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METHOD  AND  APPARATUS  FOR  COOLING  STEEL  S T R I P S  

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   c o o l i n g  

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

a p p a r a t u s   f o r   c a r r y i n g   ou t   t he   m e t h o d ,   and  m o r e  

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

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

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

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

w a t e r   due  to  s e a s o n a l   f a c t o r s .  

S t e e l   s t r i p s   to  be  s u r f a c e -   t r e a t e d   or   u s e d  

10  f o r   d e e p - d r a w i n g   a r e   g e n e r a l l y   s u b j e c t e d   to  h e a t -  

t r e a t m e n t   s u c h   as  h e a t i n g ,   s o a k i n g   and  c o o l i n g   i n  

s u c c e s s i o n ,   so  c a l l e d   " c o n t i n u o u s   a n n e a l i n g "   a f t e r   c o l d  

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

p r o p e r t i e s   to  t h e   s t e e l   s t r i p s .  

15  R e c e n t l y ,   i t   has   b e e n   w i d e l y   u s e d   to  p a s s  

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

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

c a p a c i t y   to  g r e a t   e x t e n t   f o r   r e a s o n s   s u c h   as  i n c r e a s e d  

demand   of  v e r y   t h i n   s t e e l   s t r i p s   l e s s   t h a n   0 .3   mm. 

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

a n n e a l i n g   have   b e e n   u n a v o i d a b l y   e l o n g a t e d   and  e n l a r g e d  

to  g i v e   r i s e   to  p r o b l e m s   such   as  c o n s t r u c t i o n   c o s t   a n d  

s p a c e s   and  in  o p e r a t i o n   w h i c h   w i l l   be  e x p l a i n e d  
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h e r e i n a f t e r .  

N a m e l y ,   as  t h e   f u r n a c e s   become   e l o n g a t e d   a n d  

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

i n c r e a s e s   to  t a k e   much  t i m e   f o r   v a r y i n g   h e a t -   t r e a t m e n t  

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

s e r p e n t i n e   m o v e m e n t s   of   s t e e l   s t r i p s   and  h e a t - b u c k l e .  

T h i s   i n v e n t i o n   i n t e n d s   to  e f f e c t i v e l y   s o l v e  

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

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

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

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

a n n e a l i n g   t r e a t m e n t ,   t h e r e   have   b e e n   t h e   g a s - j e t  

c o o l i n g ,   r o l l   c o o l i n g   and  i m m e r s i n g   c o o l i n g ,   w h i c h  

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

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

in  w h i c h   a  c o o l i n g   med ium  p a s s e s ,   and  i m m e r s i n g   s t e e l  

s t r i p s   in   a  c o o l i n g   b a t h ,   r e s p e c t i v e l y .   The  c o o l i n g  

s p e e d   i n c r e a s e s   in   o r d e r   of   t he   g a s - j e t   c o o l i n g ,   r o l l  

c o o l i n g   and  i m m e r s i n g   c o o l i n g .  

20  In  c a s e   of   c o o l i n g   s t e e l   s t r i p s   in   a  c o o l i n g  

zone   in  a  c o n t i n u o u s   a n n e a l i n g   l i n e   f rom  a  r e c r y s t a l l i z a -  

t i o n   t e m p e r a t u r e   to  a  t e m p e r a t u r e   a t   w h i c h   t h e y   do  n o t  

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

mos t   e f f e c t i v e   c o o l i n g   i s   to  use   t he   g a s - j e t   c o o l i n g  

25  a n d / o r   r o l l   c o o l i n g   on  a  h i g h   t e m p e r a t u r e   s i d e   and  t h e  

i m m e r s i n g   c o o l i n g   on  a  low  t e m p e r a t u r e   s i d e .  

V a r i o u s   i m m e r s i n g   c o o l i n g   m e t h o d s   have   b e e n  
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p r o p o s e d .   For   e x a m p l e ,   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

P u b l i c a t i o n s   Nos .   1 1 , 9 3 1 / 8 2   and  1 1 , 9 3 3 / 8 2   d i s c l o s e d  

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

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

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

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

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

f o r   c o o l i n g   i s   made  as  h i g h   as  p o s s i b l e   to  u se   i t  

a d v a n t a g e o u s l y   as  h o t   w a t e r .  

10  The  i m m e r s i n g   c o o l i n g   i s   u s u a l l y   u s e d   i n  

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

2 5 0 - 3 0 0 ° C   a t   w h i c h   s a t u r a t e d   s o l i d   s o l u t i o n   c a r b o n  

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

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

15  s u c h   an  i m m e r s i n g   t r e a t m e n t   a r e   too   f a s t ,   i t   e n c o u n t e r s  

a  d i f f i c u l t y   as  to  a g i n g   due  to  s o l i d   s o l u t i o n   c a r b o n .  

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

l o w - c a r b o n   a d d e d   w i t h   Nb  whose   s o l i d   s o l u t i o n   c a r b o n   i s  

p r e v i o u s l y   f i x e d   by  a  t h i r d   e l e m e n t .   Wi th   s u c h   a  n o n -  

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

any  p r o b l e m .   T h e r e f o r e ,   i t   ha s   b e e n   e x p e c t e d   to  i n c r e a s e  

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

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

h i g h e r   e f f i c i e n c y .  

25  H o w e v e r ,   t he   i m m e r s i n g   c o o l i n g   m e t h o d s   a s  

d i s c l o s e d   in  t he   J a p a n e s e   P a t e n t   A p p l i c a t i o n   P u b l i c a t i o n s  

Nos.   1 1 , 9 3 1 / 8 2   and  1 1 , 9 3 3 / 8 2   i n c l u d e   t h e   f o l l o w i n g  
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p r o b l e m s .  

