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©  Recovery  of  energy  from  waste  gas  streams. 

In  an  iron-  or  steel-making  plant  comprising  a  metallur- 
gical  processing  vessel  (1)  from  which,  in  operation  of  the 
plant,  there  issues  a  stream  of  waste  gas  at  superatmospher- 
ic  pressure  and  elevated  temperature,  there  is  provided 
means  for  recovering  energy  from  the  waste  gas  stream. 
This  energy  recovering  means  comprises  means  (6,  12)  for 
supplying  the  gas  stream  to  the  inlet  of  a  gas  expander  (16) 
which  includes  a  rotor  (18)  drivable  by  the  gas  stream  and 
comprising  an  output  drive  shaft  (22),  an  alternating  current 
generator  (28)  arranged  to  be  driven  by  the  shaft  (22),  and  a 
voltage  and  frequency  converter  (32)  having  its  input  side 
connected  to  the  electrical  output  of  the  generator  (28)  and 
its  output  side  connected  to  an  electrical  power  network  (5). 
The  converter  (32)  is  of  the  kind  which,  over  a  predetermined 
range  of  the  speed  of  rotation  of  the  generator  (28),  delivers 
at  its  output  side  electric  power  at  a  voltage  and  frequency 
which  at  all  times  conform  to  the  voltage  and  frequency  of 
the  network  (5). 



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

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

p r o c e s s i n g   v e s s e l   in   t h e   i r o n -   or   s t e e l - m a k i n g   i n d u s t r y ,  

and  to  an  i r o n -   o r   s t e e l - m a k i n g   p l a n t   e m p l o y i n g   t h e   m e t h o d .  

In  t h e   o p e r a t i o n   o f  c e r t a i n   i r o n -   and  s t e e l - m a k i n g  

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

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

f u r n a c e s ,   c o n v e r t e r s   and  a r c   f u r n a c e s .   I t   i s   c o n v e n t i o n a l  

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

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

e n t s   a r e   r e m o v e d ,   and   t h e n   -to  m i x  t h e   r e s i d u a l   gas   w i t h  

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

c o m b u s t i b l e   g a s .   H o w e v e r ,   t he   c l e a n i n g   p r o c e s s   r e s u l t s  

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

of   t he   w a s t e   g a s   s t r e a m ,   and  a l t h o u g h   some  e n e r g y   c a n  

be  r e c o v e r e d   f r o m   t h e   g a s   c l e a n i n g   p l a n t ,   t h e r e   i s   a  c o n -  

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

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

The  p r e s e n t   i n v e n t i o n   a ims   to  p r o v i d e   an  i m p r o v e d  

m e t h o d   of   r e c o v e r i n g   e n e r g y   f rom  a  w a s t e   gas   s t r e a m   i s s u i n g  

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

u t i l i s e s   t h e   m e t h o d .  

A c c o r d i n g   to   one   a s p e c t   of  t h e   i n v e n t i o n ,   a  m e t h o d  

of   r e c o v e r i n g .   e n e r g y   f r o m   a  s t r e a m   o f   w a s t e   g a s   i s s u i n g  

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

p r e s s u r e   and   e l e v a t e d   t e m p e r a t u r e   c o m p r i s e s   t he   s t e p s  

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

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

an  o u t p u t   s h a f t ,   e m p l o y i n g   r o t a t i o n   of   t he   o u t p u t   s h a f t  

of   t h e   gas   e x p a n d e r   to   d r i v e   an  a l t e r n a t i n g   c u r r e n t   g e n e r a -  

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

to  t he   i n p u t   s i d e   o f   a  v o l t a g e   and  f r e q u e n c y   c o n v e r t e r  

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



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

c a l   o u t p u t   to   an  e l e c t r i c a l   p o w e r   n e t w o r k   a t   a  v o l t a g e  
and   a  f r e q u e n c y   w h i c h   a t   a l l   t i m e s   c o n f o r m   to  t h e   v o l t a g e  
and   f r e q u e n c y   o f   s a i d   n e t w o r k .  

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

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

t h e r e   i s s u e s   a  s t r e a m   of   w a s t e   g a s   a t   s u p e r a t m o s p h e r i c  

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

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

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

g e n e r a t o r   a r r a n g e d   to  be  d r i v e n   by  s a i d   o u t p u t   d r i v e   s h a f t ,  

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

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

a n d  i t s   o u t p u t   s i d e   c o n n e c t e d   to  an  e l e c t r i c a l   p o w e r   n e t -  

w o r k ,   s a i d   c o n v e r t e r   b e i n g   of   t h e   k i n d   w h i c h ,   o v e r   a  p r e -  
d e t e r m i n e d   r a n g e   o f   t h e   s p e e d   of   r o t a t i o n   of   t h e   g e n e r a t o r ,  

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

and  f r e q u e n c y   w h i c h   a t   a l l   t i m e s   c o n f o r m   to  t h e   v o l t a g e  

and  f r e q u e n c y   o f   s a i d   n e t w o r k .  

