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@  High-efficiency  device  to  cool  rolled  bars. 

Device  (10)  to  cool  bars  which  is  located  at  the  outlet  of 
the  finishing  stand  in  hot-rolling  mills  and  comprises  an  outer 
container (11) in  which  there  is  positioned  lengthwise  a  plural- 
ity  of  cooling  units  (12)  separated  from  each  other  through 
which  the  bars  to  be  cooled  pass,  said  device  being  character- 
ized  by  the  fact that  each  cooling  unit  (12)  consists  of  a  plural- 
ity  of  conduits  (13)  placed  in  line,  whereby  the  mating  ends 
(213-413)  of  the  conduits  forming  each  cooling  unit  (12)  are 
conformed  so  as  to  create  between  themselves  an  annular 
nozzle  (14)  which  narrows  in  the  direction  of  the  feed  of  the 
bars,  and  whereby  a  chamber  (17)  for  diffusing  cooling  liquid 
under  pressure  is  located  inside  said  outer  container  (11)  and 
around  each  annular  nozzle  (14)  and  is  connected  to  means 
(19)  which  feed  cooling  liquid  under  pressure  and  which  are 
positioned  outside  said  outer  container  (11). 



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

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

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

To  be  more   e x a c t ,   t h i s   i n v e n t i o n   c o n c e r n s   a  d e v i c e   f o r   t h e  

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

by  m e a n s   of   a  c o o l i n g   l i q u i d   s u c h  a s   w a t e r   or   w a t e r   c o n t a i n i n g  

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

v i c e   i s   l o c a t e d   d o w n s t r e a m   f rom  t h e   h o t - r o l l i n g   s t a n d   and  h a s  

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

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

I t   i s   known  in  t h e   a r t   t h a t   t h e   s t e e l   b a r s   l e a v e   t h e   h o t -  

r o l l i n g   s t a n d   w i t h   a  t e m p e r a t u r e   of  a b o u t   1 0 0 0 - 1 1 0 0 ° C   and  a r e  

made  to   p a s s   t h r o u g h   c o o l i n g   d e v i c e s   w h i c h   h a v e   t h e   t a s k   o f  

b r i n g i n g   t h i s   t e m p e r a t u r e   down  to  a  m i n i m u m  w i t h i n   a  g i v e n  

t i m e ,   w h e r e b y   s a i d   t i m e   and  min imum  t e m p e r a t u r e   d e p e n d   on  t h e  

m e c h a n i c a l   p r o p e r t i e s   r e q u i r e d   of   t h e   b a r s ,   s u c h   as  t h e   b r e a -  

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

To  be  more   e x a c t ,   t h e   c o o l i n g   t i m e   and  m i n i m u m   t e m p e r a t u r e  

of  t h e   b a r s   a r e   s e l e c t e d   to  s u i t   t h e   d e s t i n a t i o n   and  end  u s e  

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



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

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

t i e s   c f   t h e   b a r s .  

M o r e o v e r ,   t h e   c a r b o n   and  m a n g a n e s e   c o n t e n t   of  t h e   b a r s   h a :  

to  be  r e d u c e d   to  i m p r o v e   t h e i r   w e l d a b i l i t y   and  d u c t i l i t y ;   b u  

t h i s   l e s s e n s   t h e   t e n s i l e   s t r e n g t h   of   t h e   b a r s .  

I t   was  p r o p o s e d   a  s h o r t   t i m e   a g o ,   among  o t h e r   t h i n g s ,   t h a i  

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

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

a  s u i t a b l e   c o o l i n g   l i q u i d   and  t h a t   t h e   c o n d i t i o n s   of  s a i d  

c o o l i n g   s h o u l d   be  r e g u l a t e d   in   s u c h   a  way  t h a t ,   on  l e a v i n g   t t  

c o o l i n g   z o n e   p r o v i d e d   by  t h e   l i q u i d ,   t h e   c o r e   of  t h e   b a r  

s h o u l d   h a v e   a  t e m p e r a t u r e   of  a b o u t   850°C   w h i l e   t h e   b a r   s t a y e c  

in   t h e   c o o l i n g   d e v i c e ;   t h i s   c o n d i t i o n   p e r m i t s ,   on  t h e   o n e  

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

m a r t e n s i t e   and  b a i n i t e   a n d ,   on  t h e   o t h e r   h a n d ,   an  a s s u r a n c e  

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

i n t o   f e r r i t e   and  p e a r l i t e .  

