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©  Ingot  mould  with  tubular  crystaMizer. 

The  invention  concerns  an  ingot  mould  (10)  with  a 
tubular  crystallizer  for  continuous  horizontal  casting,  said 
ingot  mould  including  in  coordinated  cooperation: 
-  a  replaceable  tubular  crystallizer  (20)  having  a  modest 

thickness  and  located  in  the  inner  part  of  the  ingot  mould 
(10), 

-  a  tubular  cooling  sleeve  (30)  which  is  located  in  the  outer 
part  of  the  ingot  mould  (10)  and  forms  a  cooling  interspace 
(33)  around  the  tubular  crystallizer  (20),  whereby  each  end 
of  said  tubular  sleeve  (30)  is  provided  with  an  annular 
chamber  (36)  communicating  with  said  interspace  (33), 
and 

-  circular  crown  means  (40)  which  are  located  in  the  end  of 
the  ingot  mould  (10)  near  the  channel  feeding  the  liquid 
metal  and  which  are  able  to  connect  the  end  of  the  tubular 
crystallizer  (20)  to  the  end  of  the  tubular  cooling  sleeve 
(30), 

whereby  said  circular  crown  means  (40)  are  provided  with  a 
plurality  of  cooling  ducts  (42)  which  connect  the  interspace 
(33)  to  the  annular  chamber  (36)  envisaged  in  said  end. 



T h i s   i n v e n t i o n   c o n c e r n s   an  i n g o t   m o u l d   w i t h   a  t u b u l a r  .  

c r y s t a l l i z e r .   To  be  more   e x a c t ,   t h e   i n v e n t i o n   c o n c e r n s   an  i n -  

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

l a r   c r y s t a l l i z e r   of   a  m o d e s t   t h i c k n e s s ,   w h e r e b y   an   i n t e r s p a c e  

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

t h e   t u b u l a r   c r y s t a l l i z e r .  

Known  i n g o t   m o u l d s   c o n s i s t   g e n e r a l l y   o f   one  s i n g l e   t u b u -  

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

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

a c t s   as   a  c r y s t a l l i z e r   and   i s   made  of  a  s p e c i a l   and   v e r y   e x - .  

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

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

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

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

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

when  t h e   i n n e r   w a l l s   of   t h e   c r y s t a l l i z e r   b e c o m e   worn   and  d e - .  

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

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

t u b u l a r   b o d y   made  of  an  e x p e n s i v e   m a t e r i a l ,   t h e   n e c e s s a r y  



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

. t h e   u s e r .  

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

. h a v e   b e e n   e m b o d i e d   w h i c h   a r e   e q u i p p e d   i n w a r d l y   w i t h   a  t h i n n e r  

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

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

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

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

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

z e r .  

.  The  p u r p o s e   o f   t h i s   i n v e n t i o n   i s   to   e m b o d y   an  i n g o t  

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

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

. t h e   i n n e r   p a r t   a c t i n g   a s   a  c r y s t a l l i z e r   and   t h e   r e m a i n i n g   p a r t  

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

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

. s u r e   d i s p e r s i o n   of   h e a t   a n d   t h e   e f f i c i e n t   w o r k i n g   of  t h e   c r y s -  

. t a l l i z e r   and   to   i m p r o v e   t h e   c o n d i t i o n s   f o r   c o o l i n g   t h e   c r y s - .  

. t a l l i z e r ,   a b o v e   a l l   i n   t h e   p o r t i o n   n e a r e s t   to  t h e   f e e d   of  t h e  

. c r y s t a l l i z e r   i t s e l f .  

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

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

t h e   end   p a r t   and   end   s u r f a c e   n e a r   to  t h e   f e e d   of   l i q u i d   m e t a l .  

The  i n g o t   m o u l d   o f   t h e   i n v e n t i o n   a l s o   e n t a i l s   t h e   a d v a n -  

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

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

A n o t h e r   a d v a n t a g e   o f   t h e   i n g o t   m o u l d   o f   t h e   i n v e n t i o n  .  