When  u s i n g   t h e   m e t h o d   in  a c c o r d a n c e   w i t h   t h e   i n v e n -  

t i o n ,   i t   i s   a n t i c i p a t e d   t h a t   i t   w i l l   be  p o s s i b l e   to   l e a d  

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

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

s i d e   o f   t h e   g a s   e x p a n d e r .   Due  to   t h e   h o s t i l e   e n v i r o n m e n t  

r e p r e s e n t e d   by  t h e   w a s t e   g a s   s t r e a m ,   r a p i d   w e a r   o f   t h e  

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

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

e x a m p l e   e v e r y   8 , 0 0 0   to  1 5 , 0 0 0   h o u r s   in   t h e   c a s e   o f   e m p l o y -  

i ng   t h e   m e t h o d   w i t h   a  l a r g e   b l a s t   f u r n a c e .   The  c o s t   o f  

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

w i t h   t h e   e n e r g y   s a v i n g   t h a t   may  be  a c h i e v e d   by  t h e   m e t h o d  

in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n .   F o r   e x a m p l e ,   in   t h e  

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

f r o m   t h e   w a s t e   g a s   by  t h e   m e t h o d   of   t h e   i n v e n t i o n   at   a  



r a t e   o f   up  to  15  MW  ( m e g a w a t t s ) .   A s s u m i n g   t h a t   the   f u r n a c e  

i s   in   o p e r a t i o n   f o r   8 , 0 0 0   h o u r s   p e r   annum,  the   e n e r g y  

r e c o v e r e d   p e r   annum  t h u s   a m o u n t s   to  1 2 0 , 0 0 0   MWh.  S i n c e  

t h e   p r e s e n t   day  c o s t   o f   p u r c h a s i n g   t h i s   a m o u n t   of  e l e c t r i -  

c a l   e n e r g y   i s   o f   t h e   o r d e r   of   £3 .5   m i l l i o n s ,   the   n e e d  

to  r e p l a c e   t h e   r o t o r   of   t h e   gas   e x p a n d e r   once   e v e r y  o n e  

to  two  y e a r s   ( a t   a  p r e s e n t   day  c o s t   of  a b o u t   f-0.2  m i l l i o n )  

s t i l l   l e a d s   to  a  v a s t   s a v i n g   of   m o n e y .  

H o w e v e r ,   i f   i t   i s   f o u n d   in  p r a c t i c e   t h a t   w e a r   o f  

t h e   r o t o r   of   t h e   g a s   e x p a n d e r   i s   too   e x c e s s i v e ,   due  t o  

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

w a s t e   g a s   s t r e a m ,   i t   i s   p o s s i b l e   to  p a s s   t he   w a s t e   g a s  

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

t o r ,   f o r   s e p a r a t i n g   a  p r o p o r t i o n   of  the   s o l i d   m a t t e r   f r o m  

the   g a s   p r i o r   to   s u p p l y i n g   i t   to  t he   i n l e t   of  t he   g a s  

e x p a n d e r .   A  v e r y   c o n s i d e r a b l e   r e c o v e r y   of   e n e r g y   c a n  

s t i l l   be  a c h i e v e d   in   t h i s   w a y . '  

The  m e t h o d   and   p l a n t   of   t h e   i n v e n t i o n   may  be  o p e r a t e d  

in  c o n j u n c t i o n   w i t h   a  c o n v e n t i o n a l   gas   c l e a n i n g   p l a n t  

of   t h e   k i n d   d e s c r i b e d   a b o v e .   In  t h i s   c a s e ,   the   w a s t e  

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

d i r e c t a b l e ,   v i a   s u i t a b l e   v a l v e   means ,   e i t h e r   to  t h e   g a s  

c l e a n i n g   p l a n t   or   to   t h e   g a s   e x p a n d e r .   The  r e s i d u a l   g a s  

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

i n g   p l a n t   f o r   s u b s e q u e n t   u s e   in  the   m a n u f a c t u r e   of  u s e f u l  

c o m b u s t i b l e   gas   as   p r e v i o u s l y   d e s c r i b e d .   In  t he   e v e n t  

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

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

i n v e n t i o n ,   t he   w a s t e   g a s   s t r e a m   can  be  d i v e r t e d   by  s a i d  

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

t h r o u g h   t h e   gas   e x p a n d e r .  

Known  gas   e x p a n d e r s   of   a  k i n d   s u i t a b l e   f o r   use   i n  

the   m e t h o d   and  p l a n t   in   a c c o r d a n c e   w i t h   t he   i n v e n t i o n  

h a v e   an  o p e r a t i n g   s p e e d   of   r o t a t i o n   of  up  to  6 , 5 0 0   r . p . m .  

On  t h e   o t h e r   h a n d ,   known  g e n e r a t o r s   of  a  k i n d   s u i t a b l e  



f o r   use   in  t h e   m e t h o d   and   p l a n t   in   a c c o r d a n c e   w i t h   t h e  
i n v e n t i o n   a r e   d e s i g n e d   to  r o t a t e   a t   a  c o n s i d e r a b l y   l o w e r  

s p e e d ,   f o r   e x a m p l e   a b o u t   3 , 0 0 0   r . p . m .   I f ,   t h e r e f o r e ,  

a  g a s   e x p a n d e r   h a v i n g   an  o p e r a t i n g   s p e e d   r a n g e   of   f r o m  

5 , 0 0 0   to  6 , 5 0 0   r . p . m .   i s   u s e d ,   a  r e d u c i n g   g e a r   m u s t   b e  

p r o v i d e d   b e t w e e n   t h e   o u t p u t   d r i v e   s h a f t   o f   t h e   gas   e x p a n d e r  

and  t h e   g e n e r a t o r .   On  t h e   o t h e r   h a n d ,   i f   a  g a s   e x p a n d e r  

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

2 , 8 0 0   to  4 , 2 0 0   r . p . m . ,   i t s   o u t p u t   d r i v e   s h a f t   may  b e  

c o u p l e d   d i r e c t l y   t o   t h e   g e n e r a t o r .  