S a i d   q u e n c h i n g   has   to   t a k e   p l a c e   in   a  v e r y   s h o r t   t i m e   o f  

t h e   o r d e r   of  f r a c t i o n s   of  a  s e c o n d .  

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

p r o p e r t i e s   to   be  as  e v e n   as  p o s s i b l e   a l o n g   t h e   r o l l e d   b a r .  

M o r e o v e r ,   i t   i s   known  t h a t   s u c h   e v e n n e s s   i s   l i n k e d   to   t h e  

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

D e v i c e s   e m p l o y i n g   a  c o o l i n g   l i q u i d   a r e   known  i n t o   w h i c h   t t  

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

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

w a t e r ,   w h i c h   i s   e i t h e r   r u n n i n g   or   s t a t i c .  

P a t e n t   BE  8 2 6 . 1 9 9 ,   f o r   i n s t a n c e ,   p r o p o s e s   a  d e v i c e   to  c o o l  

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

w i t h i n   w h i c h   t h e   b a r s   p a s s ,   w h e r e b y   t h e   u p s t r e a m   end  of   t h e  

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

t h e   d i r e c t i o n   of   t h e   f e e d   of   t h e   b a r s   and  w h i c h   s e r v e s   t o  



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

e q u i p p e d   w i t h   a  g u i d e   r i n g .  

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

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

i n t r o d u c e d   t h r o u g h   an  o p e n i n g   p r o v i d e d   in  t h e   m i d d l e   of  t h e  

w a l l   of  t h e   c o o l i n g   c o n d u i t   so  as  to  c r e a t e   s u b s t a n t i a l l y   a  

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

m e r s e d .  

So  as  to   s l o w   down  t h e   c o o l i n g   w a t e r   l e a v i n g   f r o m   b o t h   e n d s  

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

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

s a i d   f u n n e l s .  

F u r t h e r m o r e ,   so  as  to   c o m p l e t e   t h e   c o o l i n g   a c c o r d i n g   t o  

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

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

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

c o n d u i t ,   t h e n   w i t h   s t a t i c   a i r   b e t w e e n   one  c o n d u i t   and  t h e  

n e x t ,   and  t h e n   w i t h   w a t e r   in   t h e   n e x t   c o n d u i t ,   and   so  o n .  

T h i s   l a y - o u t   i s   of  n e c e s s i t y   h a r d   to  r e g u l a t e   and  r e q u i r e s  

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

e a c h   o t h e r ,   so  t h a t   e a c h   c o n d u i t   m a k e s   i t s   own  c o n t r i b u t i o n  

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

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

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

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

of  t h e   p a s s a g e   of  t h e   b a r   i t s e l f .  

The  s o l u t i o n   of  p a t e n t   BE  8 2 6 . 1 9 9   i s   f u r t h e r   i m p r o v e d   b y  

p a t e n t   BE  8 4 4 . 1 8 3 .   The  i m p r o v e m e n t   in   t h e   l a t t e r   o n l y   c o n c e r n s  

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

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

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

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

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



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

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

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

Even   t h o u g h   t h i s   l a t t e r   s o l u t i o n   m a k e s   t h e   c o o l i n g   m o r e  

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

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

The  i n v e n t i o n   d e s c r i b e d   in   F R - A - 2 . 3 9 4 . 3 3 7   p r o p o s e s   in   i t s  

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

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

p a s s a g e  o f   r o l l e d   p r o d u c t s .  

