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*)  Apparatus  for  cooling  hot  rolled  steel  rod. 

iij  «  conveyor  uennes  a  pain  aiong  wnicn  nox  ronea  steel 
3d  is  transported  in  the  form  of  overlapping  mutually  offset 
ngs.  Air  nozzles  are  arranged  beneath  the  conveyor  path  to 
irect  air  upwardly  against  the  rings  from  underlying  plenum 
hambers  fed  by  motor  driven  fans.  Additional  water  nozzles 
re  arranged  to  apply  water  to  the  rings.  Some  of  the  thus 
pplied  W8ter  is  vaporized  by  the  heat  of  the  rod,  and  the 
amainder  of  the  water  is  drained  through  the  air  nozzles  into 
le  plenum  chambers  for  subsequent  removal. 

jyuon  rnming  company  Ltd 

A  conveyor  defines  a  path  along  which  hot  rolled  steel 
rod  is  transported  in  the  form  of  overlapping  mutually  offset 
rings.  Air  nozzles  are  arranged  beneath  the  conveyor  path  to 
direct  air  upwardly  against  the  rings  from  underlying  plenum 
chambers  fed  by  motor  driven  fans.  Additional  water  nozzles 
are  arranged  to  apply  water  to  the  rings.  Some  of  the  thus 
applied  water  is  vaporized  by  the  heat  of  the  rod,  and  the 
remainder  of  the  water  is  drained  through  the  air  nozzles  into 
the  plenum  chambers  for  subsequent  removal. 



F i e l d   of  t he   I n v e n t i o n  

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

c o o l i n g   of  ho t   r o l l e d   s t e e l   p r o d u c t s   s u c h   as  r o d s   and  t h e  

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

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

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

The  c o n t r o l l e d   c o o l i n g   of  h o t   r o l l e d   s t e e l   r o d   i n  

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

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

in  U.S.  P a t e n t   N o . 3 , 2 3 1 , 4 3 2   ( M c L e a n   e t   a l ) .   T h i s   p r o c e s s  

i n v o l v e s   h o t - r o l l i n g   t h e   rod   and   t h e r e a f t e r   d i r e c t l y  

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

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

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

g r a i n   s i z e .   W h i l e   m o v i n g   a l o n g   t h e   c o n v e y o r ,   t h e   r i n g s  

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

p r o d u c e s   a  " p a t e n t e d "   m i c r o s t r u c t u r e ,   i . e . ,   a  

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

a i r   or  l e a d   p a t e n t i n g   so  as  to   e n a b l e   t h e   rod   to   b e  

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

e x a m p l e   by  b e i n g   d r a w n   i n t o   w i r e ,   w i t h o u t   a d d i t i o n a l   h e a t  

t r e a t m e n t .  

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

t y p e   c o n v e y o r s   w e r e   e m p l o y e d .   H o w e v e r ,   b e c a u s e   of  t h e  

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

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



b e t w e e n   t he   c h a i n s ,   and  b e c a u s e   of  t he   n o n - u n i f o r m   c o o l i n g  

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

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

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

s h o w n   f o r   e x a m p l e   in   U.S.  P a t e n t   N o . 3 , 3 9 0 , 9 0 0   ( W i l s o n ) .  

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

a i r   n o z z l e s   a r r a n g e d   b e t w e e n   t he   r o l l e r s   to  b low  c o o l i n g  

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

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

f l e x i b i l i t y   of  o p e r a t i o n   have   been  a c h i e v e d   by  a r r a n g i n g  

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

r o l l e r s ,   as  s h o w n   f o r   e x a m p l e   in  U.S.  P a t e n t   N o . 4 , 4 4 8 , 4 0 1  

( J a l i l   e t   a l ) .  

The  rod  s i z e s   t h a t   a r e   p r o c e s s e d   in  i n s t a l l a t i o n s   o f  

t h e   f o r e g o i n g   t y p e   t y p i c a l l y   r a n g e   f r o m   5 - 1 9   mm.  i n  

d i a m e t e r .   For  r o d s   b e l o w   a b o u t   9  mm.  in  d i a m e t e r ,   a i r  

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

t e n s i l e   s t r e n g t h s .   H o w e v e r ,   f o r   r o d s   9  mm.  and  a b o v e   i n  

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

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

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

A t t e m p t s   h a v e   b e e n   made   a t   a c h i e v i n g   i n c r e a s e d  

c o o l i n g   r a t e s   by  e m p l o y i n g   w a t e r   as  a  c o o l i n g   med ium.   S e e  

f o r   e x a m p l e   U.S.  P a t e n t   N o . 4 , 3 9 5 , 0 2 2   ( P a u l u s   e t   a l )   w h i c h  

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

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

C o o l i n g   by  w a t e r   i m m e r s i o n   has   r e p o r t e d l y   a c h i e v e d  



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

f o r   l a r g e r   rod  s i z e s .   H o w e v e r ,   u n i f o r m   r e s u l t s   have   b e e n  

d i f f i c u l t   to   a c h i e v e ,   p r i m a r i l y   b e c a u s e   of  t h e   d i f f i c u l t y  

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

c o m p o u n d e d   by  t he   n e e d   to   c o n t i n u o u s l y   r e m o v e   c o n t a m i n a n t s  

s u c h   as  d i r t ,   m i l l   s c a l e ,   e t c .   f rom  t h e   w a t e r   b a t h .  

