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1  1 
©  Method  and  apparatus  for  mixing  fluent  materials. 

A  gravity  mixer  for  fluent  materials  in  which  material 
flows  downwardly  through  a  column  (10, 12, 14)  sequentially 
along  a  number  of  helical  paths  where  it  comes  into  contact 
with  multiple  perforated  flights  (28a-g,  32b-g)  which  divide 
the  material  and  divert  portions  onto  other flights  for  combin- 
ing  and  mixing  with  other  portions  of  material  in  different 
paths,  thus  advancing  portions  of  material  and  retarding 
other  portions  and  continuously  blending  the  portions  as they 
are  brought  together  during  the  fall  through  the  column. 



BACKGROUND  OF  THE  INVENTION 

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

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

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

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

in   t h e   p a r t i c l e   s i z e s   of  t h e   m a t e r i a l s  b e i n g   m i x e d   a n d  

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

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

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

d i f f i c u l t   to   o b t a i n .   N o t w i t h s t a n d i n g   t h e s e   d i f f i c u l t i e s ,  

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

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

d e g r e e   of   u n i f o r m i t y .  

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

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

r e q u i r e   e x p e n s i v e   w o r k i n g   and  r e w o r k i n g  o f   t h e   m a t e r i a l ,  

a  c i r c u m s t a n c e   w h i c h   i s   u n a c c e p t a b l e   by  t h e   p r e s e n t  

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

s t a n d p o i n t   of  time  consumed  and  the  expense  and  energy  r e q u i r e d   for  s u c h  

o p e r a t i o n s .   If   p h y s i c a l   c h a r a c t e r i s t i c s ,   for  example,  p a r t i c l e   s i ze ,   p a r t i c l e  

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

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

h a n d l i n g   and  p r o c e s s i n g   e q u i p m e n t   mus t   be  p r o v i d e d   t o  

cope   w i t h   t h e   m o s t  . u n f a v o r a b l e   c o m b i n a t i o n s   of  s u c h  

c o n d i t i o n s .  

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

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



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

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

t h e   t e n d e n c y   of   t h e   c o m p o n e n t s   to   s e g r e g a t e   on  s t o r a g e  

and  t h e   l i k e .  

When  d r y   s o l i d s   a r e   m i x e d ,   as  in  t h e   m a n u f a c t u r e  

of   f e r t i l i z e r s ,   t h e   s t r e a m s   can  be  p r o p o r t i o n e d   w i t h   a  

r e l a t i v e l y   h i g h   d e g r e e   of   a c c u r a c y .   H o w e v e r ,  f o r   b u l k  

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

e x p e n s i v e   m i x i n g   and  b l e n d i n g   e q u i p m e n t ,   u n i f o r m i t y  

of   t h e   p r o d u c t   i s   f r e q u e n t l y   l a c k i n g .   Some  p r o d u c e r s  

a t t e m p t   t o   o v e r c o m e   n o n - u n i f o r m i t y   of   p r o d u c t   by  a d d i n g  

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

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

m a t e r i a l .   T h i s   i s   e x p e n s i v e   f rom  t h e   s t a n d p o i n t   o f  

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

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

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

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

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

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

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

w o u l d   be  r e q u i r e d   n o r m a l l y .   For   t h e s e   r e a s o n s ,   i t   i s  

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

a c h i e v i n g . f i n a l   b l e n d s   of   u n i f o r m   c o m p o s i t i o n .  
DESCRIPTION  OF  THE  PRIOR  A R T  

H e r e t o f o r e ,   in   m i x i n g   d ry   s o l i d s ,   t h e   p r a c t i c e  

