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©  Mixing  systems. 
©  Mixing  systems  for  liquids  having  fibers  suspended 
therein  wherein  the  fibers  tenaciously  adhere  to  and  accu- 
mulate  on  the  leading  edge  of  an  impeller  (30),  thereby 
increasing  the  drag  of  the  liquid  on  the  impeller  (30)  as  it 
rotates  and  the  consequent  increase  in  the  power  required  to 
rotate  the  impeller  (30),  is  reduced.  Axial  flow  of  the  liquid  in 
a  tank  (10)  is  produced  by  the  impeller  (30)  within  a  draft  tube 
(12).  The  leading  edge  (38)  of  the  blades  (32)  of  the  impeller 
(30)  are  inclined  with  respect  to  radial  lines  (60)  extending 
from  the  axis  of  rotation  (56)  of  the  impeller  (30)  beyond  the 
angle  of  repose  of  the  fibers  on  the  leading  edge  (38).  Also, 
the  coefficient  of  friction  of  the  portion  of  the  impeller  (30), 
extending  from  the  leading  edge  (38)  toward  the  trailing 
edge  (40)  thereof,  to  which  the  fibers  adhere  is  reduced  by 
providing  the  surface  thereof  with  a  low  coefficient  of  friction 
material  (50). 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   m i x i n g   s y s t e m s ,  

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

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

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

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

by  t h e   c i r c u l a t i o n   of  t h e   w a t e r   in   t a n k s   w i t h   an  a x i a l  

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

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

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

When  w a s t e   w a t e r   i s   m i x e d   in   t a n k s ,   as  in  t h e  

c o u r s e   of   w a s t e   w a t e r   t r e a t m e n t s   s u c h   as  a e r a t i o n ,   t h e  

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

i n c r e a s e .   A f t e r   a  p e r i o d   of  t i m e ,   w h i c h   may  be  f rom  o n e  

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

w a s t e   w a t e r   s u f f i c i e n t l y   to  mix   and  a e r a t e   i t   may  i n c r e a s e  

up  to   50%.  The  p r o b l e m   may  be  o v e r c o m e   by  u t i l i z i n g  

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

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

u n t i l   t h e   t i m e   of  t h i s   i n v e n t i o n .   In  a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n ,   i t   was  d i s c o v e r e d   t h a t   t h e   d r a g   on  t h e  

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

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

In  w a s t e   w a t e r ,   w h i c h   a r r i v e s   f r o m   a  s e w a g e   s y s t e m   f o r  

t r e a t m e n t ,   t h e   f i b e r s   a r e   h a i r ,   r a g s   ( s u c h   as  d i a p e r s   a n d  

f e m i n i m e   p r o d u c t s )   and  p l a s t i c   b a g s .   O t h e r   f i b e r o u s  



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

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

i m p e l l e r   w i t h   t h e   same  a d v e r s e   e f f e c t .  

The  p r o b l e m   h a s   been   f o u n d ,   in   a c c o r d a n c e   w i t h  

t h e   i n v e n t i o n ,   t o   be  e x a c e r b a t e d   when  t h e   l i q u i d   c o n t a i n i n g  

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

a x i a l   f l o w   i m p e l l e r   in   a  d r a f t   t u b e   a r r a n g e m e n t .   Then   t h e  

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

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

a x i a l l y   of   t h e   i m p e l l e r   and  d r a f t   t u b e .   T h e r e   a r e  

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

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

b l a d e s   o f   t h e   i m p e l l e r ;   t h e r e b y   l e a v i n g   no  n e t   f o r c e  

t e n d i n g   t o   p u l l   t h e   f i b e r   o f f   the   i m p e l l e r .   The  r e s u l t  

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

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

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

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

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

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

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

and  f l o w   ( p u m p i n g )   and  r e q u i r e s   more   and   m o r e   d r i v i n g  

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

to  o b t a i n   s u f f i c i e n t   a x i a l   f l o w   and  c i r c u l a t i o n   of  t h e  

l i q u i d .   The  e f f i c i e n c y   and  p e r f o r m a n c e   o f   t h e   m i x i n g  

s y s t e m   i s   t h e r e f o r e   d e r r o g a t e d .  

