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©  A  heating  unit. 
©   A  heating  unit  for  heating  great  amounts  of  flowing  gas, 
such  as  a  process  gas  to  be  heated  to  a  temperature  of  about 
300~500°C,  e.g.  for  drying  products. 

The  heating  unit  consists  of  a  number  of  units  mounted  in 
side  by  side  relation  and  each  comprising  a  great  number  of 
series  connected  heating  wires  (16)  suspended  in  a  frame 
mounted  in  the  flow  duct  of  the  gas  end  adapted  to  apply  its 
high  voltage  of  from  1  to  36  KV,  the  series  connected  heating 
wires  having  such  a  resistance  that  an  effect  of  not  less  then 
1/2  MW  is  dissipated  in  the  plant.  As  a  result  a  heating  unit  is 
obtained  which  compared  to  its  output  is  encumbered  with 
exceptionally  low  costs  of  construction  and  operation,  part- 
icularly  in  areas  with  an  inexpensive  electricity  supply  due  to 
water  power. 

Q. 
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i  

T i t l e :   A  h e a t i n g   u n i t .  

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

g a s ,   in  p a r t i c u l a r   a  p r o c e s s   gas  p a s s e d   t h r o u g h   t h e  

u n i t   . 

5  E x t r e m e l y   h i g h   p o w e r ,   e . g .   up  to  1 0 - 1 5   MW  ,  is  s o m e -  

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

w i t h   c h e m i c a l   p r o c e s s e s ,   by  means  of  w h i c h   a  gas  i s  

to  be  h e a t e d   to  3 0 0 - 5 0 0 ° C ,   e . g .   f o r   d r y i n g ;   t h i s   p r o -  

c e d u r e   is   d i f f i c u l t   and  e x p e n s i v e   in  c o n s t r u c t i o n   a s  

10  w e l l   as  in  o p e r a t i o n .  

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

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

of  a  p r o c e s s   gas  at   the   same  t ime   w h i l e   t he   c o s t s   o f  

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

15  known  in  c o n n e c t i o n   w i t h   p l a n t s   of  t h i s   t y p e .  

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

a  g r e a t   n u m b e r   of  u n i t s   m o u n t e d   in  s i d e   by  s i d e   r e -  

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

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

20  f r a m e   m o u n t e d   in  the   f l o w   d u c t   of  t he   g a s ,   and  to  w h i c h  

a  v o l t a g e   of  1  to  36  KV  is  a p p l i e d   d u r i n g   o p e r a t i o n ,  

t he   s e r i e s   -  c o n n e c t e d   h e a t i n g   w i r e s   h a v i n g   such   a  r e -  

s i s t a n c e   t h a t   a  power   of  no t   l e s s   t h a n   1/2  MW  in  t h e  

h e a t i n g   u n i t   is  d i s s i p a t e d .   The  p l a n t   is  p r e f e r a b l y  

25  d i m e n s i o n e d   f o r   a  power   of  at   l e a s t   1  MW  w i t h   a  s u p p l y  

v o l t a g e   of  a b o u t   10  KV  .  The  f a c t   t h a t   a  h i g h   v o l t a g e ,  

e . g .   a  t h r e e - p h a s e d   s u p p l y   l i n e   of  a b o u t   10  KV  o r  

o p t i o n a l l y   a b o u t   30  KV,  is  a v a i l a b l e   in  c o n n e c t i o n  

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

30  u t i l i z e d   in  the   i n v e n t i v e   p l a n t .   E s p e c i a l l y   in  c o u n -  



t r i e s   w i t h   an  i n e x p e n s i v e   e l e c t r i c i t y   s u p p l y   due  t o  

t h e   d e v e l o p m e n t   of  w a t e r   p o w e r   i t   w i l l   be  p o s s i b l e   t o  

k e e p   t h e   w o r k i n g   c o s t s   at  a  low  l e v e l   by  u s i n g   a  p l a n t  

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 .  

5  The  s e r i e s   c o n n e c t e d   h e a t i n g   w i r e s   may  a c c o r d i n g   t o  

t h e   i n v e n t i o n   be  m o u n t e d   on  c e r a m i c   t u b e s   s u s p e n d e d  

in  an  i n w a r d l y   and  o u t w a r d l y   i n s u l a t e d   f r a m e   of  a n  

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

t r i c a l l y   on  an  unknown   p o t e n t i a l ,   t he   p o t e n t i a l   n o t  
10  b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to  a n y t h i n g   e l s e .   As  a  

r e s u l t   t he   h i g h   v o l t a g e s   on  t he   h e a t i n g   w i r e s   a r e   t h u s  

s h i e l d e d .   The  e l e c t r i c a l l y   f l o a t i n g   f r a m e   is  p r e f e r a b l y  