A c c o r d i n g   to  t h i s   l a y - o u t   e a c h   c o o l i n g   p i p e   has   a  c o n s t a n t  

i n n e r   d i a m e t e r   and  a  d i a m e t e r - t o - l e n g t h   r a t i o   of  b e t w e e n   1 : 5  

and  1 : 1 5   and  i s   e q u i p p e d   a t   i t s   end  w i t h   a  c i r c u m f e r e n t i a l  

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

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

of   t h e   r o l l e d   p r o d u c t s .   ; 
So  as  to   c o m p l e t e   t h e   c o o l i n g   c y c l e   in   t h i s   d e v i c e ,   i t   i s  

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

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

T h i s   s o l u t i o n   h a s   t h e   d r a w b a c k   of  b e i n g   v e r y   c o s t l y   t o  

c o n s t r u c t   b e c a u s e   of   i t s   s i z e   and  t h e r e f o r e   e n t a i l s   a  g r e a t  

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

The  f a c t   t h a t   t h e   r a t i o   b e t w e e n   t h e   i n n e r   d i a m e t e r   and   t h e  

l e n g t h   of  t h e   p i p e   i s   b e t w e e n   1 :5   and  1 : 1 5   m e a n s   t h a t ,   i f   t h i s  

c o o l i n g   p l a n t   i s   to   w o r k   w e l l ,   i t   w i l l   h a v e   to   have   a  g r e a t  

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

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

A  f u r t h e r   d r a w b a c k   o f   t h e   i n v e n t i o n   i s   f o u n d   when  t h e   b a r  

to   be  c o o l e d   i s   t h i n ,   f o r   t h e   b a r   u n d e r g o e s ,   as  we  s a i d ,   a  

b r a k i n g   a c t i o n   o w i n g   to  t h e   j e t   of  w a t e r   f l o w i n g   in   t h e   o p -  

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

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

2 , 7 5 6 , 1 6 9   p r o p o s e s   a  d e v i c e   to   c o o l   t h e   rod   b e f o r e   i t   i s  



d r a w n ,   s a i d   d e v i c e   b e i n g   a b l e   to  c o o l   t he   rod   q u i c k l y   f r o m  

982°C  down  to  4 8 2 - 7 0 4 ° C   in  0 . 7 5 - 1 . 5   s e c o n d s .  

S a i d   d e v i c e ,   h o w e v e r ,   c o n s i s t s   of  an  i n n e r   p i p e   p e r f o r a t e d  

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

c l o s e d   a t   i t s   end  and  f e d   w i t h   c o o l i n g   w a t e r   t h a t   p a s s e s  

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

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

l e a v e s   f rom  t h e   e n d s   of  t h e   i n n e r   p i p e .  

S a i d  d e v i c e   a l s o   r e q u i r e s   a  g r o u p   of  w a t e r   t r a p s   and  a  

d e v i c e   to   c o o l   t h e   r o d   by  m e a n s   of   a i r   as  i t   p a s s e s   a l o n g .  

B e s i d e s   t h e   f a c t   t h a t   t h i s   d e v i c e   i s   d e s i g n e d   to  c a r r y   o u t  

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

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

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

d e s c r i b e d   w i t h   r e g a r d   to  t h e   a f o r e s a i d   F R - A - 2 . 3 9 4 . 3 3 7 .  

T h e r e   e x i s t s   a n o t h e r   d e v i c e   f o r   c o o l i n g   b a r s   w h i c h   i s   d e -  

s c r i b e d   in   G B - A - 2 , 0 2 1 , 9 9 8 ;   t h i s   d e v i c e   i s   s u b s t a n t i a l l y   l i k e  

t h a t   of  US  2 , 7 5 6 , 1 6 9   e x c e p t   t h a t   t h e   c o o l i n g   w a t e r   i n t r o d u c e d  

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

d u i t s   o p e n i n g   o u t s i d e   t h e   o u t e r   p i p e .  

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

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

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

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

ing   l i q u i d ,   t h e r e b y   l e s s e n i n g   t h e   o v e r a l l   e f f i c i e n c y   of  t h e  

c o o l i n g   d e v i c e .  

S t a n d a r d   S e a r c h   R e p o r t   No.  RS  6 5 5 0 7  I T ,   as  d r a w n   up  by  t h e  

E u r o p e a n   P a t e n t s   O f f i c e   a f t e r   s u b m i s s i o n   of  o u r   a p p l i c a t i o n  

f o r   a  p a t e n t   in   I t a l y   and  on  t h e   b a s i s   of   s a i d   a p p l i c a t i o n ,  

has  b r o u g h t   f o r w a r d   o t h e r   p a t e n t s   r e g a r d i n g   t h e   s u b j e c t .  