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

p r e s e n t   i n v e n t i o n   to   p r o v i d e   an  a p p r o v e d   m i x i n g   s y s t e m  

w h e r e b y   m i x i n g   c an   be  c a r r i e d   o u t   w i t h   l o w   d r a g   on  t h e  

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

t h e   p r e s e n c e   of  f i b e r s ,   in  s u s p e n s i o n ,   in   t h e   l i q u i d .  

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

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

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

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

m i x e d .  



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

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

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

f i b e r s   in  t h e   l i q u i d   b e i n g   m i x e d .  

B r i e f l y   d e s c r i b e d ,   a  s y s t e m   f o r   m i x i n g   l i q u i d s  
in  a  t a n k   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   u t i l i z e s   a n  

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

and  t r a i l   e a c h   o t h e r   as  t h e   i m p e l l e r   r o t a t e s .   T h i s   s y s t e m  
is   o p e r a t i v e   to   c i r c u l a t e   t h e   l i q u i d s   t h r o u g h   t h e   t a n k  

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

l e a d i n g   e d g e   of  t h e   i m p e l l e r   is  d e c r e a s e d ,   t h e r e b y   p r e -  

v e n t i n g   i n c r e a s e d   d r a g   on  t h e   i m p e l l e r   due  to   t h e   a c c u m u -  
l a t i o n   of   t h e  f i b e r s   on  t h e   l e a d i n g   edge   as  t h e   i m p e l l e r  

r o t a t e s .   The  a d h e s i o n   i s   d e c r e a s e d   by  i n c l i n i n g   t h e  

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

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

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

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

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

t h e   f i b e r s .   M e c h a n i c a l l y ,   t h e   l e a d i n g   e d g e   p r e s e n t s   a n  

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

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

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

t h e y   c o n t i n u e   to   c i r c u l a t e   w i t h   t he   l i q u i d .   T h i s   i s   i n  

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

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

w h e r e   t h e   i m p e l l e r   i s   an  a x i a l   f l o w  i m p e l l e r   in   a  d r a f t  

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

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

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

c o e f f i c i e n t   of   f r i c t i o n   m a t e r i a l ,   such   a  low  c o e f f i c i e n t  

of  f r i c t i o n   may  be  p r o v i d e d   by  p o l i s h i n g . '   L o w  c o e f f i c i e n t  



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

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

to   t h e   f i b e r s .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   of  t h e   i n v e n t i o n ,   as  w e l l   as  p r e s e n t l y   p r e f e r r e d  

e m b o d i m e n t s   t h e r e o f   and  t h e   b e s t   modes   p r e s e n t l y   k n o w n  

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

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

w i t h   t h e   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 IG.   1  i s   a  s e c t i o n a l   v i e w ,   in  e l e v a t i o n ,   of   a  

m i x i n g   s y s t e m   e m b o d y i n g   t h e   i n v e n t i o n ;  

F IG .   2  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

2-2  i n   F I G .   1,  i l l u s t r a t i n g   t h e   low  d r a g   i m p e l l e r   p r o v i d e d  

in  a c c o r d a n c e   w i t h   an  e m b o d i m e n t   of  t h e   i n v e n t i o n   i n  

g r e a t e r   d e t a i l ;  

F IG .   3  i s   an  e n l a r g e d   v i e w ,   in   e l e v a t i o n ,  

i l l u s t r a t i n g   one  of  t h e   b l a d e s   of  t h e   i m p e l l e r   shown  i n  

FIGS.   1  and   2 ;  

F IG .   4  i s   a  s e c t i o n a l   v i e w   of   one   o f   t h e   b l a d e s  

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

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

s e c t i o n   b e i n g   t a k e n   a l o n g   t h e   l i n e   4-4  i n   F I G .   2;  a n d  

