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©  Mixing  apparatus. 

Apparatus  for  mixing  fluids  comprises  a  housing  (10) 
affording  a  substantially  annular  mixing  chamber  (15),  and 
an  annular  rotor  (20)  mounted  for  rotation  in  the  mixing 
chamber,  outwardly  extending  individual  passages  (19) 
being  located  in  the  rotor,  the  inlets  to  the  passages  in  the 
rotor  being  disposed  (55)  adjacent  its  axis  of  rotation,  the 
passages  in  the  rotor  leading  from  the  said  inlets  to  the 
periphery  of  the  rotor  (36)  and  emerging  therethrough,  the 
median  line  (152)  through  each  passage  in  a  plane  perpendi- 
cular  to  the  axis  of  the  rotor  intersecting  the  circle  around  the 
axis  of  the  rotor on  which  the  inlet  to  the  said  passages  lies  at 
a  point  A  and  making  a  rearward  angle  with  the  radius  of  the 
rotor  which  passes  through  the  said  point  A  for that  passage. 
An  inlet  chamber  (49, 53)  communicates  with  the  inlets  in  the 
rotor  adjacent  the  axis  of  rotation  of  the  rotor,  the  inlet 
chamber  being  provided  with  inlet  means  for  the  fluids  to  be 
mixed.  The  mixing  chamber  has  a  circular  outer  wall  (37) 
extending  around  a  major  proportion  of  its  circumference 
with  a  small  clearance  with  the  periphery  of  the  rotor. 



The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h   a p p a r a t u s  

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

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

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

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

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

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

p e t r o l e u m   f u e l s ,   s u c h   as  d i e s e l   f u e l s   o r   h i g h e r  

d i s t i l l a t e s .  

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

r e f e r r e d   to   as  an   e m u l s i f i e r .  T h e   e m u l s i f i e r   h a s   b e e n  

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

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

t h e   s u p p l y   of   f u e l   t o   d i e s e l   e n g i n e s ,   t o   gas   t u r b i n e s  

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

O u r   e a r l i e r   B r i t i s h  P a t e n t   No.  1 5 7 2 6 9 8   d i s c l o s e s  

an  e m u l s i f i e r   by  w h i c h , b y   m e c h a n i c a l   m e a n s   a l o n e ,  

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

and   o i l   can   be  p r o d u c e d .  

I n v e s t i g a t i o n s   s i n c e   t h e   f i l i n g   of   t h a t   a p p l i c a -  

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

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

t h e   w a t e r   h a s   b e e n   m i x e d .  

S u b s e q u e n t   w o r k   h a s   c o r r o b o r a t e d   t h a t   t h e   d e v i c e  

i s   e f f e c t i v e   in   m i x i n g   w a t e r   and  a  w i d e   r a n g e   o f  

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

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

a l s o   be  e m u l s i f i e d .  

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

i m p r o v e m e n t   o v e r   t h e   e m u l s i f i e r   shown  i n   o u r   e a r l i e r  



P a t e n t   No.  1 5 7 2 6 9 8 .  

A c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   a p p a r a t u s  

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

s u b s t a n t i a l l y   a n n u l a r   m i x i n g   c h a m b e r ,   an  a n n u l a r  

r o t o r   m o u n t e d   f o r   r o t a t i o n   in   t h e   m i x i n g   c h a m b e r ,  

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

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

r o t o r   b e i n g  d i s p o s e d   a t   o r   a d j a c e n t  i t s   a x i s   o f  

r o t a t i o n ,   t h e   p a s s a g e s   in  t h e   r o t o r   e x t e n d i n g   r e a r -  

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

t h e   r o t o r   and  e m e r g i n g   t h e r e t h r o u g h .  

The  i n v e n t i o n  m a y   i n c l u d e   a n y  o n e   or  more   o f  

t h e   f o l l o w i n g   f e a t u r e s   in   any  c o m b i n a t i o n .   T h e  

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

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

i n l e t ,   w h i c h   i s  i n   t h e   r a n g e   up  to   35°  e . g .   1°  t o  
30°  o r   5  to   300  or   20  to   2 5 ° .   An  i n l e t   c h a m b e r  

d i s p o s e d   a t   or  a d j a c e n t   t h e   a x i s   of  r o t a t i o n   of   t h e  

r o t o r   may  c o m m u n i c a t e   w i t h   t h e   i n l e t s   in  t h e   r o t o r .  

