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©  Improved  roll  caster  apparatus. 
©  An  improved  roll  caster  tip  apparatus  is  disclosed 
comprising  a  molten  metal  reservoir  (2)  having  a  bottom 
plate  (6)  and  at  least  one  sidewall  (16,18)  and  a  nozzle  tip 
member  (32)  attached  to  the  sidewall  (16)  having  a  top  wall 
(36),  a  bottom  wall  (40)  and  a  pair  of  converging  side  riser 
members  (44,46)  between  the  top  wall  (36)  end  the  bottom 
wall  (40)  forming  a  converging  passageway  (50)  terminating 
in  an  exit  port  (52)  for  molten  metal  to  flow  from  the  reservoir 
(2)  to  a  pair  of  rollers  (60,  62).  The  side  risers  (44,46)  converge 
toward  one  another  at  the  exit  port  (52)  by  being  spaced 
apart  a  shorter  distance  at  the  exit  port  (52)  than  at  the 
sidewall  (16)  of  the  molten  metal  reservoir  (2)  whereby  metal 
flow  separation  along  the  side  risers  (44,46)  will  be  miti- 
gated,  thereby  providing  uniform  metal  viscosity  across  the 
width  of  the  nozzle  tip  member  (32).  Further  disclosed  is  the 
including  of  a  streamlined  spacer  member  (70)  between  top 
(36)  and  bottom  (40!  walls  of  the  tip  member  (32);  preselect- 
ing  the  dimensions  of  the  spacer  member  (70)  and  top  (36) 
and  bottom  (40)  walls  to  provide  near  Hele-Shaw  flow 
conditions;  and  providing  a  baffle  member  (24)  in  the 
reservoir  (2). 
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FIGURE  I 
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  An  improved  roll  caster  tip  apparatus  is  disclosed 
comprising  a  molten  metal  reservoir  (2)  having  a  bottom 
plate  (6)  and  at  least  one  sidewall  (16,18)  and  a  nozzle  tip 
member  (32)  attached  to  the  sidewall  (16)  having  a  top  wall 
(36).  a  bottom  wall  (40)  and  a  pair  of  converging  side  riser 
members  (44,46)  between  the  top  wall  (36)  and  the  bottom 
wall  (40)  forming  a  converging  passageway  (50)  terminating 
in  an  exit  port  (52)  for  molten  metal  to  flow  from  the  reservoir 
(2)  to  a  pair  of  rollers  (60,  62).  The  side  risers  (44,46)  converge 
toward  one  another  at  the  exit  port  (52)  by  being  spaced 
apart  a  shorter  distance  at  the  exit  port  (52)  than  at  the 
sidewall  (16)  of  the  molten  metal  reservoir  (2)  whereby  metal 
flow  separation  along  the  side  risers  (44,46)  will  be  miti- 
gated,  thereby  providing  uniform  metal  viscosity  across  the 
width  of  the  nozzle  tip  member  (32).  Further  disclosed  is  the 
including  of  a  streamlined  spacer  member  (70)  between  top 
(36)  and  bottom  (40)  walls  of  the  tip  member  (32);  preselect- 
ing  the  dimensions  of  the  spacer  member  (70)  and  top  (36) 
and  bottom  (40)  walls  to  provide  near  Hele-Shaw  flow 
conditions;  and  providing  a  baffle  member  (24)  in  the 
reservoir  (2). 



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

m o l t e n   m e t a l .   More  p a r t i c u l a r l y ,   t h i s   i n v e n t i o n   r e l a t e s  

to  i m p r o v e m e n t s   in  a p p a r a t u s   c o n t r o l l i n g   the   f l ow  o f  

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

The  p r o c e s s i n g   of  m o l t e n   m e t a l   by  c o n t i n u o u s  

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

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

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

n o z z l e   c o m p r i s i n g   an  e l o n g a t e d   n o z z l e   t i p .  

P r o c e s s   e c o n o m i c s   w o u l d   j u s t i f y   the   c o n t i n u o u s  

c a s t i n g   and  s u b s e q u e n t   r o l l i n g   of  w ide   s h e e t s ,   i . e . ,  

o v e r   40  i n c h e s   in  w i d t h ,   as  w e l l   as  f a s t e r   r o l l i n g  

s p e e d s ,   i . e . ,   200  l b / i n / h r .   H o w e v e r ,   s h o r t c o m i n g s   i n  

n o z z l e   t i p   d e s i g n   r e s u l t i n g   in   n o n u n i f o r m   m o l t e n   m e t a l  

t e m p e r a t u r e   and  e x i t   v e l o c i t i e s   of  t he   m o l t e n   m e t a l  

e n t e r i n g   t h e   n i p   of  t h e   r o l l e r s   have   p r e v e n t e d   use   o f  

such   w i d t h s   and  s p e e d s .  

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

n o z z l e   t i p   and  n o n u n i f o r m   t e m p e r a t u r e   d i s t r i b u t i o n ,   a s  

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

t he   n o z z l e   and  any  s p a c e r s   w h i c h   may  be  p r e s e n t   w i t h i n  

t he   n o z z l e ,   can   r e s u l t   in  h o t   s p o t s   in  r o l l   c a s t e r   a n d  

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

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

by  the   i n t e r n a l   s t r u c t u r e s   of  t h e   n o z z l e   t i p   can  c a u s e  



s u r f a c e   d e f e c t s   on  t h e   r e s u l t i n g   c a s t   p l a t e   or   s h e e t .  

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

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

s p a c e r s   to   s u p p o r t   t h e   t o p   w a l l   of  t h e   n o z z l e   and  t o  

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

and  b o t t o m   w a l l   of   t h e   n o z z l e   when  a t t e m p t i n g   to   c a s t  

w i d e   p l a t e   or  s h e e t   by  c o n t i n u o u s   c a s t i n g   t e c h n i q u e s .  