F I G .   5  i s   a  v i e w   s i m i l a r   to   F I G .   2  i l l u s t r a t i n g  

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

R e f e r r i n g   more   p a r t i c u l a r l y   to   F I G .   1,  t h e r e   i s  

shown  a  t a n k   10  w h i c h   may  be  u s e d   f o r   t h e   m i x i n g   of  l i q u i d s ,  

such   as  w a s t e   w a t e r ,   h a v i n g   f i b e r s   in  s u s p e n s i o n .   A  d r a f t  

t u b e   12 ,   h a v i n g   a  c o n i c a l   u p p e r   s e c t i o n   14  and  a  c y l i n d r i c a l  

l o w e r   s e c t i o n   16,   i s   s u s p e n d e d   from  a  beam  18  by  p o s t s   2 0 .  

The  l o w e r   s e c t i o n   may  a l s o   be  d i v e r g i n g .   The  beam  18  a l s o  

c a r r i e s   a  d r i v e   a s s e m b l y   22  i n c l u d i n g   an  e l e c t r i c   m o t o r  

24  and  g e a r i n g   26.   S u i t a b l e   b e a r i n g s   in  t h e   g e a r i n g  

s e c t i o n   26  r o t a t a b l y   s u p p o r t   a  d r i v e   s h a f t   28 .   An  i m p e l l e r  

30  h a v i n g   a  p l u r a l i t y   of  b l a d e   32  i s   c o n n e c t e d   to   a  hub  34 

w h i c h   i s   c o n n e c t e d   to   and  d r i v e n   by  t h e   d r i v e   s h a f t   2 8 .  



The  d r a f t   t u b e   s e c t i o n s   14  and  16  d e f i n e   an  i m p e l l e r   w a y  
36.   When  t h e   s y s t e m   is   u s e d   f o r   m i x i n g   and  a e r a t i n g ,   a  

s p a r g e   r i n g   may  b e  m o u n t e d   b e l o w   t h e   i m p e l l e r   30  in  t h e  

l o w e r   s e c t i o n   16.  A l t e r n a t i v e l y ,   a i r   may  be  i n d u c t e d  

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

d e s c r i b e d   in  U . S .   P a t e n t   No.  4 , 2 3 1 , 9 7 4 .   The  o p e r a t i o n  

and  a d v a n t a g e s   of  t h e   i m p e l l e r   way  36  a r e   d e s c r i b e d   i n  

U . S .   P a t e n t   No.  3 , 4 7 7 , 3 8 2 .   F u r t h e r   i n f o r m a t i o n   r e s p e c t -  

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

o b t a i n e d   f rom  U . S .   P a t e n t   No.  4 , 3 8 5 , 2 0 6 .  

The  i m p e l l e r   34  i s   an  a x i a l   f l o w   i m p e l l e r .  

E a c h   of   t h e   b l a d e s   have   an  a i r f o i l   s h a p e   and  c a u s e   t h e  

l i q u i d   in   t h e   t a n k   to  be  c i r c u l a t e d   t h r o u g h   t he   d r a f t  

t u b e ,   p r e f e r a b l y   d o w n w a r d l y   when  t h e   s y s t e m   is   u s e d   f o r  

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

be  u s e d .   V a n e s   (no t   s h o w n ) ,   f o r   e x a m p l e   as  d e s c r i b e d   i n  

U . S .   P a t e n t   No.  4 , 2 3 1 , 9 7 4 ,   may  be  u s e d   t o   f u r t h e r   d i r e c t  

t h e   f l o w   a x i a l l y   of  t he   i m p e l l e r .   The  i m p e l l e r   has   a  

p l u r a l i t y   o f  b l a d e s ,   t h r e e   b l a d e s   32  b e i n g   u s e d   as  s h o w n  

in  F IG .   2.  Each   of  t he   b l a d e s   i s   i d e n t i c a l   to  t he   o t h e r s .  