The  i n l e t   c h a m b e r   may  be  p r o v i d e d   w i t h   i n l e t  

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

c h a m b e r   may  h a v e   a  c i r c u l a r   o u t e r   w a l l   e x t e n d i n g  

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

f e r e n c e   p r e f e r a b l y   w i t h   a  c l e a r a n c e   b e t w e e n   t h e  

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

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

a b l y   i n t o  a  s p i r a l  s h a p e   s o   a s   t o  d e f i n e  a   p r e f e r -  

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

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

c h a m b e r   and  t h e   p e r i p h e r y   of   t h e   r o t o r ,   t h e   o u t l e t  



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

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

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

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

s u r f a c e ,   t h e   r a t i o   of  t h e  r a d i a l   d i s t a n c e   f rom  t h e  

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

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

in   t h e   r a n g e   of   0 . 4 : 1   to   0 . 9 : 1 .  

The  r a t i o   of   t h e   r a d i u s  o f   t h e   r o t o r   to   t h e  

c l e a r a n c e   b e t w e e n   t h e   p e r i p h e r y   o f   t h e   r o t o r   a n d  

t h e   c i r c u l a r   p o r t i o n ,  p f   t h e   o u t e r  w a l l   of  t h e  

m i x i n g   c h a m b e r  i s   p r e f e r a b l y   a t   l e a s t   2 0 0 : 1 .  

The  r a d i a l   p a s s a g e s   p r e f e r a b l y  h a v e   a t   l e a s t  

one  c o n s t r i c t i o n   i n t e r m e d i a t e   t h e i r   e n d s .   In  o n e  

p r e f e r r e d   f o r m   of  t h e   i n v e n t i o n ,   4  t o   20  r a d i a l  

p a s s a g e s   a r e   p r o v i d e d .   In  one   f o r m   of   t h e   i n v e n -  

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

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

a  d i v e r g e n t   o u t l e t   p o r t i o n .  

The  p a s s a g e s   may  e a c h   c o m p r i s e   a  V - s h a p e d  

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

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

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

s i d e d   t h r o a t   p o r t i o n   i n t e r c o n n e c t i n g   t h e   V - s h a p e d  

i n l e t   end   and  t h e   V - s h a p e d   o u t l e t   end  of   e a c h  

p a s s a g e .  



The  V - s h a p e d   i n l e t   end   p r e f e r a b l y   f o r m s   a n  

i n c l u d e d   a n g l e   o f   40  t o   80°   and   t h e   V - s h a p e d  

o u t l e t   end   p r e f e r a b l y   f o r m s   an  i n c l u d e d   a n g l e   o f  

10  t o   4 0 0 .  

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

a b l y   0 . 6   t i m e s   t h e   r a d i u s   o f   t h e   r o t o r .  

The  p a s s a g e s   may  be  o p e n   a t   one  f a c e   o f   t h e  

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

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

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

The   r o t o r   may  be  g e n e r a l l y   c o n i c a l   t o   e n a b l e  

t h e   a r e a   o f   t h e   i n l e t   t o   a  p a s s a g e   to   be  a b o u t  

e q u a l   t o   t h e   a r e a   of   t h e   o u t l e t .   T h e  i n v e n t i o n  

a l s o   e x t e n d s   t o   t h e   r o t o r   p e r   s e .  



The  i n v e n t i o n   may  be  p u t   i n t o   p r a c t i c e   in  v a r i o u s  

ways   and  two  s p e c i f i c   e m b o d i m e n t s w i l l   be  d e s c r i b e d   t o  

i l l u s t r a t e   t h e   i n v e n t i o n   w i t h   r e f e r e n c e   t o   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 i g u r e   1  i s   a  f l o w   d i a g r a m   of   a  f u e l   s u p p l y  

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

f u e l   i n j e c t i o n   e n g i n e ;  

F i g u r e   2  i s   a  l o n g i t u d i n a l   c r o s s - s e c t i o n   of   a  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   3  i s   a  c r o s s - s e c t i o n  o n  t h e   l i n e   I I I - I I I   o f  

F i g u r e   2,  on  a  r e d u c e d   s c a l e ,   s h o w i n g   t h e   m i x i n g  

c h a m b e r   a n d ,   d i a g r a m m a t i c a l l y ,   t h e  o u t l i n e   of  t h e - r o t o r ;  

F i g u r e s   4  and  6  are  c r o s s - s e c t i o n s   on  the  l i n e   IV-IV  o f  

F i g u r e   5,  on  an  e n l a r g e d   s c a l e   s h o w i n g   in   d e t a i l   t h e  

s h a p e   of   t h e   p a s s a g e s   in  two  f o r n s o f   t h e   r o t o r ;   a n d  

F i g u r e   5  i s   a  c r o s s - s e c t i o n   of   F i g u r e s   4  and  6 

on  t h e   l i n e   V - V .  

