   kg  of   s t e e l   i s   n e e d e d   to  a c h i e v e   t h e  

h e a t   c a p a c i t y   s t a t e d   a b o v e .  

The  i n s u l a t i o n   of   t h e   h e a t   m a s s   m u s t   l i m i t   t h e  

e n e r g y   l o s t .   T h i s   may  be  c a l c u l a t e d   by  n o t i n g   t h e  

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

t e m p e r a t u r e   w i t h   no  e n e r g y   s u p p l i e d   to  t h e   h e a t   mass   a n d  

no  f l u i d   b e i n g   e x p e l l e d   f r o m   t h e   h e a t e r .   The   r a t e ,   w i t h  

an  o p e r a t i n g   t e m p e r a t u r e   of   a b o u t   5 0 0 ° C   s h o u l d   p r e f e r a b l y  

be  l e s s   t h a n   5  K s - 1   ( p r e f e r a b l y   a b o u t   0 . 3   K s - 1 ) .  

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



e n e r g y   s u p p l i e d   to  t he   mass   may  be  made  l e s s   t h a n   t h e  

mean  e n e r g y   t r a n s f e r r e d   to   t h e   f l u i d   d u r i n g   a  f l u i d  

p u l s e .   P r e f e r a b l y   t h e   mean  e n e r g y   t r a n s f e r r e d   to   e a c h  

p u l s e   i s   more   t h a n   t e n   t i m e s   t h e   mean  e n e r g y   s u p p l i e d .  

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

h e a t i n g   of  g a s e s   and  to  t h e   h e a t i n g   of  l i q u i d s .  

The  h e a t i n g   e l e m e n t   and  t h e   means   f o r   g e n e r a t i n g  

p u l s e s   of  g a s   or  o t h e r   f l u i d   a r e   p r e f e r a b l y   l o c a t e d   in  a  

h o u s i n g   w h i c h   i s   m o v a b l e   to  e n a b l e   t he   h o t   g a s   o u t p u t   t o  

be  d i r e c t e d   in  any  d e s i r e d   d i r e c t i o n .   For   e x a m p l e ,   a  

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

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

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

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

h e a t e r .  

P r e f e r a b l y   t he   i n p u t ( s )   f o r   f l u i d   and  t h e  

o u t p u t ( s )   of  t he   h e a t e r   a r e   c l o s e   t o g e t h e r   so  t h a t   h o t  

f l u i d   may  be  r e c i r c u l a t e d   p a s t   t h e   h e a t i n g   e l e m e n t .   T h i s  

may  be  a c h i e v e d   by  p r o v i d i n g   i n l e t s   r a d i a l l y   s p a c e d   b y  

e q u a l   d i s t a n c e s   f rom  a  c e n t r a l   o u t l e t .   A l t e r n a t i v e l y ,   a  

l i n e a r   a r r a y   of  i n l e t s   may  be  p r o v i d e d   a d j a c e n t   a  

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

an  e l o n g a t e   o u t l e t   may  be  p r o v i d e d   s i d e   by  s i d e .  

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   in  d e t a i l ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   t o  



t h e   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  s h o w s   a  h e a t e r   b e i n g   a  f i r s t   e m b o d i m e n t  

of   t he   p r e s e n t   i n v e n t i o n ;  

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

h e a t e r   of  F i g .   1 ;  

F i g u r e   3  s h o w s   an  a l t e r n a t i v e   h o u s i n g  

c o n f i g u r a t i o n   f o r   t h e   h e a t e r   of  F i g .   2 ;  

F i g u r e   4  s h o w s   an  a l t e r n a t i v e   i n l e t   and  o u t p u t  

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

i n v e n t i o n ;  

F i g u r e   5  s h o w s   a  s e c o n d   a l t e r n a t i v e   i n l e t   a n d  

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

i n v e n t i o n ;   a n d  

F i g u r e   6  s h o w s   a  s e c t i o n a l   v i e w   t h r o u g h   a  h e a t e r  

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

t h e   l i n e   V-V  in   F i g .   4 .  