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

an  o u t e r   e a r t h e d   f r a m e .   An  e l e c t r i c a l l y   c o n d u c t i n g   r a i l  
15  is  p r e f e r a b l y   e m b e d d e d   in  an  i n s u l a t i n g   l a y e r   b e t w e e n  

t he   f r a m e   of  two  u n i t s ,   s a i d   r a i l   b e i n g   c o n n e c t e d   t o  

t h e   f l o a t i n g   n e u t r a l   p o i n t   of  t he   h e a t i n g   u n i t ;   t h i s  

c o n n e c t i o n   i s ,   h o w e v e r ,   m o n i t o r e d   by  a  c u r r e n t   t r a n s -  

f o r m e r   c o n n e c t e d   to  a  m e a s u r i n g   d e v i c e   f o r   r e g i s t e r i n g  
20  a  l e a k a g e   c u r r e n t ,   i f   any .   I t   is   h e r e b y   made  p o s s i b l e  

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

a r i s e ,   i n t e r v e n e   b e f o r e   an  o p t i o n a l   l e a k a g e   c u r r e n t  

c a u s e s   s e r i o u s   d a m a g e s .   The  h e a t i n g   w i r e s   may  f u r t h e r -  

more  a d v a n t a g e o u s l y   be  m o n i t o r e d   by  p y r o m e t e r s   i n  
25  o r d e r   to  d i s c o n n e c t   the   c u r r e n t   to  the   h e a t i n g   w i r e s ,  

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

v a l u e   of  e . g .   500  to  7 0 0 ° C .  

The  i n v e n t i o n   f u r t h e r   r e l a t e s   to  a  t e r m i n a l   box  f o r  

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

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

w i r e   to  be  c o n n e c t e d   to  a  p h a s e   e a c h   in  a  s t a r   c o n -  
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n e c t i o n .   In  t h i s   m a n n e r   an  e x p e d i e n t   c o m p a c t   u n i t   i s  
o b t a i n e d   s  i m u t a n e o u s l y   w i t h   t he   t h r e e - p h a s e d   p o w e r  
s u p p l y   b e i n g   u t i l i z e d .   In  v i e w   of  t h e   p o s s i b i l i t y   f o r  
i n s p e c t i n g   the   p l a n t   I t   must   be  p o s s i b l e   to  d i s a s s e m b l e  

5  e a c h   u n i t   and  t h u s   e a c h   p h a s e   s e p a r a t e l y ,   and  t h e  
c o n s t r u c t i o n   c o n s e q u e n t l y   r e q u i r e s   a  t e r m i n a l   box  f o r  
e a c h   p h a s e   w i r e   and  each   n e u t r a l   w i r e   f o r   e a c h   u n i t .  
I t   w i l l   c o n s e q u e n t l y   be  a  p r o b l e m   to  f u l f i l l   the   s a f e t y  
r e q u i r e m e n t s   of  t he   power   c u r r e n t   r e g u l a t i o n s .   T h e  

L0  n o m i n a l   s a f e t y   d i s t a n c e   a t   1 0 - 1 2   KV  is  11  cm.  T h i s  
d i s t a n c e   c a n n o t   be  o b t a i n e d   by  the   c o m p a c t   c o n s t r u c t i o n  
d e s i r e d   f o r   the   gas  h e a t i n g   u n i t .   An  a i r   gab  of  11  cm 
c o r r e s p o n d s   to  t he   f a c t   t h a t   t he   e q u i p m e n t   must   b e  
a b l e   to  p a s s   a  s u r g e   v o l t a g e   t e s t   a t   75  KV  .  I t   is  c o n -  

15  s e q u e n t l y   a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  
to  p r o v i d e   an  u n u s u a l l y   c o m p a c t   t e r m i n a l   box ,   w h i c h  
is  n e v e r t h e l e s s   c a p a b l e   of  p a s s i n g   a  s u r g e   v o l t a g e   t e s t  
a t   75  KV.  T h i s   o b j e c t   is  o b t a i n e d   by  c o o l i n g   m e a n s  
b e i n g   p r o v i d e d   in  the   t e r m i n a l   box  a c c o r d i n g   to  t h e  

20  i n v e n t i o n ,   and  by  f i e l d   d i s t r i b u t i n g   p l a t e s   b e i n g   p r o -  
v i d e d   on  b o t h   s i d e s   of  t he   c o n d u c t i n g   m e a n s ;   as  a  
r e s u l t   t h e s e   f i e l d   d i s t r i b u t i n g   p l a t e s   e x t e n d   to  a  
c o n s i d e r a b l e   e x t e n t   b e y o n d   the   e x t e n s i o n   of  the   c o n -  
d u c t i n g   means  and  a re   s u b s t a n t i a l l y   l o c a t e d   a p p r o x i -  

25  m a t e l y   in  the   c e n t r e   of  the   a i r   gabs   b e t w e e n   the  c o n -  
d u c t i n g   means  and  the   c l o s e r   m e t a l l i c   p l a t e   w a l l s   o f  
the   s u r r o u n d i n g   t e r m i n a l   box ,   and  w h e r e   f u r t h e r m o r e  
a l l   c o n n e c t i o n s   of  c o n d u c t i n g   means   a re   s p h e r i c a l .   As 

a  r e s u l t   a  d i s p e r s a l   of  a l l   f i e l d s   is  o b t a i n e d ,   a n d  
30  s i m u l t a n e o u s l y   the   c o o l i n g   e n s u r e s   a  s u i t a b l y   h i g h  

b r e a k d o w n   v o l t a g e .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   more  d e t a i l e d   b e l o w  
w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g   d r a w i n g ,   In  w h i c h  
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F i g u r e   1  is  a  p e r s p e c t i v e   v i e w   of  an  e x a m p l e   of  a  p l a n t  

a c c o r d i n g   to  t he   i n v e n t i o n ,  

F i g u r e   2  is  a  f r o n t   v i ew   of  t he   p l a n t   of  F i g u r e   1 ,  

F i g u r e   3  is  a  s e c t i o n a l   v i e w   t h r o u g h   the   p l a n t   a l o n g  

5  t he   l i n e   A - A .  