(1)  I t   i s   n e c e s s a r y   to  s u p p l y   t he   c o o l i n g   w a t e r  

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

r i s e   of  t h e   c o o l i n g   w a t e r .   In  t h i s   c a s e ,   h o w e v e r ,   t h e  

05  c o o l i n g   w a t e r   f l o w s   o n l y   in  an  u p p e r   l a y e r   in  t h e   b a t h  

bu t   s c a r c e l y   f l o w s   in  a  l o w e r   l a y e r .   As  a  r e s u l t ,   w h e n  

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

s t e a m   f i l m s   o c c u r   on  s u r f a c e s   of  t h e   s t r i p   owing   to  t h e  

r e l a t i v e l y   l o w e r   t e m p e r a t u r e   c o o l i n g   w a t e r   in  t he   u p p e r  
10  l a y e r .   As  i t   i s   d i f f i c u l t   to  r e m o v e   or   b r e a k   t he   s t e a m  

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

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

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

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

15  c o n s t r u c t i o n   c o s t   and  s p a c e s .   M o r e o v e r ,   i t   i s   a l m o s t  

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

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

(2)  As  a b o v e   d e s c r i b e d ,   t h e   c o o l i n g   w a t e r   d o e s  

no t   f l o w   u n i f o r m l y   e v e r y w h e r e   in  t h e   b a t h ,   so  t h a t   t h e  

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

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

(3)  In  c a s e   of  u s i n g   t h e   c o o l i n g   w a t e r   e x h a u s t e d  

from  t he   i m m e r s i n g   c o o l i n g   b a t h   as  h o t   w a t e r ,   a t   l e a s t  

two  i m m e r s i n g   b a t h s   a r e   n e e d e d   w h i c h   make  the   a p p a r a t u s  

25  l a r g e - s i z e d ,   and  c o m p l i c a t e d   c o n t r o l l i n g   s u c h   as  c a s c a d e  

c o n t r o l l i n g   i s   r e q u i r e d .  

F i g .   1  i l l u s t r a t e s   v a r i a t i o n s   in   h e a t   t r a n s f e r  
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c o e f f i c i e n t   when  s t e e l   s t r i p s   a r e   c o o l e d   in  the   m a n n e r  

of  t he   p r i o r   a r t .   The  o r d i n a t e   i n d i c a t e s   the   h e a t  

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

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

05  w a t e r .   B l a c k   p o i n t s   and  b l a c k   t r i a n g u l a r   p o i n t s  

i n d i c a t e   d a t a   when  t h e   s t e e l   s t r i p s   a r e   fed   in  p a r a l l e l  

d i r e c t i o n s   and  v e r t i c a l   d i r e c t i o n s   r e l a t i v e   to  s u r f a c e s  

of   t he   c o o l i n g   w a t e r .  

W i t h i n   t he   r a n g e   in  w h i c h   t he   t e m p e r a t u r e  

10  d i f f e r e n c e   b e t w e e n   t he   s t r i p s   and  c o o l i n g   w a t e r   i s  

s m a l l ,   t h e   h e a t   t r a n s f e r   c o e f f i c i e n t   i n c r e a s e s   as  t h e  

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

s c a r c e l y   o c c u r   on  t h e   s u r f a c e s   of   t h e   s t r i p s .   As  t h e  

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

15  o c c u r   v i o l e n t l y   to  s e p a r a t e   t he   c o o l i n g   w a t e r   and  s t e e l  

s t r i p s   by  t h i c k   s t e a m   f i l m s   w h i c h   w o u l d   a d v e r s e l y  

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

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

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

20  as  shown  in  t h e   r i g h t   hand   of   F i g .   1 .  

As  s e e n   f rom  F i g .   1,  t h e   h e a t   t r a n s f e r  

c o e f f i c i e n t   in  c a s e   of  t he   h o r i z o n t a l   f e e d i n g   of  t h e  

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

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

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

c a s e .  

T h e r e   i s   an  u p p e r   l i m i t a t i o n   of  the   h e a t  
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t r a n s f e r   c o e f f i c i e n t ,   a t   t h e   mos t   5 , 0 0 0   K c a l / m 2 * h « 0 C   i n  

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

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

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

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

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

h i g h   e f f i c i e n c y .  

In  o r d e r   to  a c h i e v e   t h i s   o b j e c t ,   a c c o r d i n g   t o  

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

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

d i r e c t i o n s   o p p o s i t e   to  m o v i n g   d i r e c t i o n s   of   t he   s t e e l  

s t r i p s   . 

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   a p p a r a t u s   f o r  

c o o l i n g   s t e e l   s t r i p s   by  means   of  a  c o o l i n g   l i q u i d ,  

15  c o m p r i s e s   f l o w   r e c t i f i e r   p l a t e s   in  o p p o s i t i o n   to  b o t h  

s u r f a c e s   of   a  s t e e l   s t r i p   to  fo rm  f l o w   p a s s a g e s   b e t w e e n  

t he   s t e e l   s t r i p   and  t h e   f l ow  r e c t i f i e r   p l a t e s   f o r  

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

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

20  s i d e   of  t h e   m o v i n g   s t e e l   s t r i p   and  a t   l e a s t   one  c o o l i n g  

l i q u i d   e x h a u s t   p o r t   on  an  u p s t r e a m   s i d e   of   t h e   m o v i n g  

s t e e l   s t r i p .  

I t   i s   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

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

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

an  e x i t   to  a l w a y   s t a b l y   c o o l   t he   s t e e l   s t r i p s   t o  

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



f   * 

0 2 1 0 8 4 7  

-  7  -  

a f f e c t e d   by  t he   n o r m a l l y   e x p e c t e d   f a c t o r s   s u c h   a s  

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

t e m p e r a t u r e   and  t h e   l i k e .  

In  o r d e r   to  a c h i e v e   t h i s   o b j e c t ,   a c c o r d i n g   t o  

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

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

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

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

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

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

d e t e r m i n e d   t a r g e t   t e m p e r a t u r e   r a n g e .  

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

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

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

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

e x h a u s t e d   f rom  t he   f l o w   p a s s a g e s ,   a  t h e r m o m e t e r ,   a  f l o w  

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

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

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

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

c a l c u l a t i n g   a m o u n t s   of  t h e   e x h a u s t   and  new  c o o l i n g  

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

t he   f l ow  a d j u s t i n g   v a l v e s   in  r e s p o n s e   to  s i g n a l s   f r o m  

the   a r i t h m e t i c   u n i t ,   and  a  m i x e r   f o r   m i x i n g   the   e x h a u s t  

25  and  new  c o o l i n g   w a t e r s   t h r o u g h   t he   f l o w   a d j u s t i n g  

v a l v e s .  

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

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

a c c o m p a n y i n g   d r a w i n g s .  