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

v e s s e l   or  to  mix  the   components  in  a  s t a t i o n a r y   v e s s e l   f i t t e d   with  moving  

b l a d e s   or  by  p l u g - f l o w .  o f   the   m a t e r i a l   pas t   segments of  h e l i c e s   in  a  
c y l i n d e r .   Mix tu res   of  l i q u i d s ,   s u s p e n s i o n s   or  p a s t e s   have  been  ob t a ined   b y  
m i x i n g   t h e   l i q u i d   c o m p o n e n t s   in  v e s s e l s   f i t t e d   w i t h  

a g i t a t o r s   s u c h   as  b l a d e s   or   p a d d l e s ,  o r   by  p a s s i n g   t h e  

c o m p o n e n t s   t h r o u g h   p u g - m i l l s   or  t h r o u g h  c y l i n d e r s   e q u i p p e d  

w i t h   h e l i c e s   f o r   s t i r r i n g   t h e   l i q u i d s .   S i g n i f i c a n t   e n e r g y  
i s   r e q u i r e d   in   a l l   c a s e s   e x c e p t   f o r   p l u g - f l o w   p a s t .  

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

by  g r a v i t y   f l o w   or  by  p u m p i n g .   The  m i x i n g  



d e v i c e s   of   t h e   p r i o r   a r t   a r e   c h a r a c t e r i z e d   by  d e f i c i e n c i e s  

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

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

or  no  p r o v i s i o n   f o r   r e t a r d i n g   m a t e r i a l   or  a c c e l e r a t i n g  

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

t h e   f i n a l   s t r e a m .   SUMMARY  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   I  h a v e  

d e v e l o p e d   a  m i x e r   w i t h   no  m o v i n g   p a r t s   in  w h i c h   m i x i n g  

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

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

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

in  p a t h s   a r o u n d   a  v e r t i c a l   a x i s   and  by  m e a n s   o f  

p e r f o r a t i o n s   or  o p e n i n g s   i n  t h e  s u r f a c e s   and  by  m e a n s   o f  

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

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

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

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

m a t e r i a l   t o   t h e   t o p   of  t h e   m i x e r .   T h i s   g r a v i t y   f l o w  

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

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

T h r o u g h o u t   i t s   l e n g t h ,   t h e  m i x e r   a t t e n u a t e s   t h e   m o v i n g  

s t r e a m   so  t h a t   some  m a t e r i a l   a d v a n c e s   more   r a p i d l y   t h a n  

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

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

more   s l o w l y   and  i s   m i x e d   w i t h   m a t e r i a l   w h i c h   has   e n t e r e d -  

t h e  m i x e r   l a t e r .   The  r e s u l t   i s  a   more   u n i f o r m   b l e n d i n g  

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

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

i n c l i n e d   s u r f a c e s   a r r a n g e d   a r o u n d   a  v e r t i c a l   a x i s   i n  

s e t s   of   t i e r s   e x t e n d i n g   i n w a r d l y   f rom  t h e   w a l l s   of  t h e  

m i x e r .   The  n u m b e r   of  s e t s   i n f l u e n c e s   t h e   e x t e n t   o f  

m i x i n g   and   t h e   i n t e r v a l   b e t w e e n   s e t s   d e t e r m i n e s   h o w  

many  t i m e s   t h e   t o t a l   f l o w   w i l l   be  d i v i d e d   i n t o  

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

S i n c e   t h e   f l i g h t s   a r e   a r r a n g e d   in  s e t s ,   t h e   m a t e r i a l   f a l l s  

f rom  one  f l i g h t   to   a  l o w e r   f l i g h t   so  t h a t   t h e r e   i s   a  

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



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

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

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

s u c h   p o r t i o n s   to   f a l l   or   s h o r t - c i r c u i t   t o   t h e   s u r f a c e  

i m m e d i a t e l y   b e l o w .   The  e x t e n t   of  m i x i n g   d e p e n d s   o n :  

(1 )   t h e   n u m b e r   of  f l i g h t s   in   a  s e t ;   (2 )   t h e   n u m b e r   o f  

s e t s ;   ( 3 )   t h e   d i s t a n c e   b e t w e e n   s e t s ;   ( 4 )   t h e   r e l a t i v e  

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

w h i c h   m a t e r i a l   can   f a l l ;   ( 5 )   t h e   a r r a n g e m e n t   of   t h e  

o p e n i n g s   in   t h e   f l i g h t s ;   (6 )   t h e   a n g l e   of   i n c l i n a t i o n   o f  

t h e   f l i g h t s ;   and  ( 7 )   t h e   a r e a   of   t h e   f l i g h t s .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