F i g u r e   4  is  a  f r o n t   v i e w   of  an  e x a m p l e   of  a  c a s s e t t e  

f o r   t h e   p l a n t   of  F i g u r e   1 ,  

F i g u r e   5  is  a  s i d e   v i e w   of  t h e   c a s s e t t e   of  F i g u r e   1 

F i g u r e   6  i l l u s t r a t e s   an  e x a m p l e   of  a  h e a t   w i r e   w i n d i n g  

10  f o r   t h e   p l a n t ,  

F i g u r e   7  is  a  d i a g r a m   of  a  p r e f e r r e d   w i r i n g   of  the   h e a t  

w i r e s   in  a  s i n g l e   c a s s e t t e ,  

F i g u r e   8  is  a  d i a g r a m   of  a  p r e f e r r e d   w i r i n g   f o r   a  p l a n t  

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

15  F i g u r e   9  is   a  s i d e   v i ew   of  an  e x a m p l e   of  a  t e r m i n a l   b o x  

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

F i g u r e   10  is  a  f r o n t   v i ew   of  t he   box  of  F i g u r e   9 ,  

F i g u r e   11  is  a  top  v i ew   of  t he   box  of  F i g u r e   9 ,  

F i g u r e   12  is  an  e x a m p l e   of  a  p r e s s u r e   - p r o o f   f e e d -  

20  t h r o u g h   of  a  p h a s e   s u p p l y   l i n e ,  

F i g u r e   13  i l l u s t r a t e s   a  f e e d - t h r o u g h   of  the   c o n d u c t i n g  

rod   means   ,  a n d  
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F i g u r e   14  i l l u s t r a t e s   an  e x a m p l e   of  a  t e r m i n a l   box  f o r  

a  n e u t r a l   c o n d u c t o r .  

The  h e a t i n g   u n i t   i l l u s t r a t e d   in  F i g u r e   1  is  f o r m e d   a s  
a  d u c t   p a s s e d   by  the   p r o c e s s   a i r   to  be  h e a t e d .   The  d u c t  

5  is  t h e r m a l l y   and  e l e c t r i c a l l y   i n s u l a t e d .   On  the   o u t s i d e  
the   h e a t i n g   u n i t   c o m p r i s e s   an  o u t e r   r e c t a n g u l a r   f r a m e  
12,  e . g .   of  s t e e l   s e c t i o n s .   W i t h i n   s a i d   f r a m e   t h e r e  
a r e   two  l a y e r s   of  c e r a m i c   b l o c k s   14,  e . g .   of  s k a m o l .  
T h r e e   s o - c a l l e d   c a s s e t t e s   20  w i t h   a  row  of  s e r i a l l y  

10  c o n n e c t e d   h e a t   w i r e s   each   a re   l o c a t e d   In  t h i s   i n s u l a t e d  
s h e l l .   A  c a s s e t t e   is  b u i l t   up  of  a  f r ame   22,  wh ich   o n  
the   i n n e r   s i d e   is  c o a t e d   w i t h   i n s u l a t i n g   c e r a m i c  
b l o c k s ,   p r e f e r a b l y   s k a m o l ,   t y p e   V  1100 .   The  e l e c t r i c a l  

as  w e l l   as  the  t h e r m a l   i n s u l a t i n g   c a p a c i t y   is  of  e s -  
15  s e n t i a l   i m p o r t a n c e   in  t h i s   c o n s t r u c t i o n .   The  f rame  22 

c o n s i s t s   of  two  r e c t a n g u l a r   s t e e l   s e c t i o n s   c o n n e c t e d  
to  t r a n s v e r s e   s e c t i o n s   in  each   c o r n e r .   On  the  n a r r o w  
v e r t i c a l   s i d e s   c r o s s   p i e c e s   32  a re   m o u n t e d ,   wh ich   a r e  
u s e d   as  s u s p e n s i o n   f o r   a  number   of  c e r a m i c   t u b e s   26 

20  o p t i o n a l l y   b u i l t   up  of  two  t u b e s ,   i n n e r m o s t   a  t u b e   o f  

t y p e   710  a c c o r d i n g   to  DIN  4 0 6 8 5 ,   e . g .   a l s i n t ®   9 9 . 7  
w i t h   a  g r e a t   m e c h a n i c a l   s t r e n g t h   and  c a p a b l e   of  r e -  
s i s t i n g   b r e a k d o w n s   at   an  o p e r a t i n g   v o l t a g e   of  10  KV 
and  a  t e m p e r a t u r e   of  800°C.   Round  and  c o n c e n t r i c a l  

25  w i t h   the   a l s i n t   t ube   a  t ube   of  t y p e   530  may  be  p r o v i d e d  
a f t e r   S i l i m a n i t e ®   60  t u b e s   c a p a b l e   of  e n d u r i n g   g r e a t  
v a r i a t i o n s   in  t e m p e r a t u r e .   Th i s   t u b e   e n s u r e s   an  e q u a l i -  
z a t i o n   of  t e m p e r a t u r e   c o m p a r e d   to  the   a l s i n t   t u b e .  

