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©  Mixing  element  and  motionless  mixer. 

Mixing  elements  (11),  (12)  for  a  motionless  mixer 
comprise  passage  tubes  (13),  (17)  through  which  fluids  flow 
and  helical  blades  (14),  (18)  formed  in  the  passage  tubes  so 
as  to  be  integral  therewith.  The  interior  of  the  passage  tubes 
(13),  (17)  are  partitioned  by  the  blades  (14),  (18)  to  form  a 
plurality  of  fluid  passages  (15,  16),  (19,  20).  The  blade 
extends  from  one  end  of  the  passage  tubes  (13),  (17)  to  the 
other  in  the  longitudinal  direction  of  the  passage  tube  to  be 
twisted  helically  clockwise  (right-handed)  or  counterclock- 
wise  (left-handed).  The  corner  portions  (22)  of  the  fluid 
passages  are  rounded.  The  end  edges  (21)  of  the  blade  (14), 
(18)  are  curved  in  the  direction  of  the  thickness  and  rounded. 
The  motionless  mixer  is  formed  by  alternately  and  longitudi- 
nally  coupling  right-  and  left-handed  rotation  type  mixing 
elements  (11),  (12).  The  mixing  elements  (11),  (12)  are  so 
arranged  that  the  facing  end  edges  of  the  blades  (14),  (18)  of 
each  two  adjacent  mixing  elements  (11),  (12)  cross  at  right 
angles. 



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

m i x i n g   two  or  more  f l u i d s   and  a  m o t i o n l e s s   m i x e r   u s i n g  

the   s a m e .  

M o t i o n l e s s   m i x e r s   ( t r a d e m a r k :   S t a t i c   M i x e r s )   h a v e  

no  m e c h a n i c a l   mov ing   p a r t s   and  a re   so  d e s i g n e d   t h a t  

f l u i d s   a re   mixed   as  t hey   a re   p a s s e d   t h r o u g h   p a s s a g e s   i n  

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

m i x e r s   of  t h i s   t y p e   a re   used  in  v a r i o u s   f i e l d s ,   such  a s  

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

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

m i x e r ,   as  shown  in  F i g s .   1  to  3,  a  p l u r a l i t y   of  h e l i c a l  

b l a d e s   1  and  2  f o rmed   by  t w i s t i n g   s h e e t s   l e f t -   or  r i g h t -  

h a n d e d   r e s p e c t i v e l y   at  an  a n g l e   of  180  d e g r e e s   a r e  

a r r a n g e d   in  a  p a s s a g e   t ube   3.  The  b l a d e s   1  and  2  a r e  

c o u p l e d   and  f i x e d   so  t h a t   the  f a c i n g   end  e d g e s   of  e a c h  

two  a d j a c e n t   b l a d e s   c r o s s   at  r i g h t   a n g l e s .   Two  f l u i d s  

f l ow  i n d i v i d u a l l y   t h r o u g h   r e g i o n s   in  t he   p a s s a g e   t ube   3 

p a r t i t i o n e d   by  the   b l a d e s   1  or  2,  and  a r e   d i v i d e d   a n d  

j o i n e d   at   the   j u n c t i o n   of  the  b l a d e s .   T h e n ,   the  f l u i d s  

f low  h e l i c a l l y ,   and  a re   d i v i d e d   and  j o i n e d   at  the  n e x t  

j u n c t i o n .   A f t e r   such   d i v i s i o n ,   j o i n i n g ,   and  t r a n s f e r  

a r e   r e p e a t e d ,   the   two  f l u i d s   a re   m i x e d   t h o r o u g h l y .  

C o n v e n t i o n a l l y ,   the  h e l i c a l   b l a d e s   1  and  2  a r e  
m a n u f a c t u r e d   by  c a s t i n g ,   and  each   two  h e l i c a l   b l a d e s   1 

and  2  a re   f i x e d l y   c o u p l e d   by  w e l d i n g   or  b r a z i n g   so  t h a t  

t h e i r   f a c i n g   end  e d g e s   c r o s s   at  r i g h t   a n g l e s .   H e l i c a l  



b l a d e s   f i x e d l y   c o u p l e d   a re   i n s e r t e d   i n t o   the  h o l l o w  

c y l i n d r i c a l   p a s s a g e   t u b e   3.  T h u s ,   the   m a n u f a c t u r e   o f  

t he   m o t i o n l e s s   m i x e r   is  not   e a s y ,   and  the   f l u i d s   may  
o f t e n   s t a g n a t e   at  t he   j u n c t i o n s   w h e r e   t he   a d h e s i v e  

a g e n t   is  s w o l l e n .   Owing  to  w o r k i n g   e r r o r s ,   m o r e o v e r ,  

n a r r o w   gaps   a r e   f o r m e d   b e t w e e n   t he   h e l i c a l   b l a d e s   1 

or  2  and  the   p a s s a g e   t u b e   3.  T h e s e   g a p s   r e d u c e   t h e  

e f f i c i e n c y   of  f l u i d   m i x i n g .   As  shown  in  the  s e c t i o n a l  

v i ew   of  F i g .   4  t a k e n   a l o n g   l i n e   I V - I V   of  F i g .   3,  t h e  

s u r f a c e   of  the   b l a d e   1  and  the  i n n e r   p e r i p h e r a l   s u r f a c e  

of  the  p a s s a g e   t u b e   3  c r o s s   at   s u b s t a n t i a l l y   r i g h t  

a n g l e s ,   s o  t h a t   a c u t e - a n g l e d   dead   s p a c e s   4  a re   f o r m e d  

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

p a s s a g e   t u b e   3  p a r t i t i o n e d   by  the   b l a d e   1.  The  f l u i d s  

may  s t a g n a t e   a t   t he   dead   s p a c e s   4.  M o r e o v e r ,   the   f l a t -  

n e s s   of  an  end  edge   la  of  the   b l a d e   1  i n c r e a s e s   t h e  

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

F i g .   5  shows  a  m o t i o n l e s s   m i x e r   w i t h   h e l i c a l l y  

t w i s t e d   f l u i d   p a s s a g e   t u b e s .   As  shown  in  F ig .   6,  t h e  

f l u i d   p a s s a g e   of  e ach   of  p a s s a g e   t u b e s   5a  and  5b  has  a  

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

5a  and  5b  a r e   t w i s t e d   h e l i c a l l y ,   and  a r e   c o u p l e d   s o  

t h a t   t h e i r   b o u n d a r y   b e t w e e n   p a s s a g e   t u b e s   5a  and  5b 

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

s i m i l a r   p a s s a g e   t u b e s   6a  and  6b  a t   r i g h t   a n g l e s   a t   t h e  

l o n g i t u d i n a l   end  p o r t i o n s .   S i n c e   i t   is  d i f f i c u l t   t o  

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

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

An  o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  m i x i n g  

e l e m e n t   in  w h i c h   a  h e l i c a l   b l a d e   and  a  f l u i d   p a s s a g e  
t u b e   are   f o r m e d   as  an  i n t e g r a l   b o d y .  

A n o t h e r   o b j e c t   of  the   i n v e n t i o n   is  to  p r o v i d e   a  

m o t i o n l e s s   m i x e r   u s i n g   m i x i n g   e l e m e n t s   in  which   a  

h e l i c a l   b l a d e   and  a  f l u i d   p a s s a g e   t u b e   a re   fo rmed   a s  

an  i n t e g r a l   b o d y .  

S t i l l   a n o t h e r   o b j e c t   of  the   i n v e n t i o n   is  t o  

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



p r e v e n t e d   f rom  s t a g n a t i n g .  

A  f u r t h e r   o b j e c t   of  the   i n v e n t i o n   is  to  p r o v i d e   a  

m o t i o n l e s s   m i x e r   r e d u c e d   in  f l ow  r e s i s t a n c e   and  i n  

f l u i d   p r e s s u r e   l o s s .  

A  s t i l l   f u r t h e r   o b j e c t   of  the   i n v e n t i o n   is  t o  

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

e f f i c i e n c y .  

An  a d d i t i o n a l   o b j e c t   of  the   i n v e n t i o n   is  t o  

p r o v i d e   a  m o t i o n l e s s   m i x e r   low  in  m a n u f a c t u r i n g   c o s t .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  

m i x i n g   e l e m e n t   for   a  m o t i o n l e s s   m i x e r   w i t h o u t   a  m e c h a -  

n i c a l   mov ing   p a r t   w h e r e b y   two  or  more  f l u i d s   a r e   m i x e d  

as  the   f l u i d s   f low  t h r o u g h   s a i d   m o t i o n l e s s   m i x e r ,   s a i d  

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

w h i c h   the   f l u i d s   f l o w ;   and  a  h e l i c a l   b l a d e   f o r m e d   i n  

the   p a s s a g e   t u b e   so  as  to  be  i n t e g r a l   t h e r e w i t h ,   t h e  

i n t e r i o r   of  s a i d   p a s s a g e   t u b e   b e i n g   p a r t i t i o n e d   by  s a i d  

b l a d e   to  form  a  p l u r a l i t y   of  f l u i d   p a s s a g e s .  
The  f l u i d s   to  be  mixed   by  the   m o t i o n l e s s   m i x e r   o f  

the   i n v e n t i o n   i n c l u d e   l i q u i d ,   gas  and  p a r t i c u l a t e s .  

A c c o r d i n g   to  the  i n v e n t i o n ,   the   m o t i o n l e s s   m i x e r   is  s o  

d e s i g n e d   as  to  mix  two  or  more  f l u i d s   w i t h   d i f f e r e n t  

p r o p e r t i e s   or  i n g r e d i e n t s .   The  p r o p e r t i e s   may  i n c l u d e ,  

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

c o m p o s i t i o n ,   t e m p e r a t u r e ,   c o l o r ,   p a r t i c l e   s i z e ,   e t c .  