F i g .   1  i s   a  g r a p h   i l l u s t r a t i n g   a  r e l a t i o n s h i p  

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

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

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

F i g .   2  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w  

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

10  i n v e n t i o n ;  

F i g .   3  i s   a  g r a p h   i l l u s t r a t i n g   a  r e l a t i o n  

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

and  h e a t   t r a n s f e r   c o e f f i c i e n t   a ;  

F i g .   4  i s   a  s e c t i o n a l   v i e w   i l l u s t r a t i n g  

15  a  c o o l i n g   a p p a r a t u s   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 .   5  i s   a  p e r s p e c t i v e   v i e w   of  t he   a p p a r a t u s  

shown  in  F i g .   4 ;  

F i g s .   6,  7  and  8  a r e   s c h e m a t i c   v i e w s   i l l u s t r a t -  

i n g   o t h e r   e m b o d i m e n t s   of  t h e   i n v e n t i o n ;  

20  F i g .   9  i s   a  s c h e m a t i c   v i e w   i l l u s t r a t i n g  

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 ;  

F i g .   10  i s   a  s e c t i o n a l   v i e w   of  a  p r i n c i p a l  

p a r t   of  t h e   a p p a r a t u s   shown  in  F i g .   9 ;  

F i g .   11  is   a  g r a p h   i l l u s t r a t i n g   a  r e l a t i o n  

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

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

c o n s t a n t   a m o u n t   of   s t e e l   s t r i p s ;  
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F i g .   12  i s   a  g r a p h   i l l u s t r a t i n g   a  r e l a t i o n  

b e t w e e n   a m o u n t   of   s t e e l   s t r i p s   and  s t e e l   s t r i p   t e m p e r a -  

t u r e   a t   w a t e r   c o o l i n g   j a c k e t   e x i t   w i t h   c o o l i n g   w a t e r  

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

05  F i g .   13  i s   a  s c h e m a t i c   v i e w   i l l u s t r a t i n g   t h e  

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

t he   c o o l e d   s t e e l   s t r i p   t e m p e r a t u r 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 .   14  i s   a  f l o w   c h a r t   f o r   t h e   c o n t r o l  

10  s y s t e m   shown  in  F i g .   1 3 ;  

F i g .   15  i s   a  g r a p h   i l l u s t r a t i n g   a  r e l a t i o n  

b e t w e e n   a m o u n t   of   s t e e l   s t r i p s   and  s t e e l   s t r i p   t e m p e r a -  

t u r e   a t   w a t e r   c o o l i n g   j a c k e t   e x i t   when  c o o l e d   s t e e l  

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

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

F i g .   16  i s   a  g r a p h   i l l u s t r a t i n g   a  r e l a t i o n  

b e t w e e n   a m o u n t   of  s t e e l   s t r i p s   and  s t e e l   s t r i p   t e m p e r a -  

t u r e   a t   w a t e r   c o o l i n g   j a c k e t   e x i t   when  c o o l e d   s t e e l  

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

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

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

s t r i p   S  i s   r a i s e d   u p w a r d .   A  c o o l i n g   w a t e r   V  c o n d i t i o n e d  

in  a  s t e a d y   f l o w   is   s u p p l i e d   o n t o   one  s i d e   of  t h e   s t e e l  

25  .  s t r i p   S.  The  c o o l i n g   w a t e r   W  is   t u r n e d   d o w n w a r d   a t  

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

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

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

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

t h e   s t e e l   s t r i p   S,  t h e r e b y   e l i m i n a t i n g   any  s t a y i n g   o f  

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

c o o l i n g   m e t h o d   and  r a p i d l y   r e m o v i n g   or  b r e a k i n g   s t e a m  

f i l m s   p r o d u c e d   on  t he   s u r f a c e s   of  t he   s t e e l   s t r i p .  

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

can   be  a c c o m p l i s h e d .  

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

s t r i p   S  i s   v  ( m / s ) ,   t he   f l o w i n g   s p e e d   of  t h e   c o o l i n g  
s  

w a t e r   i s   v  ( m / s ) ,   and  t h e   d o w n w a r d   d i r e c t i o n   i s   p o s i t i v e ,  

t h e   r e l a t i v e   s p e e d   v r ( m / s )   of   t h e   c o o l i n g   w a t e r   W  w i t h  

r e s p e c t   to  t h e   s t e e l   s t r i p   S  i s   i n d i c a t e d   by  t h e  

f o l l o w i n g   e q u a t i o n .  

v  =  v  -  v  •  •  •  ( 1 )  
r  w  s  

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

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

c o e f f i c i e n t   a  ( K c a l / m 2   -h-  °C)  .  R e s u l t s   of   t h e   i n v e s t i g a -  

t i o n   a r e   shown  in  F i g .   3.  As  s e e n   f rom  F i g .   3,  t h e  

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

to  t h e   r e l a t i v e   s p e e d   v r .   I t   has   b e e n   f o u n d   t h a t   t h e  

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

an  e q u a t i o n   ( 2 ) .  
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a  =  5600  v  
° ' 6 8   

. . .   ( 2 )  

In  t h i s   c a s e ,   when  t he   r e l a t i v e   s p e e d   v  i s  

f o r   e x a m p l e   10  m / s ,   t h e   h e a t   t r a n s f e r   c o e f f i c i e n t   a  i s  

2 6 , 8 0 0   K c a l / m 2 - h - ° C .  

R e f e r r i n g   b a c k   to   F i g .   3,  t h e   h e a t   t r a n s f e r  

c o e f f i c i e n t   i s   a t   t he   m o s t   5 , 0 0 0   K c a l / m 2 - h - ° C   in  t h e  

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

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

F i g .   4  i l l u s t r a t e s   in  s e c t i o n   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   whose   p r i n c i p a l   p a r t   i s  

shown  in  t he   p e r s p e c t i v e   v i e w   of   F i g .   5.  Flow  r e c t i f i e r  

p l a t e s   la   and  lb   a r e   a r r a n g e d   on  b o t h   s i d e   of   and  i n  

p a r a l l e l   w i t h   a  s t e e l   s t r i p   S  to  form  a  c o o l i n g   w a t e r  

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

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

c o n d i t i o n .   S e a l i n g   r o l l s   2a ,   2b  and  3a  and  3b  s e r v e   t o  

p r e v e n t   t he   c o o l i n g   w a t e r   f rom  e s c a p i n g   at   f r o n t   a n d  

r e a r   e n d s   of   t h e   f l o w   r e c t i f i e r   p l a t e s .   R e f e r e n c e  

n u m e r a l   4b  d e n o t e s   s e a l i n g   p l a t e s   p r o v i d e d   on  b o t h  

s i d e s   of   t he   r e c t i f i e r   p l a t e s .   T h e s e   s e a l i n g   p l a t e s  

a r e   j o i n t e d   to  form  s e a l i n g s   a t   t he   s i d e s   of  t h e  

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

e s c a p i n g   at   t he   s i d e s   of   t he   r e c t i f i e r   p l a t e s   and  a t  

t he   same  t i m e   s e r v e   to  p o s i t i o n   the   r e c t i f i e r   p l a t e s  

in  a s s e m b l i n g .  