In  t h e   p r i o r   a r t ,   r e g u l a t i o n   of   m e t a l   f l o w  

has   b e e n   a t t e m p t e d   u s i n g   d i v e r g e n t   c h a n n e l s   w h i c h   m a y  
c o n t a i n   b a f f l e s .   For  e x a m p l e ,   C h a t e a u   e t   a l   U .S .   P a t e n t  

4 , 1 5 3 , 1 0 1   p r o v i d e   a  n o z z l e   h a v i n g   a  l o w e r   p l a t e   a n d  

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

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

a d j a c e n t   t h e   end  of   t h e   n o z z l e .  

B l o s s e y   e t   a l   U .S .   P a t e n t   3 , 7 9 9 , 4 1 0   show  a  

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

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

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

d i s t r i b u t i o n   of   m o l t e n   m e t a l   to  t he   n o z z l e   u n i f o r m l y  

t h r o u g h o u t   i t s   l e n g t h .  

H o w e v e r ,   t h e   c o n t r o l   of  t h e   m e t a l   f l o w   v e l o c i t y  

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

n o z z l e ,   p a r t i c u l a r l y   when  a  wide   c a s t i n g   s t r i p   i s   d e s i r e d ,  

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

s a t i s f i e d   by  t h e   p r i o r   a r 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 r e   i s   p r o v i d e d  

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

(a)  a  m o l t e n   m e t a l   r e s e r v o i r   c o m p r i s i n g   a  b o t t o m  

p l a t e   and  a t   l e a s t   one   s i d e w a l l ;   a n d  

(b)  a  t i p   member   a t t a c h e d   to  s a i d   s i d e w a l l   c o m p r i s i n g :  

( i )   a  t o p   w a l l ;  

( i i )   a  b o t t o m   w a l l ;   a n d  

( i i i )   a  p a i r   of  s i d e   r i s e r   m e m b e r s  

b e t w e e n   s a i d   t o p   w a l l   and  s a i d   b o t t o m   w a l l ,  

c h a r a c t e r i z e d   by  s a i d   s i d e   r i s e r   m e m b e r s   (44,   46)  a n d  

s a i d   t o p   w a l l   (36)  and  b o t t o m   w a l l   (40)  f o r m i n g   a  c o n -  

v e r g i n g   p a s s a g e w a y   (50)  t e r m i n a t i n g   in   an  e x i t   p o r t   ( 5 2 )  



fo r   m o l t e n   m e t a l   to  f l o w   f rom  s a i d   r e s e r v o i r   (2)  to  a  

p a i r   of  r o l l e r s   (60,   6 2 ) ,   s a i d   s i d e   r i s e r s   (44,   4 6 )  

c o n v e r g i n g   t o w a r d   one  a n o t h e r   a t   s a i d   e x i t   p o r t   ( 5 2 )  

by  b e i n g   s p a c e d   a p a r t   a  s h o r t e r   d i s t a n c e   a t   s a i d   e x i t  

p o r t   (52)  t h a n   a t   s a i d   s i d e w a l l   (16)  w h e r e b y   m e t a l   f l o w  

s e p a r a t i o n   a l o n g   s a i d   s i d e   r i s e r   m e m b e r s   (44,   46)  w i l l  

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

a c r o s s   t he   w i d t h   of  t he   t i p   member   ( 3 2 ) .  

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

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

t i p   member ;   t h e   d i m e n s i o n s   of   t h e   s p a c e r   member  a n d  t o p  

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

Shaw  f l o w   c o n d i t i o n s ;   and  a  b a f f l e   member   i s   p r o v i d e d  

in  t h e   r e s e r v o i r .  

In  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 u r e   1  i s   a  s i d e   v i e w   in  s e c t i o n   of  t h e  

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

F i g u r e   2  is   a  t o p   v i e w   in  s e c t i o n   of  t h e  

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

F i g u r e   3  i s   a  t o p   v i e w   in  s e c t i o n   of  t h e  

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

F i g u r e   4  is   an  end  v i e w   in  s e c t i o n   of  t h e  

a p p a r a t u s   shown  in  F i g u r e   2  t a k e n   a l o n g   l i n e s   I V - I V .  

F i g u r e   5  i s   an  end  v i e w   in  s e c t i o n   of  t h e  

a p p a r a t u s   shown  in  F i g u r e   2  t a k e n   a l o n g   l i n e s   V - V .  

F i g u r e   6  i s   an  end  v i e w   in  s e c t i o n   of  a n o t h e r  

e m b o d i m e n t   of  t h e   v i ew   shown  in  F i g u r e   5 .  

F i g u r e   7  i s   a  t o p   v i e w   in  s e c t i o n   of  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 .  

F i g u r e   8  i s   a  t o p   v i e w   in  s e c t i o n   of  y e t  
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 .  

F i g u r e s   9-16  a r e   g r a p h s   w h i c h   r e s p e c t i v e l y  

show  t he   m e t a l   v e l o c i t y   p r o f i l e s   p a r a l l e l   and  p e r p e n -  
d i c u l a r   to  t he   m e t a l   f l o w   a c r o s s   a  n o z z l e   t i p   a t   t w o  

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

r e s p e c t   to  t he   n o z z l e   e x i t   p o r t .  



R e f e r r i n g   in   p a r t i c u l a r   to  F i g u r e s   1  and  2 ,  

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

g e n e r a l l y   i n d i c a t e d   a t   2  and  a  t i p   member   a t t a c h e d   t h e r e -  

to   and  g e n e r a l l y   i n d i c a t e d   a t   32.  R e s e r v o i r   2  c o m p r i s e s  

a  b o t t o m   p l a t e   6,  a  p a i r   of  end  w a l l s   10  and  12  and  s i d e -  

w a l l s   16  and  18.   M o u n t e d   w i t h i n   r e s e r v o i r   2  i s   a  f l o w -  

r e s t r i c t i n g   member   24  w h i c h   f o r m s   an  o p e n i n g   26  t o  

r e g u l a t e   t h e  f l o w   of   m o l t e n   m e t a l   20  in  r e s e r v o i r   2 

i n t o   t i p   member   32,  as  w i l l   be  d e s c r i b e d   in   more  d e t a i l  

b e l o w .   The  l e v e l   of   m o l t e n   m e t a l   20  in  r e s e r v o i r   2  i s  

m a i n t a i n e d   by  m e t a l   l e v e l   c o n t r o l   92  t h r o u g h   w h i c h   m o l t e n  

m e t a l   f l o w s   v i a   s p o u t   96  f rom  m o l t e n   m e t a l   s o u r c e   9 0 .  