They   a r e   m o u n t e d   120°  a p a r t   on  t h e   hub   34  and  may  b e  

w e l d e d   a t   t h e i r   b a s e s   35  to  t h e   hub  3 4 .  

As  shown  in  FIGS.   3  and  4,  e a c h   b l a d e   32  h a s   a n  

a i r f o i l   p r o f i l e .   The  c h o r d   of  t h e   b l a d e   (CL)  i s   m e a s u r e d  

b e t w e e n   i t s   l e a d i n g   edge  38  and  i t s   t r a i l i n g   edge   4 0 .  

The  b l a d e   h a s   c a m b e r   as  m e a s u r e d   b e t w e e n   i t s   m i d l i n e   4 2  

and  c h o r d .   The  b l a d e   a l s o   has   t w i s t ,   as  shown  in  FIG.   3 ,  

in  t h a t   t h e   a n g l e   b e t w e e n   the   c h o r d   and  t h e   l o w e r   s u r f a c e  

of  t h e   b l a d e   i s   g r e a t e r   a t   t h e   b a s e   35  o f   t h e   b l a d e   t h a n  

a t   t h e   t i p   44  t h e r e o f ,   and  may  be  1 0 - 1 8 0   g r e a t e r .   I n  

o r d e r   to   p r o v i d e   f o r   a x i a l   f l o w ,   t h e   c a m b e r   may  h a v e   a  

maximum  l e n g t h   or  v a l u e   of  f rom  a b o u t   4  t o   8  p e r c e n t   o f  

t h e   c h o r d   l e n g t h .   The  l o c a t i o n   of  t h e   maximum  c h a m b e r  

l e n g t h   may  be  f rom  a b o u t   20%  to   a b o u t   60%  of  t h e   c h o r d  

l e n g t h   away  f rom  the   l e a d i n g   e d g e   38  t o w a r d s   t h e   t r a i l i n g  

e d g e   40 .   The  b l a d e   a l s o   has   t h i c k n e s s   b e t w e e n   i t s   u p p e r  



a n d   l o w e r   s u r f a c e s   p r e f e r a b l y   f r o m   a b o u t   6  to   14  p e r c e n t  
of   t h e   c h o r d   l e n g t h .   The  w i d t h   of  t h e   b l a d e   a t   t h e   h u b  

may  be  22-28%  of   t h e   c h o r d   l e n g t h .   The  w i d t h   of  t h e  

b l a d e   a t   t h e   t i p   may  be  14-20%  of  t h e   c h o r d   l e n g t h .   T h e  

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

h o r i z o n t a l   may  be  5 - 2 5 ° .   The  b l a d e   may  be  c o n s t r u c t e d  

f r o m   a  p a i r   of  p l a t e s   46  and  48,  as   shown  in   FIG.   4  w h i c h  

may  be  w e l d e d   t o g e t h e r   n e a r   t he   l e a d i n g   and   t r a i l i n g  

e d g e s .   An  i n s e r t   50  i s   p r o v i d e d   in   a  p o r t i o n   e x t e n d i n g  

a p p r o x i m a t e l y   10  p e r c e n t   o f   t h e   l e n g t h   o f   e a c h   of   t h e  

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

e d g e s   38  and  40  of  e a c h   b l a d e   32.  T h i s   i n s e r t   i s   p r e -  
f e r a b l y   a  body   of  p l a s t i c   m a t e r i a l s   w h i c h   p r e s e n t s   a  

s u r f a c e   h a v i n g   a  low  c o e f f i c i e n t   of  f r i c t i o n .   A  s u i t a b l e  

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

("UHMW").   The  m o l e c u l a r   w e i g h t   o f   t h i s   m a t e r i a l   i s  

a p p r o x i m a t e l y   5  m i l l i o n .   S u i t a b l e   m a t e r i a l   i s   a v a i l a b l e  

f r o m   P o l y - H i / M e n a s h a   C o r p .   u n d e r   t h e   t r a d e   name  TIVARR. 