R e f e r r i n g   to   F i g .   1  a  h e a t e r   in   t h e   form  of  a  h o t  

a i r   gun  1  b e i n g   a  f i r s t   e m b o d i m e n t   of   t h e   p r e s e n t  

i n v e n t i o n   i s   p o s i t i o n e d   a b o v e   a  c o n v e y o r   b e l t   2  on  w h i c h  

a r e   c a r r i e d   a r t i c l e s   3  to   be  e n c l o s e d   w i t h i n   a  p l a s t i c s  

f i l m   4  w h i c h   i s   s h r u n k   a r o u n d   t h e   a r t i c l e   3  by  h e a t i n g  

t h e   f i l m   4.  The   c o n v e y o r   2  c a r r i e s   t h e   a r t i c l e   3  to   a  

p o s i t i o n   d i r e c t l y   b e l o w   t h e   o u t l e t   5  o f   t h e   gun  1  and  t h e  

gun  1  i s   a c t i v a t e d .   The  c o n v e y o r   may  s t o p   w i t h   t h e  

a r t i c l e   d i r e c t l y   b e l o w   t h e   o u t l e t   5  or   t h e   a r t i c l e   may  b e  



h e a t e d   as  i t   moves   p a s t   t he   gun  1.  Hot   a i r   is   d i r e c t e d  

f rom  t he   o u t p u t   5  o n t o   t he   f i l m   4.  T h i s   h e a t s   t h e   f i l m  

and  c a u s e s   i t   to  s h r i n k .   The  h o t   a i r   i s   r e f l e c t e d   by  t h e  

f i l m   and  t h e   c o n v e y o r   b e l t   and  is   d r a w n   b a c k   i n t o   t he   g u n  

1  t h r o u g h   i n l e t s   6 .  

R e f e r r i n g   now  to  F i g .   2  t h e   gun  1  h a s   an  o u t e r  

c a s i n g   7  and  c o n t a i n s   a  h e a t i n g   e l e m e n t   h a v i n g   an  o u t e r  

h e a t   mass   8  and  an  i n n e r   h e a t   mass   9 .  

The  h e a t   m a s s   i s   f o r m e d   f rom  a  m a t e r i a l   h a v i n g   a  

t h e r m a l   c o n d u c t i v i t y   of   a t   l e a s t   30  Wm-1K-1 .   Mos t   m e t a l s  

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

h i g h   s p e c i f i c   h e a t   c a p a c i t y ,   so  a  s m a l l   m a s s   w o u l d   b e  

n e e d e d .   H o w e v e r ,   a l u m i n i u m   a l s o   has   a  low  d e n s i t y   a n d  

h e n c e   the   gun  1  w o u l d   be  b u l k y .   The  p r e f e r r e d   m a t e r i a l  

i s   t h e r e f o r e   s t a i n l e s s   s t e e l ,   b e c a u s e   i t   ha s   s u i t a b l e  

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

e m i s s i v i t y   and  e n t h a l p y   and  a l s o   i s   r e s i s t a n t   t o  

c o r r o s i o n   a t   h i g h   t e m p e r a t u r e s   e . g .   5 0 0 ° C .   W i t h   a n  

o p e r a t i n g   t e m p e r a t u r e   of  500°C  and  an  a i r   o u t p u t  

t e m p e r a t u r e   of   a b o u t   1000C  a  mass   of  3 . 1   kg  of  s t e e l   h a s  

been   f o u n d   to  p r o v i d e   a  s u i t a b l e   h e a t   m a s s .   The  m e a n  

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

t h a n   10  t i m e s   t h e   mean  e n e r g y   s u p p l i e d .  

A n o t h e r   p o s s i b i l i t y   is   t h a t   t h e   h e a t   mass   i s   a  

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



h e a t   r a p i d l y   to  t h e   g a s   and  t h e   l i q u i d   a c t i n g   as  t he   m a i n  

h e a t   r e s e r v o i r   due  t o   i t s   h i g h   s p e c i f i c   h e a t   c a p a c i t y .  