M e t a l   l e v e l   c o n t r o l   92  c o n t r o l s   t h e   f l o w   r a t e   of  m e t a l  

i n t o   r e s e r v o i r   2  u s i n g   a  f l o a t   to  d e t e r m i n e   and  c o n t r o l  

t h e   l e v e l   of   m o l t e n   m e t a l   in   r e s e r v o i r   2 .  

T ip   m e m b e r   32  s e r v e s   to  s u p p l y   a  f l o w   o f  

m o l t e n   m e t a l   f r o m   r e s e r v o i r   2  t o   t h e   n i p   of   a  p a i r   o f  

r o l l e r s   60  and  62,   as  shown  in  F i g u r e   1.  T h i s   f l o w   o f  

a  r i b b o n   o f  mo l t en   m e t a l   s h o u l d   be  o f  u n i f o r m   v e l o c i t y   a n d  

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

t i p   member   32  w h i c h   may  v a r y   c o m m e r c i a l l y   f rom  as  l i t t l e  

as   36  i n c h e s   to   as  much  as  60  i n c h e s   or  m o r e .   M a i n -  

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

i s t i c s   f o r   w i d t h s   of   60  i n c h e s   or   more   h a v e   b e e n  

u n a t t a i n a b l e   in   t h e   p r i o r   a r t .  

T ip   m e m b e r   32  c o m p r i s e s   a  t o p   w a l l   36  and  a  

b o t t o m   w a l l   40  s u p p o r t e d   by  t i p   c l a m p   m e m b e r s   38  and  4 2 .  

As  shown  in  F i g u r e s   1,  2  and  4,  t o p   w a l l   36  and  b o t t o m  

w a l l   40  a r e   j o i n e d   t o g e t h e r   by  s i d e   r i s e r   m e m b e r s   44  a n d  

46  to   d e f i n e   a  p a s s a g e w a y   50.   Top  w a l l   36,  b o t t o m   w a l l  

40  and  s i d e   r i s e r   m e m b e r s   44  and  46  a r e   a l l   j o i n e d ,   a t  

one   e n d ,   to  r e s e r v o i r   s i d e w a l l   16,  as  shown  in  F i g u r e  

4.  An  o p e n i n g   in   s i d e w a l l   16  c o n f o r m s   s p a t i a l l y   t o  

t h e   p a s s a g e w a y   d e f i n e d   by  t h e   j o i n i n g   t o g e t h e r   of   t h e  

w a l l  m e m b e r s   c o m p r i s i n g   t i p   member   32  a t   t h e i r   j u n c t u r e  

w i t h   s i d e w a l l   1 6 .  

As  shown  in   F i g u r e   1,  t h e   f a c i n g   s u r f a c e s   o f  



top   w a l l   36  and  b o t t o m   w a l l   40  a r e ,   p r e f e r a b l y ,   e s s e n t i a l -  

ly  p a r a l l e l   f r om  t he   e n d s   j o i n e d   to  s i d e w a l l   16  to  e x i t  

p o r t   52  a t   t he   n i p   of  r o l l e r s   60  and  62.  T h u s ,   in  t h e  

p r e f e r r e d   e m b o d i m e n t ,   i n t e r n a l   p a s s a g e w a y   50  w i t h i n  

t i p   member  32  i s   of  u n i f o r m   h e i g h t .   H o w e v e r ,   top   w a l l  

36  and  b o t t o m   w a l l   40  may  c o n v e r g e   s l i g h t l y ,   i . e . ,   u p  
to  a b o u t   5° ,   to  i n s u r e   t h a t   t h e r e   i s   no  d i v e r g e n c e .  

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

u s e d ,   r e f e r e n c e   h e r e i n   to  s p a c i n g   b e t w e e n   t he   t op   w a l l  

and  the   b o t t o m   w a l l   w i l l   mean  a v e r a g e   s p a c i n g   d i s t a n c e .  

S i d e   r i s e r   m e m b e r s   44  and  46,  h o w e v e r ,   a r e  

p o s i t i o n e d   to  be  c o n v e r g e n t   a t   t h e   e x i t   p o r t   52  of  t i p  

member  32.  By  m a k i n g   s i d e   r i s e r   m e m b e r s   c o n v e r g e n t ,  

f l ow  s e p a r a t i o n   and  r e v e r s e   f l o w   w i l l   be  e l i m i n a t e d  

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

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

a l o n g   t h e   w a l l s   and  an  a c c e l e r a t i n g   ma in   f l o w   w h i c h  

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

ing  m e t a l   d o w n s t r e a m .   T h i s   e l i m i n a t e s ,   or  a t   l e a s t  

r e d u c e s   to  a  m i n i m u m ,   one  c a u s e   of  n o n u n i f o r m i t y   i n  

the   m e t a l   f l o w   v e l o c i t y   f o u n d   in  t h e   p r i o r   a r t .  

As  shown  in  F i g u r e   2,  t h i s   c o n v e r g e n c e   o f  

the   s i d e   r i s e r   m e m b e r s   may  be  r e p r e s e n t e d   by  s t r a i g h t  

( i . e . ,   l i n e a r )   r i s e r   m e m b e r s   w h i c h   a r e   m o u n t e d   to  s l a n t  

t o w a r d   one  a n o t h e r   or  c o n v e r g e .   W h i l e   t he   s l a n t i n g   o r  

c o n v e r g e n c e   of   s i d e   r i s e r s   44  and  46  has   been   s o m e w h a t  

e x a g g e r a t e d   in   F i g u r e   2  f o r   i l l u s t r a t i v e   p u r p o s e s ,   t h e  

c o n v e r g e n c e   a n g l e   may  be  f rom  1  to   45° ,   p r e f e r a b l y   f r o m  

1  to  15° ,   and  m o s t   p r e f e r a b l y   f r o m   2  to  1 0 ° .  