The  m o t i o n l e s s   m i x e r   can  p r o d u c e   l i q u i d - g a s   m i x t u r e s ,  

as  w e l l   as  l i q u i d - l i q u i d   m i x t u r e s   and  g a s - g a s   m i x t u r e s .  

In  some  c a s e s ,   the   f l u i d s   may  u n d e r g o   a  c h e m i c a l  

r e a c t i o n   as  t h e y   are   mixed   in  the   m o t i o n l e s s   m i x e r .  

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   the  a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g s .   1  to  3  a re   s c h e m a t i c   v i e w s   s h o w i n g   a  p r i o r  

a r t   m o t i o n l e s s   m i x e r ;  

F i g .   4  is  a  s e c t i o n a l   v iew  t a k e n   a l o n g   l i n e   IV-  IV 

of  F ig .   3 ;  

F i g .   5  is  a  s c h e m a t i c   v i ew  of  a n o t h e r   p r i o r   a r t  



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

F i g .   6  is  a  s e c t i o n a l   v iew  of  the   m o t i o n l e s s   m i x e r  

of  F i g .   5 ;  

F i g .   7  is  a  p e r s p e c t i v e   v iew  of  a  r i g h t - h a n d e d  

9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t   a c c o r d i n g   to  o n e  

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

F i g .   8  is  a  p e r s p e c t i v e   v i ew  of  a  l e f t - h a n d e d  

9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t   a c c o r d i n g   to  o n e  

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

F i g .   9  is  an  e n l a r g e d   p e r s p e c t i v e   v iew  of  t h e  

m i x i n g   e l e m e n t   shown  in  F i g .   7 ;  

F i g .   10  is  an  e n l a r g e d   b o t t o m   v iew  of  the  m i x i n g  

e l e m e n t   of  F i g .   7 ;  

F i g s .   11  to  17  show  m o t i o n l e s s   m i x e r s   a c c o r d i n g   t o  

v a r i o u s   o t h e r   e m b o d i m e n t s   of  the   i n v e n t i o n ,   in  w h i c h  

F i g s .   11,   13  and  15  a r e   p e r s p e c t i v e   v i e w s   f o r  

i l l u s t r a t i n g   the   way  t he   m o t i o n l e s s   m i x e r s   a r e  

a s s e m b l e d   by  c o u p l i n g   the   m i x i n g   e l e m e n t s ,   a n d  

F i g s .   12,  14,  16  and  17  a r e   s i d e   v i e w s   s h o w i n g   t h e  

a s s e m b l e d   m o t i o n l e s s   m i x e r s ;  

F i g .   18  is  a  s e c t i o n a l   v iew  of  a  r i g h t - h a n d e d  

9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t   a c c o r d i n g   t o  

a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ;  

F i g .   19  is  a  p e r s p e c t i v e   v iew  of  a  

9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t   w i t h   t h r e e   f l u i d  

p a s s a g e s   a c c o r d i n g   to  s t i l l   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 .   20  is  a  p e r s p e c t i v e   v iew  of  a  r i g h t - h a n d e d  

1 8 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t   a c c o r d i n g   to  a  

f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ;  

F i g .   21  is  a  p e r s p e c t i v e   v iew  of  a  l e f t - h a n d e d  

1 8 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t   a c c o r d i n g   to  a n  

e m b o d i m e n t   of  the   i n v e n t i o n ;  

F i g .   22  is  a  p l a n   v i e w   of  the  m i x i n g   e l e m e n t   s h o w n  

in  F i g .   2 0 ;  

F i g .   23  is  a  s e c t i o n a l   v iew  t a k e n   a l o n g   l i n e  

X X I I I - X X I I I   of  F i g .   2 0 ;  



F i g .   24  is  a  s e c t i o n a l   v i ew   t a k e n   a l o n g   l i n e  

p e r p e n d i c u l a r   to  the   l i n e   X X I I I - X X I I I   of  F i g .   2 0 ;  

F i g s .   25  to  27  show  m o t i o n l e s s   m i x e r s   a c c o r d i n g   t o  

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

F i g .   25  is  a  p e r s p e c t i v e   v i ew   f o r   i l l u s t r a t i n g   the   way  
t he   m o t i o n l e s s   m i x e r   is   a s s e m b l e d   by  c o u p l i n g   t h e  

m i x i n g   e l e m e n t s ,   and  F i g s .   26  and  27  a re   s i d e   v i e w s  

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

F i g .   28  is  a  p l a n   v i ew  of  a  1 8 0 - d e g r e e - r o t a t i o n  

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

to  an  a l t e r n a t i v e   e m b o d i m e n t   of  the   i n v e n t i o n ;  

F i g s .   29  and  30  a re   s e c t i o n a l   v iew  and  a  p e r s p e c t i v e  

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

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

F i g .   31  is  a  d i s a s s e m b l e d   p e r s p e c t i v e   v i e w   s h o w i n g  

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

l o s t   wax  i n v e s t m e n t   c a s t i n g   m e t h o d .  

F i g s .   7  and  8  show  m i x i n g   e l e m e n t s   11  and  1 2 ,  

r e s p e c t i v e l y ,   of  a  9 0 - d e g r e e - t w i s t   t ype   a c c o r d i n g   to  o n e  

e m b o d i m e n t   of  t h i s   i n v e n t i o n .   The  m i x i n g   e l e m e n t   11 

c o m p r i s e s   a  c y l i n d r i c a l   p a s s a g e   t ube   13  and  a  h e l i c a l  

b l a d e   14  t h e r e i n .   The  b l a d e   14  is  t w i s t e d   c l o c k w i s e  

( r i g h t - h a n d e d )   at  90  d e g r e e s ,   e x t e n d i n g   from  one  e n d  

p o r t i o n   of  the   m i x i n g   e l e m e n t   11  to  the   o t h e r   a l o n g   t h e  

l o n g i t u d i n a l   d i r e c t i o n   of  t he   e l e m e n t   11.  The  m i x i n g  

e l e m e n t   12  c o m p r i s e s   a  c y l i n d r i c a l   p a s s a g e   t u b e   17  and  a  
h e l i c a l   b l a d e   18  t h e r e i n .   The  b l a d e   18  is  t w i s t e d   c o u n -  

t e r c l o c k w i s e   ( l e f t - h a n d e d )   a t   90  d e g r e e s ,   e x t e n d i n g   f r o m  

one  end  p o r t i o n   of  the   m i x i n g   e l e m e n t   12  to  t he   o t h e r  

a l o n g   the   l o n g i t u d i n a l   d i r e c t i o n   of  the   e l e m e n t   12.  T h e  

b l a d e   14  or  18  and  i t s   c o r r e s p o n d i n g   p a s s a g e   t u b e   13  o r  

17  r e s p e c t i v e l y   are  f o rmed   as  an  i n t e g r a l   b o d y .   T h e  

m i x i n g   e l e m e n t s   are   made  of  p l a s t i c   or  a  m e t a l ,   such   a s  

a l u m i n i u m ,   m a g n e t i c   or  n o n - m a n g e t i c   s t a i n l e s s   s t e e l ,  

n i c k e l ,   m a g n e t i c   or  n o n - m a g n e t i c   i r o n ,   c o p p e r ,   o r  

t i t a n i u m .   F l u i d   p a s s a g e s   15  and  16,  p a r t i t i o n e d   by  t h e  

b l a d e   14  and  t u r n e d   h e l i c a l l y   c l o c k w i s e   a re   f o r m e d   in  t h e  



p a s s a g e   t u b e   13  of  the   m i x i n g   e l e m e n t   11.  F l u i d   p a s s a g e s  
19  and  20  w h i c h ,   p a r t i t i o n e d   by  the   b l a d e   18  and  t u r n e d  

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

17  of  the   m i x i n g   e l e m e n t   12.  Those   s e c t i o n s   of  the   f l u i d  

p a s s a g e s   15,   16,  19  and  20  wh ich   a re   p e r p e n d i c u l a r   to  t h e  

f low  d i r e c t i o n   a r e   each   in  the   form  of  a  s e m i c i r c u l a r  

a l o n g   the   w h o l e   p a s s a g e   r e g i o n .  

F i g .   9  and  10  a re   an  e n l a r g e d   p e r s p e c t i v e   v iew  a n d  

an  e n l a r g e d   b o t t o m   v i e w ,   r e s p e c t i v e l y ,   of  the   m i x i n g  

e l e m e n t   11.  Both  end  f a c e s   21  of  the   b l a d e   14  o p p o s e d  

in  the   l o n g i t u d i n a l   d i r e c t i o n   of  the   m i x i n g   e l e m e n t   11 

a re   c u r v e d   in  t he   d i r e c t i o n   of  the   t h i c k n e s s   a n d  

r o u n d e d .   A  p a i r   of  c o r n e r   p o r t i o n s   22  of  each   of  t h e  

f l u i d   p a s s a g e s   15  and  16  a r e   r o u n d e d   l e s t   the   i n n e r  

p e r i p h e r a l   s u r f a c e   of  the   p a s s a g e   t ube   13  and  t h e  

s u r f a c e   of  t he   b l a d e   14  s h o u l d   c r o s s   at   an  a c u t e   a n g l e .  

One  end  f a c e   of  the   p a s s a g e   t ube   13  has  an  i n n e r  

a n n u l a r   p r o j e c t i o n   13a ,   w h i l e   the  o t h e r   end  f a c e   h a s  

an  o u t e r   a n n u l a r   p r o j e c t i o n   13b.   L i k e w i s e ,   b o t h   e n d  

f a c e s   of  the   b l a d e   18  of  the   m i x i n g   e l e m e n t   12  a n d  

the   f o u r   c o r n e r   p o r t i o n s   of  the   f l u i d   p a s s a g e s   19  a n d  

20  a re   r o u n d e d .   A l s o ,   b o t h   end  f a c e s   of  the   p a s s a g e  
t u b e   17  have   the   same  a n n u l a r   p r o j e c t i o n s   as  t h o s e   o f  

the   p a s s a g e   t u b e   1 3 .  