The  r e c t i f i e r   p l a t e s   a r e   p r o v i d e d   w i t h  
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c o o l i n g   w a t e r   i n l e t s   5a  and  5b  and  c o o l i n g   w a t e r   o u t l e t s  

6a  and  6b.  P r e s s u r e   pumps  7a  and  7b  s u p p l y   t h e   c o o l i n g  

w a t e r   i n t o   t h e   w a t e r   c o o l i n g   j a c k e t   f o r m e d   by  t h e  

r e c t i f i e r   p l a t e s .   D e f l e c t o r   r o l l s   8  and  9  s e r v e   t o  

05  t u r n   t h e   m o v i n g   d i r e c t i o n   of   t h e   s t e e l   s t r i p   S .  

The  c o o l i n g   w a t e r   i n t r o d u c e d   t h r o u g h   t h e  

i n l e t s   5a  and  5b  i n t o   t h e   j a c k e t   f o r m e d   by  t he   r e c t i f i e r  

p l a t e s   f l o w s   in  c l e a r a n c e s   or  f l o w   p a s s a g e s   f o r m e d   b y  

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

10  lb  in  d i r e c t i o n s   o p p o s i t e   to  t he   m o v i n g   d i r e c t i o n   o f  

t h e   s t r i p   S  and  l e a v e s   t h r o u g h   t h e   o u t l e t s   6a  and  6 b  

p r o v i d e d   a t   t h e   o t h e r   end  of   t he   j a c k e t .   In  t h i s  

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

t h e   c o o l i n g   w a t e r   t h r o u g h   t h e   r e l a t i v e l y   n a r r o w  

15  c l e a r a n c e s   b e t w e e n   t h e   s t e e l   s t r i p   S  and  t h e   f l o w  

r e c t i f i e r   p l a t e s   l a   and  l b .  

F i g s .   6-8   i l l u s t r a t e   m o d i f i c a t i o n s   of  t h e  

c o o l i n g   a p p a r a t u s   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  

a p p a r a t u s   shown  in  F i g .   6  c o m p r i s e s   t h r e e   s e t s   of  f l o w  

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

s t r i p   S.  A p p a r a t u s e s   shown  in  F i g s .   7  and  8  c o m p r i s e  

f l o w   r e c t i f i e r   p l a t e s   a r r a n g e d   in  U  and  W  s h a p e s ,  

r e s p e c t i v e l y .  

F i n a l   c o o l i n g   of  s t e e l   s t r i p s   was  e f f e c t e d  

25  u s i n g   the   c o o l i n g   a p p a r a t u s   shown  in  F i g .   4  u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s .  
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D i m e n s i o n   of   s t e e l   s t r i p   T h i c k n e s s :   0 . 3   mm, 
W i d t h n e s s :   900  mm 

T r e a t e d   s t r i p   60  T / h  

T e m p e r a t u r e   of   s t r i p   a t  
c o m m e n c e m e n t   of   c o o l i n g   1 5 0 ° C  

T e m p e r a t u r e   of   s u p p l i e d  
c o o l i n g   w a t e r   3 0 ° C  

T e m p e r a t u r e   of   s t r i p  
a f t e r   c o o l e d   6 0 ° C  

T h i c k n e s s   of  c o o l i n g  
w a t e r   f l o w   p a s s a g e   a b o u t   6  mm 

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

was  a p p r o x i m a t e l y   40  T / h .   The  t e m p e r a t u r e   of   t h e  

c o o l i n g   w a t e r   on  t h e   e x i t   s i d e   was  a b o u t   7 0 ° C .  

The  s t e e l   s t r i p s   we re   u n i f o r m l y   c o o l e d   i n  

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

U n u n i f o r m   c o o l i n g   and  t r o u b l e s   c a u s e d   by  s t e a m   f i l m s  

were   c o m p l e t e l y   p r e v e n t e d .  

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

c o o l i n g   w a t e r   of   a b o u t   60  T /h   was  r e q u i r e d   f o r   t r e a t i n g  

t h e   same  a m o u n t   of  s t e e l   s t r i p s   as  t he   a b o v e .   T h e r e f o r e ,  

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

a c c o r d i n g   to  t h e   i n v e n t i o n .  

As  can  be  s e e n   f rom  t h e   a b o v e   d e s c r i p t i o n ,  

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

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

p r i o r   a r t .   A c c o r d i n g l y ,   t he   t r e a t i n g   f a c u l t y   in  t h e  

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

M o r e o v e r ,   t he   i n v e n t i o n   can  p r o v i d e   a  s m a l l   - s i z e d  
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c o o l i n g   a p p a r a t u s .  

R e f e r r i n g   to  F i g .   9  i l l u s t r a t i n g   a n o t h e r  

e m b o d i m e n t   of  t h e   i n v e n t i o n ,   i f   a  w a t e r   c o o l i n g   j a c k e t  

i s   f o r m e d   in  a  U-  s h a p e ,   a  l e g   p o r t i o n   31c  of   t he   U - s h a p e d  

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

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

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

to  c o n s i d e r   t he   r e s i s t a n c e   of  t h e   l e g   p o r t i o n   31c  t o  

t h e   w a t e r   f l o w .   T h i s   r e s i s t a n c e   Ah  can   be  c a l c u l a t e d  

by  t h e   f o l l o w i n g   e q u a t i o n   a c c o r d i n g   to  t h e   t h e o r y   o f  

w e i r .  