In  o p e r a t i o n   o f   t h e   m e t h o d   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n ,   t h e   m e c h a n i c a l   and  e l e c t r i c a l   i n e r t i a   o f   t h e  

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

e l e c t r i c a l   p o w e r   n e t w o r k   c an   e n s u r e   t h a t   t h e   r o t o r   o f  

the   gas   e x p a n d e r   d o e s   n o t   e x c e e d   a  s a f e   s p e e d .   H o w e v e r ,  

in  t h e   e v e n t   o f   an  e l e c t r i c a l   f a i l u r e   i n   t h e   a f o r e s a i d  

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

i n e r t i a   of   t h e   s y s t e m ,   t h e   s p e e d   of   r o t a t i o n   of   t h e   r o t o r  

of   t h e   g a s   e x p a n d e r   may  b u i l d   up  to  a  d a n g e r o u s   l e v e l .  

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

means   may  be  l i n k e d   to   t h e   c o n t r o l   s y s t e m   of   t h e   c o n v e r t e r  

so  t h a t   i m m e d i a t e l y   an  e l e c t r i c a l   f a u l t   i s   d e t e c t e d ,   s a i d  

v a l v e   m e a n s   i s   a c t u a t e d   to  d i v e r t   t h e   w a s t e   gas   s t r e a m  

f rom  t h e   gas   e x p a n d e r   to  t h e   gas   c l e a n i n g   p l a n t .   T h e  

c o n t r o l   s y s t e m   o f   t h e   c o n v e r t e r   may  c o m p r i s e   means   w h i c h  

e n a b l e s   t h e   c o n v e r t e r   to   m a i n t a i n   c o n n e c t i o n   b e t w e e n   t h e  

g e n e r a t o r   and  t h e   p o w e r   n e t w o r k   f o r  a   s h o r t   t i m e ,   f o r  

e x a m p l e   up  to   4  s e c o n d s   a f t e r   t h e   o c c u r r e n c e   o f   an  e l e c t r i -  

c a l   f a u l t   in   t h e   s y s t e m ,   so  t h a t   a t   l e a s t   c o m m e n c e m e n t  

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

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

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

w o r k .   In  t h e   e v e n t   o f   a  t h r o u g h   f a u l t   d e v e l o p i n g   in   t h e  

c o n v e r t e r ,   a  s h o r t   t i m e - r a t e d   r e s i s t a n c e   l o a d   b a n k   m a y  

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

b r e a k a w a v   of   t h e   g a s   e x p a n d e r / g e n e r a t o r   s y s t e m  



Known  gas  e x p a n d e r s   of  a  k i n d   s u i t a b l e   f o r   use  i n  

the  m e t h o d   and  p l a n t   in  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n -  

t i o n   a r e   no t   d e s i g n e d   to  be  s e l f - s t a r t i n g   and  the   p r e f e r r e d  

me thod   of  s t a r t i n g   i s   to  s e t   the   r o t o r   of  the  gas  e x p a n d e r  

in  r o t a t i o n   p r i o r   to  i n t r o d u c t i o n   of  the  gas  s t r e a m .  

I t   i s ,   of  c o u r s e ,   a  s i m p l e   m a t t e r   to  p r o v i d e   a u x i l i a r y  

means  f o r   e f f e c t i n g   t h i s   i n i t i a l   r o t a t i o n   o f  t h e   r o t o r  

of  the   gas   e x p a n d e r ,   bu t   a  p a r t i c u l a r l y   c o n v e n i e n t   w a y  
of  d o i n g   t h i s   i s   to  employ   the   a l t e r n a t i n g   g e n e r a t o r   a s  

a  m o t o r   f o r   d r i v i n g   the   r o t o r .   To  t h i s   end,   t he   c o n t r o l  

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

c o n v e r t e r   to  s u p p l y   power   ( a p p r o x i m a t e l y   10  p e r   c e n t   o f  

the  r a t e d   l o a d )   f rom  the  e l e c t r i c a l   power   n e t w o r k   to  t h e  

g e n e r a t o r   at  a  v o l t a g e   and  f r e q u e n c y   w h i c h   r e s u l t   in  t h e  

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

r o t o r   of  the   gas   e x p a n d e r .  