The  c e r a m i c   t u b e s   26  c a r r y   the   h e a t   w i r e s .   The  h e a t  

30  w i r e s   may  be  of  any  common  r e s i s t a n c e   m a t e r i a l ,   bu t   a  
n i c k e l   a l l o y ,   Ni  80,  e . g .   of  the   b r a n d   " K a n t a l "   i s  

p r e f e r r e d ,   and  the   c o i l s   can  a d v a n t a g e o u s l y   form  a n  
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a l m o s t   s t a r - s h a p e d   p a t t e r n   as  i l l u s t r a t e d   in  F i g u r e   6 ,  
w h i c h   i l l u s t r a t e s   an  end  v i e w   of  s u c h   a  h e a t   w i r e  
c o i l .   Many  s i m i l a r   c o i l   p a t t e r n s   may  o b v i o u s l y   b e  
u s e d   f u l f i l l i n g   the   two  n e c e s s a r y   c o n d i t i o n s ,   v i z .   t h a t  

5  t he   c o i l   can  be  f i r m l y   f i x e d   r o u n d   a  t u b e   and  f u r t h e r -  
more  is  c a p a b l e   of  e m i t t i n g   i t s   h e a t   as  e f f i c i e n t l y  
as  p o s s i b l e   to  the   a m b i e n t   p a s s i n g   a i r .   Such  c o i l s  
a r e   i . a .   d e s c r i b e d   in  DE  P a t e n t   S p e c i f i c a t i o n   No.  28 
50  111.   O x y d i z e d   h e a t   w i r e s   a r e   p r e f e r a b l y   u s e d ,   w h i c h  

LO  a r e   c o n s e q u e n t l y   s u r f a c e   i n s u l a t e d   to  some  e x t e n t .  

Two  v e r t i c a l   " c o l u m n s "   s e p a r a t e d   by  an  i n t e r m e d i a t e  
w a l l   70  a r e   p r o v i d e d   in  a  p r e f e r r e d   e m b o d i m e n t   of  a  
t y p i c a l   c a s s e t t e ,   e ach   c o l u m n   c o m p r i s i n g   e . g .   f o u r t e e n  
t u b e s   26  wound  w i t h   a  h e a t   w i r e .   The  i n d i v i d u a l   h e a t  

L5  w i r e   e l e m e n t s   a re   c o n n e c t e d   by  h e a v y   c o n n e c t i n g   w i r e s  
or  b a r s .   A l l   h e a t   w i r e   e l e m e n t s   in  a  c a s s e t t e   a r e ,  
h o w e v e r ,   p r e f e r a b l y   s u b s t a n t i a l l y   f o r m e d   by  a  c o n -  
t i n u o u s   h e a t   w i r e ,   w h i c h   on  t he   s p o t s   w h e r e   the   w i r e  
p a s s e s   t h r o u g h   the   i n t e r m e d i a t e   w a l l   70,  a re   c o n n e c t e d  

>0  in  p a r a l l e l   w i t h   a  s u i t a b l y   t h i c k   a d d i t i o n a l   h e a t  
w i r e   in  o r d e r   to  r e d u c e   the   h e a t   e m i s s i o n   in  the   p l a c e  
c o n c e r n e d .   A  p r e f e r r e d   c o i l   a r r a n g e m e n t   is  i l l u s t r a t e d  
in  F i g u r e   7,  w h e r e   t he   c o i l s   a r e ,   h o w e v e r ,   o n l y   i n d i -  
c a t e d .  

15  A  rod   30  f o r m s   the   s u p p l y   l i n e   to  t he   h e a t   w i r e   c o i l .  
The  rod   p a s s e s   t h r o u g h   the   i n s u l a t i o n   24  of  s k a m o l  
and  the   f r a m e   22.  In  o r d e r   to  a v o i d   v o l t a g e   b r e a k d o w n  
f rom  the   s u p p l y   l i n e   rod  30  to  t he   f r a m e   22  and  t h e  
s u s p e n s i o n s   32  c o n n e c t e d   to  t he   f r a m e ,   the   s u p p l y  

0  l i n e   30  is  s u r r o u n d e d   by  a  t o r o i d e   34  e n s u r i n g   a n  
e v e n   f i e l d   d i s t r i b u t i o n   a r o u n d   t he   s u p p l y   l i n e .  
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The  t h r e e   c a s s e t t e s   20  a r e   p r e f e r a b l y   s i t u a t e d   i n  
s i d e   by  s i d e   r e l a t i o n   In  such   a  m a n n e r   t h a t   e a c h   c a s -  
s e t t e   is  c o n n e c t a b l e   to  one  of  the   p h a s e s   of  a  t h r e e -  
p h a s e d   h i g h - v o l t a g e   s y s t e m   e . g .   h a v i n g   a  r a t e d   v o l t a g e  