I f   m e t a l   i s   u s e d   i t   may  be  a  b u l k   m a t e r i a l ,   a  

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

c l a m p i n g   p l a t e s   of   t h e   m e t a l   to  s q u a r e   s e c t i o n   h e a t i n g  

s o u r c e s   13.   The  h e a t i n g   s o u r c e s   may  s u p p l y   h e a t   e n e r g y  

a t   t h e   same  r a t e ,   or  a t   d i f f e r e n t   r a t e s ,   so  t h a t   u s i n g  

e i t h e r   one  or  b o t h   g i v e s   t h r e e   d i f f e r e n t   h e a t   i n p u t s .  

I n l e t   c o n d u i t s   10  a r e   f o r m e d   b e t w e e n   t he   o u t e r  

and   i n n e r   h e a t   m a s s e s   8  and  9  e x t e n d i n g   f r o m   the   i n l e t s   6 

t o   p l e n u m   c h a m b e r   11 .   An  o u t l e t   c o n d u i t   12  e x t e n d s   f r o m  

t h e   p l e n u m   c h a m b e r   11  to   t h e   o u t l e t   5  t h r o u g h   t h e   c e n t r e  

o f   t h e   i n n e r   h e a t   m a s s   9.  The  o u t l e t   c o n d u i t   12  i s  

f l a r e d   t o w a r d s   t h e   o u t l e t   5  to   f o rm  a  f l a r e d   j e t   of  h o t  

a i r .   A  p l u r a l i t y   of   i n l e t   c o n d u i t s   10  w i t h   c o r r e s p o n d i n g  

i n l e t s   6  may  be  p r o v i d e d   s p a c e d   a r o u n d   a  c i r c l e   c e n t r e d  

on  a  c e n t r a l   o u t l e t   c o n d u i t   1 2 .  

The  h e a t i n g   s o u r c e s   13  e x t e n d   t h r o u g h   t he   o u t e r  

and  i n n e r   h e a t   m a s s e s   8  and  9  and  a r e   t h e r m o s t a t i c a l l y  

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

t e m p e r a t u r e ,   e . g .   5 0 0 ° C   to   7 0 0 ° C .  

The  m o v e m e n t   of   a i r   t h r o u g h   t h e   gun  may  b e  

a c h i e v e d   in  a  n u m b e r   of   w a y s .   As  shown  in  F i g .   1,  t h e  

a i r   m o v e r   may  be  a  v e n t u r i   14  p o w e r e d   by  a  s u p p l y   o f  

c o m p r e s s e d   a i r   t h r o u g h   a  d u c t   15.   The  c o m p r e s s e d   a i r  



p a s s e s   i n t o   t h e   i n l e t   c o n d u i t  1 2   a n d  t h e   f l o w   16  o f  

c o m p r e s s e d   a i r   e n t r a i n s   a i r  f r o m   t he   p l e n u m   c h a m b e r   11  

t h e r e b y   c r e a t i n g   a  j e t   of   a i r   in  t he   o u t l e t   c o n d u i t   1 2 .  

A l t e r n a t i v e l y   t h e   a i r   m o v e r   m a y  b e   a  v a n e d   pump  as  w i l l  

be  d i s c u s s e d   l a t e r   w i t h   r e f e r e n c e   to  F i g .   5,  or  a  f a n .  

I f   a  pump  or  f a n   i s   u s e d ,   i t   i s   p r e f e r a b l y   made  o f  

s t a i n l e s s   s t e e l .   A d d i t i o n a l   f a n s   may  be  p r o v i d e d   in  t h e  

i n l e t   c o n d u i t s .   The  s p e e d   of  s u c h   pumps  a n d / o r   t he   s p e e d  

of  t he   v e n t u r i   may  be  c o n t r o l l e d   to  v a r y   t he   v o l u m e   a n d  

p r e s s u r e   of  t h e   h o t   a i r   j e t   f rom  t he   o u t l e t   5 .  