F R - A - 2 . 2 3 1 . 4 4 0   ( H o o g o v e n s )   shows   a  c o o l i n g   d e v i c e   c o n s i s t -  

i ng   of  n o z z l e s   w h i c h   a r e   w h o l l y   i m m e r s e d   in   w a t e r   h e l d   in   a  

t a n k .   The  c o o l i n g   p i p e s   a r e   f o r m e d   w i t h   two  w a l l s ,   of  w h i c h  



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

w h i c h   t h e   c o o l i n g   f l u i d   f l o w s .  

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

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

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

c o m p l i c a t e d .   M o r e o v e r ,   t h e   q u a n t i t i e s   of  w a t e r   c a n n o t   be  v a r -  

i e d   in   t h e   l a y - o u t   of   t h i s   p a t e n t .  

In  F R - A - 2 . 4 5 3 . 6 8 9   ( B r i t i s h   S t e e l )   t h e   d e v i c e   d e s c r i b e d   i s  

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

c o m p o s e d   of   a  s e t   of   n o z z l e s   s p a c e d   a p a r t ;   b e t w e e n   s a i d   n o z -  

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

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

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

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

_  U S - A - 3 , 0 4 4 , 0 9 8   ( S t a l s o n )   d e a l s   w i t h   a  p i c k l i n g   d e v i c e   w h i c  

has   n o t h i n g   to   do  w i t h   a  c o o l i n g   d e v i c e   s u c h   as  t h a t   of  o u r  

i n v e n t i o n .  

T h e   a r t i c l e   t a k e n   f r o m   "La  M e t a l l u r g i e "   e x a m i n e s   t h e   p r o -  

b l e m   of   p i c k l i n g ,   w h i c h   has   n o t h i n g   to  do  w i t h   t h e   c o o l i n g  

d e v i c e   p r o p o s e d   by  o u r   i n v e n t i o n ,   n o r   a n y t h i n g   to   do  w i t h   t h e  

p r o b l e m s   l i n k e d   t h e r e t o .  

Our  i n v e n t i o n   has   t h e   p u r p o s e   o f - e l i m i n a t i n g   t h e   a f o r e s a i d  

d r a w b a c k s .   A  f u r t h e r   p u r p o s e   of   o u r   i n v e n t i o n   i s   to  i n t e r r u p t  

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

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

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

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

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

A n o t h e r   a d v a n t a g e   o f   o u r   i n v e n t i o n   i s   to  be  a b l e   to  r e g u l -  

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

Ye t   a n o t h e r   a d v a n t a g e   of  o u r   i n v e n t i o n   i s   t h a t   i t   o b v i a t e s  

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

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



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

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

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

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

t i e s .  

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

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

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

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

l e n g t h w i s e   and  s e p a r a t e d   one  f r o m   a n o t h e r ,   t h e   b a r s   to   b e  

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

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

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

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

so  as  to   c r e a t e   b e t w e e n   t hem  an  a n n u l a r   n o z z l e   w h i c h   n a r r o w s  

in  t h e   d i r e c t i o n   of   t h e   f e e d   of  t h e   b a r s ,   and  t h a t   w i t h i n   s a i d  

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

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

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

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

e r .  

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

i n v e n t i o n   as  a  n o n - r e s t r i c t i v e   e x a m p l e   and  s h a l l   r e f e r   to   t h e  

a t t a c h e d   t a b l e s ,   w h e r e i n : -  

F i g . 1   s h o w s   a  d i a g r a m   of   a  c o o l i n g   d e v i c e   a c c o r d i n g   to  t h e  

i n v e n t i o n ;  

F i g . 2   shows   a  l e n g t h w i s e   s e c t i o n   of  a  c o o l i n g   u n i t   a c c o r d i n g  

to  t h e   i n v e n t i o n ;  

F i g . 3   s h o w s   a  c r o s s w i s e   s e c t i o n   of  t h e   c o o l i n g   d e v i c e   o f  

F i g . 1 ;  

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

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

In  t h e   f i g u r e s   t h e   same  p a r t s   or  p a r t s   h a v i n g   t h e   s a m e  



f u n c t i o n s   b e a r   t h e   same  r e f e r e n c e   n u m b e r s .  