F i g .   1  i s   a  p e r s p e c t i v e   v i e w ,   p a r t l y   in  s e c t i o n  

of   a  m i x e r   of  t h e   p r e s e n t   i n v e n t i o n   s h o w i n g   t h e   a r r a n g e m e n t  

of   f l i g h t s   w i t h i n   t h e   a p p a r a t u s ;   F i g . 2   i s   a  c r o s s - s e c t i o n a l  

v i e w   of   F i g .   1  t a k e n   a l o n g   l i n e   2 -2   s h o w i n g   t h e   a r r a n g e m e n t  

of  f l i g h t s   in  a  f o u r - s i d e d   m i x e r ;   F i g . 3   i s   a  s i d e   v i ew  o f  

one   w a l l   of  t h e   m i x e r   shown  in  F i g .   2;  and  F i g .   4  i s   a  

v i e w   of   t h e   s i d e w a l l   w i t h   t h e   f l i g h t s   shown   in  F i g .   3  v i e w e d  

a l o n g   t h e   l i n e   4 - 4 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

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

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

F i g .   1,  w h i c h   shows   an  o v e r a l l   c o m p l e t e   m i x e r   of  t h e  

p r e s e n t - i n v e n t i o n .   The  a p p a r a t u s   i n c l u d e s   a  m i x i n g   z e n e  

10,   a  f e e d   h o p p e r   12  a b o v e   and  a  c o l l e c t o r   14  b e l o w .   H o p p e r  

12  may  be   d i v i d e d   i n t o   b i n s   shown  a t   16  a n d   1 8 .  

A d d i t i o n a l   b i n s   may  be  p r o v i d e d   as  n e e d e d   f o r   t h e  

p a r t i c u l a r   p u r p o s e   f o r   w h i c h   t h e   m i x e r   i s   to   be  u s e d .  

I n s t e a d   of  a  c o n v e n t i o n a l   h o p p e r   or  in   a d d i t i o n   t h e r e t o ,  

i t   may  be  d e s i r a b l e   to   u s e   my  t h r e e - d i m e n s i o n a l   q u i n c u n x  

m i x e r ,   w h i c h   i s   t h e   s u b j e c t   of  U n i t e d   S t a t e s   a p p l i c a t i o n  

S e r .   No.  9 7 2 , 6 6 7   f i l e d   D e c e m b e r   26,  1 9 7 8 .   T h i s   q u i n c u n x  

m i x e r   w o u l d   p r o v i d e   b e t t e r   d i s t r i b u t i o n   of   m a t e r i a l   o v e r  

t h e   e n t i r e   c r o s s - s e c t i o n a l   a r e a   of  t h e   m i x e r   10.  F low  o f  

m a t e r i a l   20  and  22  i n t o   m i x e r   10  i s   c o n t r o l l e d   b y  

a p p r o p r i a t e   means   h e r e   shown  as  a  s l i d e   g a t e   24,  t h e   r a t e  

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

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



a l l o w e d   to   f l o w .   D e s i r a b l y ,   t h e   m a t e r i a l   b e i n g   f e d  

i n t o   m i x e r   10  i s   u n i f o r m l y   d i s t r i b u t e d   o v e r   t h e   e n t i r e  

c r o s s - s e c t i o n a l   a r e a   so  t h a t   s u b s t a n t i a l l y   e q u a l  

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

m i x e r   10.   In  i t s   f a l l   t h r o u g h   t h e   m i x e r   10,   t h e  

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

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

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

of  t h e   m a t e r i a l s .  