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

v e s s e l s ,  f o r   e x a m p l e   two  or  more  b l a s t   f u r n a c e s ,   a re   o p e r a t -  

ing  c l o s e   to  one  a n o t h e r ,   i t   may  be  c o n v e n i e n t   to  l e a d  

the   w a s t e   gas  s t r e a m   f rom  e a c h   v e s s e l   to  a  common  g a s  

e x p a n d e r .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  g r e a t e r   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   to  the   a c c o m p a n y i n g  

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

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

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

a  f u r n a c e   v e s s e l  1   h a v i n g   a  c o n v e n t i o n a l   b l o w e r   2  s u p p l i e d ,  

v i a   a  t r a n s f o r m e r   3  and  c i r c u i t   b r e a k e r s   4,  from  a  3 - p h a s e  

e l e c t r i c a l   power   s u p p l y   n e t w o r k   5,  w h i c h   may  be  the  n e t w o r k  

s u p p l y i n g   the   e n t i r e   works   in  w h i c h   the   b l a s t   f u r n a c e  

p l a n t   is  o p e r a t i n g .   In  o p e r a t i o n   of  the   p l a n t ,   w a s t e  

gas  f rom  the   v e s s e l   1  can  be  l ed   v i a   a  p i p e   6  and  a  v a l v e  

7  to  a  c o n v e n t i o n a l   gas  c l e a n i n g   p l a n t   8,  in  wh ich   t h e  

w a s t e   gas   is   d e - p r e s s u r i s e d ,   c o o l e d   and  c l e a n e d .   The  

p l a n t   8  has   an  o u t l e t   p i p e   10  f o r   c l e a n e d   and  c o o l e d   g a s .  



A  b r a n c h   p i p e   12  f rom  the   p i p e   6  l e a d s   v i a   a  v a l v e  

14  to  the   i n l e t   of   a  gas   e x p a n d e r   16.  The  l a t t e r   c o m p r i s e s  

a  r o t o r   18  w h i c h   can   be  d r i v e n   by  w a s t e   gas   f rom  the   f u r n -  

ace   v e s s e l  1 .   A f t e r   p a s s i n g   t h r o u g h   the   gas   e x p a n d e r  
16  and  i m p a r t i n g   mos t   of   i t s   e n e r g y   c o n t e n t   to  the   r o t o r  

18,  t he   e x h a u s t   gas   f rom  the   e x p a n d e r   16  i s   l e d   v i a   a  

p i p e   20,  i n c l u d i n g   a  v a l v e   21,  to  t he   gas   c l e a n i n g   p l a n t  
8 .  

The  r o t o r   18  has   an  o u t p u t   s h a f t   22  c o n n e c t e d   v i a  

a  c o u p l i n g   24  to  t he   d r i v e   s h a f t   26  of  a  3 - p h a s e   a l t e r -  

n a t i n g   c u r r e n t   g e n e r a t o r   28  w i t h   a  f i e l d   e x c i t e r   3 0 .  

The  e l e c t r i c a l   o u t p u t   of  the   g e n e r a t o r   28  i s   s u p p l i e d  

v i a   a  c i r c u i t   b r e a k e r   29,  to  the   i n p u t   s i d e   of   a  f r e q u e n c y  

c o n v e r t e r   32,  t he   o u t p u t   s i d e   of  w h i c h   i s   c o n n e c t e d ,   v i a  

a  c i r c u i t   b r e a k e r   34,  to  t he   3 - p h a s e   s u p p l y   n e t w o r k   5 .  

A  t r a n s f o r m e r   36  may  be  r e q u i r e d   b e t w e e n   the   c o n v e r t e r  

32  and  the   s u p p l y   n e t w o r k   5,  d e p e n d i n g   on  the   v o l t a g e  

of  t he   n e t w o r k .  

The  c o n v e r t e r   32  i s   c o n t r o l l e d ,   in   known'  m a n n e r ,  

by  s i g n a l s   t r a n s m i t t e d   to  i t   f rom  the   n e t w o r k   5  v i a   a  

l i n e   33,  so  t h a t   i t s   o u t p u t   v o l t a g e   and  f r e q u e n c y   a t   a l l  

t i m e s   ma tch   the   v o l t a g e   and  f r e q u e n c y   of  t he   n e t w o r k   5 

( o r   of  the   t r a n s f o r m e r   36  when  p r o v i d e d )   i n d e p e n d e n t  

of  t he   s p e e d   of  r o t a t i o n   of  the   g e n e r a t o r   28  w i t h i n   a  

wide   r a n g e   of   s p e e d   of  r o t a t i o n   of  t he   l a t t e r .   F o r  

e x a m p l e ,   i f   t he   g e n e r a t o r   2 8  i s   a  2 - p o l e   m a c h i n e   h a v i n g  

a  s y n c h r o n o u s   s p e e d   of  3 , 0 0 0   r . p . m . ,   t he   c o n v e r t e r   32  

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

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

a  r a n g e   of  s p e e d s   of  r o t a t i o n   of  the   g e n e r a t o r   28  m a t c h i n g  

the   o p e r a t i o n a l  s p e e d   r a n g e   of  t he   r o t o r   18  w h i c h ,   i n  

the   c a s e   of  some  c o m m e r c i a l l y   a v a i l a b l e   gas   e x p a n d e r s ,  

may  be  f rom  2 , 0 0 0   to  6 , 5 0 0   r . p . m .  

In  o p e r a t i o n   of  the   a b o v e - d e s c r i b e d   p l a n t ,   w i t h   t h e  

b l o w e r   2  in  o p e r a t i o n ,   the   v a l v e s   14  and  2 1  a r e   f i r s t  



c l o s e d ,   the   v a l v e   7  is  opened   and  the  c i r c u i t   b r e a k e r  

34  is   o p e n e d .   Waste  gas  at   h i g h   p r e s s u r e   and  h i g h   t e m p e r a -  

t u r e   l e a v i n g   the  v e s s e l   1  t h e n   f l o w s   v i a   the   p i p e   6  t o  

the  gas  c l e a n i n g   p l a n t   8.  The  c l e a n ,   c o o l e d   gas   l e a v i n g  

the  p l a n t   8  v i a   the  p ipe   10  is   mixed  w i t h   coke  oven  g a s  
i n t r o d u c e d   v i a   a  p i p e   38  to  form  a  c o m b u s t i b l e   gas  w h i c h  

is   l e d   away  v i a   a  p i p e   4 0 .  