In  t h e   f i g u r e s   t h e   d e v i c e   10  to   c o o l   b a r s   a c c o r d i n g   to  t h  

i n v e n t i o n   c o n s i s t s   of   an  o u t e r   c o n t a i n e r   11  and  a  p l u r a l i t y  

c o o l i n g   u n i t s   12  w i t h i n   w h i c h   t h e   b a r s   to  be  c o o l e d   p a s s ,   s a  

u n i t s   12  b e i n g   p o s i t i o n e d   l e n g t h w i s e   w i t h i n   s a i d   o u t e r   c o n -  

t a i n e r   11  h a v i n g   a  r o u n d ,   s q u a r e   or  r e c t a n g u l a r   s e c t i o n   ( t h e  

f i g u r e s   show  i t   as  b e i n g   r e c t a n g u l a r ) .  

S a i d   o u t e r   c o n t a i n e r   11  i s   e q u i p p e d   w i t h   an  o u t l e t   p i p e   1 

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

c o o l i n g   u n i t s   12 ,   w h i c h   a r e   p o s i t i o n e d   s e p a r a t e d   f rom  e a c h  

o t h e r ,   as  shown   i n   F i g . 1 .  

S a i d   c o o l i n g   l i q u i d   may  c o n s i s t   of   w a t e r   or   of   w a t e r   w i t h  

s u i t a b l e   a d d i t i v e s   c o n t a i n i n g   m i n e r a l   s a l t s   a n d / o r   s u r f a c e -  

a c t i v e   a g e n t s .  

E a c h   c o o l i n g   u n i t   12  c o n s i s t s   of  a t   l e a s t   two  l e n g t h w i s e  

c o n d u i t s   13  p o s i t i o n e d   in   l i n e ,   and  t h e   b a r s   to  be  c o o l e d   p a s  

t h r o u g h   s a i d   c o n d u i t s   13  ( t h e   b a r s   a r e   n o t   s h o w n ) .  

The  m a t i n g   e n d s   of   t h e   c o n d u i t s   13  a r e   c o n f o r m e d   so  as  t o  

c o n s t i t u t e   b e t w e e n   t h e m   an  a n n u l a r   n o z z l e   14  w h i c h   i s   s l o p e d  

and  f a c e s   in   t h e   d i r e c t i o n   of  t h e   f e e d   of  t h e   b a r s .  

S a i d   a n n u l a r   n o z z l e   14  i s   f o r m e d   by  b e v e l l i n g   t h e   o u t e r  

e d g e   113  of  t h e   o u t l e t   213  of   one  c o n d u i t   13  and  b e v e l l i n g   t 1  

i n n e r   e d g e   313  of   t h e   i n l e t   413  of  t h e   n e x t   c o n d u i t   1 3 .  

T h i s   e n a b l e s   t h e   c o o l i n g   l i q u i d   u n d e r   p r e s s u r e   to  be  d i r -  

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

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

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

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

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

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

A c c o r d i n g   to   t h e   i n v e n t i o n   a  c h a m b e r   17  f o r   d i f f u s i n g  

c o o l i n g   l i q u i d   t h r o u g h   t h e   n o z z l e   14  i n t o   t h e   c o n d u i t s   13  i s  

l o c a t e d   w i t h i n   t h e   o u t e r   c o n t a i n e r   11  and  a r o u n d   e a c h   a n n u l a r  



n o z z l e   1 4 .  

S a i d   d i f f u s i o n   c h a m b e r   17  has   a  c i r c u l a r   s e c t i o n   in   o u r  

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

p l e   117  c o n n e c t e d   by  a  c o n d u i t   18  to  means   19  f e e d i n g   c o o l i n g  

l i q u i d   a t   an  a d j u s t a b l e   p r e s s u r e   to  e a c h   a n n u l a r   n o z z l e   1 4 .  