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

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

Y e t   a n o t h e r   a d v a n t a g e   of  t h e   i n g o t   m o u l d   of   t h e   i n v e n t -  

. i o n   i s   t h a t   i t   p e r m i t s   an  e a s i e r   and  q u i c k e r   r e g u l a t i o n   of  t h e  

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

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



L a s t l y ,   i t   i s   an  a d v a n t a g e   of  t h e   i n g o t   m o u l d   of   t h e   i n -  

v e n t i o n   t h a t ,   when  t h e   i n n e r   w a l l s   of   t h e   c r y s t a l l i z e r   b e c o - .  

me  worn  and   d e t e r i o r a t e   b e y o n d   a  g i v e n   l i m i t ,   s a i d   m o u l d   r e - .  

q u i r e s   o n l y   an  e c o n o m i c a l   r e p l a c e a b l e   c r y s t a l l i z e r   t u b e ,   f o r .  

t h e   r e m a i n d e r   of   t h e   i n g o t   m o u l d   can   be  u s e d   w i t h   a  new  c r y s -  

t a l l i z e r   t h e   same  a s   t h e   one  e m p l o y e d   b e f o r e h a n d .  

The  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   i n   an  i n g o t   m o u l d  

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

s a i d   i n g o t   m o u l d   b e i n g   c h a r a c t e r i z e d   by  i n c l u d i n g   in   c o o r d i n -  

a t e   c o o p e r a t i o n :   . 

. -   a  r e p l a c e a b l e   t u b u l a r   c r y s t a l l i z e r   h a v i n g   a  m o d e s t   t h i c k -  .  

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

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

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

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

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

i n t e r s p a c e ,   and   . 

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

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

c i r c u l a r   c r o w n   m e a n s   can   c o n n e c t   t o g e t h e r   t h e   end   of   t h e  .  

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

eve  a n d   a r e   p r o v i d e d   w i t h   a  p l u r a l i t y   of   c o o l i n g   d u c t s   c o n 7  

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

s a i d   e n d .  

To  be  more   e x a c t ,   t he   i n g o t   m o u l d   of   t h e   i n v e n t i o n   c o m -  

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

. t h i c k n e s s   and   made  of  v a l u a b l e   m a t e r i a l ,   w h e r e b y   s a i d   c r y s t a l -  

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

. e q u i p p e d   a t   i t s   end  f a c i n g   t h e   f e e d   of  m e t a l   w i t h   a  f l a n g e  

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

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

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

. z e r   f a c i n g   s a i d   f e e d   c h a n n e l ,   and   w h e r e b y   one  o r   more   t h e r m o -  



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

, end   of  t h e   c r y s t a l l i z e r ;   t h e   i n g o t   m o u l d   a l s o   c o m p r i s e s   a  t u 7  

b u l a r   c o o l i n g   s l e e v e   made  of   o r d i n a r y   s t e e l  o r   c a s t   i r o n ,   . 

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

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

an  i n n e r   d i a m e t e r   g r e a t e r   t h a n   t h e   o u t e r   d i a m e t e r   of   t h e   c r y s -  

t a l l i z e r   t u b e ,   i s   a b l e   to  f o r m ,   t o g e t h e r   w i t h   t h e   o u t e r   s u r - .  

f a c e   of  t h e   c r y s t a l l i z e r   t u b e ,   an  i n t e r s p a c e   f o r   t h e   c i r c u l a t -  

i o n   of   t h e   c o o l i n g   l i q u i d   and   i s   a l s o   e q u i p p e d   w i t h   two  a n n u -  

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

s l e e v e ;   one  o f   s a i d   a n n u l a r   c h a m b e r s   i s   e n v i s a g e d   a s   b e i n g   i n  

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

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

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

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

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

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

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

t h e   end  of   t h e   i n t e r s p a c e   f o r m e d   b e t w e e n   t h e   j a c k e t   of  t h e   t u -  

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

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

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

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

f e d ;   s a i d   c i r c u l a r   c r o w n   a l s o   a c t s   to   c o n n e c t   t h e   c r y s t a l l i - .  