A l t e r n a t i v e l y ,   t h e   s i d e   r i s e r   members   may  b e  

c u r v e d   in   e i t h e r   a  c o n v e x   or   c o n c a v e   c u r v a t u r e .   As  

shown  in   F i g u r e   7,  s i d e   r i s e r   m e m b e r s   44'  and  46'   a r e  

c o n v e x   as  v i e w e d   f rom  t h e i r   i n n e r ,   f a c i n g ,   s u r f a c e s ,  

i . e . ,   f r om  p a s s a g e w a y   5 0 ' .   T h i s   p r o v i d e s   a  c o n v e r g e n c e  
w h i c h   t a p e r s   o f f   in  r a t e   as  t h e   e x i t   p o r t   52  i s  

a p p r o a c h e d .  

In  a n o t h e r   e m b o d i m e n t ,   as  shown  in  F i g u r e   8 ,  



s i d e   r i s e r   m e m b e r s   44"  and  46"  a r e   c o n c a v e   as  v i e w e d  

f r o m   t h e i r   i n n e r ,   f a c i n g   s u r f a c e s ,   i . e . ,   f rom  p a s s a g e w a y  
5 0 " .   T h i s   p r o v i d e s   a  c o n v e r g e n c e   h a v i n g   an  i n c r e a s i n g  

r a t e   as  e x i t   p o r t   52  i s   a p p r o a c h e d .  

As  p r e v i o u s l y   s t a t e d ,   one  of   t h e   g o a l s   of  t h e  

i m p r o v e d   a p p a r a t u s   of   t he   i n v e n t i o n   i s   to   p e r m i t   t h e  

c a s t i n g   of   v e r y   w i d e   s h e e t ,   i . e . ,   60"  or   m o r e ,   w h i l e  

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

To  a c h i e v e   t h i s ,   t he   s p a c i n g   b e t w e e n   t o p   w a l l   36  a n d  

b o t t o m   w a l l   40  m u s t   be  u n i f o r m l y   m a i n t a i n e d   a c r o s s   t h e  

w i d t h   of   p a s s a g e w a y   50.  T h i s   n e c e s s i t a t e s   t he   u se   o f  

one  or  more   s p a c e r s   to  m a i n t a i n   t h e   d e s i r e d   u n i f o r m  

d i s t a n c e   b e t w e e n   t op   w a l l   36  and  b o t t o m   w a l l   40  w h i c h  

may  be  as  s m a l l   as  0 . 1 9 4   i n c h   a t   e x i t   p o r t   52.  T h e  

u s e   of  a  s p a c e r   i s   n o t   new;  h o w e v e r ,   p r i o r   a r t   s p a c e r s  

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

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

c h a r a c t e r i s t i c s .   In  F i g u r e   3,  a  s p a c e r   70  i s   i l l u s t r a t e d  

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

f l o w   c o n d i t i o n s .   The  l e a d i n g   e d g e   72  of   s p a c e r   7 0 ,  

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

m e t a l   f l o w   to   s m o o t h l y   p a s s   on  b o t h   s i d e s .   The  t r a i l -  

ing   e d g e s   74  and  76  of  s p a c e r   70  t e r m i n a t e   in   a  p o i n t  

78  to   p r o v i d e   a  s t r e a m l i n e d   s h a p e   to   m i n i m i z e   d i s -  

t u r b a n c e   to   t h e   ma in   f l o w   of  m e t a l   and  e l i m i n a t e   o r  

m i n i m i z e   s e p a r a t i o n .  

To  a c h i e v e   t h e   d e s i r e d   s t r e a m l i n e   s h a p e   a n d  

f l o w   c h a r a c t e r i s t i c s ,   t h e   w i d t h   "d"  of   s p a c e r   7 0 ,  

m e a s u r e d   a t   i t s   w i d e s t   p o i n t   as  shown  in  F i g u r e   3 ,  

s h o u l d   n o t   e x c e e d   15%  of  t h e   c h o r d   l e n g t h   "L"  o f  

s p a c e r   7 0 .  

The  p r e s e n c e   of  one  or  more   s p a c e r s   in  t h e  

m e t a l   f l o w   p a t h   can   a f f e c t   t he   f l o w   p r o f i l e .   As  s h o w n  

in  F i g u r e   2,  t h e   p o s i t i o n i n g   of  s p a c e r s   70  w i t h   r e s p e c t  

to   t h e i r   d i s t a n c e   f rom  e x i t   p o r t   52  i s . a l s o   i m p o r t a n t  

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

r e g i o n   b e h i n d   a  s o l i d   b o d y ,   i . e . ,   s p a c e r   70,  p l a c e d   i n  



t he   s t r e a m   of  m o l t e n   m e t a l .   The  v e l o c i t i e s   of  t h e   m e t a l  

f l o w   in  t h e   wake  a re   s m a l l e r   t h a n   t h o s e   in  t h e   m a i n  

s t r e a m ,   and  the   l o s s e s   in  t h e   wake  a m o u n t   to  a  l o s s   o f  

momentum  w h i c h   i s   due  to  t h e   d r a g   on  the   s p a c e r .   T h e  

s p r e a d   of  t he   wake  i n c r e a s e s   as  t he   d i s t a n c e   f rom  t h e  

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

t h e   v e l o c i t y   in  t he   wake  and  t h a t   o u t s i d e   t h e   w a k e  

become   s m a l l e r   as  t he   d i s t a n c e   f rom  t h e   s p a c e r   i n c r e a s e s .  