In  t h e   e x a m p l e   shown  s a i d   m e a n s   19  f e e d i n g   c o o l i n g   l i q u i d  

u n d e r   p r e s s u r e   c o m p r i s e   a  m a i n   c o n d u i t   119  c o n n e c t e d ,   a t   o n e  

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

i t s   o t h e r   e n d ,   to  a  d i s t r i b u t i o n   m a n i f o l d   2 1 9 ,   to  w h i c h   t h e  

c o n d u i t s   18  c o n v e y i n g   c o o l i n g   l i q u i d   i n t o   t h e   r e s p e c t i v e   d i f -  

f u s i o n   c h a m b e r s   17  a r e   c o n n e c t e d   by  i n d i v i d u a l   means   118  w h i c i  

r e g u l a t e   t h e   f l o w .  

The  m a i n   c o n d u i t   119  i s   e q u i p p e d   w i t h   s e r v o - c o n t r o l l e d  

means   20  g o v e r n i n g   t h e   r a t e   of  f l o w .  

To  be  more   e x a c t ,   s a i d   s e r v o - c o n t r o l l e d   m e a n s   20  r e g u l a t i n c  

t h e   f l o w   c o m p r i s e   a  s e r v o - c o n t r o l l e d   v a l v e   120  l o c a t e d   b e t w e e r  

s a i d   m a i n   c o n d u i t   119  and  t h e   d i s t r i b u t i o n   m a n i f o l d   219 ,   a n d  

a l s o   c o m p r i s e   a n o t h e r   s e r v o - c o n t r o l l e d   v a l v e   220  p o s i t i o n e d  

b e t w e e n   s a i d   m a i n   c o n d u i t   119  and  a  d i s c h a r g e   o u t l e t   3 2 0 .  

The  m a i n   c o n d u i t   119  i s   e q u i p p e d   w i t h   a  f l o w   i n d i c a t o r   1 9 1 ,  

a  t h e r m o m e t e r   291 ,   a  p r e s s u r e   g a u g e   391  w i t h   an  a p p r o p r i a t e  

t ap   and  a l s o   a  m a i n   g a t e   v a l v e   4 9 1 .  

The  p r e f e r r e d   l a y - o u t   of   t h e   c o o l i n g   d e v i c e   of   t h e   i n v e n t -  

ion   i s   shown  in  F i g . 4 ,   w h e r e i n   t h e   means   19  f e e d i n g   t h e   c o o l -  

ing   l i q u i d   s e r v e   more   t h a n   one  c o o l i n g   u n i t   p o s i t i o n e d   i n  

l i n e .  

The  d e v i c e   10  of   t h e   i n v e n t i o n   i s   a b l e   to   c o o l   t h e   b a r s  

p a s s i n g   t h r o u g h   f r o m   a  t e m p e r a t u r e   b e t w e e n   1 1 0 0 °   and  1 0 0 0 ° C  

down  to  e v e n   8 0 - 1 0 0 ° C   w i t h i n   a  p e r i o d   of  0 . 5 - 1 . 5   s e c o n d s .  

T h i s ' i s   b r o u g h t   a b o u t   by  i n t r o d u c i n g   t h e   c o o l i n g   l i q u i d  

i n t o   t h e   c h a m b e r s   a t   a  p r e s s u r e   b e t w e e n   12  and  16  a t m o s p h e r e s .  

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

c o o l i n g   c o n d u i t s   13  t h r o u g h   t h e   p l u r a l i t y   o f  a n n u l a r   n o z z l e s  



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

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

b l e s   o f   s t e a m   and  d r i v e   s a i d   b u b b l e s   of  s t e a m   t o w a r d s   t h e  

o u t l e t   15  of  e a c h   c o o l i n g   u n i t .  

A c c o r d i n g   to  t h e   i n v e n t i o n   t h e   c o o l i n g   of  t he   b a r s   can  b e  

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

c o o l i n g   d e v i c e   by  o p e r a t i n g   by  hand   or  a u t o m a t i c a l l y   on  t h e  

a d j u s t a b l e   m e a n s   19  f e e d i n g   t h e   c o o l i n g   l i q u i d .  

I t   i s   a l s o   p o s s i b l e   to   p o s i t i o n   s e v e r a l   c o o l i n g   u n i t s   12  o r  

s e v e r a l   c o o l i n g   d e v i c e s   10  in   s e r i e s   on  t h e   p a t h   of  t h e   b a r s .  