M i x e r   10  i s   shown  as  a  p o l y g o n a l   v e s s e l   h a v i n g  

f o u r   s i d e s   26,  28,   30  and  32.   A r r a n g e d   in  t i e r s   a n d  

e x t e n d i n g   i n w a r d l y   f rom  t h e   s i d e s   a r e   f l i g h t s   a , b , c , d , e , f ,  

and  g.  In  t h e   a p p a r a t u s   s h o w n ,   t h e s e   f l i g h t s   a r e   t r i a n g u l a r  

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

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

on  a d j a c e n t   w a l l s   to  d e f i n e   a  p l u r a l i t y   of  s t a c k e d  

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

m o v i n g   f r o m   t h e   t o p   to   b o t t o m   of  m i x e r   10.   The  f l i g h t s  

i n   t h e   t o p   s e t   a r e   t r u n c a t e d   as  shown  a t   2 6 a .  H o w e v e r ,  

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

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

as  an  a d d i t i o n a l   s e t   of  f l i g h t s .   Each   of  t h e   f l i g h t s  

26  i s   p r o v i d e d   w i t h   one  or   more   o p e n i n g s   34  n e a r   t h e   m i d d l e .  

T h e s e   o p e n i n g s   a r e   h e r e   shown   as  p a i r s   of   h o l e s   in  t h e  

c e n t e r   of   e a c h   f l i g h t .   T h e s e   o p e n i n g s   may  be  s i n g l e   o r  

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

o t h e r   in   t h e   t i e r s .   They   may  be  o f f s e t  s o m e w h a t   so  t h a t  

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

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

m i x e r .   The  p l a c e m e n t   of  t h e s e   o p e n i n g s   34  w i l l   d e p e n d  

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

m i x e d .   I t   may  be  d e s i r a b l e   to   p r o v i d e   a  d e f l e c t o r   p l a t e  

on  t h e   u n d e r   s i d e   of  t h e   f l i g h t s   b e l o w   t h e   o p e n i n g s   34  

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

I n s o m e   s i t u a t i o n s ,   s h o r t - c i r c u i t i n g   i s   d e s i r a b l e .   A l s o ,  

in   some  s i t u a t i o n s ,   some  of  t h e  f l i g h t s  m a y   n o t   b e  

p r o v i d e d   w i t h   h o l e s   3 4 .  



In  o p e r a t i o n ,   m a t e r i a l   f l o w s   f r o m   h o p p e r   1 2  

t h r o u g h   g a t e   24,   s t r i k e s   t h e   f l i g h t s   in  t h e   f i r s t   s e t  

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

t h e   l o w e r   edge   of   t h e   f l i g h t s .   A  p o r t i o n   of   i t   i s  

d i v e r t e d   t h r o u g h   o p e n i n g s   34  to   t h e   f l i g h t s   i m m e d i a t e l y  

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

f r o m   t h e o n e   f r o m   w h i c h   t h e   m a t e r i a l   f e l l .   A n o t h e r  

p o r t i o n   of   t h e   m a t e r i a l   a d j a c e n t   t o   t h e   v e r t i c a l   a x i s  

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

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

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

i t .   M a t e r i a l   on  t h e   p e r i p h e r a l   s i d e   of   e a c h   f l i g h t   f l o w s  

o n t o   t h e   n e x t   f l i g h t   d o w n s t r e a m   on  t h e   a d j a c e n t   w a l l  

i n   t h e   same  h e l i c a l   p a t h .   B e c a u s e   of   t h e   m o t i o n   of  t h e  

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

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

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

f u r t h e r   i m p r o v e s   t h e  ' d e g r e e  o f   m i x i n g .   T h u s ,   on  e a c h  

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

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

move  d o w n s t r e a m   i n   t h r e e   s e p a r a t e   p a t h s .  

In  t h e   f o u r - s i d e d   m i x e r   shown  in   t h e  

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

i n   e i g h t   d i f f e r e n t   h e l i c a l   p a t h s .   As  e x p l a i n e d ,   a  p o r t i o n  

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

o p e n i n g s   34  to   t h e   p a t h   i m m e d i a t e l y   b e l o w ,   a n o t h e r   p o r t i o n  

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

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

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

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

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

n e x t   f l i g h t ,   t h e   e x a c t   d i s t a n c e   d e p e n d i n g   on  t h e   p o i n t  

a t   w h i c h   t h e   m a t e r i a l   l e a v e s   t h e   f l i g h t .   T h u s ,   t h e  

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

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

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

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



c o l l e c t o r   14  i s   a  u n i f o r m   b l e n d   of   t h e  m a t e r i a l   in  t h e  

m i x e r   a t   t h a t   t i m e .  