To  r e c o v e r   a t   l e a s t   a b o u t   95%  of  the   v e l o c i t y  

of  t h e   ma in   s t r e a m   in  t he   wake  a r e a ,   i t   is   i m p o r t a n t   t o  

p o s i t i o n   s p a c e r   70  a  min imum  d i s t a n c e   f rom  e x i t   p o r t   5 2 .  

I f   s p a c e r   70  i s   p o s i t i o n e d   f rom  e x i t   p o r t   52  a  d i s t a n c e  

a t   l e a s t   one  and  o n e - h a l f ,   p r e f e r a b l y   two,   and  m o s t  

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

of  s p a c e r   70  a l o n g   t he   l a r g e r   d i m e n s i o n ,   e . g . ,   l e n g t h  

"L"  in   F i g u r e   3  e x t e n d i n g   f r o m   a  p o i n t   on  t h e   s p a c e r  
c l o s e s t   to  t h e   r e s e r v o i r   to   t h e   t e r m i n u s   of  t h e   s t r e a m -  

l i n e   p o r t i o n   of  t he   s p a c e r ,   t h e   d e s i r e d   95%  r e c o v e r y  
of  v e l o c i t y   of  m e t a l   f l o w   w i l l   be  a c h i e v e d   by  t h e   t i m e  

the   m e t a l   r e a c h e s   e x i t   p o r t   52.  U n i f o r m i t y   of  m e t a l  

v e l o c i t y   may  t h e n   be  a c h i e v e d   w i t h   minimum  i n t e r f e r e n c e  

f rom  s p a c e r s   i f   t h e y   a r e   u s e d .  

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

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

H e l e - S h a w   p r o f i l e ,   i . e . ,   a  r e d u c e d   R e y n o l d s   n u m b e r   o f  

l e s s   t h a n   1.  H o w e v e r ,   in   p r a c t i c e ,   due  to  g e o m e t r y  

c o n s t r a i n t s ,   i t   may  n o t   be  p o s s i b l e   to  m a i n t a i n   t h e  

R e y n o l d s   number   b e l o w   u n i t y .   I t   ha s   b e e n   o b s e r v e d   i n  

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

n u m b e r   of  400  or   l e s s   p r o v i d e s   an  a c c e p t a b l e   u n i f o r m i t y  

of  f l o w   p r o f i l e .   P r e f e r a b l y ,   h o w e v e r ,   t he   r e d u c e d  

R e y n o l d s   number   i s   l e s s   t h a n   200,   and  mos t   p r e f e r a b l y  

t he   r e d u c e d   R e y n o l d s   n u m b e r   i s   l e s s   t h a n   1 .  

The  c r i t e r i o n   on  w h i c h   H e l l e - S h a w   f l o w ,   o r  

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

by  t h e   r e d u c e d   R e y n o l d s   n u m b e r ,   R*,  in   a c c o r d a n c e   w i t h  

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



w h e r e i n :   R*  =  n o t   g r e a t e r   t h a n   400 ,   p r e f e r a b l y   l e s s  

t h a n   200,   and  m o s t   p r e f e r a b l y   l e s s   t h a n   1 ;  

U  =   a v e r a g e   v e l o c i t y   of  m e t a l   e n t e r i n g   t h e  

t i p   in  c m / s e c . ;  

L  =   t he   c h o r d   l e n g t h   of  t h e   s p a c e r ;  

u  =  k i n e m a t i c   v i s c o s i t y   of  m o l t e n   a l u m i n u m  

( a p p r o x i m a t e l y   5 . 1 7   x  10 -3  c m 2 / s e c . ) ;   a n d  

h  =   1/2  t h e   h e i g h t   b e t w e e n   t h e   t o p   w a l l   a n d  

t h e   b o t t o m   w a l l .  

The  f o r e g o i n g   p a r a m e t e r s   i n s u r e   t h e   p r e -  
s e r v a t i o n   of  e n t r y   m e t a l   f l o w   p r o f i l e s   w i t h i n   n o z z l e  

t i p   m e m b e r   32  w h i c h   w i l l   d e l i v e r   a  band   of  m o l t e n   m e t a l  

to   r o l l e r s   60  and  62  h a v i n g   a  u n i f o r m   v e l o c i t y   a n d  

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

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

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

to  n o z z l e   t i p   member  32  f rom  r e s e r v o i r   2.  H o w e v e r ,   i f  

t h e   m e t a l   f l o w   i n t o   n o z z l e   t i p   member   32  i s   n o n - u n i f o r m ,  

i t   may  be  i m p o s s i b l e   to  d e v e l o p   a  u n i f o r m   m e t a l   f l o w  

v e l o c i t y   d o w n s t r e a m   b e c a u s e   of   t h e   H e l e - S h a w   f l o w  

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

m o l t e n   m e t a l   a f t e r   i t s   e n t r y   i n t o   t h e   t i p .   In  o t h e r  

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

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

f o r m i t y   as  t h e   m e t a l   f l o w s   t h r o u g h   t h e   t i p .   T h u s ,   i t  

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

m e t a l   be  as  u n i f o r m   as  p o s s i b l e .  

To  p r o v i d e   f o r   a  u n i f o r m   f l o w   of   m e t a l   i n t o  

n o z z l e   t i p   member  32,  a  b a f f l e   24  i s   p l a c e d   in  r e s e r v o i r  

2,  as  shown  in  F i g u r e s   1,  2,  4  and  5.  B a f f l e   24,  a s  

shown  in   F i g u r e   4,  e x t e n d s   a c r o s s   t he   e n t i r e   w i d t h   o f  

n o z z l e   t i p   member  32  f rom  s i d e   r i s e r   member   44  to  s i d e  

r i s e r   member   46.  B a f f l e   24  e x t e n d s   down  f rom  t h e   t o p  
of   r e s e r v o i r   2  b e l o w   t h e   s u r f a c e   of  t h e   m o l t e n   m e t a l  

in  t h e   r e s e r v o i r   to  a  p o i n t   j u s t   a b o v e   b o t t o m   p l a t e   6 

of   r e s e r v o i r   2  to  form  a  p a s s a g e w a y   26  w h i c h   e x t e n d s  



a c r o s s   t he   e n t i r e   w i d t h   of  r e s e r v o i r   2.  As  r e s e r v o i r   2 

i s   r e p l e n i s h e d   w i t h   m o l t e n   m e t a l   f rom  m o l t e n   m e t a l  

s o u r c e   90,  b a f f l e   24  p r o v i d e s   a  s h i e l d i n g   f rom  a n y  

t u r b u l e n c e   c r e a t e d   in  r e s e r v o i r   2  by  s u c h   a d d i t i o n s  