M o r e o v e r ,   i t   i s   p o s s i b l e   to   l o c a t e   in   t h e   end  p a r t   of  t h e  

o u t e r   c o n t a i n e r   11  one  o r   more   c o o l i n g   u n i t s   12  in  w h i c h   t h e  

n o z z l e s   14  a r e   r e v e r s e d ,   t h a t   i s ,   t u r n e d   in   t h e   d i r e c t i o n   o p -  

p o s i t e   to   t h a t   of   t h e   f e e d   of   t h e   b a r s   to   be  c o o l e d ;   t h e   p u r -  

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

of  t h e   d e v i c e   and  to   r e s t r i c t   i t s   f l o w   o u t   of   t h e   c o o l i n g   d e -  

v i c e .  

I t   i s   a l s o   p o s s i b l e   to   p u t   an  a i r   d r i e r   a t   t h e   o u t l e t   o f  

t h e   d e v i c e   so  as  to   e l i m i n a t e   any  r e s i d u a l   w a t e r   on  t h e   c o o l e d  

b a r s .  

We  h a v e   d e s c r i b e d   h e r e   a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n -  

v e n t i o n ,   b u t   v a r i a n t s   a r e   p o s s i b l e .  

The  s h a p e s ,   s i z e s   and   p r o p o r t i o n s   can   be  c h a n g e d   and  i t   i s  

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

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

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

i n v e n t i o n .  



1  -  D e v i c e   ( 1 0 )   to  c o o l   b a r s   w h i c h   i s   l o c a t e d   a t   t h e   o u t l e t   c 

t he   f i n i s h i n g   s t a n d   in   h o t - r o l l i n g   m i l l s   and  c o m p r i s e s   an  o u t  

er   c o n t a i n e r   ( 1 1 )   in  w h i c h   t h e r e   i s   p o s i t i o n e d   l e n g t h w i s e   a  

p l u r a l i t y   of   c o o l i n g   u n i t s   ( 1 2 )   s e p a r a t e d   f rom  e a c h   o t h e r  

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

c h a r a c t e r i z e d   by  t h e   f a c t   t h a t   e a c h   c o o l i n g   u n i t   ( 1 2 )   c o n s i s t  

of  a  p l u r a l i t y   of  c o n d u i t s   ( 1 3 )   p l a c e d   in  l i n e ,   w h e r e b y   t h e  

m a t i n g   e n d s   ( 2 1 3 - 4 1 3 )   of   t h e   c o n d u i t s   f o r m i n g   e a c h   c o o l i n g  

u n i t   ( 1 2 )   a r e   c o n f o r m e d   so  as  to   c r e a t e   b e t w e e n   t h e m s e l v e s   a n  

a n n u l a r   n o z z l e   ( 1 4 )   w h i c h   n a r r o w s   in   t h e   d i r e c t i o n   of  t h e   f e e  

of  t h e   b a r s ,   and  w h e r e b y   a  c h a m b e r   ( 1 7 )   f o r   d i f f u s i n g   c o o l i n g  

l i q u i d   u n d e r   p r e s s u r e   i s   l o c a t e d   i n s i d e   s a i d   o u t e r   c o n t a i n e r  

( 1 1 )   and  a r o u n d   e a c h   a n n u l a r   n o z z l e   ( 1 4 )   and  i s   c o n n e c t e d   t o  

means   ( 1 9 )   w h i c h   f e e d   c o o l i n g   l i q u i d   u n d e r   p r e s s u r e   and  w h i c h  

a r e   p o s i t i o n e d   o u t s i d e   s a i d   o u t e r   c o n t a i n e r   ( 1 1 ) .  

2  -   D e v i c e   ( 1 0 )   to   c o o l   b a r s   as  in   C l a i m   1,  c h a r a c t e r i z e d   b y  

t h e   f a c t   t h a t   e a c h   a n n u l a r   n o z z l e   ( 1 4 )   i s   o b t a i n e d   by  b e v e l -  

l i n g   t h e   o u t e r   e d g e   ( 1 1 3 )   of  t h e   o u t l e t   ( 2 1 3 )   of  one  c o n d u i t  

( 1 3 )   and  by  b e v e l l i n g   t h e   i n n e r   e d g e   ( 3 1 3 )   of   t h e   i n l e t   ( 4 1 3 )  

of  t h e   n e x t   c o n d u i t   ( 1 3 ) .  