The  c i r c u i t   b r e a k e r   34  i s   t h e n   c l o s e d   and  the   c o n t r o l  

s y s t e m   of  the  c o n v e r t e r   32  is   a d j u s t e d   so  t h a t   power   i s  

s u p p l i e d   to  the   g e n e r a t o r   28  from  the  n e t w o r k   5  f o r   t h e  

p u r p o s e   of  d r i v i n g   the   g e n e r a t o r   28  as  a  m o t o r   and  s e t t i n g  

the   r o t o r   18  of  the   gas  e x p a n d e r   in  r o t a t i o n .   When  t h e  

b a s e   s p e e d   of  the   gas   e x p a a n d e r   is   r e a c h e d   ( e . g .   2 , 0 0 0  

r . p . m . ) ,   the   v a l v e   7  i s   c l o s e d   and  s i m u l t a n e o u s l y   t h e  

v a l v e s   14  and  21  a re   o p e n e d ,   so  t h a t   the   w a s t e   gas  f r o m  

the  v e s s e l   1  f l o w s   v i a   the   p i p e s   6  and  12  to  the   gas  e x p a n -  
der   16.  A f t e r   a  s h o r t   p e r i o d   ( f o r   e x a m p l e   s e v e r a l   m i n u t e s )  

the  r o t o r   18  of  the   gas  e x p a n d e r   16  p r o d u c e s   a  t o r q u e  

in  e x c e s s   of  the   t o r q u e   p r o v i d e d   by  the  s y n c h r o n o u s   d r i v e  

s y s t e m .   When  t h i s   t o r q u e   is   e s t a b l i s h e d ,   a  s i g n a l   i s  

s e n t   to  the   c o n t r o l   s y s t e m   of  the   c o n v e r t e r   32  to  r e v e r s e  

the   power   f low  of  the   c o n v e r t e r ,   and  power   g e n e r a t i o n  

is   e s t a b l i s h e d .  

The  e x h a u s t   gas  wh ich   l e a v e s   the  gas  e x p a n d e r   16 

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

w i t h   the   gas  f ed   to  the   gas  e x p a n d e r ,   is   l ed   v i a   the   p i p e  

20  to  the   gas  c l e a n i n g   p l a n t   8  to  a  r e g i o n   of  the   l a t t e r  

d o w n s t r e a m   of  the  d e - p r e s s u r i s i n g   u n i t   of  the   p l a n t .  

A f t e r   c l e a n i n g ,   t h i s   e x h a u s t   gas  p a s s e s   f rom  the   p l a n t  

8  v i a   t he   p i p e   10,  i s   mixed   w i t h   coke  oven  gas   i n t r o d u c e d  

v i a   p i p e   3 8 - t o   p r o d u c e   a  c o m b u s t i b l e   gas  and  is   l ed   a w a y  

v i a   the   p i p e   4 0 .  

In  n o r m a l   use  of  the  p l a n t ,   the  e l e c t r i c a l   and  m e c h a n -  

i c a l   i n e r t i a   of  the  s y s t e m   fo rmed   by  the  g e n e r a t o r   2 8 ,  

the  c o n v e r t e r   32,  the   t r a n s f o r m e r  3 6   and  the  power   s u p p l y  



n e t w o r k   5  is   s u f f i c i e n t   to  p r e v e n t   o v e r - s p e e d i n g   of  t h e  

r o t o r   18  of  t he   gas   e x p a n d e r   16.  However ,   in  the   e v e n t  

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

is  a  d a n g e r   t h a t   o p e n i n g   of  t he   c i r c u i t   b r e a k e r   34  may  
l e a d   to  o v e r - s p e e d i n g   of  the   r o t o r   18.  To  p r e v e n t   t h i s ,  

the   c o n t r o l   s y s t e m   of  the   c o n v e r t e r   32  i s   d e s i g n e d   t o  

d e l a y   o p e n i n g   of   the   c i r c u i t   b r e a k e r   34,  in  t he   e v e n t  

of  a  f a u l t   a r i s i n g ,   f o r   a  s h o r t   p e r i o d ,   f o r   e x a m p l e   3 

s e c o n d s ,   and  a t   t he   same  t i m e   to  s e n d   e l e c t r i c a l   s i g n a l s  

v i a   l i n e s   42,  43  and  44  to  t he   v a l v e s   7,  14  and  21,  r e s p e c -  

t i v e l y ,   to  i n i t i a t e   o p e n i n g   of   v a l v e   7  a n d  c l o s i n g   o f  

v a l v e s   14  and  21.  I m m e d i a t e l y   t he   v a l v e   7  i s   c r a c k e d  

open  t h e r e   w i l l   be  a  c o n s i d e r a b l y   r e d u c e d   t o r q u e   a p p l i e d  
to  the   r o t o r   18  by  the   gas   s t r e a m .   When  the   v a l v e s   14  

and  21  a re   f i n a l l y   c l o s e d   and  t h e   v a l v e   7  i s   o p e n e d ,   w a s t e  