As  s h o w n   by  U.S.   P a t e n t   N o . 4 , 1 6 8 , 9 9 3   ( W i l s o n   e t   a l ) ,  

some  work  has   been   d o n e   w i t h   w a t e r   s p r a y s .   The  p r o b l e m  

w i t h   t h e s e   a r r a n g e m e n t s ,   h o w e v e r ,   is   t h a t   c e r t a i n   c o n v e y o r  

z o n e s   a r e   l i m i t e d   to   c o o l i n g   by  a  w a t e r   s p r a y   a p p l i c a t i o n ,  

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

a i r .   I f   o n l y   a i r   c o o l i n g   i s   r e q u i r e d ,   as  f o r   e x a m p l e   w h e n  

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

z o n e s   m u s t   be  s h u t   d o w n .   T h u s ,   as  t h e   r o d   m o v e s   a l o n g  

t h e   c o n v e y o r ,   i t   e x p e r i e n c e s   e x t e n d e d   i n t e r v a l s   ( w h i l e  

m o v i n g   t h r o u g h   the   i n o p e r a t i v e   w a t e r   c o o l i n g   zone)   when  n o  

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

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

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

d i a m e t e r s   of  9  mm.  and  a b o v e ,   mos t   m i l l s   e i t h e r   d raw  w i r e  

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

i n c r e a s e   t he   h a r d e n a b i l i t y   of  the   s t e e l ,   or  r e s o r t   to  o f f -  

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

of  t h e s e   a l t e r n a t i v e s   y i e l d s   m i x e d   r e s u l t s ,   and  the   s e c o n d  

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

c o s t s .   In   s h o r t ,   t h e   p r i o r   a r t   h a s   f a i l e d   t o  

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

p r o c e s s i n g   t h e   l a r g e r   r o d   s i z e s   r a n g i n g   f r o m   9 -  19  mm.  i n  



d i a m e t e r .  

Summary  of  t h e   P r e s e n t   I n v e n t i o n  

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

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

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

s m a l l e r   rod   s i z e s   in  a  c o n v e n t i o n a l   m a n n e r ,   w i t h   a t   l e a s t  

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

s p r a y s   or  w i t h   w a t e r   l a d e n   a i r   when  a c c e l e r a t e d   c o o l i n g   o f  

the   l a r g e r   rod  s i z e s   is  r e q u i r e d .  

A l l   c o n v e y o r   z o n e s   h a v e   f o r c e d   a i r   c o o l i n g   s y s t e m s  

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

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

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

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

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

a p p r o p r i a t e   p i p i n g .   In  one  e m b o d i m e n t ,   t h e   n o z z l e s   a r e  

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

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

b o t h   a b o v e   a n d   b e l o w .   In  a n o t h e r   e m b o d i m e n t ,   t h e   w a t e r  

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

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

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

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

a p p l i c a t i o n   to  t h e   rod  r i n g s .  

When  e i t h e r   of  t h e   a b o v e - d e s c r i b e d   w a t e r   c o o l i n g  

e m b o d i m e n t s   i s   in  o p e r a t i o n ,   a  p o r t i o n   of  t he   w a t e r   b e i n g  

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



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

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

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

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

w h e r e   i t   i s   c o l l e c t e d   and  r e m o v e d   f o r   s u b s e q u e n t   f i l t e r i n g  

and  r e c i r c u l a t i o n .  

T h u s   i t   w i l l   be  s e e n   t h a t   t h e   a i r   d u c t s   and   n o z z l e s  

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

a n d / o r   d r a i n i n g   a w a y   e x c e s s   w a t e r ,   d e p e n d i n g   u p o n   w h i c h  

mode   of   o p e r a t i o n   i s   s e l e c t e d .   T h i s   t o t a l   v e r s a t i l i t y  

makes   i t   p o s s i b l e   f o r   t h e   a c c e l e r a t e d   c o o l i n g   z o n e s   of  t h e  

c o n v e y o r   to   o p e r a t e   on  t h e   e n t i r e   r a n g e   of  rod  s i z e s ,   e v e n  

when  o n l y   a i r   c o o l i n g   i s   b e i n g   e m p l o y e d .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g u r e   1  i s   a  s o m e w h a t   s c h e m a t i c   i l l u s t r a t i o n ,   i n  

s i d e   e l e v a t i o n ,   of   a  c o o l i n g   i n s t a l l a t i o n   in  a c c o r d a n c e  

w i t h   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   2  i s   a  p a r t i a l   p l a n   v i e w   i l l u s t r a t i n g   t h e  