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

i s   s u i t a b l e ,   f o r   e x a m p l e   a  f l o u r o p o l y m e r   ( s u c h   as  k n o w n  

by  t h e   t r a d e   name  T e f l o n ) .   U l t r a   h i g h   m o l e c u l a r   w e i g h t  

p o l y e t h e l e n e   i s   p r e f e r r e d .  

I t   w i l l   a l s o   be  o b s e r v e d   t h a t   t h e   t i p s   44  o f  

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

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

t u b e ;   e x t e n d i n g   to   t h e   i n n e r   p e r i p h e r y   of   t h e   l o w e r   s e c -  

t i o n   16,  and  s e p a r a t e d   t h e r e f r o m   o n l y   t h e   n e c e s s a r y  
c l e a r a n c e   to  m a i n t a i n   m a n u f a c t u r i n g   t o l e r a n c e s .   The  l e a d -  

i n g   e d g e   38  i s   a l s o   l o n g e r   t h a n   t h e   t r a i l i n g   edge   4 0 .  

The   l e a d i n g   e d g e   has   an  a r c u a t e   s e c t i o n   52  n e a r   t h e   b a s e  

end   35  and  e x t e n d s   to   a  s t r a i g h t   s e c t i o n   54.   The  t r a i l i n g  

e d g e   40  i s   e n t i r e l y   s t r a i g h t .   The  a r c u a t e   s e c t i o n   52  

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

e d g e   can   be  s u f f i c i e n t   so  t h a t   t h e   a n g l e   of   r e p o s e   o f  

f i b e r s   w h i c h   t e n d   to   a c c u m u l a t e   on  t h e   l e a d i n g   edge   i s  

n o t   r e a c h e d .   T h i s   a n g l e   of  r e p o s e   may  be  m e a s u r e d   b e t w e e n  



t h e   l e a d i n g   e d g e   and  r a d i a l   l i n e s   e x t e n d i n g   f rom  t h e   a x i s  

56  of  t he   i m p e l l e r   ( t h e   c e n t e r   l i n e   of  t h e   s h a f t   28  a n d  

hub  3 4 ) .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   a n g l e   i n d i c a t e d  

as ,   6,  in  FIG.  2  b e t w e e n   a  r a d i a l   l i n e   60  in   a  p l a n e  

p e r p e n d i c u l a r   to   t h e   a x i s   56  w h i c h   i n t e r s e c t s   t h e   l e a d i n g  

edge   38  a t   a  p o i n t   62,  w h e r e   t h e   r a d i a l   l i n e   has   a  l e n g t h ,  

RL,  e q u a l   to  70  p e r c e n t   of   t h e   r a d i u s   of  t h e   b l a d e   f r o m  

t h e   t i p   44  to   t h e   a x i s   56 ,   i s   4 0 ° .   T h i s   a n g l e   of  i n c l i n a -  

t i o n ,   6,  may  be  in  a  r a n g e   f r o m   20°  to   60°  d e p e n d i n g   u p o n  
t h e   n a t u r e   of  t h e   f i b e r s   w h i c h   a r e   s u s p e n d e d   in  t h e   l i q u i d  

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

p r o v i d e d   by  t h e   i n s e r t   5 0 .  

In  some  c a s e s ,   in   l i e u   of  s u c h   an  i n s e r t   w i t h  

low  c o e f f i c i e n t   of  f r i c t i o n ,   a  s u f f i c i e n t   i n c l i n a t i o n  

a n g l e   8  w i l l   s u f f i c e .   A l s o ,   i n s t e a d   of  p r o v i d i n g   a n  

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

edge   w i t h   a  low  c o e f f i c i e n t   of   f r i c t i o n ,   t h e   p o r t i o n   m a y  
be  p o l i s h e d .   In  l i e u   of  an  i n s e r t   50  t h e   low  c o e f f i c i e n t  

of  f r i c t i o n   m a t e r i a l   may  be  c o a t e d   or  o t h e r w i s e   b o n d e d  

o n t o   t h e   s u r f a c e .   For   f u r t h e r   i n f o r m a t i o n   on  c o a t i n g  

t e c h n i q u e s   r e f e r e n c e   may  be  had  to   D .P .   W i l l i s ,   J r . ,  