5  of  10  or  30  KV.  The  c o i l s   a r e   s t a r   c o n n e c t e d   as  i l -  
l u s t r a t e d   in  F i g u r e   8,  and  the   u p p e r   s u p p l y   l i n e s   a r e  
p r e f e r a b l y   c o n n e c t e d   to  t he   p h a s e   c o n d u c t o r s ,   and  t h e  
l o w e r   s u p p l y   l i n e s   a r e   t o g e t h e r   c o n n e c t e d   to  t he   n e u -  
t r a l   c o n d u c t o r .   As  a  r e s u l t   of  t h i s   a r r a n g e m e n t   t h e  

LO  v o l t a g e   l e v e l   in  the   u p p e r   p a r t   of  t he   c o n s t r u c t i o n  
is  a t   a b o u t   10  KV  or  w h a t e v e r   h i g h   v o l t a g e   c h o s e n ,  
and  f rom  t h e r e   i t   d r o p s   e v e n l y   down  to  0  v o l t   in  t h e  
b o t t o m   of  t he   u n i t .   T h e r e   a r e   o n l y   s m a l l   d i f f e r e n c e s  
in  v o l t a g e s   b e t w e e n   the   i n d i v i d u a l   c o i l s .   T h e r e   a r e ,  

L5  h o w e v e r ,   g r e a t   d i f f e r e n c e s   in  v o l t a g e   b e t w e e n   t w o  
f i l a m e n t s   in  two  n e i g h b o u r i n g   f r a m e s ,   e s p e c i a l l y   a t  
the   t o p ,   and  t he   f r a m e s   a r e   c o n s e q u e n t l y   l o c a t e d   a t   a  
c e r t a i n   m u t u a l   d i s t a n c e   and  w i t h   i n t e r m e d i a t e   i n s u -  
l a t i o n   as  i l l u s t r a t e d   in  F i g u r e   3 .  

20  When  c o n s t r u c t i n g   the   u n i t   e a c h   m o u n t e d   c a s s e t t e   i s  
i n s e r t e d   on  r o l l e r s   or  b a l l s   on  a  r a i l   50  e a c h   in  t h e  
b o t t o m   of  t he   u n i t   w h i c h   is  t h e n   c l o s e d   by  the   o u t e r  
i n s u l a t i o n   1 4 .  

An  e l e c t r i c   d i a g r a m   of  t he   h e a t i n g   u n i t   Is  i l l u s t r a t e d  
25  in  F i g u r e   8.  The  h e a t   w i r e s   40  a re   in  one  end  c o n n e c t e d  

to  a  p h a s e   R,  S,  T,  e a c h ,   and  in  the   o t h e r   end  t h e y  
a re   i n t e r c o n n e c t e d .   The  b o x e s   42  a r e   a  symbo l   of  t h e  
r e s i s t a n c e   in  the   i n n e r   i n s u l a t i o n   b e t w e e n   the   s t e e l  
f r a m e   22  and  the   h e a t   w i r e s   40.  The  c o n d u c t o r   22  r e -  

30  p r e s e n t s   t he   s t e e l   f r a m e   i t s e l f ,   w h i c h   in  the   i d e a l  

c a s e   w i l l   be  v o l   t a g e   - f r e e   .  The  b o x e s   44  r e p r e s e n t   t h e  
r e s i s t a n c e   in  t he   o u t e r   i n s u l a t i o n   on  the   o u t s i d e   o f  
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t he   s t e e l   f r a m e   22  of  the   c a s s e t t e .   The  o u t e r   i n s u -  

l a t i o n   14  is  s e c u r e d   by  t he   o u t e r   f r a m e   12,  w h i c h   i s  

e a r t h e d   . 

In  p r i n c i p l e   t h e r e   a re   t h u s   two  i n d e p e n d e n t   i n s u l a t i o n  

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

by  t h e   r e s i s t a n c e s   42  and  44.  The  t h r e e   i n n e r   f r a m e s  

22  f o rm  t h r e e   s h e l l s ,   w h i c h   in  r e s p e c t   to  v o l t a g e   a r e  

f l o a t i n g   m u t u a l l y   as  w e l l   as  in  r e l a t i o n   to  e a r t h .  

F l o a t i n g   means   no  i n t e r c o n n e c t i o n s ,   and  the   v o l t a g e  

10  d i f f e r e n c e   may  a s sume   any  v a l u e .  

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

c u r r e n t s   w i l l   be  the   u p p e r   p a r t   of  t he   i n n e r m o s t   i n -  

s u l a t i o n ,   t he   g r e a t   d i f f e r e n c e s   in  v o l t a g e   b e i n g   p r e -  

s e n t   in   t he   u p p e r   p a r t   of  the   c o n s t r u c t i o n .   F u r t h e r -  

15  m o r e ,   t he   i n n e r   i n s u l a t i o n   w i l l   d u r i n g   o p e r a t i o n   b e  

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

e l e c t r i c a l l y   i n s u l a t i n g   c a p a b i l i t y .  