Ah=(  29  ) 2 / S x l 0 3 = 6 8 3 x ( § ) ^ 3   . . .   ( 3 )  
2 x C x B x / Z g  

w h e r e   Ah  is   d i f f e r e n c e   in   w a t e r   h e a d   (mm),  Q  is   f l o w  

r a t e   ( m 3 / s ) ,   C  i s   c o e f f i c i e n t   of   r e s i s t a n c e   ( = 0 . 6 ) ,  

B  i s   w i d t h   of   j a c k e t   ( w i d t h   of  w e i r )   and  g  i s   a c c e l e r a -  

t i o n   of  g r a v i t y .  

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

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

f e r e n c e   h  in  l e v e l   b e t w e e n   s u r f a c e s   of   w a t e r   in  t he   l e g s  

31a  and  31c  i s   d e t e r m i n e d   to  f u l f i l   t he   f o l l o w i n g  

e q u a t i o n .  

h  £  683  x  ( g ) ^ 3   
. . .   ( 4 )  
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In  t he   p r e s e n t   i n v e n t i o n ,   t he   c l e a r a n c e s  

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

a r e   v e r y   s m a l l ,   so  t h a t   t h e   p r e s s u r e   l o s s   t e n d s   to  b e  

l a r g e .   A c c o r d i n g l y ,   i t   i s   r e q u i r e d   to  i n c r e a s e   t h e  

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

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

p r o b l e m ,   n o z z l e s   36  a r e   p r e f e r a b l y   p r o v i d e d   f o r   a s s i s t i n g  

t he   f l o w   of   c o o l i n g   w a t e r   as  shown  in  F i g s .   9  and  1 0 .  

As  shown  in  F i g .   10,   s l i t   n o z z l e s   36  a r e   a r r a n g e d   i n  

10  the   c o o l i n g   j a c k e t   in  t h e   m o v i n g   d i r e c t i o n   of   t he   s t r i p  

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

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

to  t he   c o o l i n g   w a t e r   j a c k e t .   The  n o z z l e s   36  a r e   s u p p l i e d  

w i t h   c o o l i n g   w a t e r   t h r o u g h   p i p i n g   37  by  means   of   a  s u p p l y  

15  pump  8.  A l t h o u g h   the   n o z z l e s   36  a r e   a r r a n g e d   one  o n  

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

may  be  p r o v i d e d   on  e a c h   s i d e   of   t h e   s t r i p .  

M o r e o v e r ,   t he   s t e e l   s t r i p   b e t w e e n   d e f l e c t o r  

r o l l s   32  in   t h e   h o r i z o n t a l   p o r t i o n   31b  of   t he   w a t e r  

20  c o o l i n g   j a c k e t   t e n d s   to  d e f o r m   in  c a t e n a r y   to  c a u s e  

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

s i d e s   of  t he   s t r i p .   In  t h i s   c a s e ,   i t   i s   c o n s i d e r e d   t o  

i n c r e a s e   t h e   t e n s i l e   f o r c e   a c t i n g   upon   t he   s t r i p   t o  

r e d u c e   the   c a t e n a r y   d e f o r m a t i o n   of   t he   s t r i p .   H o w e v e r ,  

25  such   a  t e n s i l e   f o r c e   has   a  l i m i t a t i o n   b e c a u s e   too   h i g h  

t e n s i l e   f o r c e   c a u s e s   b r e a k a g e   of   t he   s t r i p .   In  o r d e r   t o  

p r e v e n t   t h i s ,   i t   i s   e f f e c t i v e   to   i n c l i n e   t he   h o r i z o n t a l  
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p o r t i o n   of  t h e   c o o l i n g   w a t e r   j a c k e t   as  shown  in  F i g .   9 .  

I t   i s   p r e f e r a b l e   to  l o c a t e   t h e   end  of   t he   h o r i z o n t a l  

p o r t i o n   31b  on  t he   s i d e   of   t h e   l e g   31a  h i g h e r   t h a n   t h e  

o t h e r   end  on  t h e   s i d e   of   t h e   l e g   31b  in  c o n s i d e r a t i o n  

05  of   t he   f l o w i n g   d i r e c t i o n   of   t h e   c o o l i n g   w a t e r .  

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

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

w i t h   t he   p r i o r   a r t ,   t h e r e b y   e n a b l i n g   t he   t r e a t i n g  

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

10  i m p r o v e d .  

In  t he   a b o v e   e m b o d i m e n t s ,   h o w e v e r ,   t h e  

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

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

t e m p e r a t u r e   w i t h   v a r i a t i o n   in   a m o u n t   or  w e i g h t   of  s t e e l  

15  s t r i p s   to  be  t r e a t e d   and  w i t h   v a r i a t i o n   in  s u p p l i e d  

c o o l i n g   w a t e r   t e m p e r a t u r e ,   f o r   e x a m p l e ,   due  to  s e a s o n a l  

v a r i a t i o n .  

F i g .   11  i l l u s t r a t e s   t he   r e l a t i o n   b e t w e e n   t h e  

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

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

of   t he   s t e e l   s t r i p s   40  T /h   p a s s e d   t h r o u g h   t he   c o o l i n g  

a p p a r a t u s .   As  s e e n   f rom  F i g .   11,   t h e   t e m p e r a t u r e   o f  

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

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

25  t e m p e r a t u r e   i s   too  h i g h   or  l o w .  

F i g .   12  i l l u s t r a t e s   t h e   r e s u l t   of   i n v e s t i g a t i n g  

t he   r e l a t i o n   b e t w e e n   t he   a m o u n t   or   w e i g h t   of   s t e e l  
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s t r i p s   and  the   t e m p e r a t u r e   of   c o o l e d   s t e e l   s t r i p s   i n  

two  c a s e s   of  t he   c o o l i n g   w a t e r   t e m p e r a t u r e   of   40°C  a n d  

30°C .   I t   i s   c l e a r l y   e v i d e n t   t h a t   as  t h e   a m o u n t   of   t h e  

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

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

p r e d e t e r m i n e d   t e m p e r a t u r e   r a n g e .  

F o l l o w i n g   e m b o d i m e n t s   have   f o r   t h e i r   o b j e c t s  

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

c o o l e d   s t e e l   s t r i p s   a t   an  e x i t   of  t he   c o o l i n g   a p p a r a t u s  

10  to  a l w a y s   s t a b l y   c o o l   t h e   s t e e l   s t r i p s   to  t e m p e r a t u r e s  

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

t h e   n o r m a l l y   e x p e c t e d   f a c t o r s   such   as  a m o u n t   of   s t e e l  

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

l i k e .  