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

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

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

F i g . I   s h o w s   a  l e n g t h w i s e   s e c t i o n   of   t h e   i n g o t   m o u l d   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   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   i n g o t   m o u l d   of  t h e  .  

i n v e n t i o n   a l o n g   t h e   l i n e   A - A .  

Wi th   r e f e r e n c e   to  t h e   f i g u r e s   we  h a v e   as   f o l l o w s :   10  i s  



t he   i n g o t   m o u l d   a c c o r d i n g   to  t h e   i n v e n t i o n ;   20  i s   t h e   r e p l a -  

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

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

of  t he   i n g o t   m o u l d   10;   s a i d   c r y s t a l l i z e r   20  i s   e q u i p p e d   o n  

i t s   o u t s i d e ,   a t   i t s   end  120  f a c i n g  t h e   f e e d   of   l i q u i d   m e t a l , .  

w i t h   a  f l a n g e   24  a b l e   to  i m p r o v e   t h e   c o n d i t i o n s   f o r   c o o l i n g  .  

s a i d   end  120   a n d   to   i m p r o v e   t h e   c o n n e c t i o n   of   t h e   i n g o t   m o u l d  

10  to  a  f e e d i n g   d e v i c e   e n v i s a g e d   a s   b e i n g   u p s t r e a m   f r o m   s a i d .  

i n g o t   m o u l d ;   s a i d  c r y s t a l l i z e r   20  i s   e q u i p p e d   on  i t s   i n s i d e  .  

w i t h   an  i n i t i a l   p o r t i o n   21  h a v i n g   a  s m a l l e r   d i a m e t e r   t h a n   t h a t  

of  t h e   r e m a i n d e r   22  o f   t h e   i n n e r   c o n d u i t   of   t h e   c r y s t a l l i z e r .  

20,   s a i d   i n i t i a l   p o r t i o n   21  b e i n g   a b l e   to  i m p r o v e   t h e   q u a l i t y  

of  t he   s u r f a c e   o f   t h e   i n g o t   t h u s   o b t a i n e d ;   30  i s   a  t u b u l a r .  

c o o l i n g   s l e e v e   made   of   o r d i n a r y   s t e e l   o r   c a s t   i r o n   a n d   i s   l o -  

c a t e d   in   t h e   o u t e r   p a r t   of   t h e   i n g o t   m o u l d   10  and   i s   e q u i p p e d  

on  i t s   i n s i d e   w i t h   a  t u b u l a r   j a c k e t   32  s e c u r e d   to   s a i d   t u b u - .  

l a r   c o o l i n g   s l e e v e   30  by  m e a n s   of   a n c h o r a g e   r i n g s   3 4 , w h e r e b y .  

s a i d   t u b u l a r   j a c k e t   32  h a s   an  i n n e r   d i a m e t e r   g r e a t e r   t h a n   t h e  

o u t e r   d i a m e t e r   of   t h e   c r y s t a l l i z e r   20  a n d ,   t o g e t h e r   w i t h   t h e .  

o u t e r   s u r f a c e   of   s a i d   c r y s t a l l i z e r   20 ,   i s   a b l e   to   f o r m   an  i n -  

t e r p s a c e   33  f o r   t h e   c i r c u l a t i o n   of   c o o l i n g   l i q u i d   on  t h e   o u t -  

s i d e   of  t h e   c r y s t a l l i z e r   2 0 .  

The  t u b u l a r   s l e e v e   30  i s   p r o v i d e d   a t   i t s   e n d s   w i t h   t w o .  

a n n u l a r   c h a m b e r s   36  made  b e t w e e n   t h e   t u b u l a r   j a c k e t   32  a n d  .  

t he   o u t e r   b o d y   o f   t h e   t u b u l a r   s l e e v e   3 0 .  