S i n c e   t he   p a s s a g e   t u b e s   13  and  17  and  t h e i r   c o r r e -  

s p o n d i n g   b l a d e s   14  and  18  of  the   m i x i n g   e l e m e n t s   11  a n d  

12  a r e   i n t e g r a l ,   no  gap  is  f o rmed   b e t w e e n   each   b l a d e  

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

p a s s a g e   t u b e .   M o r e o v e r ,   the   m i x i n g   e l e m e n t s   11  a n d / o r  

12  a re   c o u p l e d   by  f i x i n g   the   p a s s a g e   t u b e s   13  a n d / o r   17 

t o g e t h e r ,   so  t h a t   i t   is  u n n e c e s s a r y   to  f i x   the   b l a d e s   by  

w e l d i n g   or  b r a z i n g .   T h e r e f o r e ,   f l u i d   n e v e r   s t a g n a t e s   a t  

the   j u n c t i o n s   of  the   m i x i n g   e l e m e n t s .   S i n c e   the   b l a d e s  

need  not   be  b o n d e d   to  one  a n o t h e r ,   i t   is  u n n e c e s s a r y   t o  

f l a t t e n   the   end  f a c e s   of  the   b l a d e s   14  and  18.  T h u s ,  

the  end  f a c e s   of  the   b l a d e s   14  and  18  can  be  r o u n d e d   s o  

t h a t   the   f l o w   r e s i s t a n c e   of  the   f l u i d   may  be  l o w e r e d .  



S i n c e   the   c o r n e r   p o r t i o n s   of  the   f l u i d   p a s s a g e s   15,  1 6 ,  

19  and  20  a r e   r o u n d e d ,   t h e r e   is  no  dead  s p a c e ,   and  t h e  

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

s t a g n a t i n g   a t   the   c o r n e r   p o r t i o n s .  

A  m o t i o n l e s s   m i x e r   u s i n g   the   m i x i n g   e l e m e n t s   11 

and  12  w i l l   now  be  d e s c r i b e d .   As  shown  in  F i g .   1 1 ,  
t he   f i r s t   e l e m e n t   11  and  the   s e c o n d   e l e m e n t   12  a r e  

p o s i t i o n e d   w i t h   t h e i r   b l a d e s   14  and  18  c r o s s i n g   a t  

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

p a s s a g e   t u b e   17  of  the  e l e m e n t   12  is  f i t t e d   in  t h e  

o u t e r   a n n u l a r   p r o j e c t i o n   13b  of  the  p a s s a g e   of  t h e  

e l e m e n t   11.  ( A l t e r n a t i v e l y ,   the   i n n e r   a n n u l a r  

p r o j e c t i o n   13a  may  be  f i t t e d   in  the  o u t e r   a n n u l a r  

p r o j e c t i o n   of  the   e l e m e n t   1 2 . )   The  s e c o n d   e l e m e n t   12 

and  the   t h i r d   e l e m e n t   11  ( n o t   shown)  a re   p o s i t e d   i n  

the   same  way  as  the  f i r s t   e l e m e n t   11  and  the   s e c o n d  

e l e m e n t   12,  w i t h   the  i n n e r   a n n u l a r   p r o j e c t i o n   of  t h e  

p a s s a g e   t u b e   of  the   t h i r d   e l e m e n t   11  f i t t e d   in  t h e  

o u t e r   a n n u l a r   p r o j e c t i o n   of  the   p a s s a g e   t u b e   17  of  t h e  

s e c o n d   e l e m e n t   12.  ( A l t e r n a t i v e l y ,   the   i n n e r   a n n u l a r  

p r o j e c t i o n   of  the  p a s s a g e   t u b e   17  of  the   s e c o n d   e l e m e n t  

12  may  be  f i t t e d   in  the  o u t e r   a n n u l a r   p r o j e c t i o n   o f  

the   p a s s a g e   t ube   of  the   t h i r d   e l e m e n t   1 1 . )   The  t h i r d  

e l e m e n t   11  and  the  f o u r t h   e l e m e n t   12  ( n e i t h e r   o n e  

shown)   a r e   c o u p l e d   in  the  same  m a n n e r   as  the   f i r s t  

e l e m e n t   11  and  the  s e c o n d   e l e m e n t   12,  and  the   f o u r t h  

e l e m e n t   12  and  the  f i f t h   e l e m e n t   11  ( n o t   shown)   a r e  

c o u p l e d   in  the   same  m a n n e r   as  the   s e c o n d   e l e m e n t   12  a n d  

the   t h i r d   e l e m e n t   11,  and  so  f o r t h .   The  p a s s a g e   t u b e s  

of  a l l   the   m i x i n g   e l e m e n t s   11  and  12  a re   w e l d e d   o r  
b r a z e d ,   t h u s   f o r m i n g   a  m o t i o n l e s s   m i x e r .   A l t e r n a t i v e l y ,  

t h e y   may  be  f i t t e d   in  a  c y l i n d r i c a l   c a s i n g   23  as  s h o w n  

in  F i g .   12,  t h u s   f o r m i n g   a  m o t i o n l e s s   m i x e r   2 9 .  

The  m o t i o n l e s s   m i x e r   29  m i x e s   two  f l u i d s   FA  and  FB 

in  the   f o l l o w i n g   m a n n e r .   The  f l u i d s   FA  and  FB  r o t a t e  

90°  in  a  h e l i c a l l y   r i g h t - h a n d e d   m a n n e r   as  t h e y   f l o w  

t h r o u g h   the   f i r s t   m i x i n g   e l e m e n t   11.  The  f l u i d s   FA  a n d  



FB  b r a n c h   each   i n t o   two  s t r e a m s   at   the   j u n c t i o n   of  t h e  

f i r s t   e l e m e n t   11  and  the   s e c o n d   e l e m e n t   12.  One  of  t h e  

two  s t r e a m s   of  f l u i d   FA  t h u s   m i x e s   w i t h   one  of  t h e  

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

e l e m e n t   12.  S i m i l a r l y ,   t he   o t h e r   s t r e a m   of  f l u i d   FA 

m i x e d   w i t h   the   o t h e r   s t r e a m   of  f l u i d   FB  as  i t   f l o w s  

t h r o u g h   t he   s e c o n d   e l e m e n t   12.  Two  f l u i d   m i x t u r e  

s t r e a m s   r o t a t e   90°  in  h e l i c a l l y   l e f t - h a n d e d   m a n n e r   a s  

t h e y   p a s s   t h r o u g h   the   s e c o n d   m i x i n g   e l e m e n t   12.  T h e s e  

f l u i d   m i x t u r e   s t r e a m s   b r a n c h   each   i n t o   two  s u b - s t r e a m s  

a t   t he   j u n c t i o n   of  the   s e c o n d   e l e m e n t   12  and  the   t h i r d  

e l e m e n t   11.  One  of  the   s u b - s t r e a m s   of  one  of  the   f l u i d  

m i x t u r e   s t r e a m s   m i x e s   w i t h   one  of  t he   s u b - s t r e a m s   o f  

t he   o t h e r   f l u i d   m i x t u r e   s t r e a m s .   L i k e w i s e ,   the   o t h e r  

s u b - s t r e a m   of  the   f i r s t   f l u i d   m i x t u r e   s t r e a m   mixes   w i t h  

t h e   o t h e r   s u b - s t r e a m   of  t he   o t h e r   f l u i d   m i x t u r e   s t r e a m .  

In  s i m i l a r   m a n n e r   the   f l u i d s   FA  and  FB  a re   f u r t h e r  

m i x e d   as  t h e y   e n t e r   and  f l o w   t h r o u g h   the   o t h e r   m i x i n g  

e l e m e n t s   11  and  12.  W h e n e v e r   the   f l u i d s   FA  and  FB 

r o t a t e   9 0 ° ,   t h e y   u n d e r g o   a  v o r t e x   m o t i o n   and  t h u s   m i x e d  

t o g e t h e r .   As  t h e y   r o t a t e ,   b r a n c h   and  j o i n   s e v e r a l  

t i m e s   w h i l e   f l o w i n g   t h r o u g h   t he   m i x i n g   e l e m e n t s   11  a n d  

12,   t h e y   a r e   t h o r o u g h l y   mixed   to  form  a  h o m o g e n e o u s  

f l u i d .  

A  m o t i o n l e s s   m i x e r   30  shown  in  F i g .   14  is  f o r m e d  

by  c o u p l i n g   the   m i x i n g   e l e m e n t s   11  and  12,  as  shown  i n  

F i g .   13.   A  m i x i n g   u n i t   24  is  f o r m e d   by  c o u p l i n g   a  p a i r  

of  m i x i n g   e l e m e n t s   11  so  t h a t   the   f a c i n g   end  e d g e s   o f  

t h e i r   b l a d e s   14  a r e   a r r a n g e d   in  t he   same  d i r e c t i o n .  

L i k e w i s e ,   a  m i x i n g   u n i t   25  is  f o r m e d   by  c o u p l i n g   a  p a i r  

of  m i x i n g   e l e m e n t s   12  so  t h a t   the   f a c i n g   end  e d g e s   o f  

t h e i r   b l a d e s   18  a r e   a r r a n g e d   in  the   same  d i r e c t i o n .   I n  

t h e   m o t i o n l e s s   m i x e r   30,  the   m i x i n g   u n i t s   24  and  25  a r e  

a r r a n g e d   in  the   c a s i n g   so  t h a t   the   f a c i n g   end  e d g e s   o f  

the   b l a d e s   14  and  18  a r e   c r o s s e d   a t   r i g h t   a n g l e s .  