15  F i g .   13  s c h e m a t i c a l l y   i l l u s t r a t e s   a  c o n t r o l  

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

j a c k e t .   Flow  r e c t i f i e r   p l a t e s   l l a   and  l i b   form  a  w a t e r  

c o o l i n g   j a c k e t   11  f o r   f o r c e d l y   i n t r o d u c i n g   a  c o o l i n g  

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

20  c o n d i t i o n .   D e f l e c t o r   r o l l s   12  t u r n   t h e   s t e e l   s t r i p   i n  

t h e   w a t e r   c o o l i n g   j a c k e t   11  w h i c h   i s   s u p p l i e d   w i t h   t h e  

c o o l i n g   w a t e r   t h r o u g h   a  c o o l i n g   w a t e r   s u p p l y   p i p e   1 3 .  

A  r e s e r v o i r   14  f o r   s t o r i n g   t h e   u s e d   c o o l i n g   w a t e r   i s  

p r o v i d e d   w i t h   a  pump  1 5 .  

25  Wi th   t he   c o o l i n g   a p p a r a t u s   c o n s t r u c t e d   a s  

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

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

s t r i p   S  and  i s   f o r c e d   t h r o u g h   t h e   w a t e r   c o o l i n g   j a c k e t  

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

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

05  s t e e l   s t r i p   w i t h   h i g h   e f f i c i e n c y   u n t i l   t he   c o o l i n g  

w a t e r   l e a v e s   an  e x h a u s t   p o r t .   A c c o r d i n g   to  t h e  

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

the   a p p a r a t u s   i s   c i r c u l a t e d   to  use   a g a i n   f o r   a d j u s t i n g  

t he   t e m p e r a t u r e   of  t he   c o o l i n g   w a t e r .  

10  The  c o o l i n g   s y s t e m   c o m p r i s e s   a  r e t u r n   p i p e   1 6  

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

m e t e r   17  f o r   d e t e c t i n g   t h e   t e m p e r a t u r e   of   t he   e x h a u s t e d  

c o o l i n g   w a t e r ,   a  f l o w   a d j u s t i n g   v a l v e   18  f o r   t h e  

c i r c u l a t i n g   w a t e r ,   a  f l o w   m e t e r   19  f o r   t h e   c i r c u l a t i n g  

15  w a t e r ,   a  f r e s h   c o o l i n g   w a t e r   s u p p l y   p i p e   20  i n c l u d i n g  

a  t h e r m o m e t e r   21,   a  f l o w   a d j u s t i n g   v a l v e   22  and  a  f l o w  

m e t e r   23  f o r   t he   f r e s h   c o o l i n g   w a t e r ,   and  a  t h e r m o m e t e r  

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

t he   c o o l i n g   a p p a r a t u s .  

20  An  a r i t h m e t i c   u n i t   25  c a l c u l a t e s   a m o u n t s   o f  

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

w i t h   e a c h   o t h e r   to  o b t a i n   c o o l i n g   w a t e r   at   a  p r e -  

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

t he   r e s p e c t i v e   d e t e c t o r s .   The  c a l c u l a t e d   r e s u l t s   a r e  

25  i n p u t t e d   i n t o   f low  c o n t r o l l e r s   26  and  27  whose   o u t p u t  

a d j u s t   o p e n i n g s   of  t he   f l o w   a d j u s t i n g   v a l v e s   18  and  2 2 ,  

r e s p e c t i v e l y .   In  t h i s   m a n n e r ,   t h e   c i r c u l a t i n g   a n d  
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f r e s h   w a t e r s   a d j u s t e d   in  t h e i r   r e q u i r e d   a m o u n t s   a r e  

m i x e d   in  a  m i x e r   28  to  o b t a i n   c o o l i n g   w a t e r   a t   a  

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

s u p p l y   p i p e   13  i n t o   t h e   c o o l i n g   j a c k e t   11.  R e f e r e n c e  

n u m e r a l   29  d e n o t e s   w r i n g e r   r o l l s   f o r   r e m o v i n g   w a t e r   f r o m  

s t e e l   s t r i p s   l e a v i n g   t he   w a t e r   j a c k e t .  

The  a r i t h m e t i c   o p e r a t i o n   in  t h e   a r i t h m e t i c  

u n i t   25  w i l l   be  e x p l a i n e d   h e r e i n a f t e r .  

I t   i s   a s s u m e d   t h a t   an  a l l o w a b l e   t e m p e r a t u r e  

r a n g e   of  a  t a r g e t   c o o l i n g   t e m p e r a t u r e   T  i s   a s  SO 

i n d i c a t e d   by  t h e   f o l l o w i n g   f o r m u l a   ( 5 ) .  

T s o l   S  Tso  S  Tso2  ■"■   <5> 

An  a m o u n t   Q  of  c o o l i n g   w a t e r   to  be  s u p p l i e d  

i s   i n d i c a t e d   by  a m o u n t s   Q  and  Q»,  of   t he   c i r c u l a t i n g   a n d  

f r e s h   c o o l i n g   w a t e r s   as  f o l l o w s .  

Q  =  Qc  +QN  . . .   ( 6 )  

T h e r e   i s   a  r e l a t i o n   (7)   b e t w e e n   a  s e t   c o o l i n g  

w a t e r   t e m p e r a t u r e   T  ,  c i r c u l a t i n g   w a t e r   t e m p e r a t u r e   T 

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

xwc  xw 
C  W  xwc  WN  we  XWN 

N a m e l y ,  

< V T W N > Q n =   ^ w c - V ^ c   •••  ( 7 )  

From  t he   e q u a t i o n s   (6)   and  ( 7 ) ,   v a l u e s   of   Qc 

and  QN  a r e   c a l c u l a t e d .  