The  p r e s s u r e   of  t h e   a i r   p u l s e s   i s  a l s o   e f f e c t e d  

by  the   a n g l e   of  f l a r e  o f   t h e   o u t l e t   c o n d u i t   12.  When  t h e  

g u n  1   i s   a c t i v a t e d   t h e   pump  or  v e n t u r i   14  pumps  h o t   a i r  

f rom  the   p l e n u m   c h a m b e r   11  t h r o u g h  t h e   o u t l e t  c o n d u i t  1 2  

to  t h e   o u t l e t   5.  S i m u l t a n e o u s l y ,  a i r  i s  d r a w n   i n t o   t h e  

i n l e t s   6  and  t h r o u g h   t h e   i n l e t   c o n d u i t s   10  to  t he   p l e n u m  

c h a m b e r   11.   B e c a u s e   b o t h   t h e   i n l e t   c o n d u i t s   10  and  t h e  

o u t l e t   c o n d u i t   12  a r e   s u r r o u n d e d   by  t he   h e a t   m a s s ,   t h e  

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

p a s s a g e   f rom  t he   i n l e t s   6  to  t h e   p l e n u m   c h a m b e r   and  i t s  

p a s s a g e   f rom  t he   p l e n u m   c h a m b e r   to  t h e   o u t l e t   5 .  

To  c o n t r o l   t h e   t e m p e r a t u r e   of  t h e   p l a s t i c s   f i l m   4 

s e n s o r s   may  be  p r o v i d e d   a d j a c e n t   t he   a r t i c l e   3  w h i c h  

c o n t r o l   a  v a l v e   17  in  a  p a s s a g e  1 8   f rom  the   o u t s i d e   o f  

t h e   gun  1  t h r o u g h   t h e   p l e n u m   c h a m b e r   11.   When  t h i s   v a l v e  



i s   o p e n ,   a i r   i s   d r a w n   i n t o   t h e   p l e n u m   c h a m b e r   11  t h e r e b y  

r e d u c i n g   t h e   t e m p e r a t u r e   of   t he   o u t p u t .   t h e   c a s i n g   7  i s  

f o r m e d   by  i n s u l a t i o n   19  of   a  c a s t   r e f r a c t o r y   m a t e r i a l  

s u c h   as  c a l c i u m   s i l i c a t e   a d j a c e n t   t h e   o u t e r   p o r t i o n   8  o f  

t h e   h e a t   mass   and  o u t e r   s k i n   20  of  e . g .   p o l y e s t e r   r e s i n .  

The  i n s u l a t i o n   19  e n a b l e s   t h e   h e a t   m a s s   to  be  m a i n t a i n e d  

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

e n e r g y   i n p u t .  

The  c o n d u c t i v i t y   of   t he   h e a t   mass   and  t h e  

i n s u l a t i n g   p r o p e r t i e s   of   t h e   i n s u l a t i o n   19  d e t e r m i n e   t h e  

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

p e r m i t s   r a p i d   t r a n s f e r   of   h e a t   to  t h e   a i r   when  t h e   gun  1  

i s   in   o p e r a t i o n   b u t   i n c r e a s e s   t h e   h e a t   l o s s ,   and  h e n c e  

t h e   e n e r g y   i n p u t   n e c e s s a r y ,   when  t h e   gun  1  i s   n o t   in  u s e .  

The  t e m p e r a t u r e   d r o p   a t   t h e   o p e r a t i n g   t e m p e r a t u r e   ( w i t h  

no  h e a t   e n e r g y   s u p p l i e d   and  no  a i r   b e i n g   e x p e l l e d )   n e e d s  

to  be  l e s s   t h a n   5°C  p e r   s e c o n d   (5  R s - 1 )   i f   t h e   e n e r g y  

i n p u t   i s   to  be  k e p t   l o w ,   and  a  s u i t a b l e   f i g u r e   i s   2 0 ° C  

p e r   m i n u t e   ( 0 . 3   K s - 1 ) .   The  i n s u l a t i o n   may  be  i f  

a p p r o x i m a t e l y   u n i f o r m   t h i c k n e s s   as  shown  in  F i g .   2,  b u t  