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

of  n o z z l e   32.  The  f e e d i n g   of  a  s t e a d y ,   u n i f o r m   f l o w  

of  m o l t e n   m e t a l   i n t o   n o z z l e   t i p   member   32  i s   t h e r e b y  

a s s u r e d .  

F i g u r e   6  shows  an  a l t e r n a t e   e m b o d i m e n t   w h e r e i n  

b a f f l e   24'  i s   p r o v i d e d   w i t h   a  s e r i e s   of  h o l e s   26'   a c r o s s  

t h e   b o t t o m   p o r t i o n   of  b a f f l e   2 4 ' .   The  f u n c t i o n   of  h o l e s  

2 6 ' ,   w h i c h   a r e   of   u n i f o r m   d i a m e t e r ,   i s   to  p r o v i d e  

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

32  a t   i t s   j o i n t u r e   to  w a l l   16  of  r e s e r v o i r   2  to  i n s u r e  

u n i f o r m   e n t r a n c e   v e l o c i t y   of  t he   m o l t e n   m e t a l   i n t o  

n o z z l e   t i p   32  in   s i m i l a r   f a s h i o n   to  t h e   f u n c t i o n   o f  

o p e n i n g   26  c r e a t e d   by  t h e   p o s i t i o n   of  b a f f l e   member   2 4 .  

F i g u r e s   9  t h r o u g h   16  i l l u s t r a t e   t y p i c a l   m e t a l  

v e l o c i t y   p r o f i l e s   w h i c h   can  be  e x p e c t e d   u t i l i z i n g   t h e  

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

a  68  i n c h   w ide   t i p   and  u s i n g   r e s p e c t i v e   c a s t i n g   r a t e s  

of  80  l b s / h r / i n   and  180  l b s / h r / i n .   In  e a c h   i n s t a n c e ,  

a  s p a c e r   h a v i n g   a  1 - 1 / 2   i n c h   c h o r d   l e n g t h   was  l o c a t e d  

5  i n c h e s   f rom  t h e   e x i t   p o r t   of  t he   n o z z l e   t i p   ( m e a s u r e d  

f rom  t h e   t r a i l i n g   edge   of  t h e   s p a c e r ) .   T h i s   l o c a t i o n  

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

t h e   H e l e - S h a w   f l o w   c o n d i t i o n s   i n s u r e   q u i c k e r   r e c o v e r y  
of  t h e   f l a t   v e l o c i t y   p r o f i l e   d o w n s t r e a m   of   t h e   s p a c e r s .  

F i g u r e s   9,  10,  13  and  14  show  m e a s u r e m e n t s  

t a k e n   7 - 1 / 2   i n c h e s   f rom  t he   e x i t   p o r t ,   i . e . ,   b e f o r e  

t h e   m e t a l   f l o w   e n c o u n t e r s   t he   l e a d i n g   edge   of  t h e   s p a c e r ,  
w h i l e   F i g u r e s   11,  12,  15  and  16  r e p r e s e n t   m e a s u r e m e n t s  

t a k e n   2 - 1 / 2   i n c h e s   f rom  t h e   e x i t   p o r t ,   i . e . ,   2 - 1 / 2  

i n c h e s   b e y o n d   t h e   t r a i l i n g   edge   of   t h e   s p a c e r .   A t  

b o t h   t h e   2 - 1 / 2   i n c h   and  7 - 1 / 2   i n c h   m e a s u r e m e n t   p o i n t s ,  

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

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



t h e   s i d e  r i s e r s .   H e l e - S h a w   f l o w   c o n d i t i o n s   e n s u r e  

q u i c k e r - r e c o v e r y   of   t h e   f l a t   v e l o c i t y   p r o f i l e   d o w n s t r e a m  

of  t h e   s p a c e r s .  
In  e a c h   i n s t a n c e ,   a  c o m p a r i s o n   m e a s u r e m e n t  

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

r i s e r s .   P l o t s   of   t h e   m e t a l   f l o w   v e l o c i t i e s   in   t h e  

n o z z l e   t i p s   h a v i n g   d i v e r g e n t   s i d e   r i s e r s   a r e   shown  i n  

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

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

r i s e r s   a r e   shown  by  t h e   d o t t e d   l i n e s .  

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

c o n t r o l   of  m o l t e n   m e t a l   f r om  a  r e s e r v o i r   to   a  r o l l i n g  

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

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

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

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

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

c h a r a c t e r i z e d   p r i o r   a r t   a p p r o a c h e s   in  t h e   p a s t .  