The  a n n u l a r   c h a m b e r   36  made  i n   t h e   end  of  t h e  i n g o t  

mould   10  f a c i n g   i n   t h e   d i r e c t i o n   of   w i t h d r a w a l   o f   t h e   i n g o t  .  

c o m m u n i c a t e s   r a d i a l l y   w i t h   t h e   i n t e r s p a c e   33  f o r m e d   by  s a i d  .  

j a c k e t   3 2  a n d   by  t h e   c r y s t a l l i z e r   20  t h r o u g h   h o l e s   136  p r o v i -  

d e d   in   t h e   j a c k e t   32  so  as   to   c o r r e s p o n d   w i t h   t h e   end  233  o f .  

t h e   i n t e r s p a c e   33  and   c o m p r i s e s   a t   l e a s t   one  i n l e t   ( n o t   s h o w n  

. i n   t he   f i g u r e s )   f o r   t h e   c o o l i n g   l i q u i d .  

S a i d   a n n u l a r   c h a m b e r   36  and   t h e   i n t e r s p a c e   d u c t   33  a r e .  



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

, a l   of  t h e   i n g o t ,   by  a  c i r c u l a r   c r o w n   39  a c t i n g   to  c o n n e c t   t h e  

end  220  of   t h e   c r y s t a l l i z e r   20  to  t h e   t u b u l a r   s l e e v e   3 0 .  

The  a n n u l a r   c h a m b e r   36  made  in   t h e   end   of   t h e   i n g o t  

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

one  o u t l e t   ( n o t   shown  i n   t h e   f i g u r e s )   f o r   t h e   c o o l i n g   l i q u i d .  

and   c o m m u n i c a t e s   w i t h   one   end  133  of   t h e   i n t e r s p a c e   33  t h r o u g h  

a  c i r c u l a r   c r o w n   40,   w h i c h   i s   p r o v i d e d   w i t h   d u c t s   42  and  a l s o  

a c t s   to  c o n n e c t   t h e   end   120  of   t h e   c r y s t a l l i z e r   20  to  t h e   t u .  

b u l a r   s l e e v e   3 0 .  

The  d u c t s   42  in   t h e   c i r c u l a r   c r o w n   40  c o n s i s t   of   l e n g t h -  

w i s e   h o l e s   43  o p e n i n g   i n t o   t h e   c h a m b e r   3 6  a n d   c o m m u n i c a t i n g  .  

b e h i n d   t h e   f l a n g e   24  w i t h   h o l l o w s   44  o b t a i n e d   by  m a c h i n i n g  

r a d i a l   g r o o v e s   on  t h e   s u r f a c e   of   t h e   c i r c u l a r   c r o w n   40  c o o p e r -  

a t i n g   w i t h   t h e   b a c k   o f   t h e   f l a n g e   24 ;   s a i d   g r o o v e s   c o m m u n i c - .  

a t e   w i t h   t h e   end   133  of   t h e   i n t e r s p a c e   33  f o r m e d   by  t h e   j a c k e t  

32  a n d   by  t h e   c r y s t a l l i z e r   20  and   a r e   a b l e   t o   b e s t o w   on  t h e  .  

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

B e t w e e n   t h e   f l a n g e   24  and   c i r c u l a r   c r o w n   40  and   a l s o   b e -  

t w e e n   t h e   end   220  o f   t h e   c r y s t a l l i z e r   20  and  t h e   c r o w n   39  a  .  

s e a l i n g   r i n g   25  made  o f   a  t h e r m o p l a s t i c   m a t e r i a l   or   l i k e   m a - .  

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

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

At  l e a s t   one   s e a t i n g   48  a b l e   to   l o d g e   a  t h e r m o c o u p l e  .  

s u i t a b l e   f o r   m o n i t o r i n g   t h e   t e m p e r a t u r e  o f   t h e   end   120  of   t h e  

c r y s t a l l i z e r   20  i s   c o m p r i s e d   i n   t h e   e n d   of   t h e   i n g o t   m o u l d   1 0  

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

When  t h e   i n g o t   m o u l d   i s   w o r k i n g ,   t h e   p a t h   of  t h e   c o o l - .  