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

c h a m b e r   11  as  s h o w n   in   F i g .   3.  Thus   t h e   c a s i n g   7 ,  

c o n s i s t i n g   of  t h e   i n s u l a t i o n   19  and  t h e   o u t e r   s k i n   20  

f o r m s   a  h o r s e - s h o e   s h a p e   w i t h   a  c e n t r a l   c a v i t y   21  w h i c h  

h o u s e s   t h e   h e a t   m a s s   e t c .   w h i c h   may  be  i d e n t i c a l   to  t h a t  



shown  in  f i g .   2.  An  a p e r t u r e   22  i s   p r o v i d e d   in  t h e  

c a s i n g   7  f o r   w i r e s   to  c o n n e c t   the   h e a t i n g   s o u r c e s   to  a n  

e x t e r n a l   power   s u p p l y .   To  s u p p o r t   t h e   h e a t e r   1 ,  

t r u n n i o n s   23  may  be  p r o v i d e d   on  t he   c a s i n g   7.  A l s o   s h o w n  

in  F i g .   3  i s   an  o u t e r   f l a n g e   24  a t   t h e   b o t t o m   of  t h e  

c a s i n g   7  w h i c h   c o n s t r a i n s   t h e   h o t   a i r   r e f l e c t e d   f rom  a n  

o b j e c t   i n t o   t he   v i c i n i t y   of  t h e   i n l e t   to   t h e   h e a t e r .   T h e  

t r a n s i t   t i m e   of  t h e   a r t i c l e   3  t h r o u g h   t h e   h o t   a i r   j e t   o r  

j e t s   may  be  c o n t r o l l e d   by  v a r y i n g   t h e   s p e e d   of  t h e  

c o n v e y o r ,   or  t he   c o n v e y o r   may  be  s t o p p e d   b e l o w   t h e   b l o w e r  

f o r   a  s u i t a b l e   t i m e .  

I n s t e a d   of  a  r a d i a l   a r r a n g e m e n t   of   i n l e t s   a r o u n d  

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

may  be  u s e d   as  shown  in  F i g u r e   4.  I n l e t s   6  and  o u t l e t s   5 

e x t e n d   in  in  two  rows   a l o n g   t he   b o t t o m   of  t h e   b l o w e r   1  i n  

a  s e r i e s   of  a d j a c e n t   p a i r s .   Each  p a i r   m a y  c o m m u n i c a t e  

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

and  o u t l e t s   may  h a v e   a  common  p l e n u m   c h a m b e r .   When  u s e d  

f o r   s h r i n k   w r a p p i n g ,   t h e   b l o w e r   1  e x t e n d s   a c r o s s   t h e  

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

a r t i c l e   m u s t   p a s s .   I f   d e s i r e d   t he   a r r a y   of   i n l e t s   a n d  

o u t l e t s   may  be  c o m b i n e d   i n t o   t w o  a d j a c e n t   e l o n g a t e   s l o t s ,  

one  of  w h i c h   i s   an  i n l e t   6  and  one  an  o u t l e t   5.  T h i s  

a r r a n g e m e n t   i s   shown  in  F i g .   5.  A g a i n ,   a  h o t   a i r   c u r t a i n  

i s   f o r m e d .  



In  t h e   s e c t i o n a l   v i e w   of  F i g .   6  a  s e c o n d  

e m b o d i m e n t   of  a  h o t   a i r   gun  1  a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   has   an  i n l e t   6  and  an  o u t l e t   5  as  shown  in  F i g .  

4.  An  i n l e t   c o n d u i t   10  f r o m   t he   i n l e t   6  and   an  o u t l e t  

c o n d u i t   12  to   t h e   o u t l e t   5  c o m m u n i c a t i n g   w i t h   a  common 

p l e n u m   c h a m b e r   11  a r e   a r r a n g e   on  e i t h e r   s i d e   of  a  c e n t r a l  

h e a t   m a s s   25.  F i n s   2 6 , 2 7   may  be  p r o v i d e d   in  t he   i n l e t  

c o n d u i t   10  and  t h e   o u t l e t   c o n d u i t   12  r e s p e c t i v e l y   t o  

i m p r o v e   h e a t   t r a n s f e r   f r o m   t h e   h e a t   m a s s   25  to   t he   a i r   i n  

t h o s e   c o n d u i t s .  