A  l e a k a g e   c u r r e n t   f rom  p h a s e   to  p h a s e   has   to  p a s s  

t h r e e   l e a k a g e   p a t h s ,   LI,   L2  ,  L3  ,  w h e r e i n   LI  l i e s   in  t h e  

20  i n n e r   f r a m e   i n s u l a t i o n   24,  L2  is  t he   i n s u l a t i o n   46  

b e t w e e n   t h e   f r a m e s   m u t u a l l y ,   and  L3  is  t he   i n n e r   i n -  

s u l a t i o n   24  in  the   s e c o n d   f r a m e .   In  the   p l a n t   i l l u s -  

t r a t e d   in  t he   d r a w i n g   LI  -  L2  -  L3  -  20  cm,  i . e .   t h e  

t o t a l   l e a k a g e   p a t h   is  60  cm.  F u r t h e r m o r e   t he   l e a k a g e  

25  p a t h s   a r e   s i t u a t e d   in  t h r e e   d i f f e r e n t   p l a c e s   in  t h e  

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

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

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

a  v o l t a i c   a r c   w i l l   be  p r e s e n t   in  a l l   t h r e e   p l a c e s  

30  s i m u l t a n e o u s l y .  
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T h e r e   w i l l   a l s o   be  a  c e r t a i n   r i s k   of  a  b r e a k d o w n   f r o m  

p h a s e   to  p h a s e   b e t w e e n   two  h e a t i n g   w i r e s .   The  a i r  

d i s t a n c e   b e t w e e n   t he   h e a t i n g   w i r e s   in  two  d i f f e r e n t  

p h a s e s   is  30  cm  in  the   i l l u s t r a t e d   p l a n t ,   as  i t   a p p e a r s  
5  f rom  F i g u r e   3.  T h i s   d i s t a n c e   mus t   of  c o u r s e   be  d i m e n -  

s i o n e d   in  c o n s i d e r a t i o n   of  the   t y p e   of  the   p r o c e s s  

gas  and  the   t e m p e r a t u r e   of  t he   gas  in  the   p l a n t   to  b e  

m a n u f a c t u r e d   as  w e l l   as  of  t he   h i g h   v o l t a g e   a p p l i e d .  

A  m e t a l   r a i l   X  can  a d v a n t a g e o u s l y   be  e m b e d d e d   in  t h e  

10  i n s u l a t i n g   l a y e r   46  b e t w e e n   the   f r a m e s ,   s a i d   r a i l  

b e i n g   c o n n e c t e d   to  the   i n t e r n a l   f l o a t i n g   " n e u t r a l "  

p o i n t   of  the   h e a t i n g   s u r f a c e .   I t   w i l l   t h e n   be  p o s s i b l e  

by  means  of  a  c u r r e n t   t r a n s f o r m e r   to  r e g i s t e r   an  i n -  

c i p i e n t   l e a k a g e   c u r r e n t   b e t w e e n   the   p h a s e s .   Such  a  

15  l e a k a g e   c u r r e n t   c o u l d   be  c a u s e d   by  a  s m u d g i n g   of  t h e  

i n s u l a t i n g   m a t e r i a l .  

A  s e t   of  t e r m i n a l   b o x e s   b e l o n g s   to  the   h e a t i n g   u n i t  

as  i l l u s t r a t e d   in  F i g u r e   1.  The  h i g h   v o l t a g e   is  s u p -  

p l i e d   to  one  of  t he   h e a t   w i r e   c o i l s   t h r o u g h   the   u p p e r  

20  t h r e e   t e r m i n a l   b o x e s   51,  and  the   o t h e r   end  of  the   h e a t  

w i r e   c o i l s   is  c o n n e c t e d   to  a  common  f l o a t i n g   n e u t r a l  

p o i n t   t h r o u g h   t he   t h r e e   l o w e r   t e r m i n a l   b o x e s   in  s u c h  

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

8  is  a c h i e v e d .  

25  F i g u r e   9  i l l u s t r a t e s   a  t e r m i n a l   box  51  f o r   a  p h a s e   c o n -  

d u c t o r   30  p a s s i n g   t h r o u g h   the   s i d e   w a l l   of  the   h e a t i n g  

u n i t   t h r o u g h   the   i n s u l a t i n g   l a y e r s   14,  24.  The  p h a s e  

s u p p l y   l i n e s   61  a r e   s u p p l i e d   f rom  the   top  t h r o u g h   a n  

i n s u l a t i n g   s u s p e n s i o n   62  and  t h r o u g h   a  f u r t h e r   i n -  

30  s u l a t o r   66.  The  s u p p l y   l i n e   61  is  c o n n e c t e d   to  t h e  

c o n d u c t o r   30  in  a  g l o b e   55  p l a c e d   a p p r o x i m a t e l y   in  t h e  
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c e n t e r   of  t he   t e r m i n a l   box .   The  f e e d -   t h r o u g h   i n t o   t h e  

t e r m i n a l   box  of  the   c o n d u c t o r   30  is   p a s s e d   t h r o u g h   a  

n u m b e r   of  i n s u l a t i n g   p l a t e s   60,  c f .   F i g u r e   13,  w h i c h  

is  p r e f e r a b l y   made  of  s i l i c o n e   r u b b e r   w i t h   an  er  o f  