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

the   c o n v e y o r ;  

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

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

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

b o t h   a i r   and  w a t e r   c o o l i n g   c a p a b i l i t i e s ;  

F i g u r e   4  i s   a  f u r t h e r   e n l a r g e d   and  p a r t i a l l y   b r o k e n  

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

shown  in  F i g u r e   3 ;  

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



t a k e n   a l o n g   l i n e   5-5  of  F i g u r e   3 ;  

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

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

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

bo th   a i r   and  w a t e r   c o o l i n g   c a p a b i l i t i e s ;  

F i g u r e   7  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   c o n v e y o r  

t a k e n   a l o n g   l i n e   7-7  of  F i g u r e   6 ;  

F i g u r e   8  i s   a  h o r i z o n t a l   s e c t i o n a l   v i e w   t a k e n   a l o n g  

l i n e   8-8  of  F i g u r e   7  and  s h o w i n g   one  t y p e   of  w a t e r   n o z z l e  

a r r a n g e m e n t ;   a n d  

F i g u r e   9  i s   a  v i e w   s i m i l a r   to   F i g u r e   8  s h o w i n g  

a n o t h e r   w a t e r   n o z z l e   a r r a n g e m e n t .  

D e t a i l e d   D e s c r i p t i o n   of  I l l u s t r a t e d   E m b o d i m e n t s  

R e f e r r i n g   i n i t i a l l y   to  F i g u r e s   1  and  2,  t h e   l a s t   r o l l  

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

d i a g r a m m a t i c a l l y   s h o w n   a t   10.  Hot  r o l l e d   s t e e l   r o d  

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

of  w a t e r   c o o l e d   d e l i v e r y   p i p e s   12  to   a  l a y i n g   h e a d   1 4 .  

The  l a y i n g   head   f o r m s   t h e   rod   i n t o   a  c o n t i n u o u s   s e r i e s   o f  

r i n g s   16  w h i c h   a r e   r e c e i v e d   on  a  s h o r t   c o n v e y o r   b e l t   1 8 .  

The  b e l t   18  i s   d r i v e n   a t   an  a p p r o p r i a t e   s p e e d   w h i c h  

a r r a n g e s   t h e   r i n g s   in  an  o v e r l a p p i n g   o f f s e t   p a t t e r n   a s  

t h e y   move  o n t o   t h e   c o o l i n g   c o n v e y o r   20.  C o n v e y o r   20  h a s  

m u t u a l l y   s p a c e d   d r i v e n   c o n v e y o r   r o l l e r s   22  w h i c h   p r o p e l  

the   o f f s e t   o v e r l a p p i n g   r i n g s   16  in  t he   d i r e c t i o n   i n d i c a t e d  

s c h e m a t i c a l l y   by  the   a r r o w   24  in  F i g u r e   2 .  

In  t h e   e m b o d i m e n t   h e r e i n   i l l u s t r a t e d ,   t he   c o n v e y o r   20  



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

l e t t e r s   A  &  B.  The  B  s e c t i o n s   a r e   a d a p t e d   to   c o o l   t h e  

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

t h u s   may  c o m p r i s e   any   one   of   a  n u m b e r   of   k n o w n   d e s i g n s ,   a n  

e x a m p l e   o f  w h i c h   i s   d e s c r i b e d   in   U.S.  P a t e n t   N o . 4 , 4 4 8 , 4 0 1  

( J a l i l   e t   a l ) .   H o w e v e r ,   t h e   A  s e c t i o n s   have   t h e   m u l t i p l e  

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

or  w a t e r   l a d e n   a i r .  

R e f e r r i n g   a d d i t i o n a l l y   to   F i g u r e s   3 -5 ,   one  e m b o d i m e n t  

of   a  c o n v e y o r   s e c t i o n   A  i s   s h o w n   w h e r e i n   t h e   d r i v e n  

c o n v e y o r   r o l l e r s   22  o v e r l i e   a  c o n v e y o r   d e c k   m a d e   up  o f  

r e f r a c t o r y   f i l l e d   c h a n n e l   m e m b e r s   26.  The  c h a n n e l  

m e m b e r s   26  a r e   s p a c e d   one   f r o m   t h e   o t h e r   t o   p r o v i d e  

" f i r s t "   a i r   n o z z l e s   28  a r r a n g e d   b e n e a t h   the   p a t h   of  t r a v e l  

o f   t h e   r o d   r i n g s   16  o v e r   t h e   c o n v e y o r   r o l l e r s .  

P r e f e r a b l y ,   the   a i r   n o z z l e s   28  u n d e r l i e   t he   r o l l e r s   22  a n d  

e x t e n d   a c r o s s   t he   e n t i r e   c o n v e y o r   w i d t h .  