A  pump  28  i s   p r o v i d e d   in  t he   p l e n u m   c h a m b e r   11  t o  

d r a w   a i r   f r om  t h e   i n l e t   6  to   t he   o u t l e t   5.  As  shown ,   t h e  

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

c a r r i e s   i t   f r om  t h e   i n l e t   s i d e   of  t h e   p l e n u m   c h a m b e r   1 1  

to   t h e   o u t l e t   s i d e .   By  s u i t a b l e   d e s i g n   of   t h e   p l e n u m  

c h a m b e r   11 ,   t h e   pump  23  and  t h e   p a r t   24  of  t h e   h e a t   m a s s  

a d j a c e n t   t h e   pump,   i t   i s   p o s s i b l e   to  m i n i m i s e   t h e   b a c k -  

f l o w   of   a i r   so  t h a t   m o s t   of   t h e   a i r   e n t r a i n e d   by  t he   p u m p  

i s   e x p e l l e d   t h r o u g h   t h e   o u t l e t   c o n d u i t   12 .   As  in  t h e  

e m b o d i m e n t   of  F i g .   2,  c a s i n g   7  f o r m e d   by  i n s u l a t i o n   19  

and  an  o u t e r   s k i n   20  i s   p r o v i d e d   a r o u n d   t h e   c o n d u i t s  

1 0 , 1 2   and  t h e   p l e n u m   c h a m b e r   1 1 .  

The  p r e s e n t   i n v e n t i o n   is   p a r t i c u l a r l y   a p p l i c a b l e  

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

w h e r e v e r   an  e f f i c i e n t   s o u r c e   of  h o t   a i r ,   g a s   or  o t h e r  



f l u i d   is   r e q u i r e d .  

As  shown  in  F i g .   1  t h e   d i m e n s i o n s   of   t h e   a r t i c l e  

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

w i d t h   of  t h e   gun  1  and  t h e   d i s t a n c e   b e t w e e n   t he   gun  1  a n d  

t h e   c o n v e y o r   2.  I f   a  much  s m a l l e r   a r t i c l e   3  i s   s h r i n k -  

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

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

f r o m   t h e   c o n v e y o r   2.  When  t h e   d i m e n s i o n s   of   t h e   a r t i c l e  

3  a r e   l e s s   t h a n   t h e   w i d t h   of  t h e   o u t l e t   5,  t h e   h o t   a i r  

j e t   c o m p l e t e l y   s u r r o u n d s   t h e   a r t i c l e   3  i m p r o v i n g   t h e  

e f f i c i e n c y   of  t h e   s y s t e m .  

In  a  g i v e n   i n s t a l l a t i o n   s e v e r a l   h o t   a i r   g u n s   o f  

t h e   same  or  d i f f e r i n g   s i z e s   w i t h   t h e   same  or  d i f f e r i n g  

h o t   a i r   f l o w s   may  be  g r o u p e d   to  p r o v i d e   t h e   r e q u i r e d   h e a t  

p a t t e r n .  

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

f o r   g a s ,   t h e   p r e s e n t   i n v e n t i o n   i s   a l s o   a p p l i c a b l e   to  t h e  

h e a t i n g   of  l i q u i d s .   T h i s   i s   p a r t i c u l a r l y   t r u e   of   t h e  

e m b o d i m e n t   of  F i g .   6  w h e r e   t h e   pump  23  may  pump  l i q u i d s  

e a s i l y .  



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

( 8 , 9 )   a d a p t e d   t o   r e c e i v e   h e a t   e n e r g y   f r o m   a  h e a t   s o u r c e  

( 1 3 ) ,   and   t o   t r a n s f e r   h e a t   e n e r g y   t o   a  f l u i d   by  c o n t a c t  

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

( 8 , 9 ) ,   and   a  p u m p i n g   m e a n s   (14)   f o r   i n t e r m i t t e n t l y  

e x p e l l i n g   h e a t e d   f l u i d   f r o m   t h e   h e a t e r   (1)  in   a  s e r i e s  

of  f l u i d  p u l s e s ;  

c h a r a c t e r i s e d   i n   t h a t :  

t h e   h e a t   c a p a c i t y   of  t h e   h e a t i n g   e l e m e n t   ( 8 , 9 )   i s   s u c h  

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

h e a t   s o u r c e   ( 1 3 ) - b e t w e e n   f l u i d   p u l s e s ,   and  t h e   t h e r m a l  

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

( 8 , 9 )   t o   be  c o n t a c t e d   by  t h e   f l u i d   i s   s u c h   t h a t   t h e  

mean  h e a t   e n e r g y   t r a n s f e r r e d   to   t h e   f l u i d   d u r i n g   a  

f l u i d   p u l s e   i s   g r e a t e r   t h a n   t h e   mean  h e a t   e n e r g y   r e c e i v e d  

by  t h e   h e a t i n g   e l e m e n t   ( 8 , 9 )   f r o m   t h e   h e a t   s o u r c e .  