I n c r e a s i n g   L i f e t i m e   w i t h   F l o u r o p o l y m e r   C o a t i n g s ,   A p p l i a n c e  

E n g r .   Vo l .   7,  N o .  1   (1973  and  D.  P.  W i l l i s ,   J r . ,   M a c h i n e  

D e s i g n ,   A p r i l   10,  1980 ,   pp .   1 2 3 - 1 2 7 .  

In  t h e   e v e n t   t h a t   i n c r e a s e d   a n g l e s   of  i n c l i n a -  

t i o n   a r e   d e s i r e d ,   f o r   e x a m p l e   50°  or  more  t h e   i m p e l l e r   30  

may  be  p r o v i d e d   w i t h   b l a d e s   64  of  a  d e s i g n   shown  i n  

FIG.  5.  T h e s e   b l a d e s   may  be  of  a i r f o i l   p r o f i l e   t h e i r  

l e a d i n g   e d g e s   66  a re   s e c t o r s   of  a  c i r c l e .   The  a n g l e   o f  

i n c l i n a t i o n ,   6,  as  in  F IG .   2,  i s   m e a s u r e d   a t   t h e   i n t e r -  

s e c t i o n   62  of  t h e   r a d i a l   l i n e   60  of   l e n g t h   70%  of  t h e  

r a d i u s   to   t h e  t o p   70  of  t h e   b l a d e   w i t h   t h e   l e a d i n g   e d g e  

66.  The  a n g l e   i n c l u d e d   b e t w e e n   t h e   r a d i a l   l i n e   60  and  a  

l i n e   72  t a n g e n t   to  t h e   l e a d i n g   edge   66  a t   t h e   p o i n t   6 8 .  

The  c e n t e r   of  t h e   s e c t o r   i s   shown  a t   68  a l o n g   a  l i n e  

p e r p e n d i c u l a r   to  t a n g e n t   l i n e   7 2 .  



The  t r a i l i n g   e d g e   74  of  t h e   b l a d e   i s   made   up  o f  

two  a r c s ,   one   of   w h i c h   76  i s   a  s e c t o r   of  a  c i r c l e   h a v i n g  

i t s   c e n t e r   a t   68  and  t h e   o t h e r   of  w h i c h   78  i s   a l s o   a  

s e c t o r   of   a  c i r c l e   h a v i n g   i t s   c e n t e r   80  w i t h i n   t h e   b l a d e   6 4 .  

The  p o r t i o n   81  of   t h e   b l a d e   a d j a c e n t   t h e   l e a d i n g  

e d g e   66  may  be  p r o v i d e d   by  an  i n s e r t   of  low  c o e f f i c i e n t  

of  f r i c t i o n   m a t e r i a l ,   s i m i l a r   to   t h e   i n s e r t   50.   The  o t h e r  

t e c h n i q u e s   m e n t i o n e d   a b o v e ,   f o r   p r o v i d i n g   low  c o e f f i c i e n t  

of  f r i c t i o n   in  t h e   s u r f a c e s   o f   t he   p o r t i o n   81,  m a y  

a l t e r n a t i v e l y   be  u s e d .  

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

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

w h i c h   a x i a l   f l o w   f o r   c i r c u l a t i o n   dnd  m i x i n g   of   l i q u i d s  

is  p r o v i d e d   w i t h o u t   t h e   d e r r o q a t  i o n   of  e f f i c i e n c y   a n d  

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

l i q u i d   b e i n g   c i r c u l a t e d   and  m i x e d .   V a r i a t i o n s   and   m o d i f i -  

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

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

d e s c r i p t i o n   s h o u l d   be  t a k e n   as   i l l u s t r a t i v e   and  n o t   in  a  

l i m i t i n g   s e n s e .  