T  - T  
»  w  VN  n  / R \  

c  xwc  XWN 

T  - T  
Qvr  -  t  —   i t   —  Q  . . .   ( 9 ;  

W  Xwc  XWN 

F i r s t ,   w h e t h e r   t he   s t e e l   s t r i p   t e m p e r a t u r e  

T  ,  d e t e c t e d   by  t he   t h e r m o m e t e r   24  i s   in  t he   r a n g e   o f  
so  ' 

t h e   e q u a t i o n   (5)  i s   j u d g e d .   When  i t   f u l f i l l s   t h e  

e q u a t i o n   ( 5 ) ,   v a l u e s   of  Qc  and  QN  a r e   c a l c u l a t e d   on  t h e  

b a s i s   of   t h e   d e t e c t e d   t e m p e r a t u r e   T ^ j   and  Twc  by  m e a n s  

of  t h e   e q u a t i o n s   (8)  and  ( 9 ) .  

On  t he   o t h e r   h a n d ,   i f   t h e   s t e e l   s t r i p  

t e m p e r a t u r e   T  ,  i s   a b o v e   an  u p p e r   l i m i t ,   t he   s e t  

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

v a l u e .  

TW  =  T W -   a  . . .   ( 1 0 )  
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On  the   c o n t r a r y ,   i f   t he   s t e e l   s t r i p   t e m p e r a t u r e  

i s   b e l o w   a  l o w e r   l i m i t ,   t he   s e t   c o o l i n g   w a t e r  s o  

t e m p e r a t u r e   T"w  is   r a i s e d   by  a  c o n s t a n t   v a l u e .  

Tu  =  T  +  a  w  w . . .   ( I D  

N e x t ,   a m o u n t s   of   c i r c u l a t i n g   and  f r e s h   c o o l i n g  

w a t e r   Qc  and  QN  a r e   c a l c u l a t e d   on  t he   b a s i s   of   a  n e w l y  

s e t   w a t e r   t e m p e r a t u r e   Tw  by  t h e   use   of   t he   e q u a t i o n s  

(8)   and  ( 9 ) .   In  t h i s   c a s e ,   t he   w a t e r   t e m p e r a t u r e s   T 
we 

and  T ^   d e t e c t e d   by  t h e   t h e r m o m e t e r s   17  and  21  a r e  

u s e d .  

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

c h a r t   shown  in  F i g .   1 4 .  

F i g .   15  i l l u s t r a t e s   t he   r e l a t i o n   b e t w e e n   t h e  

s t e e l   s t r i p   t e m p e r a t u r e   a t   e x i t   and  a m o u n t   or   w e i g h t   o f  

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

c o n t r o l l e d   in  t he   m a n n e r   a b o v e   d e s c r i b e d .  

S t e e l   s t r i p s   we re   c o o l e d   by  t h e   u se   of   t h e  

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

F i g .   13  u n d e r   the   f o l l o w i n g   c o n d i t i o n s .  

D i m e n s i o n   of  s t e e l   s t r i p s :  1  mm  t h i c k n e s s ,  
2000  mm  w i d t h  

1 3 . 2   T /h   ( F r e s h   c o o l i n g  
w a t e r :   3 . 3   T / h ,  
C i r c u l a t i n g   c o o l i n g  
w a t e r :   9 . 9   T / h )  

Amount   of   c o o l i n g   w a t e r  
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C o o l i n g   w a t e r   t e m p e r a t u r e :   ( F r e s h   c o o l i n g  
w a t e r :   1 0 ° C ,  
C i r c u l a t i n g   c o o l i n g  
w a t e r :   5 0 ° C )  

T a r g e t   t e m p e r a t u r e   a f t e r  
c o o l e d   '  :  5 0 - 6 0 ° C  

I n i t i a l   a m o u n t   of  . 
s t e e l   s t r i p s   :  20  T / h  

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

w e i g h t   of   t he   s t e e l   s t r i p s   to   be  p a s s e d   was  p r o g r e s s i v e l y  

i n c r e a s e d .   When  the   a m o u n t   b e c a m e   40  T / h ,   t he   t e m p e r a -  

t u r e   of   t h e   s t e e l   s t r i p s   a t   t h e   e x i t   was  a b o u t   t o  

e x c e e d   t h e   u p p e r   l i m i t   of   t h e   t a r g e t   t e m p e r a t u r e   60  ° C .  

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

w a t e r   was  c h a n g e d   to  7  .  1  T /h   to   6 .1   T /h   to  l o w e r   t h e  

c o o l i n g   w a t e r   t e m p e r a t u r e   to  30°C.   As  a  r e s u l t ,   t h e  

t e m p e r a t u r e   of  t he   c o o l e d   s t e e l ,   s t r i p s   l o w e r e d   to  5 0 ° C .  

The  c o o l i n g   o p e r a t i o n   was  c ' o n . t i n u e d .   H o w e v e r ,   when  t h e  

a m o u n t   of   s t e e i   s t r i p s   b e c a m e   65  T / h ,   t h e r e   was  a g a i n  

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

e x c e e d   60°C.   The  r a t i o   of   t h e   f r e s h   c o o l i n g   w a t e r   t o  

t h e   c i r c u l a t i n g   w a t e r   was  c h a n g e d   to  11  T /h   to  2 .2   T / h  

to  l o w e r   t h e   c o o l i n g   w a t e r   t e m p e r a t u r e   to  20  ° C .  

As  a  r e s u l t ,   t he   c o o l e d   s t e e l   s t r i p   t e m p e r a t u r e   l o w e r e d  

to  50°C .   T h e r e a f t e r ,   t he   c o o l e d   s t e e l   s t r i p   t e m p e r a t u r e  

d i d   n o t   e x c e e d   60°C  even   when  t h e   a m o u n t   of  s t e e l  

s t r i p s   was  i n c r e a s e d   to  80  T / h .   Even  when  t he   a m o u n t  

of  s t e e l   s t r i p s   was  c h a n g e d   f rom  20  T /h   to  80  T / h ,   t h e  

c o o l e d   s t e e l   s t r i p   t e m p e r a t u r e   a t   t h e   e x i t   was  k e p t  
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w i t h i n   t he   t a r g e t   t e m p e r a t u r e   w i t h i n   5 0 - 6 0 ° C .  

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   t e m p e r a t u r e  

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

a n n e a l i n g   l i n e   can  be  k e p t   in   a  p r e d e t e r m i n e d   t a r g e t  

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

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

I t   i s   f u r t h e r   u n d e r s t o o d   by  t h o s e   s k i l l e d   i n  

the   a r t   t h a t   t he   f o r e g o i n g   d e s c r i p t i o n   i s   t h a t   o f  

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

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

may  be  made  in  t h e   i n v e n t i o n   w i t h o u t   d e p a r t i n g   f rom  t h e  

s p i r i t   and  s c o p e   t h e r e o f .  