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

a t   l e a s t   one   i n t a k e   i n t o   t h e   a n n u l a r   c h a m b e r   36,   t h e   c o o l i n g .  

l i q u i d   i s   d i s t r i b u t e d   t h r o u g h   t h e   h o l e s   136  i n t o   t h e   end  2 3 3 .  

of  t h e   i n t e r s p a c e   33  and   t h e n   p u r s u e s   i t s   a c t i o n   to  c o o l   t h e .  

c r y s t a l l i z e r   20  a l o n g   t h e   w h o l e   i n t e r p s a c e   33;   t h e r e a f t e r   i t .  



p a s s e s   q u i c k l y   t h r o u g h   t h e   d u c t s   42  and  r e m o v e s   a  c o n s i d e r a b l e  

a m o u n t   of   h e a t   f r o m   t h e   end  120  of   t h e   c r y s t a l l i z e r   2 0 ,  a f t e r -  

w a r d s   r u n n i n g   i n t o   t h e   a n n u l a r   c h a m b e r   36 ,   in   w h i c h   t h e r e   i s .  

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

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 e n t i a l   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   f o r   a  p e r s o n   s k i l l e d   i n  .  

t h i s   f i e l d .  

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   a n d  .  

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

by  any  o t h e r   d e s i r e d   c o n n e c t i n g   m e a n s ;   t h e   c o o l i n g   l i q u i d   c a n  

be  made  to  c i r c u l a t e   i n   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   s h o w n ;  

d i f f e r e n t   d e v e l o p m e n t s   a n d   c o n f o r m a t i o n s   c a n   be  v i s u a l i s e d  .  

f o r   t h e   d u c t s   42  o r   i n t e r s p a c e   33  w i t h i n  w h i c h   t h e   c o o l i n g  .  

l i q u i d   r u n s   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 e  .  

s o l u t i o n   o f   t h i s   i n v e n t i o n .  



I .   I n g o t   m o u l d   ( 1 0 )   w i t h   t u b u l a r   c r y s t a l l i z e r   f o r   c o n t -  

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

d i n a t e d   c o o p e r a t i o n :  

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

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

( 1 0 ) ,  

-  a  t u b u l a r   c o o l i n g   s l e e v e   ( 3 0 )   w h i c h   i s   l o c a t e d   on  t h e   o u t - .  

s i d e   o f   t h e   i n g o t   m o u l d   ( 1 0 )   and   f o r m s   a  c o o l i n g   i n t e r s p a c e  

( 3 3 )   a r o u n d   t h e   t u b u l a r   c r y s t a l l i z e r   ( 2 0 ) ,   w h e r e b y   s a i d   t u -  

b u l a r   s l e e v e   ( 3 0 )   i s   p r o v i d e d   a t   e a c h   end   w i t h   an   a n n u l a r  .  

c h a m b e r   ( 3 6 )   c o m m u n i c a t i n g   w i t h   s a i d   i n t e r s p a c e   ( 3 3 ) ,   a n d  .  

-  c i r c u l a r   c r o w n   m e a n s   ( 4 0 )   w h i c h   a r e   l o c a t e d   i n   t h e   e n d   o f  

t h e   i n g o t   m o u l d   ( 1 0 )   f a c i n g   t h e   c h a n n e l   f e e d i n g   t h e   l i q u i d  

m e t a l   a n d   a r e   a b l e   t o  c o n n e c t   t h e   end   of   t h e   t u b u l a r   c r y s -  

t a l l i z e r   ( 2 0 )   to   t h e   end   o f   t h e   t u b u l a r   c o o l i n g   s l e e v e   ( 3 0 ) ,  

w h e r e b y   s a i d   c i r c u l a r   c r o w n   m e a n s   ( 4 0 )   a r e   p r o v i d e d   w i t h   a  .  

p l u r a l i t y   o f   c o o l i n g   d u c t s   ( 4 2 )   w h i c h   c o n n e c t   t h e   i n t e r s p a c e .  

( 3 3 )   to  t h e   a n n u l a r   c h a m b e r   ( 3 6 )   v i s u a l i s e d   in   s a i d   e n d .  