1.  The  m e t h o d   of  m i x i n g   in  a  t a n k   l i q u i d s   c o n t a i n i n g  
f i b e r s   s u s p e n d e d   t h e r e i n   w i t h   t h e   a i d   of   an  i m p e l l e r   h a v i n g  

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

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

i n g   s a i d   l i q u i d   t h r o u g h   s a i d   t a n k   (10)   a l o n g   a  f l o w   p a t h   w h i c h  

e x t e n d s   a x i a l l y   o f   s a i d   i m p e l l e r   ( 3 0 ) ,   and  d e c r e a s i n g   t h e  

a d h e s i o n   of  s a i d   f i b e r s   a l o n g   t h e   l e a d i n g   e d g e   (38)  of  s a i d  

i m p e l l e r   (30)  t h e r e b y   p r e v e n t i n g   i n c r e a s e d   d r a g   and  r e d u c e d   l i f t  

on  s a i d   i m p e l l e r   (30)  due  to   a c c u m u l a t i o n   of   s a i d   f i b e r s   o n  
s a i d   l e a d i n g   e d g e   (38)  as  s a i d   i m p e l l e r   (30)  r o t a t e s .  

2.  The  m e t h o d   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   a d h e s i o n  

i s   d e c r e a s e d   by  u se   of  an  i m p e l l e r   (30)  m o d i f i e d   by  i n c l i n i n g  

s a i d   l e a d i n g   e d g e   (38)  w i t h   r e s p e c t   to   r a d i a l   l i n e s   ( 6 0 )  

e x t e n d i n g   p e r p e n d i c u l a r l y   from  t h e   a x i s   (56)  of  s a i d   i m p e l l e r  

(30)   s u f f i c i e n t l y   to  be  g r e a t e r   t h a n   t h e   a n g l e   of  r e p o s e   of  s a i d  

f i b e r s   on  s a i d   i m p e l l e r   (30)  as  s a i d   i m p e l l e r   (30)  r o t a t e s .  

3.  The  m e t h o d   a c c o r d i n g   to   c l a i m   1  or  2,  w h e r e i n   s a i d  

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

of   s a i d   i m p e l l e r   (30)  a l o n g   a  p o r t i o n   e x t e n d i n g   a t   l e a s t   10% 

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

s a i d   l e a d i n g   e d g e   (38)  to   s a i d   t r a i l i n g   e d g e   (40)  b e l o w   t h e  

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

4.   A p p a r a t u s   f o r   c i r c u l a t i n g   l i q u i d s   h a v i n g   f i b e r s  

s u s p e n d e d   t h e r e i n   in  a  t a n k   w h i c h   c o m p r i s e s   a  d r a f t   t u b e   ( 1 2 )  

d i s p o s e d   in  s a i d   t a n k   ( 1 0 ) ,   a  s h a f t   ( 2 8 ) ,   an  a x i a l   f l o w   i m p e l l e r  

(30)   h a v i n g   a  p l u r a l i t y   of  b l a d e s   ( 3 2 ) ,   s a i d   i m p e l l e r   ( 3 0 )  

b e i n g   d i s p o s e d   in  s a i d   d r a f t   t u b e   (12)   on  s a i d   s h a f t   ( 2 8 ) ,  

s a i d   s h a f t   (28)  and  s a i d   i m p e l l e r   (30)   b e i n g   c o a x i a l   w i t h   s a i d  

t u b e   ( 1 2 ) ,   s a i d   b l a d e s   (32)  h a v i n g   o p p o s i t e   e d g e s   one   of  w h i c h  

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

( 3 8 ) ,   b e i n g   i n c l i n e d   w i t h   r e s p e c t   t o   r a d i a l   l i n e s   (60)  f r o m  

t h e   a x i s   (56)  of  s a i d   i m p e l l e r   (30)   in   p l a n e s   p e r p e n d i c u l a r  

t o   s a i d   a x i s   (56)  a t   a n g l e s   g r e a t e r   t h a n   t h e   a n g l e   of   r e p o s e  
of   s a i d   f i b e r s   on  s a i d   i m p e l l e r   (30)   as   s a i d   i m p e l l e r   ( 3 0 )  