The  a i r   n o z z l e s   28  c o m m u n i c a t e   w i t h   a n y  o n e   of  a  

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

w i t h   f o r c e d   a i r   by  a  m o t o r   d r i v e n   f an   32.  The  d u c t s   a r e  

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

b o t t o m   w a l l   34.  Each   d u c t   i s   i n t e r i o r l y   s u b d i v i d e d   b y  

p a r t i t i o n s   36  ( s e e   F i g u r e   5)  i n t o   a  c e n t e r   c h a m b e r   38  a n d  

t w o   s i d e   c h a m b e r s   40.  The  o u t p u t   of  t h e   f a n   32  may  b e  

s e l e c t i v e l y   d i v i d e d   by  b a f f l e s   ( n o t   shown)   so  as  to   d i r e c t  

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

40  f o r   a p p l i c a t i o n   t h r o u g h   t h e   n o z z l e s   28  a t   t h e   s i d e s   o f  

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



g r e a t e s t .   A d d i t i o n a l l y ,   a d j u s t a b l e   d e f l e c t o r s   42  a r e  

p r o v i d e d   a l o n g   t h e   u p p e r   e d g e s   of  t h e   p a r t i t i o n s   36  t o  

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

n o z z l e s   28.  The  a i r   n o z z l e s   28,   d u c t s   30  a n d   a i r   d r i v e n  

f a n s   32  a r e   f e a t u r e s   c o m m o n   to   b o t h   c o n v e y o r   s e c t i o n s   A 

and  B .  

W a t e r   s u p p l y   p i p e s   43  e x t e n d   t h r o u g h   a t   l e a s t   s o m e  o f  

t h e   r e f r a c t o r y   f i l l e d   c h a n n e l   m e m b e r s   26  u n d e r l y i n g  

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

The  w a t e r   s u p p l y   p i p e s   43  have   u p w a r d l y   d i r e c t e d   " s e c o n d "  

n o z z l e s   44.  P r e f e r a b l y ,   a d d i t i o n a l   w a t e r   s u p p l y   p i p e s   45 

a r e   a r r a n g e d   o v e r   t h e   c o n v e y o r   r o l l e r s   on  c o v e r   s e c t i o n s  

48.  The  s u p p l y   p i p e s   45  c a r r y   a d d i t i o n a l   d o w n w a r d l y  

d i r e c t e d   s e c o n d   w a t e r   n o z z l e s   46.  The  w a t e r   s u p p l y   p i p e s  

4 3 ,   45  a r e   c o n n e c t e d   v i a   f l e x i b l e   p i p i n g   50  t o  

d i s t r i b u t i o n   h e a d e r s   52  w h i c h   in  t u r n   a r e   c o n n e c t e d   v i a   a  

s h u t   o f f   v a l v e   54  t o   a  m a i n   w a t e r   h e a d e r   56.   T h e  

a r r a n g e m e n t   of  t h e   n o z z l e s   44,  46  is  p r e f e r a b l y   s u c h   t h a t  

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

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

t h e   c o n v e y o r   e d g e s .  

As  can   be  b e s t   s e e n   in  F i g u r e   3,  t h e   s l o p i n g   b o t t o m  

w a l l   34  of  e a c h   a i r   d u c t   30  has   a  d r a i n   o p e n i n g   58  l e a d i n g  

to   a  s m a l l   sump  60.  The  s u m p s   a r e   in  t u r n   c o n n e c t e d   b y  

m e a n s   of  d r a i n   p i p i n g   62  to   t h e   c o l l e c t o r s   64  s h o w n   i n  

F i g u r e   1 .  



F l a p   v a l v e s   66  a r e   a s s o c i a t e d   w i t h   each   of  t he   d r a i n  

o p e n i n g s   58.  The  v a l v e s   may  be  a d j u s t e d   m a n u a l l y   by  a n y  

c o n v e n i e n t   m e a n s   ( n o t   s h o w n )   b e t w e e n   o p e n   p o s i t i o n s   a s  

shown  in  t h e   d r a w i n g s ,   and  c l o s e d   p o s i t i o n s   b l o c k i n g   t h e  

d r a i n   o p e n i n g s .  

As  s h o w n   in  F i g u r e   5,  a t   l e a s t   some   of  t h e   c o n v e y o r  

c o v e r   s e c t i o n s   48  h a v e   t op   o p e n i n g s   68  c o m m u n i c a t i n g   w i t h  

a  s t e a m   v e n t   70  a n d   a  s t e a m   e x t r a c t i o n   d u c t   72.  A f t e r  

f i r s t   d i s c o n n e c t i n g   t h e   f l e x i b l e   p i p i n g   50,  t h e   c o v e r  

s e c t i o n s   may  be  p i v o t e d   to   o p e n   p o s i t i o n s   i n d i c a t e d   b y  

b r o k e n   l i n e s   a t   7 0 ' .  