R e f e r r i n g   now  to   F i g u r e  1   r e f e r e n c e   100  d e n o t e s  

t h e   f u e l   i n j e c t i o n   s y s t e m   of   t h e   e n g i n e ,   101  b e i n g   t h e  

i n l e t   l i n e   t h e r e t o   and  102  b e i n g   t h e   o u t l e t   t h e r e f r o m  

t o   t h e   h i g h   s p i l l   r e t u r n   l i n e   1 0 3 .  

The  i n l e t   101  t o   t h e   i n j e c t o r   100  i s   f e d   by  a  

l i n e   104  and  m a i n   f u e l   pump  105.   The  m a i n   f u e l   p u m p  

105  d r a w s  i n   t h e   f u e l   and  w a t e r   e m u l s i o n   v i a   a  l i n e   1 0 7  

f r o m   an  e m u l s i f i e r   106  of  a p p r o p r i a t e   t y p e   s u c h   as  t h a t  

d e s c r i b e d   b e l o w   w i t h   r e f e r e n c e   to   F i g u r e s   2  t o   5 .  

The  e m u l s i f i e r   i s   f e d   w i t h   f u e l   f r om  a  f u e l   t a n k  

110  h a v i n g   a  f i l t e r   111  in  i t s   o u t l e t   by  a  l i f t   p u m p  

112  v i a   a  f u r t h e r   f i l t e r   113  and  a  l i n e   1 1 4 .  



The  e m u l s i f i e r   i s   f e d   w i t h   w a t e r   f rom  a  w a t e r  

s u p p l y   120  v i a   a  f i l t e r   121  and  a  l i n e   122 .   The  w a t e r  

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

t h e   e n g i n e   e . g .   by  i t s   w a t e r   p u m p , o r   may  be  a  c o n s t a n t  

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

The  s p i l l   r e t u r n   l i n e   p a s s e s   t h r o u g h   a  c o o l e r   1 3 0  

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

i n l e t   131-and  o u t l e t   132 .   The  c o o l e d   s p i l l   r e t u r n   t h e n  

p a s s e s   v i a   a  l i n e   133  t o   t h e   s m o o t h i n g   m e a n s   w h i c h   a r e  

shown  as  a  t a n k   140  h a v i n g   a  v e n t   141  to   a t m o s p h e r e .  

The  s m o o t h e d   s p i l l   r e t u r n   t h e n   p a s s e s   by  t h e   l i n e   142  t o  

t h e   e m u l s i f i e r   1 0 6 .  

The  s t r u c t u r e   o f  a   p r e f e r r e d   fo rm  of   e m u l s i f i e r  i n  

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   w i l l   now  be  d e s c r i b e d .  

The  e m u l s i f i e r   shown  in  F i g u r e s   2  t o   5  c o n s i s t s   o f  

an  i n l e t   c h a m b e r   h o u s i n g   10  and  a  s e a l   h o u s i n g   11  

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

The  h o u s i n g s   10  and  11  b e t w e e n   them  p r o v i d e   a  m i x i n g  

c h a m b e r   15  and  a  s e a l   c h a m b e r   35.  L o c a t e d   in   t h e   m i x i n g  

c h a m b e r   15  f o r   f r e e   r o t a t i o n   t h e r e i n   i s   a  r o t o r   20 

h a v i n g   r a d i a l   p a s s a g e s   19,  t h e   r o t o r   b e i n g   s u p p o r t e d   o n  

a  d r i v e   s h a f t   21  w h i c h   e x t e n d s   ou t   t h r o u g h   a  m e c h a n i c a l  

s e a l   23  and  t h e   s e a l   h o u s i n g   11  to   an  e x t e r n a l   d r i v e  

m o t o r   2 4 .  