5  a b o u t   2.  A  l a m i n a t e d   c o n s t r u c t i o n   is  a p p l i e d   c o n s i s t i n g  

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

The  c o n d u c t o r   30  is  f u r t h e r   p r o v i d e d   w i t h   a  s e r i e s   o f  

c o o l i n g   f i n s   52,  e . g .   of  a l u m i n a ,   as  i l l u s t r a t e d   i n  

F i g u r e s   9  and  11.  These   c o o l i n g   f i n s   a r e   to  keep   down 

10  t he   t e m p e r a t u r e   in  the   c o n d u c t o r   30,  as  i t   must   b e  

b o r n e   In  mind  t h a t   t he   c o n d u c t o r   30  o r i g i n a t e s   from  a  

v i g o r o u s l y   h e a t e d   a r e a .  

Bo th   t he   c o n d u c t o r   30  and  the   c o o l i n g   f i n s   52  as  w e l l  

as  t h e   g l o b e   55  a re   on  b o t h   s i d e s   s u r r o u n d e d   by  i n -  

15  s u l a t i n g   p l a t e s   54,  e . g .   of  E t r a n o x ,   and  p r e f e r a b l y  

of  E t r o n i t   No.  1.  The  p l a t e s   a re   s u s p e n d e d   w i t h   no  

c o n d u c t i n g   c o n n e c t i o n   to  a n y t h i n g   e l s e .   A  f i e l d   d i -  

s t r i b u t i o n   f rom  the   c o n d u c t i n g   h i g h - v o l t a g e   s u p p l y i n g  

p a r t s   is   o b t a i n e d   by  means  of  t h e s e   p l a t e s .  

20  The  t e r m i n a l   box  51  is  c l o s e d   at   t he   f r o n t   by  means  o f  

a  l i d   54.  On  i t s   r e a r   s i d e   65  the   l i d   is   p r o v i d e d  

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

t e m p e r a t u r e   of  the   a i r   in  the   t e r m i n a l   box .   Th i s   i s  

v e r y   e s s e n t i a l   as  the  b r e a k d o w n   v o l t a g e   of  a  gas  i s  

25  v e r y   d e p e n d e n t   on  the   t e m p e r a t u r e .   The  l o w e r m o s t   t e r -  

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

p r i n c i p l e   to  the   t e r m i n a l   b o x e s   d e s c r i b e d   a b o v e ,   b u t  

t he   t h r e e   t e r m i n a l   b o x e s   a re   f u r t h e r m o r e   p r o v i d e d   w i t h  

f  e ed -   t h r o u g h s   a l l o w i n g   a  c o u p l i n g   of  t he   n e u t r a l   c o n -  
30  d u c t o r s .   The  f e e d -   t h r o u g h s   in  the   s i d e   of  t he   t e r m i n a l  

b o x e s   a r e   c o n s t r u c t e d   a c c o r d i n g   to  t he   same  p r i n c i p l e  
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as  i l l u s t r a t e d   in  F i g u r e   13.  T o r o i d e s   a re   f u r t h e r m o r e  
u s e d   in  o r d e r   to  o b t a i n e d   a  f u r t h e r   e q u a l i z a t i o n   of  t h e  
f i e l d s .   A  f e e d -   t h r o u g h   of  t he   c o n d u c t o r   48  is  p r o v i d e d  
In  the   t e r m i n a l   b o x e s   of  t he   n e u t r a l   c o n d u c t o r s ,   s a i d  

5  f e e d - t h r o u g h   c o n n e c t i n g   the   e l e c t r i c a l l y   c o n d u c t i n g  
m e a s u r i n g   and  m o n i t o r i n g   r a i l   X  to  the   f l o a t i n g   n e u t r a l  

p o i n t   to  e n a b l e   a  m o n i t o r i n g   of  the   h e a t i n g   u n i t ,   s o  
t h a t   a  b e g i n n i n g   l e a k a g e   c u r r e n t   w i l l   be  r e g i s t e r e d  
q u i c k l y ,   and  so  t h a t   t h e r e   is  t i m e   f o r   t he   h i g h - v o l t a g e  

10  to  be  d i s c o n n e c t e d ,   in  c a s e   a  d a n g e r o u s   s i t u a t i o n  
a r i s e s   . 
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C l a i m s   : 

1.  An  e l e c t r i c a l   h i g h - v o l t a g e   and  h i g h - p o w e r   h e a t i n g  

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

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

of  u n i t s   m o u n t e d   in  s i d e   by  s i d e   r e l a t i o n ,   each   u n i t  

5  c o m p r i s i n g   a  g r e a t   number   of  h e a t   w i r e   c o i l s   ( 1 6 )  

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

f e r a b l y   c e r a m i c ,   t u b e s   (26)   s u s p e n d e d   in  an  i n w a r d l y  

t h e r m o s t a b l e ,   i n s u l a t e d   f r a m e   (22)   of  an  e l e c t r i c a l l y  

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

10  t h a t   t he   f r a m e   f l o a t s   on  an  unknown   p o t e n t i a l ,   t h e  

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

e l s e ,   and  t h a t   t he   e l e c t r i c a l l y   f l o a t i n g   f r a m e   ( 2 2 )  

is  s u r r o u n d e d   by  an  o u t e r   i n s u l a t i o n   ( 1 4 ) ,   w h i c h   i s  

a g a i n   s u r r o u n d e d   by  an  o u t e r   e a r t h e d   f r a m e   ( 1 2 ) .  