In  o p e r a t i o n ,   t h e   c o n v e y o r   s e c t i o n s   A  and  B  can   b e  

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

s p r a y s   o n l y ,   or  w i t h   m i s t - l i k e   w a t e r   l a d e n   a i r .   W h e n  

c o o l i n g   w i t h   a i r   o n l y ,   t h e   f l a p   v a l v e s   66  and  t h e   w a t e r  

s h u t   o f f   v a l v e   54  w i l l   be  c l o s e d ,   t h e   f l e x i b l e   p i p i n g   50  

w i l l   be  d i s c o n n e c t e d   and   t h e   c o v e r   s e c t i o n s   48  r a i s e d   t o  

t h e i r   o p e n   p o s i t i o n s   7 0 ' .   T h e r e a f t e r ,   by  o p e r a t i n g   t h e  

f a n s   32,  a i r   w i l l   be  d r i v e n   u p w a r d l y   t h r o u g h   t he   d u c t s   30 

and  f i r s t   a i r   n o z z l e s   28  f o r   a p p l i c a t i o n   to  t he   rod  r i n g s  

mov ing   o v e r   the   d r i v e n   r o l l e r s   2 2 .  

When  c o o l i n g   w i t h   w a t e r   o n l y ,   t h e   f a n s   32  a r e   s h u t  

down  and  s l i d e   p l a t e s   74  ( s e e   F i g u r e   3)  a r e   m a n u a l l y  

i n s e r t e d   a c r o s s   t he   d u c t s   30  to  s a f e g u a r d   the   f a n s   a g a i n s t  

e x p o s u r e   to  m o i s t u r e .   The  c o v e r   s e c t i o n s   48  a r e   l o w e r e d  

i n t o   p l a c e   and  t h e   f l e x i b l e   p i p i n g   50  i s   c o n n e c t e d .  

T h e r e a f t e r ,   w i t h   t h e   f l a p   v a l v e s   66  o p e n ,   t h e   m a i n   s h u t  

o f f   v a l v e   54  i s   o p e n e d   to   f e e d   w a t e r   to   t h e   s e c o n d   w a t e r  



n o z z l e s   44,  46.  The  w a t e r   is   a p p l i e d   f rom  a b o v e   and  b e l o w  

t h e   r i n g s   as  a  f i n e   s p r a y .   Much  of  t he   w a t e r   i s   c o n v e r t e d  

to   s t e a m   by  t h e   h e a t   o f   t h e   r o d ,   a n d   t h i s   s t e a m   i s  

e x h a u s t e d   f r o m   t h e   c o n v e y o r   t h r o u g h   t h e   v e n t s   70  a n d  

e x t r a c t i o n   d u c t s   72.  The  r e m a i n d e r   of  t h e   w a t e r   r u n s  

down  t h r o u g h   t h e   f i r s t   a i r   n o z z l e s   28  i n t o   t h e   d u c t s   3 0 .  

G r a v i t y   d i r e c t s   t he   w a t e r   down  t h e   s l o p i n g   d u c t   b o t t o m s   34 

and  t h r o u g h   t h e   d r a i n   o p e n i n g s   58  i n t o   t h e   s u m p s   60,  a n d  

f r o m   t h e r e   t h r o u g h   t h e   d r a i n   p i p i n g   62  to   t h e   c o l l e c t o r s  

64.  A l t h o u g h   no t   i l l u s t r a t e d   in  t h e   d r a w i n g s ,   i t   w i l l   b e  

u n d e r s t o o d   t h a t   w a t e r   f r o m   t h e   c o l l e c t o r s   64  may  b e  

f i l t e r e d   and  r e c i r c u l a t e d   b a c k   to   t h e   m a i n   w a t e r   h e a d e r  

56.  I t   s h o u l d   a l s o   be  u n d e r s t o o d   t h a t   t h e   t e m p e r a t u r e   o f  

t h e   w a t e r   b e i n g   a p p l i e d   t h r o u g h   n o z z l e s   44  and   46  may  b e  

c o n t r o l l e d ,   as  by  p r e h e a t i n g ,   in  o r d e r   to  a c h i e v e   s e l e c t e d  

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

c o n v e y o r .  

An  a l t e r n a t e   e m b o d i m e n t   of  a  c o n v e y o r   s e c t i o n   A  i s  

shown  in  F i g u r e s   6-8 .   T h o s e   e l e m e n t s   w h i c h   a r e   common  t o  

b o t h   e m b o d i m e n t s   h a v e   b e e n   d e s i g n a t e d   by  t h e   s a m e  

r e f e r e n c e   n u m e r a l s .   H e r e   i t   w i l l   be  s e e n   t h a t   t h e  

" s e c o n d "   w a t e r   n o z z l e s   76  a r e   l o c a t e d   e x c l u s i v e l y   in  t h e  

a i r   d u c t   30.  The  c o v e r   s e c t i o n s   78  a r e   r e m o v a b l e   by  m e a n s  

of  l i f t i n g   eyes   80,  and  a r e   d e t a c h a b l y   c o n n e c t e d   by  m e a n s  

of  l a t e r a l   b r a n c h   c o n d u i t s   82  to   s t e a m   e x h a u s t   d u c t s   8 4 .  