1.  An  i m p r o v e d   r o l l   c a s t e r   t i p   a p p a r a t u s   c o m p r i s i n g :  

(a)  a  m o l t e n   m e t a l   r e s e r v o i r   (2)  c o m p r i s i n g   a  b o t t o m  

p l a t e   (6)  and  a t   l e a s t   one  s i d e w a l l   ( 1 6 , 1 8 ) ;   a n d  

(b)  a  t i p   member   (32)  a t t a c h e d   to  s a i d   s i d e w a l l   ( 1 6 )  

c o m p r i s i n g :  

(i)  a  t o p   w a l l   ( 3 6 ) ;  

( i i )   a  b o t t o m   w a l l   ( 4 0 ) ;   a n d  

( i i i )   a  p a i r   of  s i d e   r i s e r   member s   ( 4 4 , 4 6 )  

b e t w e e n   s a i d   t o p   w a l l   (36)  and  s a i d   b o t t o m   w a l l  

( 4 0 ) ,   c h a r a c t e r i z e d   by  s a i d   s i d e   r i s e r   m e m b e r s   ( 4 4 , 4 6 )   a n d  

s a i d   t o p   w a l l   (36)  and  b o t t o m   w a l l   (40)  f o r m i n g   a  c o n v e r g i n g  

p a s s a g e w a y   (50)  t e r m i n a t i n g   in  an  e x i t   p o r t   (52)  f o r   m o l t e n  

m e t a l   to  f l o w   f r o m   s a i d   r e s e r v o i r   (2)  to  a  p a i r   of  r o l l e r s  

( 6 0 , 6 2 ) ,   s a i d   s i d e   r i s e r   member   ( 4 4 , 4 6 )   c o n v e r g i n g   t o w a r d  

one  a n o t h e r   a t   s a i d   e x i t   p o r t   (52)  by  b e i n g   s p a c e d   a p a r t  

a  s h o r t e r   d i s t a n c e   a t   s a i d   e x i t   p o r t   (52)  t h a n   a t   s a i d  

s i d e w a l l   (16)  w h e r e b y   m e t a l   f l o w   s e p a r a t i o n   a l o n g   s a i d   s i d e  

r i s e r   m e m b e r s   ( 4 4 , 4 6 )   w i l l   be  m i t i g a t e d ,   t h e r e b y   p r o v i d i n g  

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

member  ( 3 2 ) .  

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

in  t h a t   t h e   c o n v e r g e n c e   of   s a i d   s i d e   r i s e r   m e m b e r s   ( 4 4 , 4 6 )  

is   f r om  1°  to  l e s s   t h a n   4 5 ° ,   p r e f e r a b l y   f rom  1  to   1 5 ° ,  

and  more   p r e f e r a b l y   f r o m   2  to   1 0 ° .  

3.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or   2,  c h a r a c t e r -  

i z e d   in   t h a t   s a i d   s i d e   r i s e r   m e m b e r s   ( 4 4 , 4 6 )   a r e   c u r v e d   t o  

c o n v e r g e   t o w a r d   one  a n o t h e r   a t   t h e   e x i t   p o r t   (52)  w i t h  

r e s p e c t   to  t h e   s p a c i n g   a p a r t   of  t h e   s i d e   r i s e r   m e m b e r s  

( 4 4 , 4 6 )   a t   s a i d   s i d e w a l l   ( 1 6 ) ,   w h e r e b y   p r e f e r a b l y   e i t h e r  

s a i d   c u r v e d   s i d e   r i s e r   m e m b e r s   ( 4 4 ' , 4 6 ' )   h a v e   a  c o n v e x  

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

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

as  t he   m o l t e n   m e t a l   a p p r o a c h e s   s a i d   e x i t   p o r t   ( 5 2 ) ,   o r  

s a i d   c u r v e d   s i d e   r i s e r   m e m b e r s   ( 4 4 " , 4 6 " )   have   a  c o n c a v e  



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

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

m o l t e n   m e t a l   a p p r o a c h e s   s a i d   e x i t   p o r t   ( 5 2 ) .  

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

3 ,  f u r t h e r  c h a r a c t e r i z e d   by  h a v i n g   a t   l e a s t   one  s p a c e r  

member   (70)  b e t w e e n   s a i d   t o p   w a l l   (36)  and  s a i d   b o t t o m   w a l l  

(40)  s p a c e d   f r o m   s a i d   s i d e   r i s e r   m e m b e r s   ( 4 4 , 4 6 )   to   p r o v i d e  

s u p p o r t   f o r   s a i d   t o p   w a l l   (36)  and  b o t t o m  w a l l   ( 4 0 ) ,   s a i d  

s p a c e r   m e m b e r  ( 7 0 )   h a v i n g   a  c u r v e d   l e a d i n g   p o r t i o n   ( 7 2 )  

f a c i n g   s a i d  r e s e r v o i r   (2)  and  a  s t r e a m l i n e d   t r a i l i n g  

p o r t i o n   ( 7 4 ¡ 7 6 )   e x t e n d i n g   in   t h e   d i r e c t i o n   away  f rom  s a i d  

r e s e r v o i r   ( 2 ) ,   s a i d   s t r e a m l i n e d   p o r t i o n   ( 7 4 , 7 6 )   o f   s a i d  

s p a c e r   (70)  p r e f e r a b l y   t e r m i n a t i n g   in   a  p o i n t   ( 7 8 ) ,   w h e r e -  

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

c a u s e d   by  s a i d   s p a c e r   (70)  i s   m i n i m i z e d .  

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

in  t h a t   t h e  m a x i m u m   w i d t h   (d)  of   s a i d   s p a c e r   (70)  i s   n o t  

g r e a t e r   t h a n   15%  of   t h e   l e n g t h   (L)  of  t h e   c h o r d   e x t e n d i n g  

f rom  a  p o i n t   on  s a i d   s p a c e r   (70)  c l o s e s t   to  s a i d   r e s e r v o i r  

(2)  to   t h e   t e r m i n u s   of   s a i d   s t r e a m l i n e d   p o r t i o n   ( 7 4 , 7 6 )  

of  s a i d   s p a c e r   ( 7 0 ) .  