gas  i s   d i v e r t e d   f rom  the   gas   e x p a n d e r   16  d i r e c t l y   to  t h e  

gas  c l e a n i n g   p l a n t   8.  In  t h e   e v e n t   of  a  t h r o u g h   f a u l t  

o c c u r r i n g   in  t he   c o n v e r t e r   32,  a  r e s i s t i v e   s h o r t   t i m e -  

r a t e d   l o a d   46  i s   i m m e d i a t e l y   s w i t c h e d   a c r o s s   the   g e n e r a t o r  

o u t p u t   t e r m i n a l s   by  a  c i r c u i t   b r e a k e r   47.  The  c i r c u i t  

b r e a k e r   47  i s   c o u p l e d   w i t h   t h e   c i r c u i t   b r e a k e r   29  so  t h a t  

when  the   l a t t e r   i s   c l o s e d ,   t h e   c i r c u i t   b r e a k e r   47  i s   s i m u l -  

t a n e o u s l y   o p e n e d ,   and  v i c e   v e r s a .   C l o s i n g   of  the   c i r c u i t  

b r e a k e r   47  and  s i m u l t a n e o u s   o p e n i n g   of   the   c i r c u i t   b r e a k e r  

29  a re   i n i t i a t e d   by  a  s i g n a l   o v e r   a  l i n e   49  f rom  t he   c o n -  

t r o l   s y s t e m   of  t he   c o n v e r t e r   32.  Upon  o p e r a t i o n   of   t h e  

c i r c u i t   b r e a k e r s   29  and  47  in  t h i s   m a n n e r ,   t he   c o n t r o l  

s y s t e m   of  the   c o n v e r t e r   32  i n i t i a t e s   c l o s i n g   of  t he   v a l v e s  

14  and  21  and  o p e n i n g   of  t he   v a l v e   7  as  d e s c r i b e d   a b o v e .  

In  t he   e v e n t   of  a  f a i l u r e   of  t he   n e t w o r k   5,  a  s i g n a l  

is  s e n t   v i a   a  l i n e   35  f rom  the   n e t w o r k   5  to  t h e   c o n t r o l  

s y s t e m   of  t he   c o n v e r t e r   32  to  i n i t i a t e   o p e r a t i o n   of  t h e  

c i r c u i t   b r e a k e r s   29  and  47  as  d e s c r i b e d   a b o v e .  

I f   t he   b l o w e r   2  o p e r a t e s   a t   v a r i a b l e   c a p a c i t y   d u r i n g  

the  m e t a l l u r g i c a l   p r o c e s s   c a r r i e d   ou t   in  the   v e s s e l  1 ,  

i t   may  be  e c o n o m i c a l l y   w o r t h w h i l e   e m p l o y i n g   a  c o n v e r t e r ,  

s i m i l a r   to  the   c o n v e r t e r   32,  b u t   of  l o w e r   power   r a t i n g ,  



to  s u p p l y   the  b l o w e r   2.  Such  a  c o n v e r t e r   is   i n d i c a t e d  

by  the  c h a i n   l i n e s   4 8 .  

In  one  e m b o d i m e n t   of  the   p l a n t   shown  in  the  d r a w i n g ,  

the  gas  e x p a n d e r   16  was  a  t w o - s t a g e   gas   e x p a n d e r ,   made  

by  I n g e r s o l l - R a n d ,   c a p a b l e   of  d e l i v e r i n g   an  o u t p u t   o f  

17  MW  at   a  s p e e d   of  r o t a t i o n   of  t h e   s h a f t   22  of  a b o u t  

3 , 6 0 0   r . p . m .   The  g e n e r a t o r   28  was  a  2 - p o l e ,   t u r b o   d e s i g n e d  

s y n c h r o n o u s   m a c h i n e ,   t y p e   GTL  1050CP  made  by  ASEA  AB. 

of  V ä s t e r a s ,   Sweden  and  d e s c r i b e d   in  ASEA's   p a m p h l e t  

No.  OK  1 3 - 1 0 4 E .   T h i s   g e n e r a t o r   has   an  o u t p u t   of  2 1 2 5 0  

kVA  at   a  v o l t a g e  o f   15  kV  ±5%  and  a  f r q u e n c y   of  from  47  

to  60  Hz  ( c o r r e s p o n d i n g   to  s p e e d s   of  r o t a t i o n   of  f r o m  

2 , 8 0 0   to  3 , 6 0 0   r . p . m . ) .  T h e   e x c i t e r   30  was  a n  a s y n c h r o n o u s  

g e n e r a t o r ,   t ype   MDE  500C  made  by  ASEA  AB.  h a v i n g   an  o u t p u t  

of  210  kW,  the  e x c i t a t i o n   of  t h i s   a s y n c h r o n o u s   g e n e r a t o r  

b e i n g   c o n t r o l l e d   by  a  3 - p h a s e   a . c .   t h y r i s t o r   c o n v e r t e r ,  

t ype   YQND  made  by  ASEA  AB.  and  d e s c r i b e d   in  ASEA's  p a m p h l e t  

No.  YT  3 7 4 - 0 0 1 E .   The  c o n v e r t e r   32  c o n s i s t e d   of  a  t h y r i s t o r  

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

r e c t i f i e r   c o n n e c t e d   by  a  d . c .   l i n k   to  an  a . c .   t h y r i s t o r  

i n v e r t e r ,   the  r e c t i f i e r   and  i n v e r t e r   e a c h   b e i n g   a  s i x -  

p u l s e   b r i d g e   u n i t   of  the   t ype   YRTC  1 6 - 1 4 5 0 - 3   made  by  ASEA 

AB.  and  d e s c r i b e d   in  ASEA's  p a m p h l e t   No.  YT  2 7 2 - 1 0 1 E .  