The  w a t e r   n o z z l e s   76  a r e   a r r a n g e d   to   d i r e c t   a  f i n e   w a t e r  

s p r a y   i n t o   t he   a i r   s t r e a m   b e i n g   g e n e r a t e d   by  t h e   f a n s   3 2 .  



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

f i r s t   n o z z l e s   28  f o r   a p p l i c a t i o n   to   t h e   r o d   r i n g s   b e i n g  

c a r r i e d   a l o n g   t h e   c o n v e y o r   by  t h e   d r i v e n   r o l l e r s   2 2 .  

S t e a m   i s   v e n t e d   f r o m   t h e   c o v e r   s e c t i o n s   78  t h r o u g h   t h e  

b r a n c h   c o n d u i t s   82  and  c o m m u n i c a t i n g   e x h a u s t   d u c t s   84,  a n d  

e x c e s s   w a t e r   a g a i n   d r a i n s   back   t h r o u g h   t h e   n o z z l e s   28  i n t o  

t h e   a i r   d u c t s   30  f o r   r e m o v a l   as  p r e v i o u s l y   d e s c r i b e d .  

When  o p e r a t i n g   w i t h   a i r   o n l y ,   t h e   w a t e r   n o z z l e s   76  a r e  

s h u t   d o w n ,   t h e   c o v e r   s e c t i o n s   78  a r e   r e m o v e d ,   and  t h e  

f l a p   v a l v e s   66  a r e   c l o s e d .  

F i g u r e   9  s h o w s   a  f u r t h e r   m o d i f i c a t i o n   of   t h e  

e m b o d i m e n t   i l l u s t r a t e d   in  F i g u r e s   6 -8 .   H e r e ,   t he   " s e c o n d "  

n o z z l e s   a r e   a g a i n   l o c a t e d   e x c l u s i v e l y   in  t h e   a i r   d u c t   3 0 .  

The  n o z z l e s   86  a r e   a r r a y e d   in  m u l t i p l e   r o w s   r l ,   r2 .   T h e  

r o w s   r l   a r e   l o c a t e d   in  t h e   c e n t e r   c h a m b e r   38  w h e r e a s   t h e  

rows   r2  a re   l o c a t e d   r e s p e c t i v e l y   in  t h e   s i d e   c h a m b e r s   4 0 .  

The  n o z z l e s   86  a r e   f e d   by  m i x e r s   88  w i t h   w a t e r   by  o n e  

b r a n c h   90  c o n n e c t e d   t o   a  w a t e r   m a i n   92 ,   a n d   w i t h  

c o m p r e s s e d   a i r   by  a n o t h e r   b r a n c h   94  c o n n e c t e d   to   an  a i r  

m a n i f o l d   96.  The  n o z z l e s   86  p r o d u c e   a  f i n e   m i s t   w h i c h  

m i x e s   more  t h o r o u g h l y   w i t h   t he   a i r   o u t p u t   of  t he   f a n s   3 2 .  

S t i l l   a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   is  shown  i n  

F i g u r e   10  whe re   t h e   c o n v e y o r   deck   is  c o m p r i s e d   of  a  s e r i e s  

of  r e c t a n g u l a r   t u b e s   98  s p a c e d   as  a t   100  to   d e f i n e   f i r s t  

a i r   n o z z l e s .   S e l e c t e d   ones   of  t he   t u b e s   a r e   p r o v i d e d   w i t h  

a  s e r i e s   of  s e c o n d   w a t e r   n o z z l e s   102 .   C o o l i n g   w a t e r   i s  

c i r c u l a t e d   t h r o u g h   t h e   t u b e s   98,  and  t he   n o z z l e s   102  s p r a y  

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



t r a n s p o r t e d   o v e r   t h e   c o n v e y o r   r o l l e r s   22.  Here   a g a i n ,  

t h e   f i r s t   n o z z l e s   100  a l l o w   e x c e s s   w a t e r   to  d r a i n   back  t o  

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

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

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

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

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

d i a m e t e r   r o d s   ( b e l o w   9  mm.),  c o n v e y o r   s e c t i o n s   A  and  B  m a y  

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

c o n v e n t i o n a l   p r a c t i c e ,   in  a  c o n t r o l l e d   m a n n e r   a c c o r d i n g   t o  

t h e   p r i n c i p l e s   of  t h e   w e l l - k n o w n   S t e l m o r   p r o c e s s   a s  

d e s c r i b e d ,   e . g .   in  U.S.  P a t e n t   Nos .   3 , 2 3 1 , 4 3 2 ;   3 , 3 2 0 , 1 0 1  

and  3,  3 9 0 , 8 7 1 .  