In  the   m o t i o n l e s s   m i x e r   30,  t he   f l u i d s   r o t a t e  

h e l i c a l l y   r i g h t - h a n d e d   at   180  d e g r e e s   w h i l e   t h e y   f l o w  



t h r o u g h   the  m i x i n g   u n i t   24.  A f t e r   the   f l u i d s   a r e  

d i v i d e d   and  j o i n e d   at   the   j u n c t i o n   of  the  m i x i n g   u n i t s  

24  and  25,  t h e y   r o t a t e   h e l i c a l l y   l e f t - h a n d e d   at  180  

d e g r e e s   as  t h e y   f l ow  t h r o u g h   the   m i x i n g   u n i t   25.  T h u s ,  

in  t h i s   m o t i o n l e s s   m i x e r   30,  the   f l u i d s   a re   m i x e d  

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

t i m e s .  

A  m o t i o n l e s s   m i x e r   31  shown  in  F i g .   16  i s  

a s s e m b l e d   by  c o u p l i n g   the   m i x i n g   e l e m e n t s   11  and  12  a s  

shown  in  F i g .   15.  A  m i x i n g   u n i t   26  is  f o rmed   by  

c o u p l i n g   a  p a i r   of  m i x i n g   u n i t s   11  so  t h a t   the  f a c i n g  

end  e d g e s   of  t h e i r   b l a d e s   14  c r o s s   a t   r i g h t   a n g l e s .  

L i k e w i s e ,   a  m i x i n g   u n i t   27  is  f o r m e d   by  c o u p l i n g   a  p a i r  

of  m i x i n g   e l e m e n t s   12  so  t h a t   the   f a c i n g   end  e d g e s   o f  

t h e i r   b l a d e s   18  c r o s s   a t   r i g h t   a n g l e s .   In  t h e  

m o t i o n l e s s   m i x e r   31,  the   m i x i n g   u n i t s   26  and  27  a r e  

a r r a n g e d   a l t e r n a t e l y   in  the   c a s i n g   23  so  t h a t   t h e  

f a c i n g   end  e d g e s   of  the   b l a d e s   14  and  18  c r o s s   at  r i g h t  

a n g l e s   at  t h e i r   j u n c t i o n s .  

In  the  m o t i o n l e s s   m i x e r   31,  as  the  f l u i d s   f l o w  

t h r o u g h   the  m i x i n g   u n i t   26,  t h e y   r o t a t e   h e l i c a l l y  

r i g h t - h a n d e d   at   90  d e g r e e s ,   a r e   t h e n   d i v i d e d   a n d  

j o i n e d ,   and  f u r t h e r   r o t a t e   h e l i c a l l y   r i g h t - h a n d e d   at   90 

d e g r e e s .   The  f l u i d s   a re   t h e n   d i v i d e d   and  j o i n e d   at   t h e  

j u n c t i o n   of  the   m i x i n g   u n i t s   26  and  27.  T h e n ,   as  t h e  

f l u i d s   f low  t h r o u g h   the   m i x i n g   u n i t   27,  t h e y   r o t a t e  

h e l i c a l l y   l e f t - h a n d e d   at   90  d e g r e e s ,   a re   t h e n   d i v i d e d  

and  j o i n e d ,   and  r o t a t e   h e l i c a l l y   l e f t - h a n d e d   at  90 

d e g r e e s .   T h u s ,   the  two  f l u i d s   a re   mixed   t h o r o u g h l y  

a f t e r   the  r o t a t i o n ,   d i v i s i o n ,   and  j o i n i n g   a re   r e p e a t e d  

s e v e r a l   t i m e s   w h i l e   t h e y   f low  t h r o u g h   the   m o t i o n l e s s  

m i x e r   3 1 .  

In  a  m o t i o n l e s s   m i x e r   32  shown  in  F i g .   17,  t h e  

m i x i n g   e l e m e n t s   11  and  12  a re   a r r a n g e d   a l t e r n a t e l y  
in  the  c a s i n g   23  w i t h   c y l i n d r i c a l   s p a c e r   members   28 

i n t e r p o s e d   b e t w e e n   them.   The  m i x i n g   e l e m e n t s   11  a n d  

12  are   so  a r r a n g e d   t h a t   t h o s e   f a c i n g   end  e d g e s   of  t h e  



b l a d e s   14  and  18  w h i c h   a d j o i n   one  of  the   s p a c e r   m e m b e r s  

28  at  each   s i d e   c r o s s   a t   r i g h t   a n g l e s .  

In  the   m o t i o n l e s s   m i x e r   32,  the   f l u i d s   r o t a t e  

h e l i c a l l y   r i g h t - h a n d e d   a t   90  d e g r e e s   as  t h e y   f l o w  

t h r o u g h   the  m i x i n g   e l e m e n t   11,  and  t h e n   j o i n   at   t h e  

s p a c e r   members   28.  Once  j o i n e d ,   the   f l u i d s   a re   d i v i d e d  

by  the   m i x i n g   e l e m e n t   12,  and  t h e n   r o t a t e   h e l i c a l l y  

l e f t - h a n d e d   at   90  d e g r e e s .   T h u s ,   the   f l u i d s   a re   m i x e d  

t h o r o u g h l y   a f t e r   t he   r o t a t i o n ,   j o i n i n g ,   and  d i v i s i o n  

a re   r e p e a t e d   s e v e r a l   t i m e s .  

These   m o t i o n l e s s   m i x e r s   a re   e a s y   to  m a n u f a c t u r e  

b e c a u s e   t h e i r   b l a d e s   need   no t   be  w e l d e d   or  b r a z e d   t o  

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

the   b l a d e s ,   the   f l u i d s   n e v e r   s t a g n a t e .   S i n c e   t h e  

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

the   m i x i n g   e l e m e n t s ,   t he   f r e q u e n c y   of  the   f l u i d  

d i v i s i o n   pe r   u n i t   l e n g t h   may  r e a d i l y   be  i n c r e a s e d   b y  

s h o r t e n i n g   the   m i x i n g   e l e m e n t s .   In  t h e s e   m o t i o n l e s s  

m i x e r ,   t h e r e f o r e ,   even   v i s c o u s   f l u i d s   can  be  m i x e d  

w i t h   e a s e .  

F i g .   18  shows  a  m i x i n g   e l e m e n t   33  in  wh ich   b o t h  

end  e d g e s   of  a  b l a d e   35  a r e   d e p r e s s e d   t o w a r d   t h e  

c e n t e r   of  a  p a s s a g e   t u b e   34.  The  c o n c a v e   end  e d g e s  
of  the  b l a d e   35  r e g u l a r i z e   the   p a s s a g e   t i m e   of  t h e  

f l u i d s   f l o w i n g   t h r o u g h   e a c h   m i x i n g   e l e m e n t   33,  and  c a n  
i n c r e a s e   the   e f f i c i e n c y   of  t he   m i x i n g   in  t he   m i x i n g  

e l e m e n t   33.  F i g .   19  shows  a  m i x i n g   e l e m e n t   36  h a v i n g  

t h r e e   f l u i d   p a s s a g e s   37,  38  and  39.  T h i s   m i x i n g  

e l e m e n t   36  can  mix  t h r e e   f l u i d s .   When  m i x i n g   t w o  

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

F i g s .   20  and  21  show  m i x i n g   e l e m e n t s   40  and  4 1 ,  

r e s p e c t i v e l y ,   of  a  1 8 0 - d e g r e e - t w i s t   t y p e   a c c o r d i n g   t o  

a n o t h e r   e m b o d i m e n t   of  t h i s   i n v e n t i o n .   The  m i x i n g  

e l e m e n t   40  c o m p r i s e s   a  c y l i n d r i c a l   p a s s a g e   t ube   42  a n d  

a  h e l i c a l   b l a d e   43  t h e r e i n .   The  b l a d e   43  is  t w i s t e d  

c l o c k w i s e   ( r i g h t - h a n d e d )   at   180  d e g r e e s ,   e x t e n d i n g   f r o m  

one  end  p o r t i o n   of  t he   m i x i n g   e l e m e n t   40  to  t he   o t h e r  



a l o n g   the  l o n g i t u d i n a l   d i r e c t i o n   of  t he   e l e m e n t   4 0 .  

The  m i x i n g   e l e m e n t   41  c o m p r i s e s   a  c y l i n d r i c a l   p a s s a g e  

t u b e   46  and  a  h e l i c a l   b l a d e   47  t h e r e i n .   The  b l a d e   47 

is  t w i s t e d   c o u n t e r c l o c k w i s e   ( l e f t - h a n d e d )   at  180  

d e g r e e s ,   e x t e n d i n g   from  one  end  p o r t i o n   of  the   m i x i n g  

e l e m e n t   41  to  the  o t h e r   a l o n g   the   l o n g i t u d i n a l  

d i r e c t i o n   of  the  e l e m e n t   41.  The  b l a d e   43  or  47  a n d  

i t s   c o r r e s p o n d i n g   p a s s a g e   t u b e   42  or  46  r e s p e c t i v e l y  

a r e   f o r m e d   as  an  i n t e g r a l   body .   F l u i d   p a s s a g e s   44 

and  45,  p a r t i t i o n e d   by  the  b l a d e   43,  and  t u r n e d  

h e l i c a l l y   c l o c k w i s e   a re   fo rmed   in  the   p a s s a g e   t ube   42 

of  the   m i x i n g   e l e m e n t   40.  F l u i d   p a s s a g e s   48  and  4 9 ,  

p a r t i t i o n e d   the   b l a d e   47  and  t u r n e d   h e l i c a l l y  
c o u n t e r c l o c k w i s e   a re   f o rmed   in  the   p a s s a g e   t ube   46  o f  

the   m i x i n g   e l e m e n t   41.  Those   s e c t i o n s   of  the   f l u i d  

p a s s a g e s   44,  45,  48  and  49  wh ich   a re   p e r p e n d i c u l a r   t o  

the   f low  d i r e c t i o n   a re   each   in  the   form  of  a  s e m i c i r c u l a r  

a l o n g   the   whole   p a s s a g e   r e g i o n .  