15 

20 

25 
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C l a i m s  

1.  A  m e t h o d   of   c o o l i n g   s t e e l   s t r i p s   by  means   o f  

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

s a i d   c o o l i n g   l i q u i d   i s   f o r c e d   to  f l o w   as  s t e a d y   f l o w s  

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

o p p o s i t e   to  m o v i n g   d i r e c t i o n s   of  t he   s t e e l   s t r i p s .  

2.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n  

s a i d   s t e e l   s t r i p   i s   g u i d e d   t h r o u g h   a  U - s h a p e d   p a s s a g e  

in  w h i c h   the   s t e e l   s t r i p   i s   c o o l e d   by  t he   c o o l i n g  

l i q u i d .  

3.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n  

s a i d   s t e e l   s t r i p   i s   g u i d e d   t h r o u g h   a  W - s h a p e d   p a s s a g e  

in  w h i c h   t he   s t e e l   s t r i p   i s   c o o l e d   by  t h e   c o o l i n g  

l i q u i d .  

4.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n  

p a r t   of  t he   c o o l i n g   l i q u i d   i s   j e t t e d   i n t o   t he   c o o l i n g  

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

s t e e l   s t r i p .  

5.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1,  w h e r e i n  

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

s t r i p   i s   m i x e d   w i t h   f r e s h   c o o l i n g   l i q u i d   to  c o n t r o l  

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

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

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

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

r a n g e .  
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6.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   t h e  

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

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

7.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   b y  

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

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

to  form  f l o w   p a s s a g e s   b e t w e e n   t h e   s t e e l   s t r i p   and  t h e  

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

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

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

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

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

8.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  

f o r t h   in  c l a i m   7,  w h e r e i n   s a i d   f l o w   r e c t i f i e r   p l a t e s   a r e  

p r o v i d e d   on  b o t h   s i d e s   w i t h   s e a l i n g   p l a t e s   j o i n t e d  

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

the   s i d e s   of   t h e   r e c t i f i e r   p l a t e s .  

9.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  

f o r t h   in  c l a i m   7  ,  w h e r e i n   s a i d   f l o w   p a s s a g e s   a r e   f o r m e d  

in  U - s h a p e d   p a s s a g e s .  

10.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  

f o r t h   in  c l a i m   7,  w h e r e i n   s a i d   f l o w   p a s s a g e s   a r e   f o r m e d  

in  W-  s h a p e d   p a s s a g e s .  
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11.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  

f o r t h   in   c l a i m   9,  w h e r e i n   a  c o o l i n g   l i q u i d   s u r f a c e  

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

h i g h e r   t h a n   t h a t   on  a  s i d e   of   t h e   c o o l i n g   l i q u i d   e x h a u s t  

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

h  I  683  x  ( g ) 9 &  

w h e r e   Q  i s   f l o w   r a t e   ( m 3 / s )   of   t he   c o o l i n g   l i q u i d   i n  

t h e   f l o w   p a s s a g e s   and  B  is   w i d t h   of  t he   f l ow  p a s s a g e s .  

12.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  

f o r t h   in  c l a i m   9,  w h e r e i n   a  c o n n e c t i n g   p o r t i o n   f o r  

c o n n e c t i n g   two  v e r t i c a l   p o r t i o n s   of  t he   U - s h a p e d   f l o w  

p a s s a g e s   i s   i n c l i n e d   s u c h   t h a t   one  end  of   the   c o n n e c t i n g  

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

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

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

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

13.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  

f o r t h   in   c l a i m   7  ,  w h e r e i n   a t   l e a s t   one  p a i r   of  c o o l i n g  

l i q u i d   j e t t i n g   n o z z l e s   i s   p r o v i d e d   one  on  e a c h   s i d e   o f  

t h e   s t e e l   s t r i p   in  t he   f l o w   p a s s a g e s ,   a  j e t t i n g   d i r e c t i o n  

of   e a c h   t h e   c o o l i n g   l i q u i d   j e t t i n g   n o z z l e   b e i n g   d i r e c t e d  

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

or   i n c l i n e d   t o w a r d   t he   s t e e l   s t r i p   a t   some  a n g l e s .  
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14.  An  a p p a r a t u s   f o r   c o o l i n g   s t e e l   s t r i p s   as  s e t  
f o r t h   in  c l a i m   7,  w h e r e i n   s a i d   a p p a r a t u s   c o m p r i s e s  
a  c o n t r o l   s y s t e m   w h i c h   c o m p r i s e s   a  t h e r m o m e t e r ,   a  f l o w  
a d j u s t i n g   v a l v e   and  a  f l o w   m e t e r   r e s p e c t i v e l y   f o r   t h e  
c o o l i n g   w a t e r   e x h a u s t e d   f rom  t he   f l o w   p a s s a g e s ,  
a  t h e r m o m e t e r ,   a  f l o w   a d j u s t i n g   v a l v e   and  a  f l o w   m e t e r  
r e s p e c t i v e l y   f o r   t he   c o o l i n g   w a t e r   n e w l y   s u p p l i e d   t o  
the   f l o w   p a s s a g e ,   a  t h e r m o m e t e r   f o r   d e t e c t i n g   t e m p e r a t u r e  
of  t he   s t e e l   s t r i p   l e a v i n g   the   f l o w   p a s s a g e s ,   a n  
a r i t h m e t i c   u n i t   f o r   c a l c u l a t i n g   a m o u n t s   of   t he   e x h a u s t  
and  new  c o o l i n g   w a t e r s   to  be  m i x e d ,   f l o w   c o n t r o l l e r s  
f o r   c o n t r o l l i n g   s a i d   f l o w   a d j u s t i n g   v a l v e s   in  r e s p o n s e  
to  s i g n a l s   f rom  t he   a r i t h m e t i c   u n i t ,   and  a  m i x e r   f o r  

m i x i n g   t he   e x h a u s t   and  new  c o o l i n g   w a t e r s   t h r o u g h   s a i d  
f l o w   a d j u s t i n g   v a l v e s .  
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