T h i s   c o n v e r t e r   had  an  o u t p u t   power   of  17  MW,  an  i n p u t  

v o l t a g e   of  15  kV;  and  an  o u t p u t   v o l t a g e   t o   ma tch   the  v o l t -  

age  of   t h e  p o w e r   n e t w o r k   5  (or   the   t r a n s f o r m e r   36  w h e n  

p r o v i d e d )   at  a  f r e q u e n c y   w h i c h   a u t o m a t i c a l l y   f o l l o w e d  

the   n e t w o r k   f r e q u e n c y .   U s i n g   t h i s  e q u i p m e n t   i t   is   e s t i -  

m a t e d   t h a t   up  to  72  p e r   c e n t   o f  t h e   h e a t   and  p r e s s u r e  

e n e r g y   of  t h e  w a s t e   gas  s t r e a m   can  be  u s e f u l l y   r e c o v e r e d  

as  e l e c t r i c a l   e n e r g y   d e l i v e r e d   to  the   n e t w o r k   5 .  



1.  A  m e t h o d   of  r e c o v e r i n g   e n e r g y   f rom  a  s t r e a m   o f  

w a s t e   gas   i s s u i n g   f rom  a  m e t a l l u r g i c a l   p r o c e s s i n g   v e s s e l  

(1)  a t   s u p e r a t m o s p h e r i c   p r e s s u r e   and  e l e v a t e d   t e m p e r a t u r e ,  

c h a r a c t e r i s e d   by  t he   s t e p s   of   s u p p l y i n g   the   gas   s t r e a m  

to  t h e   i n l e t   of  a  gas   e x p a n d e r   (16)   in  w h i c h   the   gas   s t r e a m  

is   e m p l o y e d   to  d r i v e   a  r o t o r   (18)   h a v i n g   an  o u t p u t   s h a f t  

( 2 2 ) ,   e m p l o y i n g   r o t a t i o n   of  the   o u t p u t   s h a f t   (22)   of  t h e  

gas   e x p a n d e r   (16)   to  d r i v e   an  a l t e r n a t i n g   c u r r e n t   g e n e r a t o r  

( 2 8 ) ,   and  d e l i v e r i n g   the   e l e c t r i c a l   o u t p u t  c f   t he   g e n e r a t o r  
(28)   to  the   i n p u t   s i d e   of   a  v o l t a g e   and  f r e q u e n c y   c o n v e r t e r  

(32)   w h i c h ,   w i t h i n   p r e d e t e r m i n e d   l i m i t s   of  t h e   s p e e d   o f  

r o t a t i o n   of  the   g e n e r a t o r   ( 2 8 ) ,   d e l i v e r s   f rom  i t s   o u t p u t  

s i d e   an  e l e c t r i c a l   o u t p u t   to  an  e l e c t r i c a l   power   n e t w o r k  

(5)  a t   a  v o l t a g e   and  a  f r e q u e n c y   w h i c h   at   a l l   t i m e s   c o n f o r m  

to  t h e   v o l t a g e   and  f r e q u e n c y   of  s a i d   n e t w o r k   ( 5 ) .  

2.  An  i r o n -   or  s t e e l - m a k i n g   p l a n t   c o m p r i s i n g   a  

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

of  t h e   p l a n t ,   t h e r e   i s s u e s   a  s t r e a m   of  w a s t e   gas   at   s u p e r -  

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

i s e d   in  t h a t   i t   c o m p r i s e s   means   (6,   12)  f o r   s u p p l y i n g  

s a i d   gas   s t r e a m   to  the   i n l e t   of   a  gas   e x p a n d e r   (16)   w h i c h  

i n c l u d e s   a  r o t o r   (18)   d r i v a b l e   by  t h e  g a s   s t r e a m ,   s a i d  

r o t o r   (18)   c o m p r i s i n g   an  o u t p u t   d r i v e   s h a f t   ( 2 2 ) ,   an  a l t e r -  

n a t i n g   c u r r e n t   g e n e r a t o r   (28)   a r r a n g e d   to  be  d r i v e n   b y  

s a i d   o u t p u t   d r i v e   s h a f t   ( 2 2 ) ,   and  a  v o l t a g e   and  f r e q u e n c y  

c o n v e r t e r   (32)   h a v i n g   i t s   i n p u t   s i d e   c o n n e c t e d   to  t h e  

e l e c t r i c a l   o u t p u t   of  t he   g e n e r a t o r   (28)   and  i t s   o u t p u t  

s i d e   c o n n e c t e d   to  an  e l e c t r i c a l   p o w e r   n e t w o r k   ( 5 ) ,   s a i d  

c o n v e r t e r   (32)   b e i n g   of   the   k i n d   w h i c h ,   o v e r   a  p r e d e t e r -  

m i n e d   r a n g e   of  the   sDeed   of  r o t a t i o n   of  t he   g e n e r a t o r  

( 2 8 ) ,   d e l i v e r s   a t   i t s   o u t p u t   s i d e   e l e c t r i c   power   at   a  

v o l t a g e   and  f r e q u e n c y   wh ich   a t   a l l   t i m e s   c o n f o r m   to  t h e  

v o l t a g e   and  f r e q u e n c y   of  s a i d   n e t w o r k   ( 5 ) .  