A l s o   in  the  m i x i n g   e l e m e n t   40,  as  shown  in  t h e  

p l a n   view  of  F ig .   22,  f o u r   c o r n e r   p o r t i o n s   50  at  t h e  

b o u n d a r y   b e t w e e n   the  b l a d e   43  and  the   i n n e r   p e r i p h e r a l  

s u r f a c e   of  the   p a s s a g e   t ube   42  a re   r o u n d e d .   As  s e e n  

f rom  the  s e c t i o n a l   v i e w s   of  the  m i x i n g   e l e m e n t   40  o f  

F i g s .   23  and  24,  b o t h   end  e d g e s   of  t he   b l a d e   43  a r e  

d e p r e s s e d   t o w a r d   the   c e n t r a l   p o r t i o n   of  the   p a s s a g e  
t u b e   42.  The  end  f a c e s   of  the   b l a d e   43  a re   r o u n d e d .  

In  t he   m i x i n g   e l e m e n t   41,  the   f o u r   c o r n e r   p o r t i o n s   o f  

t he   f l u i d   p a s s a g e   and  the  end  e d g e s   of  the   b l a d e   a r e  

f o r m e d   in  the   same  m a n n e r   as  t h o s e   of  the   m i x i n g  

e l e m e n t   4 0 .  

T h e r e   w i l l   now  be  d e s c r i b e d   a  m o t i o n l e s s   m i x e r  

u s i n g   the  m i x i n g   e l e m e n t s   40  and  41.  As  shown  i n  

F i g .   25,  the   m i x i n g   e l e m e n t s   40  and  42  a re   a r r a n g e d   s o  

t h a t   the   r e s p e c t i v e   end  e d g e s   of  t h e i r   b l a d e s   43  and  47 

c r o s s   at  r i g h t   a n g l e s .   In  a  m o t i o n l e s s   m i x e r   51  s h o w n  

in  F i g .   26,  the   m i x i n g   e l e m e n t s   40  and  41  are   f i t t e d  

a l t e r n a t e l y   in  the  c a s i n g   23.  In  t h i s   c a s e ,   o u t e r   a n d  



i n n e r   a n n u l a r   p r o j e c t i o n s   may  be  f o rmed   on  one  and  t h e  

o t h e r   end  f a c e s ,   r e s p e c t i v e l y ,   of  each   of  t he   p a s s a g e  
t u b e s   42  and  46.  T h u s ,   the   m i x i n g   e l e m e n t s   40  and  41 

may  be  c o u p l e d   by  f i t t i n g   the   o u t e r   a n n u l a r   p r o j e c t i o n  

of  t he   p a s s a g e   t u b e   42  (or   46)  on  the   i n n e r   a n n u l a r  

p r o j e c t i o n   of  the   p a s s a g e   t ube   46  (or  4 2 ) .   In  t h e  

m o t i o n l e s s   m i x e r   51  f o r m e d   in  t h i s   m a n n e r ,   t he   t w o  

f l u i d s   FA  and  FB  r o t a t e   h e l i c a l l y   r i g h t - h a n d e d   a t   1 8 0  

d e g r e e s   as  t h e y   f l o w   t h r o u g h   the  m i x i n g   e l e m e n t   4 0 .  

The  f l u i d s   FA  and  FB  a r e   d i v i d e d   at   the   j u n c t i o n   o f  

the   m i x i n g   e l e m e n t s   40  and  41,  and  t h e n   j o i n   t h e i r  

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

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

p a s s a g e s .   T h e n ,   t he   d i v i d e d   and  j o i n e d   f l u i d s   r o t a t e  

h e l i c a l l y   l e f t - h a n d e d   a t   180  d e g r e e s   as  t h e y   f l o w  

t h r o u g h   t he   m i x i n g   e l e m e n t   41.  T h u s ,   the   two  f l u i d s   FA 

and  FB  a r e   mixed   i n t o   a  s i n g l e   h o m o g e n e o u s   f l u i d   a f t e r  

u n d e r g o i n g   the   1 8 0 - d e g r e e   r o t a t i o n ,   d i v i s i o n ,   a n d  

j o i n i n g .  

In  a  m o t i o n l e s s   m i x e r   52  shown  in  F i g .   27,  t h e  

m i x i n g   e l e m e n t s   40  and  41  a re   a r r a n g e d   a l t e r n a t e l y   i n  

the   c a s i n g   23  w i t h   t he   s p a c e r   members   28  i n t e r p o s e d  

b e t w e e n   t hem.   In  t h i s   m o t i o n l e s s   m i x e r   52,  t he   f l u i d s  

r o t a t e   h e l i c a l l y   r i g h t - h a n d e d   at  180  d e g r e e s   as  t h e y  

f l o w   t h r o u g h   the   m i x i n g   e l e m e n t   40,  and  t h e n   j o i n   a t  

t he   s p a c e r   member s   28.  Once  j o i n e d ,   the   f l u i d s   a r e  

d i v i d e d   by  the   m i x i n g   e l e m e n t   41,  and  t h e n   r o t a t e  

h e l i c a l l y   l e f t - h a n d e d   a t   180  d e g r e e s .   T h u s ,   the   f l u i d s  

a r e   m i x e d   t h o r o u g h l y   a f t e r   the   r o t a t i o n ,   j o i n i n g ,   a n d  

d i v i s i o n   a r e   r e p e a t e d   s e v e r a l   t i m e s .  

The  1 8 0 - d e g r e e - t w i s t   t ype   m i x i n g   e l e m e n t   may  b e  

a l s o   p r o v i d e d   w i t h   t h r e e   f l u i d   p a s s a g e s   53,  54  and  5 5 ,  

as  shown  in  the   p l a n   v i ew  of  F ig .   28.  The  b l a d e s   43 

and  47  of  the   m i x i n g   e l e m e n t s   40  and  41  need   no t   a l w a y s  

be  so  f o r m e d   t h a t   t h e i r   end  edges   a re   d e p r e s s e d   t o w a r d  

the   c e n t r a l   p o r t i o n s   of  the   p a s s a g e   t u b e s   42  and  46,  o r  

t h a t   t h e i r   end  f a c e s   a re   c u r v e d   in  the   d i r e c t i o n   of  t h e  



t h i c k n e s s .  

The  m i x i n g   e l e m e n t s   40  and  41  and  the   m o t i o n l e s s  

m i x e r   51  and  52  p r o v i d e   the  same  e f f e c t s   as  t h o s e   o f  

t he   m i x i n g   e l e m e n t s   11  and  12  and  the   m o t i o n l e s s   m i x e r s  

29,   30,  31  and  3 2 .  

T h e r e   w i l l   now  be  d e s c r i b e d   a  m e t h o d   and  a n  

a p p a r a t u s   fo r   m a n u f a c t u r i n g   the   m i x i n g   e l e m e n t  

a c c o r d i n g   to  t h i s   i n v e n t i o n .   F i g .   29  and  30  show  a  

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

m o l d i n g   t y p e .   In  F i g .   29,  a  m o u n t i n g   p l a t e   61  i s  

f i x e d l y   e r e c t e d   on  a  s u i t a b l e   s u p p o r t ,   and  a  t e m p l e t   62 

is   f i x e d   to  the  m o u n t i n g   p l a t e   61.  A  h o r i z o n t a l l y  

e x t e n d i n g   c y l i n d r i c a l   d e p r e s s i o n   62a  is  f o r m e d   in  t h e  

s i d e   f a c e   of  the   t e m p l e t   62  o p p o s i t e   to  the   m o u n t i n g  

p l a t e   61.  A  s t r i p p e r   p l a t e   64  w i t h   a  c y l i n d r i c a l   h o l e  

64a  is  pu t   on  the   f i x e d   t e m p l e t   62  so  t h a t   t he   h o l e   6 4 a  

is   in  a l i g n m e n t   w i t h   the  d e p r e s s i o n   62a.   A  t e m p l e t   63 

w i t h   a  c y l i n d r i c a l   h o l e   63a  moves   t o w a r d   and  away  f r o m  

the   f i x e d   t e m p l e t   62.  The  d e p r e s s i o n   62a  and  the   h o l e s  

64a  and  63a  are   e q u a l   in  d i a m e t e r .   A  b e a r i n g   65  i s  

e m b e d d e d   in  the  t e m p l e t   63  so  t h a t   i t s   i n n e r   p e r i p h e r a l  

s u r f a c e   is  f l u s h   w i t h   t h a t   of  the   h o l e   63a.   A  c o r e   67 

f o r   the  m i x i n g   e l e m e n t   11  is  a t t a c h e d   to  a  l o n g i t u d i n a l  

end  p o r t i o n   of  a  c y l i n d r i c a l   c o r e   h o l d e r   66.  The  c o r e  

h o l d e r   66  is  i n s e r t e d   in  the   h o l e s   64a  and  63a  so  t h a t  

t h e   c o r e   67  is  f i t t e d   in  the   d e p r e s s i o n   62a.   The  c o r e  

h o l d e r   66  is  r o t a t a b l l y   s u p p o r t e d   by  the   m o v a b l e  

t e m p l e t   63  w i t h   the   a id   of  the   b e a r i n g   65.  A  c a v i t y   68 

is   f o rmed   b e t w e e n   the  d e p r e s s i o n   62a  and  the   c o r e   6 7 ,  

c o m m u n i c a t i n g   w i t h   a  m o l d i n g   n o z z l e   70  by  means   of  a  

r u n n e r   69  in  the  m o u n t i n g   p l a t e s   61  and  6 2 .  