The  s e a l   23  i s   l o c a t e d   w i t h i n   t h e   s e a l   c h a m b e r   35 

f o r m e d   b e t w e e n   t h e   s e a l   h o u s i n g   11  and  i n l e t   c h a m b e r  

h o u s i n g   10.  The  s e a l   c h a m b e r   35  i s   s e p a r a t e d   f r o m ' t h e  

m i x i n g   c h a m b e r   15  by  t h e   r o t o r   20  e x c e p t   f o r   a  s m a l l  

c l e a r a n c e ,   C,  b e t w e e n   t h e   o u t e r   edge   of  t h e   r o t o r   a n d  

t h e   i n n e r   p e r i p h e r a l   w a l l   37  of  t h e   m i x i n g   c h a m b e r   1 5 .  



L i q u i d s   may  be  p r e v e n t e d   f rom  p a s s i n g   d i r e c t l y  

t h r o u g h   i n t o   t h e   c h a m b e r   35  by  t h e   p r o v i s i o n   of  a  

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

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

h o u s i n g   11  and   w h i c h   p r o v i d e s  a  c o o l i n g   e f f e c t   f o r  

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

t h e   c h a m b e r   15.   The  h o u s i n g   10  p r o v i d e s   an  i n l e t  

c h a m b e r   5 0  w h i c h   i s   f e d   by  t h r e e   i n l e t   p a s s a g e s ,   a  

w a t e r   i n l e t   p a s s a g e   51,   a  f u e l   i n l e t   p a s s a g e   5 2  a n d  

a  s p i l l   r e t u r n   p a s s a g e   ( n o t   s h o w n ) .   E a c h   s u p p l y  

l i n e   1 1 4 ,  1 2 2 ,   and   142  t o   t h e s e . p a s s a g e s  i s   p r e f e r -  

a b l y   p r o v i d e d   w i t h   a n  o n - o f f   v a l v e   ( h o t   s h o w n )  

a d j a c e n t   t h e   e m u l s i f i e r .  

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

d i s c   s h a p e d   c h a m b e r   5 3  a t   t h e   c o n f l u e n c e   o f   t h e  

p a s s a g e s   51  and   5 2 ,  p l u s   a  c y l i n d r i c a l   c h a m b e r   49  

l o c a t e d   b e t w e e n   t h e   c e n t r a l   end   f a c e   54  o f   t h e   r o t o r  

20,   a  w a l l   55  i n t o   w h i c h   t h e   i n n e r   e n d s   o f   t h e  

p a s s a g e s   19  o p e n   and   a  f a c e   56  of   t h e   c h a m b e r   5 3 .  

The  m i x i n g   c h a m b e r   15  i s   d e f i n e d   as  b e i n g  

b o u n d e d   by  a  f r o n t   w a l l   60,   a n  i n n e r   w a l l  6 1   e x t e n -  

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

to   t h e   l o n g i t u d i n a l   a x i s   of  t h e   d e v i c e ,   an  i n c l i n e d  

w a l l   62  j o i n i n g   t h e   i n n e r   w a l l  6 1   to   an  o u t e r   s i d e  

w a l l ,   of  w h i c h   p a r t ,   37,  i s   c y l i n d r i c a l   and   p a r t ,  

6 6 ,  i s   on  a  s p i r a l ,   and  a  p l a n e   64  e x t e n d i n g   a c r o s s  

t h e   a x i s   of   t h e   h o u s i n g   10  p a r a l l e l   to   t h e   f r o n t  

w a l l   60  f r o m   t h e   r e a r   w a l l   63  of  t h e   p a r t   66  of   t h e  

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

o u t l e t   p a s s a g e   65  d i s p o s e d   t a n g e n t i a l l y   t o   t h e   r o t o r  



( s e e   a l s o   F i g u r e   3)  a n d   t r a n s v e r s e   to   i t s   a x i s .  

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

2 4 0 °   and   t h e   s p i r a l   w a l l   66  e x t e n d s   o u t w a r d l y   f rom  t h e  

p o i n t   70  t o   t h e   o u t e r   e d g e  o f   t h e   o u t l e t   p a s s a g e   6 5 .  

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

r e g i o n   e x t e n d i n g   f r o m   p o i n t   70  t o   t h e   l i n e   72  a c r o s s  

t h e   o p e n i n g   65.   The  m i x i n g   c h a m b e r   i s   l a r g e l y   o c c u p i e d  

by  t h e   r o t o r   2 0 .  