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

o u t l e t   (5)  f r o m   w h i c h   h e a t e d   f l u i d   i s   e x p e l l e d ,   a n d  

a  p l u r a l i t y   of   i n l e t s   (6)  f o r   f l u i d   to   be  h e a t e d ,   t h e  

i n l e t s   (6)  b e i n g   d i s p o s e d   r a d i a l l y   a r o u n d   t h e   o u t l e t  

( 5 ) .  



3.  A  h e a t e r   a c c o r d i n g   to   c l a i m   1  h a v i n g   a  p l u r a l i t y  

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

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

of  o u t l e t s   and   p l u r a l i t y   of  i n l e t s   b e i n g   in  a t   l e a s t  

two  s u b s t a n t i a l l y   p a r a l l e l   r o w s .  

4.  A  h e a t e r   a c c o r d i n g   t o   c l a i m   1,  h a v i n g   a t  

l e a s t   one  e l o n g a t e   o u t l e t   f rom  w h i c h   f l u i d   i s   e x p e l l e d  

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

t h e   o u t l e t ( s )   and  i n l e t ( s )   b e i n g   s u b s t a n t i a l l y   p a r a l l e l  

in  t h e   d i r e c t i o n   of  t h e i r   l e n g t h .  

5.  A  h e a t e r   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   h e a t i n g   e l e m e n t   ( 8 , 9 )   c o m p r i s e s  

an  i n n e r   h e a t   mass   (9)  and  an  o u t e r   h e a t   mass   ( 8 ) ,  

t h e   i n n e r   h e a t   mass   (9)  h a v i n g   a t   l e a s t   one  o u t l e t  

c o n d u i t   (12)   t h e r e t h r o u g h   f o r   f l u i d   t o   be  e x p e l l e d  

f r o m   t h e   or  an  o u t l e t   ( 5 ) ,   and  a t   l e a s t   one  i n l e t   c o n d u i t  

(10)   f o r   f l u i d   f r o m   t h e   or   an  i n l e t   (6)  i s   f o r m e d   b e t w e e n  

t h e   i n n e r   (9)  and  t h e   o u t e r   (8)  h e a t   m a s s .  

6.  A  h e a t e r   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   p u m p i n g   means   (14)   i s   a  v e n t u r i .  

7.  A  h e a t e r   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   1 

t o   6  w h e r e i n   t h e   p u m p i n g   means   i s   a  v a n e d   p u m p .  

8.  A  h e a t e r   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   a t   l e a s t   t h e   p a r t   of  t h e   h e a t i n g   e l e m e n t  

( 8 , 9 )   t o  b e  c o n t a c t e d   by  t h e   f l u i d   t o   be  h e a t e d   i s  



f o r m e d   by  a  m a t e r i a l   h a v i n g   a  t h e r m a l   c o n d u c t i v i t y  

of  a t   l e a s t   30  Wm-1  K - 1 .  

9.  A  h e a t e r   a c c o r d i n g   t o   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   a t   l e a s t   t h e   p a r t   of   t h e   h e a t i n g   e l e m e n t  

( 8 , 9 )   t o   be  c o n t a c t e d   by  t h e   f l u i d   to   be  h e a t e d   i s  

made  o f   m e t a l .  

10.  A  h e a t e r   a c c o r d i n g   t o   a n y  o n e   of  t h e   p r e c e d i n g  

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

(19)   a t   l e a s t   p a r t i a l l y   s u r r o u n d s   t h e   h e a t i n g   e l e m e n t  

( 8 , 9 ) .  
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