Under   such   c i r c u m s t a n c e s ,   t he   c o n v e y o r   c o v e r   s e c t i o n s  

a r e   o p e n e d   or  r e m o v e d   to  a c c o m m o d a t e   u n r e s t r i c t e d   u p w a r d  

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

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

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

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

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

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

more   r a p i d   c o o l i n g   r a t e s   can  be  a c h i e v e d   by  s h i f t i n g   o v e r  

t h e   o p e r a t i o n   of   t h e   c o n v e y o r   s e c t i o n s   A  f r o m   t h e   a i r  

c o o l i n g   mode  to   one   of  t h e   p r e v i o u s l y   d e s c r i b e d   w a t e r  

c o o l i n g   m o d e s .   E a c h   of   t h e   w a t e r   c o o l i n g   m o d e s   i s  

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

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



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

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

i s   b e l i e v e d   to   be  b e n e f i c i a l   in  t h a t   i t   a l l o w s   w a t e r  

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

t o   m o v e   a w a y   f r o m   t h e   r o d   s u r f a c e s   b e f o r e   t h e   n e x t  

s u c c e s s i v e   w a t e r   a p p l i c a t i o n .   B e c a u s e   t h e   s t e a m   is   n o t  

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

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

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

may  be  a c h i e v e d .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t he   s e q u e n t i a l   a r r a n g e m e n t  

of   c o n v e y o r   s e c t i o n s   A  a n d   B  c a n   be  v a r i e d   t o   s u i t  

o p e r a t i n g   c o n d i t i o n s .   For  e x a m p l e ,   i t   may  be  d e s i r a b l e  

to  have   s e v e r a l   c o n s e c u t i v e   A  s e c t i o n s   a t   t he   b e g i n n i n g   o f  

t h e   c o n v e y o r ,   or  f o r   t h a t   m a t t e r ,   to   h a v e   a l l   c o n v e y o r  

s e c t i o n s   of  t he   A  t y p e .  



1.  A p p a r a t u s   f o r   c o n t r o l l e d   c o o l i n g   of   h o t - r o l l e d  

s t e e l   rod   c o m p r i s i n g   a  c o n v e y o r   (20)  d e f i n i n g   a  p a t h   a l o n g  

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

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

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

a  p l u r a l i t y   of  f i r s t   n o z z l e s   (28)  a r r a n g e d   i n  

s a i d   c o o l i n g   zone  b e n e a t h   and  a l o n g   s a i d   p a t h ;  

a i r   s u p p l y   m e a n s   i n c l u d i n g   d u c t s   ( 3 0 )  

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

f l o w   of  c o o l i n g   a i r   t o   be  e m i t t e d   f r o m   s a i d   f i r s t  

n o z z l e s   fo r   u p w a r d   a p p l i c a t i o n   a g a i n s t   t h e   rod   r i n g s  

in  s a i d   c o o l i n g   z o n e ;  

a  p l u r a l i t y   of  s e c o n d   n o z z l e s   ( 4 4 , 4 6 , 8 6 , 1 0 2 )  

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

n o z z l e s   b e i n g   a r r a n g e d   to   a p p l y   w a t e r   t o   t h e   r o d  

r i n g s   in  s a i d   c o o l i n g   z o n e ,   some  of  t he   t h u s   a p p l i e d  

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

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

b e i n g   r e t u r n e d   via   s a i d   f i r s t   n o z z l e s   to  s a i d   d u c t s ;  

means   fo r   r e m o v i n g   s a i d   s t e a m   f rom  t h e   v i c i n i t y  

of  s a i d   p a t h ;   a n d  

means   (58)  fo r   r e m o v i n g   t h e   t h u s   r e t u r n e d   w a t e r  

f rom  s a i d   d u c t s .  



2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   a t   l e a s t  

some  of  s a i d   s e c o n d   n o z z l e s   ( 4 4 , 1 0 2 )   a r e   a r r a n g e d   in  s a i d  

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

a g a i n s t   t h e   rod   r i n g s .  

3.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   1  o r   c l a i m   2 

w h e r e i n   a t   l e a s t   some   of  s a i d   s e c o n d   n o z z l e s   ( 4 6 , 8 6 )   a r e  

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

w a t e r   d o w n w a r d l y   a g a i n s t   t h e   rod  r i n g s .  

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

w h e r e i n   t h e   s t e a m   r e m o v a l   means   c o m p r i s e s   a  c o v e r   (48)  i n  

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

s t e a m   v e n t s   (70)  c o m m u n i c a t i n g   t h e r e w i t h .  

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

s e c o n d   n o z z l e s   ( 4 6 , 8 6 )   l o c a t e d   a b o v e   s a i d   c o n v e y o r   p a t h  

a r e   s u p p o r t e d   by  s a i d   c o v e r   ( 4 8 ) .  

6.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d  

s e c o n d   n o z z l e s   ( 4 4 , 1 0 2 )   a r e   a r r a n g e d   in  s a i d   d u c t s   ( 3 0 ) ,  

and  w h e r e i n   t h e   w a t e r   e m i t t e d   f r o m   s a i d   s e c o n d   n o z z l e s   i s  

mixed   w i t h   t h e   f l o w   of  c o o l i n g   a i r   b e i n g   e m i t t e d   f rom  s a i d  

f i r s t   n o z z l e s .  