A c c o r d i n g   to  the  c a s t i n g   a p p a r a t u s   c o n s t r u c t e d   i n  

t h i s   way,  when  a  f u s e d   p l a s t i c   m a t e r i a l   is  i n j e c t e d  
i n t o   the  m o l d i n g   n o z z l e   70,  i t   f l o w s   t h r o u g h   the   r u n n e r  

69  to  be  fed  i n t o   the   c a v i t y   68.  T h e r e u p o n ,   the   c a v i t y  

68  and  a  h e l i c a l   g r o o v e   of  the  c o r e   67  is  f i l l e d   w i t h  

the   f u s e d   p l a s t i c .   T h e n ,   the  f u s e d   p l a s t i c   is  c o o l e d  



and  s o l i d i f i e d   in  the   c a v i t y   68  and  the   h e l i c a l   g r o o v e .  
A f t e r   t he   f u s e d   p l a s t i c   is  s o l i d i f i e d ,   the   t e m p l e t   63 

is   moved  away  from  the   t e m p l e t   62,  and  a  p l a s t i c  

m o l d i n g   a t t a c h e d   to  the   c o r e   67  is  t a k e n   ou t   of  t h e  

d e p r e s s i o n   62a  by  mov ing   the   t e m p l e t   63,  t he   s t r i p p e r  

p l a t e   64,  t he   c o r e   h o l d e r   66,  and  t he   c o r e   67  away  f r o m  

t h e   t e m p l e t   62.  Then ,   when  t h e   t e m p l e t   63  is  s e p a r a t e d  

f rom  t he   s t r i p p e r   p l a t e   64  w h i l e   h e l i c a l l y   r o t a t i n g   t h e  

c o r e   h o l d e r   66  a l o n g   the   g r o o v e   of  the   c o r e   67,  t h e  

m o l d i n g   is  s t r i p p e d   f rom  the   c o r e   67.  T h e r e a f t e r ,   t h e  

p o r t i o n s   s o l i d i f i e d   in  the   r u n n e r   69  a re   t r i m m e d   o f f  

f rom  the   m o l d i n g   in  the   r u n n e r   69,  and  as  a  r e s u l t ,   t h e  

m i x i n g   e l e m e n t   11  as  shown  in  F i g .   7  is  c o m p l e t e d .  

T h u s ,   the   m i x i n g   e l e m e n t   11  w i t h   the   p a s s a g e   t ube   13 

and  the   b l a d e   14  f o r m e d   as  an  i n t e g r a l   body  is  r e a d i l y  

m a n u f a c t u r e d .   The  o t h e r   m i x i n g   e l e m e n t s   12,   40  and  41 

may  be  m a n u f a c t u r e d   in  a  l i k e   m a n n e r .  

T h e r e   w i l l   now  be  d e s c r i b e d   a  m e t h o d   and  a n  

a p p a r a t u s   f o r   m a n u f a c t u r i n g   the   m i x i n g   e l e m e n t   o n  

the   b a s i s   of  the   l o s t   wax  i n v e s t m e n t   c a s t i n g   m e t h o d .  

F i g .   31  shows  a  d i e   member   f o r   c a s t i n g   the  m i x i n g  

e l e m e n t   12.  The  d i e   member   c o m p r i s e s   u p p e r ,   i n t e r -  

m e d i a t e ,   and  l o w e r   d i e s   71,  72  and  73  made  of  a l u m i n u m  

or  c a s t   i r o n .   The  u p p e r   d i e   71  i n c l u d e s   a  m e t a l   p l a t e  

74  and  p r o t r u s i o n s   76  and  77  p r o j e c t i n g   u n d e r   the   m e t a l  

p l a t e   74.  A  d e p r e s s i o n   75  in  the   form  of  a  t h i n   d i s k  

i s   b o r e d   in  t he   l o w e r   s u r f a c e   of  the   m e t a l   p l a t e   7 4 .  

The  p a i r   of  p r o t r u s i o n s   76  and  77  in  the   d e p r e s s i o n   75 

a r e   so  s h a p e d   as  to  o c c u p y   the   r e s p e c t i v e   h a l v e s   of  t h e  

f l u i d   p a s s a g e s   19  and  20.  The  i n t e r m e d i a t e   d i e   72  h a s  

a  c i r c u l a r   h o l e   78  b o r e d   a c r o s s   the   t h i c k n e s s   w i t h   a  

d i a m e t e r   s u b s t a n t i a l l y   e q u a l   to  the  o u t s i d e   d i a m e t e r   o f  

the   m i x i n g   e l e m e n t ,   and  a  r u n n e r   78a  o p e n i n g   i n t o   t h e  

c i r c u l a r   h o l e   78.  The  l o w e r   d i e   73  i n c l u d e s   a  m e t a l  

p l a t e   79  and  p r o t r u s i o n s   81  and  82  p r o j e c t i n g   ove r   t h e  

m e t a l   p l a t e   79.  A  b o s s   80  in  the  form  of  a  t h i n   d i s k  

is   f o rmed   on  the  u p p e r   s u r f a c e   of  the   m e t a l   p l a t e   7 9 .  



The  p r o t r u s i o n   81  on  the  b o s s   80  is  so  s h a p e d   as  t o  

o c c u p y   the   f l u i d   p a s s a g e   19  when  i t s   f l a t   l a t e r a l   f a c e  

81a  is  u n i t e d   w i t h   a  f l a t   l a t e r a l   f a c e   76a  of  t h e  

p r o t r u s i o n   76.  L i k e w i s e ,   the   p r o t r u s i o n   82  is  s o  

s h a p e d   as  to  o c c u p y   the  o t h e r   f l u i d   p a s s a g e s   20  w h e n  

i t s   f l a t   l a t e r a l   f a c e   82a  is  u n i t e d   w i t h   a  f l a t   l a t e r a l  

f a c e   77a  of  the   p r o t r u s i o n   77.  The  d i a m e t e r s   of  t h e  

d e p r e s s i o n   75  and  the   b o s s   80  a r e   s u b s t a n t i a l l y   e q u a l ,  

and  a re   a  l i t t l e   s m a l l e r   t h a n   t h a t   of  the   c i r c u l a r   h o l e  

78.  The  u p p e r ,   i n t e r m e d i a t e ,   and  l o w e r   d i e s   71,  72  a n d  

73  a re   a s s e m b l e d   by  f i t t i n g   the   p r o t r u s i o n s   76,  77,  81 

and  82  in  the   c i r c u l a r   h o l e   78  so  t h a t   the   l a t e r a l  

f a c e s   76a  and  77a  of  the   p r o t r u s i o n s   76  and  77  a re   i n  

c o n t a c t   w i t h   the   l a t e r a l   f a c e s   81a  and  82a  of  t h e  

p r o t r u s i o n s   81  and  82,  r e s p e c t i v e l y .   T h e r e u p o n ,   a  

p o r t i o n   c o r r e s p o n d i n g   to  the   b l a d e   18  is  f o rmed   b e t w e e n  
t h e   h e l i c a l   l a t e r a l   f a c e s   of  t he   p r o t r u s i o n s   76  and  82 

and  b e t w e e n   t h o s e   of  the  p r o t r u s i o n s   77  and  81.  A 

p o r t i o n   c o r r e s p o n d i n g   to  the   p a s s a g e   t ube   17  is  f o r m e d  

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

76,  77,  81  and  82  and  the  i n n e r   p e r i p h e r a l   s u r f a c e   o f  

t he   c i r c u l a r   h o l e   78.  A l s o ,   a  p o r t i o n   c o r r e s p o n d i n g   t o  

t he   o u t e r   a n n u l a r   p r o j e c t i o n   ( p r o j e c t i o n   13b  of  F i g .   9)  

a t   the   end  f a c e   of  the   m i x i n g   e l e m e n t   12  is  f o r m e d  

b e t w e e n   the   o u t e r   p e r i p h e r a l   s u r f a c e   of  the   boss   80  a n d  

t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of  the   c i r c u l a r   ho l e   7 8 ,  
w h i l e   a  p o r t i o n   c o r r e s p o n d i n g   to  the   i n n e r   a n n u l a r  

p r o j e c t i o n   ( p r o j e c t i o n   13b  of  F i g .   9)  is  fo rmed   b e t w e e n  

t he   i n n e r   p e r i p h e r a l   s u r f a c e   of  the   d e p r e s s i o n   75  a n d  

the   c i r c u m f e r e n t i a l   f a c e s   of  the   p r o t r u s i o n s   76,  77,  81 

and  82.  When  a  m o l t e n   m a t e r i a l   is  i n j e c t e d   i n t o   t h e  

c a v i t y   of  the   d i e   member  ( u p p e r ,   i n t e r m e d i a t e ,   a n d  

l o w e r   d i e s   71,  72  and  73)  a s s e m b l e d   in  t h i s   m a n n e r ,   i t  

is  s o l i d i f i e d   and  fo rmed   in  t he   s h a p e   shown  in  F i g .   8 .  

T h e r e   w i l l   now  be  d e s c r i b e d   the   m e t h o d   of  m a n u f a c -  

t u r i n g   the   m i x i n g   e l e m e n t   of  t he   i n v e n t i o n   on  the  b a s i s  

of  the  l o s t   wax  i n v e s t m e n t   c a s t i n g   m e t h o d   u s i n g   t h e  



a f o r e m e n t i o n e d   s p l i t   d i e s .   F i r s t ,   the   s p l i t   d i e s   s h o w n  

in  F i g .   31  a re   a s s e m b l e d   in  the  a f o r e s a i d   m a n n e r .  