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

b u l k   m a t e r i a l s   s u c h   as  d ry   f e r t i l i z e r s   w h i c h   u s u a l l y  

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

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

s e r i o u s   s e g r e g a t i o n   d u r i n g   h a n d l i n g .   Wi th   t h e   m i x e r  

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

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

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

m i x e r   i s   e q u i v a l e n t   to   s e v e r a l   r o t a t i o n s   of  a  t y p i c a l  

b l e n d e r   f o u n d   in   many  l a b o r a t o r i e s .  

The  m i x e r   of  t h e   p r e s e n t   i n v e n t i o n   can   a l s o   b e  

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

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

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

t h e   d e f l e c t i o n s   w i l l   n o t   be  as  v i o l e n t   as  w i t h   f a s t -  

m o v i n g   m a t e r i a l .   M a t e r i a l   s t o r e d   in  t hms   m i x e r   w i l l  

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

m a t e r i a l   as  a d d e d   to   or  w i t h d r a w n   f rom  an  o r d i n a r y   t a n k .  

W h i l e   I  h ave   d e s c r i b e d   my  a p p a r a t u s   p a r t i c u l a r l y  

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

be  e f f e c t i v e l y   u s e d   f o r   m i x i n g  l i q u i d s   and  even   g a s e s .  
W i t h   g a s e s   w h i c h   a r e   l i g h t e r   t h a n   a i r ,   t h e   f l o w  w o u l d   b e  

f rom  b o t t o m   to   t o p   and  t h e   m i x i n g   w o u l d   o c c u r   on  t h e  

u n d e r s i d e s   of   t h e   f l i g h t s .  

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

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

W h i l e   I  h ave   d e s c r i b e d   my  m i x e r   a s  h a v i n g  

f o u r   s i d e s ,   i t   i s   to   be  u n d e r s t o o d   t h a t   i t   can  h a v e   a n y  
d e s i r e d   p o l y g o n a l   s h a p e   and  c an   e v e n   be  r o u n d .   H o w e v e r ,  

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

e f f i c i e n t   in  u n i f o r m i t y   of  r e s u l t s   and  in  e a s e   o f  

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

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

i n v e n t i o n   i s   d e m o n s t r a t e d   by  t e s t s   w h i c h   I  c a r r i e d   o u t  

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

The  m i x e r   was  a  f o u r - s i d e d   d e v i c e   a b o u t   10  i n c h e s  

( 2 5 . 4   cm)  h i g h  w i t h   s i d e s   2  i n c h e s   ( 5 . 1   cm)  w i d e .   T h e r e  



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

a t   t h e   t o p .   E a c h   f l i g h t   was  s e t   a t  a n   a n g l e   o f  

45  d e g r e e s   a l o n g   t h e   w a l l s   to   w h i c h   i t   was  a t t a c h e d .  

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

h o l e s   of  a b o u t   0 . 2 5   i n c h e s   ( 0 . 6 4   cm)  d i a m e t e r   in  t h e  

m i d d l e .   S p a c i n g   b e t w e e n   t h e   f l i g h t s   was  a b o u t   1 1 / 1 6  

i n c h e s   ( 1 . 7 5   cm) .   W i t h  t h i s   n u m b e r   of   f l i g h t s   and  t h e  

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

b o t t o m   made  a t   l e a s t   one  c o m p l e t e   t u r n   a r o u n d   t h e  

v e r t i c a l   a x i s .  

The  m i x e r   was  p l a c e d   on  t o p   of  a  c l e a r   r e c e i v i n g  

c y l i n d e r   a b o u t   10  i n c h e s   ( 2 5 . 4   cm)  h i g h   h a v i n g   a  d i a m e t e r  

of  1 . 5   i n c h e s   ( 3 . 8   cm) .   A  f e e d   h o p p e r   c o m p r i s i n g   a  

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

6  i n c h e s   ( 1 5 . 2   cm)  i n  d i a m e t e r ,   and   e a c h   h a v i n g   a  b o t t o m  

w h i c h   s l o p e d   t o w a r d s   a  s l i t   o u t l e t   was  s e t   on  t o p   o f  

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

c o n t r o l l i n g   t h e   s i z e  o f   t h e   o p e n i n g .  