The  c l e a r a n c e ,   C,  b e t w e e n   t h e   w a l l   37  and  t h e  

o u t e r   s p a c e   o f   t h e   r o t o r   i s   p r e f e r a b l y   a t   l e a s t   0 . 0 0 1 "  

e . g .   0 . 0 0 1 "   t o   0 . 0 7 0 " ,   e . g .   0 . 0 2 0   t o   0 . 0 6 0   a n d  

e s p e c i a l l y   0 . 0 4 5   t o   0 . 0 5 5   i n c h e s   (1 .1   t o   1 .4   m m s ) :  

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

f l a t   o u t e r   w a l l   66  as  shown  in  F i g u r e   3.  H o w e v e r ,   o n e  

c o n v e n i e n t   way  of   m a k i n g   t h i s   p a r t   of   t h e   h o u s i n g   i s  

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

c i r c u l a r   o u t l e t   o p e n i n g   65  t a n g e n t i a l l y   t o   t h e   c i r c u l a r  

c h a m b e r   down  t o   t h e   p o i n t   78.   One  can   t h e n   p i c k   o u t  

t h e   r e g i o n   15  w i t h   a  m i l l i n g   m a c h i n e   f r o m   a  l i n e   72  d o w n  

t o   t h e   p o i n t   70  so  as   t o   s m o o t h   o u t   t h e   t r a n s i t i o n  

b e t w e e n   t h e   h o l e   65  and   t h e   c i r c u l a r   w a l l   37  o f   t h e  

m i x i n g   c h a m b e r   to   f o r m   t h e   c u r v e d   r e g i o n   e x t e n d i n g   f r o m  

t h e   l i n e   7 2  t o   t h e   p o i n t   70.   In  t h i s   a r r a n g e m e n t ,   t h e  

w a l l   66  n e e d   n o t   be  f l a t .   The  maximum  c l e a r a n c e ,   C 2 ,  

b e t w e e n   t h e   w a l l   66  and   t h e   p e r i p h e r y   of   t h e   r o t o r   a t  

t h e   p o i n t   78  i s   many  t i m e s   t h a t   of  t h e   c l e a r a n c e   C 

b e t w e e n   t h e   w a l l   37  and   t h e   r o t o r   and  t h e   r a t i o   C 2 / C  

i s   p r e f e r a b l y   a t   l e a s t ' 1 0 : 1   and  more   d e s i r a b l y   a t   l e a s t  

5 0 : 1   o r   1 0 0 : 1   and  p a r t i c u l a r l y   in   t h e   r a n g e   50 :1   t o  

2 0 0 : 1   or   5 0 0 : 1 .  



R e f e r r i n g   now  to   F i g u r e s   4  and  5  w h i c h   show  t h e  

r o t o r   20,   t h e   r o t o r   h a s   a  b a s e   80  s e c u r e d   t o   or  f o r m e d  

on  a  r o t o r   s h a f t   81  s l e e v e d   a t   82  t o   s u i t   t h e   d r i v e  

s h a f t   of   t h e   m o t o r   24 ,   and  h a v i n g   a  c l e a r a n c e   h o l e   8 3  

f o r   t h e   end  f i x i n g   of   t h e   d r i v e   s h a f t   w h i c h   may  be  a  

b o l t   85  and  w a s h e r   86  ( s e e   F i g u r e   2 ) .   The  r o t o r   a l s o  

has   a  g e n e r a l l y   c o n i c a l l y   s h a p e d   t o p   p o r t i o n   87  in   w h i c h  

e i g h t   o u t w a r d l y   e x t e n d i n g   p a s s a g e s   19  a r e   f o r m e d   e . g .  

b y  m i l l i n g   o r   c a s t i n g .   The  t o p   87  i s   s e c u r e d   t o   t h e  

b a s e   80  by  f o u r   e q u i s p a c e d   s c r e w s   88  ( s ee   F i g u r e   5 )  

p a s s i n g   t h r o u g h   h o l e s   in   t h e   b a s e   88  i n t o   t a p p i n g s   i n  

t h e   t o p   87.  In  an  a l t e r n a t i v e - a r r a n g e m e n t   t h e   b a s e   80  

and  t h e   p o r t i o n s   77  a r e   i n t e g r a l l y   f o r m e d   and  t h e   p o r t i o n  

i n d i c a t e d   by  87  and  c r o s s   h a t c h e d   i n  F i g u r e   4  i s   s c r e w e d  

to   t h e   b a s e   by  t h e   s c r e w s   88.   The  p e r i p h e r y   of   t h e   r o t o r  