Fused   wax  is  i n j e c t e d   i n t o   the   c a v i t y   of  the   d i e  

a s s e m b l y   t h r o u g h   the   r u n n e r   78a.   The  i n j e c t e d   wax  i s  

s o l i d i f i e d   to  form  a  wax  mode l   in  the   s h a p e   shown  i n  

F i g .   8.  A  p l u r a l i t y   of  wax  m o d e l s   a r e   c o u p l e d   so  as  t o  

be  f i t   f o r   c a s t i n g .   The  wax  model   a s s e m b l y   is  i m m e r s e d  

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

sand   l a y e r   by  s p r i n k l i n g .   The  i m m e r s i o n   in  t he   f i r e -  

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

form  a  l a y e r   of  f i r e - r e s i s t a n t   m a t e r i a l   on  t he   s u r f a c e  

of  the   wax  model   a s s e m b l y .   Then  the   wax  mode l   a s s e m b l y  

is  w h o l l y   h e a t e d   to  l i q u a t e   the   wax.  The  r e s u l t a n t   s a n d  

mold  is  s i n t e r e d   a t   a  h i g h   t e m p e r a t u r e .   T h u s ,   a  m o l d  

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

e l e m e n t   is  m a n u f a c t u r e d .   A  m o l t e n   m a t e r i a l ,   such   a s  

a l u m i n u m ,   m a g n e t i c   or  n o n - m a g n e t i c   s t a i n l e s s   s t e e l ,  

n i c k e l ,   m a g n e t i c   or  n o n - m a g n e t i c   i r o n ,   c o p p e r ,   o r  

p l a s t i c ,   is  p o u r e d   i n t o   the   m o l d .   When  the   s i n t e r e d  

sand   mold  is  b r o k e n   a f t e r   the   p o u r e d   m a t e r i a l   i s  

s o l i d i f i e d ,   the   9 0 - d e g r e e - t w i s t   t y p e   m i x i n g   e l e m e n t   12 

as  shown  in  F i g .   8  is  p r o d u c e d .   If   the   m a t e r i a l   of  t h e  

m i x i n g   e l e m e n t   is  p l a t i c ,   the   m i x i n g   e l e m e n t   may  b e  

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

the   s p l i t   d i e s  s h o w n   in  F i g .   3 1  w i t h o u t   u s i n g   wax.  T h e  

m i x i n g   e l e m e n t  1 1   can  be  m a n u f a c t u r e d   in  l i k e   m a n n e r .  

In  t he   m a n u f a c t u r e   of  the   1 8 0 - d e g r e e - t w i s t   t y p e  

m i x i n g   e l e m e n t s   40  and  41,  wax  m o d e l s  f o r   t h e  

9 0 - d e g r e e - t w i s t   t y p e   m i x i n g   e l e m e n t s   11  and  12  a r e  

f i r s t   f o rmed   in  t he   a f o r e m e n t i o n e d   m a n n e r .   T h e n ,   t w o  

9 0 - d e g r e e - t w i s t   t y p e   wax  m o d e l s   a re   l o n g i t u d i n a l l y  

c o u p l e d   and  b o n d e d   t o g e t h e r .   T h u s ,   wax  m o d e l s   f o r  

the   1 8 0 - d e g r e e - t w i s t   m i x i n g   e l e m e n t   40  or  41  w i t h   t h e  

s h a p e   shown  in  F i g .   20  or  21  is  o b t a i n e d .   A  s a n d  

mold  is  fo rmed   by  the   use  of  the   wax  m o d e l s   in  t h e  

a f o r e m e n t i o n e d   m a n n e r ,   and  a  m o l t e n   m a t e r i a l   f o r   t h e  

m i x i n g   e l e m e n t   such   as  a l u m i n u m   is  p o u r e d   i n t o   t h e  



sand   m o l d .  

T h u s ,   in  the   m a n u f a c t u r e   of  the   m i x i n g   e l e m e n t   b y  

the   l o s t   wax  i n v e s t m e n t   c a s t i n g   me thod   u s i n g   the   s p l i t  

d i e s   71,  72  and  73,  the   p r o c e s s   fo r   f u s i n g   the   c o r e ,  

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

m e t h o d ,   can  be  o m i t t e d .   N a m e l y ,   the   m e t h o d   r e q u i r e s  

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

m a n u f a c t u r e   and  r e d u c i n g   the   m a n u f a c t u r i n g   c o s t . '  

M o r e o v e r ,   the   end  e d g e s   21  of  the   b l a d e   14  and  t h e  

c o r n e r   p o r t i o n s   22  of  the   f l u i d   p a s s a g e s   15  and  1 6 ,  

as  shown  in  F ig .   9,  may  be  r o u n d e d   w i t h   e a s e .   I n  

the   c a s e   where   the   c o r e   is  u s e d ,   the   m a n u f a c t u r e   o f  

the   1 8 0 - d e g r e e - t w i s t   m i x i n g   e l e m e n t   is  no t   e a s y .   By 

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

m i x i n g   e l e m e n t   of  t h i s   t y p e   can  r e a d i l y   be  m a n u f a c t u r e d  

by  o n l y   l o n g i t u d i n a l l y   c o u p l i n g   the   9 0 - d e g r e e - t w i s t  

t y p e   wax  m o d e l s .   I t   is  d i f f i c u l t   to  m a n u f a c t u r e   t h e  

m i x i n g   e l e m e n t   w i t h   t h r e e   f l u i d   p a s s a g e s   as  shown  i n  

F i g .   19  or  28  by  the   c o n v e n t i o n a l   m e t h o d   in  wh ich   t h e  

b l a d e s   a re   bonded   by  w e l d i n g   or  b r a z i n g   a f t e r   t h e y   a r e  

i n d e p e n d e n t l y   f o rmed   by  i n j e c t i o n   m o l d i n g .   A c c o r d i n g  

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

m i x i n g   e l e m e n t   w i t h   t h r e e   f l u i d   p a s s a g e s   can  be  m a n u -  

f a c t u r e d   w i t h   e a s e .  



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

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

mixed  as  t he   f l u i d s   f l ow  t h r o u g h   s a i d   m o t i o n l e s s   m i x e r  

c o m p r i s i n g   a  p a s s a g e   t u b e   ( 1 3 ) ,   ( 1 7 ) ,   ( 3 4 ) ,   ( 4 2 ) ,   ( 4 6 )  

t h r o u g h   w h i c h   the   f l u i d s   f l o w   and  a  h e l i c a l   b l a d e   ( 1 4 ) ,  

( 1 8 ) ,   ( 3 5 ) ,   ( 4 3 ) ,   (47)  d i s p o s e d   in  the   p a s s a g e   t u b e ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   h e l i c a l   b l a d e   is  f o rmed   i n  

the  p a s s a g e   t u b e   so  as  to  be  i n t e g r a l   t h e r e w i t h ,   t h e  

i n t e r i o r   of  s a i d   p a s s a g e   t u b e   b e i n g   p a r t i t i o n e d   by  s a i d  

b l a d e   to  form  a  p l u r a l i t y   of  f l u i d   p a s s a g e s   (15 ,   1 6 ) ,  

(19,   2 0 ) ,   ( 37 ,   38,  3 9 ) ,   ( 44 ,   4 5 ) ,   (48 ,   4 9 ) ,   (53 ,   54,  5 5 ) .  

2.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

s a i d   p a s s a g e   t u b e   ( 1 3 ) ,   ( 1 7 ) ,   ( 3 4 ) ,   ( 4 2 ) ,   (46)  i s  

c y l i n d r i c a l .  

3.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   2,  w h e r e i n  

s a i d   b l a d e   ( 1 4 ) ,   ( 3 5 ) ,   (43)  is  t w i s t e d   h e l i c a l l y  

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

c l o c k w i s e .  

4.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   2 ,  

w h e r e i n   s a i d   b l a d e   ( 1 8 ) ,   (47)  is  t w i s t e d   h e l i c a l l y  

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

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

5.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

s a i d   b l a d e   ( 1 4 ) ,   (35)   e x t e n d s   from  one  end  of  t h e  

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

of  the   p a s s a g e   t ube   to  be  t w i s t e d   at   an  a n g l e   of  90 

d e g r e e s .  

6.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

s a i d   b l a d e   (43)   e x t e n d s   f rom  one  end  of  the   p a s s a g e   t u b e  

to  the  o t h e r   in  the   l o n g i t u d i n a l   d i r e c t i o n   of  t h e  

p a s s a g e   t u b e   to  be  t w i s t e d   a t   an  a n g l e   of  180  d e g r e e s .  

7.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   4,  w h e r e i n  

s a i d   b l a d e   (18)   e x t e n d s   f rom  one  end  of  the  p a s s a g e   t u b e  

to  the  o t h e r   in  the   l o n g i t u d i n a l   d i r e c t i o n   of  t h e  

p a s s a g e   t u b e   to  be  t w i s t e d   a t   an  a n g l e   of  90  d e g r e e s .  



8.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   4,  w h e r e i n  

s a i d   b l a d e   (47)  e x t e n d s   from  one  end  of  the   p a s s a g e   t u b e  

to  the  o t h e r   in  the  l o n g i t u d i n a l   d i r e c t i o n   of  t h e  

p a s s a g e   t u b e   to  be  t w i s t e d   at  an  a n g l e   of  180  d e g r e e s .  

9.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   2,  w h e r e i n  

s a i d   b l a d e   d i v i d e s   the  i n t e r i o r   of  s a i d   p a s s a g e   t u b e  

p e r p e n d i c u l a r   to  the  f low  d i r e c t i o n   i n t o   two  p a r t s ,  

t h e r e b y   d e f i n i n g   two  f l u i d   p a s s a g e s   ( 15 ,   1 6 ) ,   (19 ,   2 0 ) ,  

(44 ,   4 5 ) ,   ( 4 8 ,   4 9 ) .  

10.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   2 ,  
w h e r e i n   s a i d   b l a d e   d i v i d e s   the   i n t e r i o r   of  s a i d   p a s s a g e  
t u b e   p e r p e n d i c u l a r   to  the  f l ow  d i r e c t i o n   i n t o   t h r e e  

p a r t s ,   t h e r e b y   d e f i n i n g   t h r e e   f l u i d   p a s s a g e s   (37 ,   3 8 ,  

3 9 ) ,   ( 53 ,   54,  5 5 ) .  