6.  An  a p p a r a t u s   a c c o r d i n g   to   c l a i m   4  or  5,  c h a r a c t e r -  

i z e d   in   t h a t   s a i d   s p a c e r   (70)  i s   l o c a t e d   in  s a i d   t i p   m e m b e r  

(32)  a t   a  d i s t a n c e   f rom  s a i d   e x i t   p o r t   (52)  a t   l e a s t   t w o  

t i m e s   ( i f   d e s i r e d ,   3  or  more   t i m e s )   t h e   l e n g t h   (L)  of   s a i d  

s p a c e r   ( 7 0 ) ,   w h e r e b y   p r e f e r a b l y :  

(1)  s a i d   s t r e a m l i n e d   p o r t i o n   ( 7 4 , 7 6 )   of  s a i d   s p a c e r  
(70)  t e r m i n a t e s   in   a  p o i n t   (78)  and  s a i d   s p a c i n g   of   s a i d  

e x i t   p o r t   (52)  f r o m   s a i d   s p a c e r   (70)  i s   m e a s u r e d   f r o m  

s a i d   p o i n t   ( 7 8 ) :   a n d / o r  

(2)  t h e  l e n g t h   (L)  of  s a i d   s p a c e r   (70)  i s   m e a s u r e d  

as  a  c h o r d   e x t e n d i n g   f rom  a  p o i n t   on  s a i d   s p a c e r   ( 7 0 )  

c l o s e s t   to   s a i d   r e s e r v o i r   (2)  to  t he   t e r m i n u s   of   s a i d  

s t r e a m l i n e d   p o r t i o n   ( 7 4 , 7 6 )   on  s a i d   s p a c e r   ( 7 0 ) .  

7.  An  a p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e -  
c e d i n g   c l a i m s ,   f u r t h e r   c h a r a c t e r i z e d   by  h a v i n g   a t   l e a s t  

one  s p a c e r   member   (70)  b e t w e e n   s a i d   t op   w a l l   (36)  and  s a i d  



b o t t o m   w a l l   (40)  s p a c e d   f rom  s a i d   s i d e   r i s e r   member   ( 4 4 , 4 6 )  

to  p r o v i d e   s u p p o r t   f o r   s a i d   t o p   w a l l   (36)  and  b o t t o m   w a l l  

(40)  and  h a v i n g   a  c h o r d   l e n g t h   (L)  e x t e n d i n g   f rom  t h e  

l e a d i n g   e d g e   (72)  of  t h e   s p a c e r   (70)  f a c i n g   s a i d   r e s e r v o i r  

(2)  to  t h e   t r a i l i n g   e d g e   ( 7 4 , 7 6 )   of  s a i d   s p a c e r   (70)  f a c i n g  

s a i d   e x i t   p o r t   ( 5 2 ) ;   s a i d   c h o r d   l e n g t h   (L)  of  s a i d   s p a c e r  

(70)  and  t h e   d i s t a n c e   b e t w e e n   s a i d   t o p   w a l l   (36)  a n d  

b o t t o m   w a l l   (40)  of  s a i d   n o z z l e   t i p   (32)  b e i n g   p r e s e l e c t e d  

w i t h   r e s p e c t   to  t h e   v e l o c i t y   and  v i s c o s i t y   of  t he   m o l t e n  

m e t a l   f l o w i n g   t h r o u g h   s a i d   t i p   (32)  to  p r o v i d e   a t   l e a s t  

n e a r   H e l e - S h a w   f l o w   c o n d i t i o n s   d e f i n e d   by  a  r e d u c e d   R e y n o l d s  

number   of  n o t   more   t h a n   1 0 .  

8.  An  a p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e -  

c e d i n g   c l a i m s ,   w h e r e i n   s a i d   s i d e w a l l   (16)  of  s a i d   r e s e r v o i r  

(2)  has  an  o p e n i n g   e x t e n d i n g   a l o n g   t h e   e n t i r e   w i d t h   o f  

s a i d   n o z z l e   t i p   member   ( 3 2 ) ;   and  f u r t h e r   c h a r a c t e r i z e d  

by  a  b a f f l e   member   (24)  in  s a i d   r e s e r v o i r   (2)  e x t e n d i n g  

a c r o s s   t h e   e n t i r e   w i d t h   of  s a i d   s i d e w a l l   (16)  o p e n i n g   a n d  

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

s a i d   r e s e r v o i r   (2)  i n t o   s a i d   n o z z l e   t i p   (32)  w h e r e b y   m e t a l  

f l o w i n g   i n t o   s a i d   t i p   member  (32)  f rom  s a i d   r e s e r v o i r   ( 2 )  

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

n o z z l e   ( 3 2 ) .  

9.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i z e d  

in  t h a t   s a i d   b a f f l e   member   (24)  i s   s p a c e d   f rom  s a i d   b o t t o m  

p l a t e   (6)  a  s u f f i c i e n t   d i s t a n c e   to  p r o v i d e   a  m e t a l   f l o w  

p a s s a g e w a y   (26)  t h e r e b e t w e e n   h a v i n g   a  u n i f o r m   h e i g h t   a c r o s s  
the   e n t i r e   w i d t h   of   s a i d   n o z z l e   t i p   member   (32)  w h e r e b y  

s a i d   p a s s a g e w a y   (26)  w i l l   p r o v i d e   a  u n i f o r m   f r i c t i o n   f o r  

s a i d   m o l t e n   m e t a l   f l o w i n g   i n t o   s a i d   n o z z l e   t i p   member   ( 3 2 )  

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

t i p   member   ( 3 2 ) .  

10.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i z e d  

in  t h a t   s a i d   b a f f l e   member   ( 2 4 ' )   e x t e n d s   d o w n w a r d l y   i n  

s a i d   r e s e r v o i r   (2)  to  s a i d   b o t t o m   p l a t e   (6)  and  a  s e r i e s  

of  u n i f o r m l y   s i z e d   o p e n i n g s   ( 2 6 ' )   i s   p r o v i d e d   in  s a i d   b a f f l e  

( 2 4 ' )   a c r o s s   t h e   e n t i r e   w i d t h   of  s a i d   n o z z l e   t i p   member   ( 3 2 )  



w h e r e b y   s a i d  o p e n i n g s   ( 2 6 ' )   p r o v i d e   a  u n i f o r m   f r i c t i o n   f o r  

s a i d   m o l t e n  m e t a l   f l o w i n g   i n t o   s a i d   n o z z l e   t i p   member  ( 3 2 )  

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

t i p   member   ( 3 2 ) .  
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