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

k n u r l i n g   90  as  i l l u s t r a t e d   d i a g r a m m a t i c a l l y   in  F i g u r e   5 

f o r   one  v a n e   77.   The  k n u r l i n g   i s   p r e f e r a b l y   a  c r i s s -  

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

a t   45°  t o   e a c h   o t h e r   e a c h   g r o o v e   h a v i n g   a  maximum  d e p t h  

of   0 . 0 1 0   i n c h e s   ( 0 . 2 5   mms)  and  a  maximum  w i d t h   of   0 . 0 1 5  

i n c h e s   ( 0 . 3 8   mms)  and  a d j a c e n t   p a r a l l e l   g r o o v e s   b e i n g  

a t   l e a s t   0 . 0 2 0   i n c h e s   ( 0 . 5 1   mms)  a p a r t .   More  b r o a d l y  

t h e   d e p t h s   o f   t h e   g r o o v e s   can  v a r y   f rom  0 . 0 1   p r e f e r a b l y  

0 .1   t o   0 . 2 5   mm,  and   t h e   w i d t h s   of   t h e   g r o o v e s   f rom  0 . 0 2  

to   0 .4   mms  e . g .   0 . 2   t o   0 . 3 5   mms  and  t h e   s e p a r a t i o n   o f  

a d j a c e n t   p a r a l l e l   g r o o v e s   can  v a r y   f rom  0 .5   to   2  m m s ,  

e . g .   0 .5   t o   1  mm. 

The  r o t o r   has   a  d i a m e t e r   3  D 1 , w h e r e   t h e   d i a m e t e r   o f  

t h e   c i r c l e   150  ( w h i c h   d e f i n e s   t h e   w a l l   55 

.  on   w h i c h   t h e   i n l e t s   to   t h e   p a s s a g e s   19  l i e )  i s   D 1 .  

The  p a s s a g e s   19  e a c h   h a v e   an  i n l e t   a x i a l   l e n g t h   ( I A L )  

of   A  and  an  o u t l e t   a x i a l   l e n g t h   (OAL)  of  a b o u t   0 .5   A 

w h e r e   A  =  3 /8   (D1) .   The  V - s h a p e d   i n l e t   r e g i o n   172  h a s  



a  r a d i a l   l e n g t h   (IRL)  of   a b o u t   0 . 0 9   Dl ,   t h e   o u t l e t  

r e g i o n   has   a  r a d i a l   l e n g t h   (ORL)  of  a b o u t   0 .9   D1,  w h i l s t  

i t s   l e n g t h   (OML)  a l o n g   t h e   m e d i a n   l i n e   152  of   t h e  

p a s s a g e   ( s e e   F i g u r e   5)  i s   a b o u t   1 .05   D 1 .  

The  m e d i a n   l i n e   152  o f   t h e   p a s s a g e   i s   c o n s t r u c t e d  

by  j o i n i n g   t h e   mid  p o i n t s  o f   t h e   c h o r d s   153  and  1 5 4  

d r a w n   a c r o s s   t h e   i n l e t   ( w h i c h   Ls  on  t h e   c i r c l e   1 5 0  

w h i c h   d e f i n e s   t h e   i n l e t   w a l l   55)  and  t h e   o u t l e t  t o  

t h e   p a s s a g e   r e s p e c t i v e l y .  

The  a n g l e   (AM)  b e t w e e n   t h e   m e d i a n   l i n e   and  t h e  

r a d i u s   t h r o u g h   t h e   p o i n t   A,  t h e   mid  p o i n t   of   t h e   c h o r d  

153 ,   i s   p r e f e r a b l y   from 15°-20°  to   2 5 ° - 3 0 ° ,  e s p e c i a l l y   a b o u t  

2 2 . 5 ° .  

The  r o t o r   a l s o   h a s   an  i n l e t   c o l l a r   155  a t   i t s   i n p u t  

e n d ,   t h e   r a d i a l   e x t e n t   of   w h i c h   i s   a b o u t   3  D 1 / 2 0 .  