11.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

b o t h   end  e d g e s   of  s a i d   b l a d e   ( 3 5 ) ,   (43)  f a c i n g   in  t h e  

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

t o w a r d   the   c e n t e r   of  s a i d   p a s s a g e   t u b e .  

12.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

bo th   end  e d g e s   (21)  of  s a i d   b l a d e   f a c i n g   in  t h e  

l o n g i t u d i n a l   d i r e c t i o n   of  the   m i x i n g   e l e m e n t   a re   c u r v e d  

in  the  d i r e c t i o n   of  the  t h i c k n e s s   and  r o u n d e d .  

13.  A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

the   c o r n e r   p o r t i o n s   ( 2 2 ) ,   (50)  of  s a i d   f l u i d   p a s s a g e s   i n  

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

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

r o u n d e d .  

14.   A  m i x i n g   e l e m e n t   a c c o r d i n g   to  c l a i m   2,  w h e r e i n  

one  and  the   o t h e r   end  f a c e s   of  s a i d   p a s s a g e   t u b e   ( 1 3 )  

have  o u t e r   (13b)   and  i n n e r   ( 1 3 a ) a n n u l a r   p r o j e c t i o n s ,  

r e s p e c t i v e l y ,   w h e r e b y   the  m i x i n g   e l e m e n t   is  c o u p l e d   t o  

the   o t h e r   m i x i n g   e l e m e n t s   by  f i t t i n g   o u t e r   and  i n n e r  

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

15.  In  a  m o t i o n l e s s   m i x e r   w i t h o u t   a  m e c h a n i c a l  

mov ing   p a r t   fo rmed   of  a  p l u r a l i t y   of  l o n g i t u d i n a l l y  

c o u p l e d   m i x i n g   e l e m e n t s   w h e r e b y   two  or  more  f l u i d s   a r e  

mixed   as  the   f l u i d s   f low  t h r o u g h   s a i d   m o t i o n l e s s   m i x e r ,  



e a c h   s a i d   m i x i n g   e l e m e n t   c o m p r i s i n g   a  p a s s a g e   t ube   ( 1 3 ) ,  

( 1 7 ) ,   ( 3 4 ) ,   ( 4 2 ) ,   (46)  t h r o u g h   wh ich   t he   f l u i d s   f l o w ,  

and  a  h e l i c a l   b l a d e   ( 1 4 ) ,   ( 1 8 ) ,   ( 3 5 ) ,   ( 4 3 ) ,   ( 4 7 )  

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

h e l i c a l   b l a d e   is  f o r m e d   in  the   p a s s a g e   t u b e   so  as  to  b e  

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

of  s a i d   p a s s a g e   t u b e   to  form  a  p l u r a l i t y   of  f l u i d   p a s s a -  

g e s   ( 1 5 ,  1 6 ) ,   ( 1 9 ,  2 0 ) ,   ( 3 7 ,  3 8 ,  3 9 )   ( 4 4 ,   45)  ( 4 8 ,  4 9 ) ,  

( 5 3 ,   54,  5 5 ) .  

16.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 5 ,  

w h e r e i n   s a i d   p a s s a g e   t u b e   ( 1 3 ) ,   ( 1 7 ) ,   ( 3 4 ) ,   ( 4 2 ) ,   ( 4 6 )  

is   c y l i n d r i c a l .  

17.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 6 ,  

w h i c h   c o m p r i s e s   m i x i n g   e l e m e n t s   (11)  of  a  r i g h t - h a n d e d  

9 0 - d e g r e e - r o t a t i o n   t y p e   t w i s t e d   h e l i c a l l y   c l o c k w i s e   a t  

an  a n g l e   of  90  d e g r e e s ,   and  m i x i n g   e l e m e n t s   (12)  of  a  

l e f t - h a n d e d   9 0 - d e g r e e - r o t a t i o n   t y p e   t w i s t e d   h e l i c a l l y  

c o u n t e r c l o c k w i s e   at   an  a n g l e   of  90  d e g r e e s .  

18.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 7 ,  

w h e r e i n   s a i d   r i g h t -   and  l e f t - h a n d e d   9 0 - d e g r e e - r o t a t i o n  

t y p e   m i x i n g   e l e m e n t s   ( 1 1 ) ,   (12)  a re   a r r a n g e d   a l t e r n a t e l y  

so  t h a t   the   f a c i n g   end  e d g e s   of  the   b l a d e s   ( 1 4 ) ,   (18)  o f  

t h e   m i x i n g   e l e m e n t s   c r o s s   at  r i g h t   a n g l e s .  

19.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 7 ,  

w h e r e i n   a  m i x i n g   u n i t   (24)  of  a  r i g h t - h a n d e d   r o t a t i o n  

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

r i g h t - h a n d e d   9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t s  

(11)   so  t h a t   the   f a c i n g   end  e d g e s   of  t h e   b l a d e s   (14)  o f  

s a i d   r i g h t - h a n d e d   m i x i n g   e l e m e n t s   a r e   in  a l i g n m e n t   w i t h  

e a c h   o t h e r ,   a  m i x i n g   u n i t   (25)  of  a  l e f t - h a n d e d   r o t a t i o n  

t y p e   is  f o rmed   by  l o n g i t u d i n a l l y   c o u p l i n g   two  s a i d   l e f t -  

h a n d e d   9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t s   (12)  s o  

t h a t   the   f a c i n g   end  e d g e s   of  the   b l a d e s   (18)  of  s a i d  

l e f t - h a n d e d   m i x i n g   e l e m e n t s   a re   in  a l i g n m e n t   w i th   e a c h  

o t h e r ,   and  s a i d   m o t i o n l e s s   m i x e r   is  f o r m e d   by  a l t e r -  

n a t e l y   a r r a n g i n g   s a i d   r i g h t -   and  l e f t - h a n d e d   r o t a t i o n  

t y p e   m i x i n g   u n i t s   ( 2 4 ) ,   (25)  so  t h a t   t h e   f a c i n g   e n d  



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

a n g l e s .  

20.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 7 ,  

w h e r e i n   a  m i x i n g   u n i t   (26)  of  a  r i g h t - h a n d e d   r o t a t i o n  

t y p e   is  f o rmed   by  l o n g i t u d i n a l l y   c o u p l i n g   two  s a i d  

r i g h t - h a n d e d   9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t s  

(11)   so  t h a t   the   f a c i n g   end  e d g e s   of  the   b l a d e s   (14)  o f  

s a i d   r i g h t - h a n d e d   m i x i n g   e l e m e n t s   c r o s s   at   r i g h t   a n g l e s ,  

a  m i x i n g   u n i t   (27)  of  a  l e f t - h a n d e d   r o t a t i o n   t ype   i s  

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

9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g   e l e m e n t s   (12)  so  t h a t   t h e  

f a c i n g   end  e d g e s   of  the   b l a d e s   (18)   of  s a i d   l e f t - h a n d e d  

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

m o t i o n l e s s   m i x e r   is  f o r m e d   by  a l t e r n a t e l y   a r r a n g i n g   s a i d  

r i g h t -   and  l e f t - h a n d e d   r o t a t i o n   t y p e   m i x i n g   u n i t s   ( 2 6 ) ,  

(27)   so  t h a t   the   f a c i n g   end  e d g e s   of  t he   b l a d e s   of  s a i d  

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

21.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 7 ,  

w h i c h   c o m p r i s e s   a  c y l i n d r i c a l   s p a c e r   member  ( 2 8 ) ,   s a i d  

r i g h t -   and  l e f t - h a n d e d   9 0 - d e g r e e - r o t a t i o n   t y p e   m i x i n g  

e l e m e n t s   ( 1 1 ) ,   (12)  a l t e r n a t e l y   a r r a n g e d   w i t h   t h e  

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

f a c i n g   end  e d g e s   of  the   b l a d e s   ( 1 4 ) ,   (18)  wh ich   a d j o i n  

s a i d   s p a c e r   member  at   each   s i d e   c r o s s   at  r i g h t   a n g l e s .  
22.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   1 6 ,  

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

(40)   of  a  r i g h t - h a n d e d   1 8 0 - d e g r e e - r o t a t i o n   t ype   t w i s t e d  

h e l i c a l l y   c l o c k w i s e   at   an  a n g l e   of  180  d e g r e e s ,   a n d  

m i x i n g   e l e m e n t s   (41)  of  a  l e f t - h a n d e d  

1 8 0 - d e g r e e - r o t a t i o n   t y p e   t w i s t e d   h e l i c a l l y   c o u n t e r c l o c k -  

w i s e   at  an  a n g l e   of  180  d e g r e e s .  

23.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   2 2 ,  

w h e r e i n   s a i d   r i g h t -   and  l e f t - h a n d e d   1 8 0 - d e g r e e - r o t a t i o n  

t y p e   m i x i n g   e l e m e n t s   ( 4 0 ) ,   (41)  a re   a r r a n g e d   a l t e r n a t e l y  

so  t h a t   the   f a c i n g   end  e d g e s   of  the   b l a d e s   ( 4 3 ) ,   (47)  o f  

the   m i x i n g   e l e m e n t s   c r o s s   at  r i g h t   a n g l e s .  
24.  A  m o t i o n l e s s   m i x e r   a c c o r d i n g   to  c l a i m   2 2 ,  



w h e r e i n   s a i d   r i g h t -   and  l e f t - h a n d e d   1 8 0 - d e g r e e - r o t a t i o n  

t y p e   m i x i n g   e l e m e n t s   ( 4 0 ) ,   (41)  a r e   a l t e r n a t e l y   a r r a n g e d  

w i t h   a  c y l i n d r i c a l   s p a c e r   member   (28)  t h e r e b e t w e e n   s o  

t h a t   t h o s e   f a c i n g   end  e d g e s   of  the   b l a d e s   ( 4 3 ) ,   ( 4 7 )  

which   a d j o i n   s a i d   s p a c e r   member  a t   each   s i d e   c r o s s   a t  

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