The  f i r s t   t e s t s   w e r e   c a r r i e d   o u t   w i t h   t a b l e  

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

v e g e t a b l e   dye  and   d r i e d .   The  o t h e r   p o r t i o n   was  u s e d   as  i t  

came  f rom  t h e   c o n t a i n e r . .   One  of   t h e   t u b u l a r   c o m p a r t m e n t s  

of   t h e   h o p p e r   was  f i l l e d   w i t h   u n t r e a t e d   s a l t   and  t h e   o t h e r  

was  f i l l e d   w i t h   d y e d   s a l t .   The  two  m a t e r i a l s   w e r e   f e d  

i n t o   t h e   m i x e r   a t   t h e   same  r a t e   u n t i l   t h e   h o p p e r   w a s  

e m p t y   on  one  s i d e   a t   w h i c h   t i m e ,   t h e   g a t e   was  c l o s e d .   T h e  

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

s t i c k i n g .   V i s u a l   e x a m i n a t i o n   o f  t h e   m a t e r i a l   in   t h e  

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

f rom  t o p   to   b o t t o m .  

N u m e r o u s   a d d i t i o n a l   t e s t s   w e r e   made  u s i n g   t h e  

same  s t a r t i n g   m a t e r i a l s   b u t   f e e d i n g   t hem  to   t h e   m i x e r  

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

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

e a c h   c a s e .  

A n o t h e r   t e s t   was  r u n   u s i n g   c r e a m   of  w h e a t   a s  

t h e   s t a r t i n g   m a t e r i a l .   One  p o r t i o n   had   b e e n   dyed  a n d  



d r i e d   and   t h e   o t h e r   p o r t i o n   was  u s e d   in  u n t r e a t e d   f o r m .  

The  p r o d u c t   was  a  u n i f o r m   b l e n d   of   t h e   t w o .  

O b v i o u s   m o d i f i c a t i o n s   and  c h a n g e s   can  be  m a d e  

i n  t h e   a p p a r a t u s   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   o f  

t h e   i n v e n t i o n ,   t h e   s c o p e   of  w h i c h   i s   d e f i n e d   by  t h e  

f o l l o w i n g   c l a i m s .  



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

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

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

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

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

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

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

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

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

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

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

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

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

m a t e r i a l .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

and  an  o u t l e t   in  i t s   u p p e r   and   l o w e r   e n d s   r e s p e c t i v e l y ,  

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

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

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

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

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



n e x t   l o w e r   s e t   on  t h e   a j a c e n t   w a l l   of  s a i d   c h a m b e r   a n d  

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

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

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

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

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

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

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

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

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

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

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

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

u p p e r   end   and  an  o u t l e t   a t   i t s   l o w e r   end ,   a  p l u r a l i t y   o f  

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

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

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

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

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

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

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

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

a  m a n n e r   d e p e n d e n t   upon   t h e   n u m b e r   of  t i e r s   and   f l i g h t s .  

5.  The  a p p a r a t u s   of   c l a i m   4  h a v i n g   a  p o l y g o n a l  

c r o s s - s e c t i o n ,   w h e r e i n   s a i d  t i e r s   fo rm  a  p l u r a l i t y   o f  

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

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

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

6.  The  a p p a r a t u s   of  c l a i m   5  h a v i n g   a  r e c t a n g u l a r  

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

7.  The  a p p a r a t u s   of  c l a i m   6  h a v i n g   a  s q u a r e  
c r o s s - s e c t i o n .  

8.  A p p a r a t u s   f o r   b l e n d i n g   f l u e n t   m a t e r i a l   as  i n  

c l a i m   4  w h e r e i n   t h e , n u m b e r   of  p a t h s   i n c r e a s e s  

e x p o n e n t i a l l y   b e t w e e n  t i e r s .  
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