The  d u c t s   or   p a s s a g e s   19  a r e   i n c l i n e d   b a c k w a r d l y  

i n   t h e   s e n s e   of  t h e   d i r e c t i o n   of   r o t a t i o n   of   t h e   r o t o r  

( a r r o w   157  in  F i g u r e   5 ) .   The  p a s s a g e s   a r e   t h u s   a s  y m m e -  

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

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

of   t h e   d e v i c e   in  u s e .  

The  d u c t s   19  a r e   a l s o   c o n v e r g e d   in   t h e   d i r e c t i o n   o f  

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

i n l e t   w a l l   55  t o   t h e   o u t l e t   w a l l   36.  The  a n g l e   AA  o f  

t h i s   c o n v e r g e n c e   i s   a b o u t   1 5 ° ;  m o r e   b r o a d l y   i t   may  b e  

in  t h e   r a n g e   10°  to   2 0 ° .   P r e f e r a b l y   t h e   r o t o r   i s  

a r r a n g e d   so  t h a t   t h e   r a t i o   of   IAL  to  OAL  l i e s   in   t h e  

r a n g e   0 . 2 : 1   to   0 . 8 : 1   e . g .   0 . 3 : 1   to   0 . 7 : 1   e s p e c i a l l y  

0 . 4 : 1   to   0 . 6 : 1 .  

The  r a t i o   of  t h e   l e n g t h   of   t he   p a s s a g e s   19  a s  

m e a s u r e d   a l o n g   t h e   m e d i a n   l i n e   152  to   t h e   d i a m e t e r   o f  

t h e   r o t o r   i s   p r e f e r a b l y   in  t h e   r a n g e   0 . 6 : 1   to   1 . 3 5 : 1  



e . g .   0 . 7 5 : 1   t o   1 . 2 : 1   o r   e s p e c i a l l y   0 . 9 6 : 1   t o   1 . 1 1 : 1 .  

The  a x i a l   c o n v e r g e n c e   i s   d e s i g n e d   to   e n s u r e   t h a t  

t h e   f l o w   a r e a   a t   t h e   i n l e t   to  e a c h   p a s s a g e   19  i s   c l o s e l y  

t h e   same  and  p r e f e r a b l y   v i r t u a l l y   t h e   same  as  t h e   f l o w  

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

t o   t h e   r o t o r .   Thus   t h e   r a t i o   of  i n l e t   f l o w   a r e a   IFA  t o  

t h e   o u t l e t   f l o w   a r e a . O F A   i s   d e s i r a b l y   in   t h e   r a n g e  

0 . 8 : 1   t o   1 . 2 : 1   and  e s p e c i a l l y   in  t h e   r a n g e   0 . 9 : 1   t o  

1 . 1 : 1   and  p a r t i c u l a r l y   i n   t h e   r a n g e   0 . 9 5 : 1   to   1 . 0 5 : 1 .  

The  d i m e n s i o n   A  i s   p r e f e r a b l y   r e l a t e d   to   t h e  

d i a m e t e r   D1  of   t h e   r o t o r e y e ,   t h e  c i r c l e   150  on  w h i c h  

t h e   r o t o r   i n l e t s   l i e ,   by  t h e   e q u a t i o n :  

W i t h   a  r o t o r   in   w h i c h   D1  =  1 .5  i n c h e s   ( 3 . 8   cms)  t h e  

d e v i c e   can   d e l i v e r   a  f l o w ,   F,  of  up  to   300  g a l l o n s  

( I m p e r i a l ) / h o u r   of  e m u l s i o n   w i t h   a  p o w e r   r e q u i r e m e n t  

(PR)  of   1 .5   H . P .   f o r   t h e   m o t o r ;   when  Dl  =  2  i n c h e s   ( 5 . 1  

c m s ) ,   F  =  up  to   450  and   PR  =  2 . 5 ;   and  when  D1  =  3 

i n c h e s   ( 7 .6   c m s ) ,  F   =  up  to   600  and  PR  =  3 . 0 .  

R e f e r r i n g   now  t o   F i g u r e   5,  t h e   r o t o r   20  in   t h i s  

e m b o d i m e n t   has   e i g h t   o u t w a r d l y   e x t e n d i n g   p a s s a g e s   19 

e q u a l l y   s p a c e d   a p a r t   t h r o u g h   45°  and  e x t e n d i n g   f r o m  

t h e   i n l e t   w a l l   55  ( d e f i n e d   by  t h e   c i r c l e   150)  t o   t h e  

o u t e r   p e r i p h e r y   36  of   t h e   r o t o r   2 0 .  