15  2  .  An  e l e c t r i c a l   h e a t i n g   u n i t   as  c l a i m e d   in  c l a i m   1 ,  

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

l i n e s   (30)   to  t he   h e a t   w i r e   c o i l s   (16)   a re   s u r r o u n d e d  

by  t o r o i d e s   (34)   in  t he   p l a c e s ,   w h e r e   t he   s u p p l y   l i n e s  

a re   p a s s e d   t h r o u g h   t he   o u t e r   (12)   and  the   i n n e r   ( 2 2 )  

20  f r a m e   . 

3.  An  e l e c t r i c a l   h e a t i n g   u n i t   as  c l a i m e d   in  c l a i m   1 ,  

c h a r a c t e r i s e d   by  c o m p r i s i n g   t h r e e   or  a  

m u l t i p l e   of  t h r e e   u n i t s ,   t he   h e a t   w i r e s   (40)   of  w h i c h  

a re   s t a r   c o n n e c t e d ,   i . e .   in  one  end  t h e y   a re   c o n n e c t e d  

25  to  a  p h a s e   (R,  S,  T)  e a c h ,   and  in  the   o t h e r   end  t h e y  

a re   i n t e r c o n n e c t e d   to  form  a  common  f l o a t i n g   n e u t r a l  

p o i n t   (0)  . 

4.  An  e l e c t r i c a l   h e a t i n g   u n i t   as  c l a i m e d   in  c l a i m   3 ,  

c h a r a c t e r i s e d   in  t h a t   in  an  i n s u l a t i n g  
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l a y e r   (46)   b e t w e e n   the   f r a m e s   (22)   of  two  u n i t s   a n  

e l e c t r i c a l l y   c o n d u c t i n g   r a i l   (X)  is   e m b e d d e d   c o n n e c t e d  

t h r o u g h   a  c o n d u c t o r   (48)   to  t he   f l o a t i n g   n e u t r a l   p o i n t  

(0)  of  the   h e a t i n g   u n i t ,   s a i d   c o n d u c t o r   b e i n g   m o n i -  

5  t o r e d   t h r o u g h   a  c u r r e n t   t r a n s f o r m e r .  

5.  An  e l e c t r i c a l   h e a t i n g   u n i t   as  c l a i m e d   in  c l a i m   3 

or  4,  c h a r a c t e r i s e d   in  t h a t   a  c o m b i n a t i o n  

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

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

10  w h i c h   any  l e a k a g e   c u r r e n t   w i l l   h ave   to  p a s s .  

6.  A  t e r m i n a l   box ,   in  p a r t i c u l a r   f o r   a  h i g h - v o l t a g e  

and  h i g h - p o w e r   h e a t i n g   u n i t   as  c l a i m e d   in  one  or  s e -  

v e r a l   of  the   p r e c e d i n g   c l a i m s ,   c  h  a  r  a  c  - 

t e r i s e d   in  t h a t   c o o l i n g   means   a re   p r o v i d e d   i n  

15  the   box ,   and  in  t h a t   f i e l d   d i s t r i b u t i n g   p l a t e s   ( 5 4 )  

a re   p r o v i d e d   on  b o t h   s i d e s   of  the   c o n d u c t i n g   m e a n s  

( 3 0 ) ,   s a i d   f i e l d   d i s t r i b u t i n g   p l a t e s   e x t e n d i n g   to  a  

c o n s i d e r a b l e   e x t e n t   b e y o n d   the   d i m e n s i o n s   of  the   c o n -  

d u c t i n g   means  and  b e i n g   l o c a t e d   s u b s t a n t i a l l y   a p p r o x i -  

20  m a t e l y   in  the   c e n t r e   of  t he   a i r   gabs   b e t w e e n   the   c o n -  

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

the   s u r r o u n d i n g   t e r m i n a l   box ,   and  in  t h a t   a l l   c o n -  

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

7.  A  t e r m i n a l   box  as  c l a i m e d   in  c l a i m   6,  c  h  a  - 

2 5 r a c t e r i s e d   by  a  p r e s s u r e   - p r o o f   f e e d - t h r o u g h  

of  the   p h a s e   s u p p l y   l i n e s   (61)   b e i n g   p r o v i d e d   t h r o u g h  

the   i n s u l a t o r s   (66,   6 2 ) .  

8.  A  t e r m i n a l   box  as  c l a i m e d   in  c l a i m   6,  c h a -  

r a c t e r i s e d   in  t h a t   a l l   f e e d -   t h r o u g h s   in  t h e  

30  w a l l s   of  the   t e r m i n a l   box  a re   p r o v i d e d   w i t h   t o r o i d e s  
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a l o n g   t h e   edge  of  the   w a l l   in  t he   p l a n e   of  the   w a l l  

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

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

the   w a l l   t o w a r d s   the   c o n d u c t o r ,   is  f i l l e d   w i t h   an  i n -  

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

£r  cc/  <2  . 
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