3.  A  p l a n t   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i s e d   i n  

t h a t   i t   c o m p r i s e s   v a l v e   means  (7,  14)  f o r   d i r e c t i n g   s a i d  



w a s t e   gas  s t r e a m   from  s a i d   p r o c e s s i n g   v e s s e l   (1)  e i t h e r  

to  s a i d   gas  e x p a n d e r   (16)  or  to  a  gas  c l e a n i n g   p l a n t   ( 8 ) .  

4.  A  p l a n t   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   c o n v e r t e r  ( 3 2 )   is   c o n n e c t e d   to  s a i d   n e t w o r k  

(5)  v i a   a  c i r c u i t   b r e a k e r   ( 3 4 ) ,   and  the  c o n t r o l   s y s t e m  
of  the   c o n v e r t e r   (32)  c o m p r i s e s   means  f o r   i n i t i a t i n g   o p e n -  

ing   of  s a i d   c i r c u i t   b r e a k e r   (34)   in  the   e v e n t   of  an  e l e c -  

t r i c a l   f a u l t   d e v e l o p i n g   in  s a i d   g e n e r a t o r   ( 2 8 ) ,   s a i d  

c o n v e r t e r   (32)  or  s a i d   n e t w o r k   ( 5 ) .  

5.  A  p l a n t   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r i s e d   i n  

t h a t   the   c o n t r o l   s y s t e m   of  the   c o n v e r t e r   (32)  c o m p r i s e s  

means  f o r   i n i t i a t i n g   a c t u a t i o n   of  s a i d   v a l v e   means  ( 7 ,  

14) ,   to  d i v e r t   s a i d   w a s t e   gas   s t r e a m   from  s a i d   gas  e x p a n d e r  

(16)   to  s a i d   gas  c l e a n i n g   p l a n t   ( 8 ) ,   in  the  e v e n t   of  a n  

e l e c t r i c a l   f a u l t   d e v e l o p i n g   in  s a i d   g e n e r a t o r   ( 2 8 ) ,   s a i d  

c o n v e r t e r   (32)  or  s a i d   n e t w o r k   ( 5 ) .  

6.  A  p l a n t   a c c o r d i n g   to  c l a i m   5,  c h a r a c t e r i s e d   i n  

t h a t   the   c o n t r o l   s y s t e m   of  the   c o n v e r t e r   (32)  c o m p r i s e s  

means  e n a b l i n g   i t   to  m a i n t a i n   s a i d   c i r c u i t   b r e a k e r   ( 3 4 )  

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

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

s a i d   v a l v e   means  (7,  14)  to  d i v e r t   s a i d   w a s t e   gas  s t r e a m  

to  s a i d   gas  c l e a n i n g   p l a n t   (8)  has   commenced  p r i o r   t o  

o p e n i n g   of   s a i d   c i r c u i t   b r e a k e r   ( 3 4 ) .  

7.  A  p l a n t   a c c o r d i n g   to  any  of  c l a i m s   2  to  6,  c h a r a c -  

t e r i s e d   in  t h a t   s a i d   c o n v e r t e r   (32)   is   a  t h y r i s t o r   r e c t i -  

f i e r / i n v e r t e r   e q u i p m e n t   c o m p r i s i n g   a  d . c .   t h y r i s t o r   r e c t i -  

f i e r   c o n n e c t e d   by  a  d . c . l i n k   to  an  a . c .   t h y r i s t o r   i n v e r t e r .  

8.  A  p l a n t   a c c o r d i n g   to  any  of  c l a i m s   2  to  7,  c h a r a c -  

t e r i s e d   in  t h a t   s a i d   g e n e r a t o r   (28)   is   d r i v a b l e   as  a  m o t o r  

w i t h   c u r r e n t   s u p p l i e d   from  s a i d   n e t w o r k   (5)  v i a   s a i d  

c o n v e r t e r   ( 3 2 ) ,   w h e r e b y   s a i d   gas  e x p a n d e r   (16)  can  b e  

s e t   in  r o t a t i o n   p r i o r   to  b e i n g   d r i v e n   by  s a i d   w a s t e   g a s  



s t r e a m .  

9.  A  p l a n t   a c c o r d i n g   to  any  of   c l a i m s   2  to  8,  c h a r a c -  

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

m a t t e r   f rom  s a i d   w a s t e   gas   s t r e a m   p r i o r   to  s u p p l y i n g   i t  

to  the   i n l e t   o f   s a i d   gas   e x p a n d e r   ( 1 6 ) .  

10.  A  p l a n t   a c c o r d i n g   to  any  of  c l a i m s   2  to   9 ,  

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

(46)   c o n n e c t i b l e   a c r o s s   the   t e r m i n a l s   of   s a i d   g e n e r a t o r  

(28)   in  the   e v e n t   of  a  t h r o u g h   f a u l t   d e v e l o p i n g   in  s a i d  

c o n v e r t e r   ( 3 2 ) .  
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