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



d i r e c t i o n   a x i a l l y   of  s a i d   i m p e l l e r   (30)  t h r o u g h   s a i d   d r a f t  

t u b e   (12)   t h e r e b y   p r e v e n t i n g   t h e   a c c u m u l a t i o n   of  s a i d   f i b e r s  

on  s a i d   l e a d i n g   e d g e   (38)  and  t h e   i n c r e a s e   of   d r a g   on  s a i d  

i m p e l l e r   (30)   w h i c h   p r e v e n t s   t h e   r o t a t i o n   t h e r e o f   a t   s u f f i c i e n t  

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

a p p l i e d   t o   r o t a t e   s a i d   s h a f t   ( 2 8 ) .  

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

b e t w e e n   t h e   one   o f   s a i d   r a d i a l   l i n e s   (60)  w h i c h   i n t e r s e c t s   s a i d  

l e a d i n g   e d g e s   (38)  w h e r e   s a i d   one  r a d i a l   l i n e s   (60)  a r e   70% 

of  t h e   r a d i u s   f r o m   t h e   a x i s   (56)  of  s a i d   i m p e l l e r   (30)  to   t h e  

t i p s   of   s a i d   b l a d e s   (32)  a r e   f rom  20°  t o   6 0 ° .  

6.  The  a p p a r a t u s   a c c o r d i n g   t o   c l a i m   5,  w h e r e i n   s a i d  

t r a i l i n g   e d g e s   (40)   of  s a i d   b l a d e s   (32)  d e f i n e   a n g l e s   w i t h  

r a d i a l   l i n e s   f rom  t h e   a x i s   (56)  of  s a i d   i m p e l l e r   in  p l a n e s  

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

(40)  w h i c h   l a s t   named   a n g l e s   a r e   s m a l l e r   t h a n   s a i d   a n g l e s   b e t w e e n  

s a i d   l e a d i n g   e d g e s   (38)  and  s a i d   r a d i a l   l i n e s   w h i c h   i n t e r s e c t  

s a i d   l e a d i n g   e d g e s   ( 3 8 ) .  

7.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   5,  w h e r e i n   in  p r o f i l e  

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

4%  to  8%  o f   t h e   l e n g t h   of   t h e   c h o r d   of  s a i d   b l a d e s   (32)  b e t w e e n  

s a i d   l e a d i n g   (38)  and  t r a i l i n g   (40)  e d g e s   t h e r e o f   and  s a i d  

maximum  t h i c k n e s s   i s   f r o m   6%  to   12%  of  s a i d   c h o r d   l e n g t h ,   a n d  

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

to   s a i d   a x i s   (56)  i s   g r e a t e r   a d j a c e n t   to   s a i d   hub  t h a n   a d j a c e n t  

t o   s a i d   t i p s   of   s a i d   b l a d e s   (32)  and  v a r i e s   t h e r e b e t w e e n .  

8.  The  a p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   4  to   7 ,  

w h e r e i n   s a i d   b l a d e s   (32)  h a v e   o p p o s i t e   s u r f a c e s   p o r t i o n s   o f  

w h i c h   e x t e n d i n g   f rom  s a i d   l e a d i n g   e d g e s   (38)  t o   s a i d   t r a i l i n g  

e d g e s   (40)   a r e   of   m a t e r i a l   (50)  h a v i n g   l o w e r   c o e f f i c i e n t   o f  

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

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

p o r t i o n s   a r e   p r o v i d e d   by  i n s e r t s   (50)  w h i c h   d e f i n e   s a i d   l e a d i n g  

e d g e s   (38)   and  p r o v i d e   s a i d   s u r f a c e s .  

10.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   9,  w h e r e i n   s a i d  

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