7.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d  

c o n v e y o r   (20)   h a s   a  p l u r a l i t y   of  s u c c e s s i v e   m u t u a l l y  

s p a c e d   d r i v e n   r o l l e r s   (22)  on  w h i c h   s a i d   r i n g s   a r e   c a r r i e d  

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

n o z z l e s   (28)  b e i n g   a r r a n g e d   b e n e a t h   s a i d   r o l l e r s ,   and  w i t h  

a t   l e a s t   s o m e   of  s a i d   s e c o n d   n o z z l e s   ( 4 4 ,   102)   b e i n g  

a r r a n g e d   in  s a i d   c o o l i n g   zone  b e n e a t h   - the  s p a c e s   b e t w e e n  

s a i d   r o l l e r s .  

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

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

l i n e s   (62)   in  c o m m u n i c a t i o n   v i a   d r a i n   o u t l e t s   (60)   w i t h  

s a i d   d u c t s   ( 3 0 ) ,   and  v a l v e   m e a n s   (66)   f o r   c l o s i n g   s a i d  

d r a i n   o u t l e t s   when  s a i d   a p p a r a t u s   is  a p p l y i n g   o n l y   a i r   t o  

t he   rod  r i n g s .  

9.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   6  w h e r e i n   s a i d  

d u c t s   (30)  a r e   s u b d i v i d e d   by  i n t e r n a l   p a r t i t i o n s   (36)  i n t o  

c e n t e r   c h a m b e r s   (38)  u n d e r l y i n g   t h e   c e n t e r   p o r t i o n   of  s a i d  

c o n v e y o r ,   and   s i d e   c h a m b e r s   (40)   u n d e r l y i n g   t h e   s i d e  

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

(44)   a r e   a r r a n g e d   in  m u l t i p l e   r o w s ,   s o m e   of  s a i d   r o w s  

b e i n g   a r r a n g e d   in  s a i d   c e n t e r   c h a m b e r s   and   o t h e r   of  s a i d  

rows   b e i n g   a r r a n g e d   in  s a i d   s i d e   c h a m b e r s .  



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

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

c o n v e y o r   (20)   h a v i n g   s u c c e s s i v e   m u t u a l l y   s p a c e d   d r i v e n  

r o l l e r s   (22)   d e f i n e s   a  p a t h   a l o n g   w h i c h   h i g h   t e m p e r a t u r e  

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

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

c h a r a c t e r i s e d   in  t h a t   s a i d   a p p a r a t u s   c o m p r i s e s : -  

a  p l u r a l i t y   of  f i r s t   n o z z l e s   (28)   l o c a t e d   i n  

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

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

e n t i r e   c o n v e y o r   w i d t h ;  

a i r   s u p p l y   m e a n s   i n c l u d i n g   d u c t s   ( 3 0 )  

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

f l o w   of  c o o l i n g   a i r   to   be  e m i t t e d   f r o m   s a i d   f i r s t  

n o z z l e s   fo r   u p w a r d   a p p l i c a t i o n   a g a i n s t   t he   rod  r i n g s ;  

a  c o v e r   (48)   in  s a i d   c o o l i n g   z o n e   r e m o v a b l y  

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

a  p l u r a l i t y   of  s e c o n d   n o z z l e s   (44,   46,  86,  1 0 2 ) ,  

s o m e   of  s a i d   s e c o n d   n o z z l e s   b e i n g   a r r a n g e d   in  s a i d  

c o o l i n g   z o n e   b e n e a t h   s a i d   p a t h   and   b e i n g   d i r e c t e d  

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

s e c o n d   n o z z l e s   b e i n g   s u p p o r t e d   by  s a i d   c o v e r   o v e r  

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

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

e m i t t e d   f rom  s a i d   s e c o n d   n o z z l e s   f o r   a p p l i c a t i o n   t o  

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

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



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

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

to  s a i d   d u c t s ;  

v e n t   m e a n s   a s s o c i a t e d   w i t h   s a i d   c o v e r   f o r  

r e m o v i n g   s a i d   s t e a m   f rom  s a i d   c o o l i n g   z o n e ;   a n d  

means   (58)  f o r   r e m o v i n g   t h e   t h u s   r e t u r n e d   w a t e r  

f rom  s a i d   d u c t s .  

11.   A  m e t h o d   of  c o o l i n g   h o t   r o l l e d   s t e e l   r o d   in  d i r e c t  

s e q u e n c e   f rom  r o l l i n g   w h e r e i n   s t e e l   rod   h a v i n g   a  d i a m e t e r  

r a n g i n g   f r o m   a b o u t   9  to   19  mms  i s   l a i d   on  a  c o n v e y o r   i n  

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

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

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

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

v a p o u r i s e d   by  t h e   h e a t   of  t he   rod  r i n g s .  

12.  A  m e t h o d   a c c o r d i n g   to   c l a i m   11  w h e r e i n   c o o l i n g  

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

o n t o   s a i d   rod   r i n g s   and  w h e r e i n   u n v a p o u r i z e d   w a t e r   i s  

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

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