3  -   D e v i c e   ( 1 0 )   to   c o o l   b a r s   as  in   C l a i m s   1  a n d / o r   2,  c h a r a c -  

t e r i z e d   by  c o m p r i s i n g   in   t h e   end  p a r t   of  t h e   o u t e r   c o n t a i n e r  

( 1 1 )   at   l e a s t   one  c o o l i n g   u n i t   ( 1 2 )   p o s i t i o n e d   b a c k - t o - f r o n t  

w i t h   i t s   a n n u l a r   n o z z l e s   ( 1 4 )   t u r n e d   in   t h e   o p p o s i t e   d i r e c t i o r  

to  t h a t   of  t h e   f e e d   of   t h e   b a r s   to   be  c o o l e d .  

4  -   D e v i c e   ( 1 0 )   to  c o o l   b a r s   as  in   C l a i m   1  and  in   one  or   t h e  

o t h e r   of  t h e   C l a i m s   t h e r e a f t e r ,   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t  

t he   means   ( 1 9 )   f e e d i n g   l i q u i d   u n d e r   p r e s s u r e   can   be  r e g u l a t e d  

f o r   e a c h   a n n u l a r   n o z z l e   ( 1 4 ) .  

5  -   D e v i c e   ( 1 0 )   to   c o o l   b a r s   as  in   C l a i m   1  and   in   one  o r   a n -  

o t h e r   of  t h e   C l a i m s   t h e r e a f t e r ,   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t  

s a i d   means   ( T 9 )   f e e d i n g   l i q u i d   u n d e r   p r e s s u r e   c o m p r i s e   a  m a i n  



c o n d u i t   ( 1 1 9 )   c o n n e c t e d ,   a t   one  e n d ,   to  t h e   s o u r c e   of  c o o l i n g  

l i q u i d   u n d e r   p r e s s u r e   a n d ,   a t   i t s   o t h e r   end ,   to  a  d i s t r i b u t i o n  

m a n i f o l d   ( 2 1 9 )   to   w h i c h   t h e   c o n d u i t s   ( 1 8 )   c o n v e y i n g   c o o l i n g  

l i q u i d   i n t o   t h e   r e s p e c t i v e   d i f f u s i o n   c h a m b e r s   ( 1 7 )   a r e   c o n -  

n e c t e d   by  i n d i v i d u a l   m e a n s   ( 1 1 8 )   w h i c h   r e g u l a t e   t he   f l o w .  

6  -   D e v i c e   ( 1 0 )   to   c o o l   b a r s   as  in  C l a i m   1  and  in  one  or  a n -  

o t h e r   of  t h e   C l a i m s   t h e r e a f t e r ,   c h a r a c t e r i z e d   by  t he   f a c t   t h a t  

s a i d   m a i n   c o n d u i t   ( 1 1 9 )   i s   e q u i p p e d   w i t h   s e r v o - c o n t r o l l e d  

m e a n s   ( 2 0 )   to   r e g u l a t e   t h e   f l o w .  

7  -   D e v i c e   ( 1 0 )   to   c o o l   b a r s   as  in   C l a i m   1  and  in   one  or  a n -  

o t h e r   of   t h e   C l a i m s   t h e r e a f t e r ,   c h a r a c t e r i z e d   by  t he   f a c t   t h a t  

s a i d   s e r v o - c o n t r o l l e d   m e a n s   ( 2 0 )   to   r e g u l a t e   t he   f l o w   c o m p r i s e  

a  s e r v o - c o n t r o l l e d   v a l v e   ( 1 2 0 )   l o c a t e d   b e t w e e n   s a i d   ma in   c o n -  

d u i t   ( 1 1 9 )   and  s a i d   d i s t r i b u t i o n   m a n i f o l d   ( 2 1 9 ) ,   and  a l s o  

c o m p r i s e   a n o t h e r   s e r v o - c o n t r o l l e d   v a l v e   ( 2 2 0 )   p l a c e d   b e t w e e n  

s a i d   m a i n   c o n d u i t   ( 1 1 9 )   and  a  d i s c h a r g e   o u t l e t   ( 3 2 0 ) .  
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