2.  I n g o t   m o u l d   ( 1 0 )   w i t h   t u b u l a r   c r y s t a l l i z e r   as   i n  

C l a i m   I ,   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 h e   t u b u l a r   c r y s t a l l i -  

z e r   ( 2 0 )   i s   e q u i p p e d   a t   i t s   end   ( 1 2 0 )   f a c i n g   t h e   f e e d   of   l i -  

q u i d   m e t a l   w i t h   a  f l a n g e   ( 2 4 )   w h i c h   c o o p e r a t e s   w i t h   t h e   f e e d .  

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

i n g   s a i d   e n d   o f   t h e   t u b u l a r   c r y s t a l l i z e r   ( 2 0 ) .  

3.  I n g o t   m o u l d   ( 1 0 )   w i t h   t u b u l a r   c r y s t a l l i z e r   as   i n  

C l a i m s   I  a n d   2,  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 h e   a n n u l a r  

c h a m b e r   ( 3 6 )   made  i n   t h e   end   o f   t h e   i n g o t   m o u l d   ( 1 0 )   f a c i n g  

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

ve  t he   c o o l i n g   l i q u i d   e n t e r i n g ,   and   t h a t   t h e   a n n u l a r   c h a m b e r .  

( 3 6 )   made  i n   t h e   end  of  t h e   i n g o t   m o u l d   ( 1 0 )   f a c i n g   t h e   f e e d  

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



t he   i n g o t   m o u l d   ( 1 0 ) .  

4.  I n g o t   m o u l d   ( 1 0 )   w i t h   t u b u l a r   c r y s t a l l i z e r   as   i n  

C l a i m   I  and  i n   one   o r   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   e a c h   of   t h e   d u c t s   ( 4 2 )   e n v i s a -  

ged  in  t he   c i r c u l a r   c r o w n   m e a n s   ( 4 0 )   c o n s i s t s   of   a  s u b s t a n t - .  

i a l l y   r a d i a l   h o l l o w   ( 4 4 )   l o c a t e d   a t   t h e   o u t l e t   ( I 3 3 )   of   t h e  .  

i n t e r s p a c e   ( 3 3 )   a n d   c o m m u n i c a t i n g   w i t h   a  s u b s t a n t i a l l y   l e n g t h -  

w i s e   h o l e   ( 4 3 )   w h i c h   o p e n s   i n t o   t h e   a n n u l a r   c h a m b e r   ( 3 6 )   m a d e  

in   t he   end  of   t h e   i n g o t   m o u l d   ( 1 0 )   f a c i n g   t h e   f e e d   of   l i q u i d .  

m e t a l .  

5.  I n g o t   m o u l d   ( 1 0 )   w i t h   t u b u l a r   c r y s t a l l i z e r   as  i n  

C l a i m   I  and  i n   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 r  

a c t e r i z e d   by  t h e   f a c t   t h a t   t h e   h o l l o w s   ( 4 4 )   e n v i s a g e d   a t   t h e .  

o u t l e t   ( I 3 3 )   o f   t h e   i n t e r s p a c e   ( 3 3 )   c o n s i s t   o f   r a d i a l   g r o o v e s  

made  in   t h e   s u r f a c e   of   t h e   c i r c u l a r   c r o w n   ( 4 0 )   c o o p e r a t i n g  

w i t h   t he   b a c k   of   t h e   f l a n g e   ( 2 4 )   of   t h e   c r y s t a l l i z e r   t u b e   ( 2 0 ) .  

6.  I n g o t   m o u l d   ( 1 0 )   w i t h   t u b u l a r   c r y s t a l l i z e r   as   i n  

C l a i m   I  and  i n   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 h e   f a c t   t h a t   t h e   h o l e s   ( 4 3 )   w h i c h   f o r m   a  p a r t  .  

of   t he   d u c t s   ( 4 2 )   e n v i s a g e d   i n   t h e   c i r c u l a r   c r o w n   ( 4 0 )   a r e  .  

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

, ( 2 0 )   and  a r e   s u i t a b l y   r o u n d e d   t e r m i n a l l y   so  a s   to  i n c r e a s e  

t h e   c o o l i n g   o f   t h e   e n d   ( 1 2 0 )   of   t h e   c r y s t a l l i z e r   ( 2 0 ) . . .  
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