In  t h i s   fo rm  of  t h e   i n v e n t i o n   t h e   i n l e t   end   o f  



e a c h   p a s s a g e   i s   a  V - s h a p e d   s l o t   172  i n c l u d i n g   an  a n g l e ,  

AI ,   of   6 5 °   and  t h e   o u t l e t   end  i s   a  V - s h a p e d   s l o t   7 3  

i n c l u d i n g   an  a n g l e ,   AO,  of   a b o u t   2 5 ° .   The  two  V - s h a p e d  

s l o t s   i n t e r a c t   to   fo rm  a  c o n s t r i c t i o n   w h i c h   i s   l o c a t e d  

on  t h e   c i r c l e . 1 5 6 .  

In   o p e r a t i o n   t h e   r o t o r   i s   r o t a t e d   in   t h e   d i r e c t i o n  

shown   by  t h e   a r r o w   157  in   F i g u r e   5  i . e .   w i t h   t h e  

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

d i r e c t i o n   of   r o t a t i o n .   The  l i q u i d s   t o   be  m i x e d   a r e  

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

on  t h e   l i q u i d   i n   t h e   p a s s a g e s   19  a n d  t h r o w n   o u t   r a d i a l l y  

t h r o u g h   t h e   p a s s a g e s   19  and  c a u s e d   to   h i t   t h e   w a l l   3 7 .  

The  o u t e r   w a l l   36  of   t h e   r o t o r   i s   b r o k e n   up  i n t o   e i g h t  

s o l i d   p o r t i o n s   77 ,   e a c h   of  a b o u t   t h e  s a m e   c i r c u m f e r e n t i a l  

l e n g t h   as  t h e   o u t l e t s   73,  and  t h e   s o l i d   p o r t i o n s   77  m a y  
be  c o n s i d e r e d   to   a c t   as  v a n e s ,   and   as  m e n t i o n e d   a b o v e  

t h e y   p r e f e r a b l y   h a v e   k n u r l e d   s u r f a c e s   9 0 .  

T h e y   t h u s   h a v e   t h e   f u n c t i o n   b o t h   of   s h e a r i n g   t h e  

f u e l   a n d   w a t e r   m i x t u r e   in  t h e   gap  b e t w e e n   t h e   w a l l   37  

and  t h e   w a l l   36  and  p r o p e l l i n g   i t   a r o u n d   t h e   c i r c u m f e r -  

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

s h a p e d   r e g i o n   78,   w h e r e   t u r b u l e n t   m i x i n g   may  be  e x p e c t e d  

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

l a s t   30°   of   t h e   o u t l e t   w a l l   66  u n s m o o t h e d   and  in   t h e  

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

t h e n   e j e c t i n g   i t   t h r o u g h   t h e   o u t l e t   p a s s a g e   6 5 .  

The  c o n s t r i c t i o n   71  h a s   t h e   f u n c t i o n   of   i m p e d i n g  

t h e   f l o w   of   f l u i d   a l o n g   t h e   p a s s a g e   19  and  t h u s  

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

o u t l e t   s l o t   73  t h e n   c a u s e s   a  p r e s s u r e   d r o p   in  t h e   f l u i d  



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

The  r o t o r   shown  i s   v e r y   s u i t a b l e   f o r   f u e l s   h a v i n g  

v i s c o s i t i e s   f r o m   35  Redwood   s e c o n d s   up  to   3000  R e d w o o d  

s e c o n d s   w i t h   r o t o r   s p e e d s   of   2800  to   7000  r . p . m .   T h e  

r o t o r   i s   t h o u g h t   to   w o r k   by  v a p o r i s a t i o n   of   t h e   f u e l  

as  i t   g o e s   t h r o u g h   t h e   t h r o a t   of   t h e   p a s s a g e s   19 

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

w a t e r   d r o p l e t s   a r e   t h o u g h t  t o   be  s h e a r e d   by  t h e   w a l l   3 7  

and  t h e   v a n e s   7 7 ,  a n d   t h e   f u e l   i s   t h o u g h t   to   c o n d e n s e  

on  t h e   s u r f a c e   of   t h e . w a t e r   d r o p l e t s   in   t h e   t u r b u l e n t  

f l o w   r e g i o n   78  p r o d u c i n g   d r o p l e t s  h a v i n g   m i c r o n   p a r t i -  

c l e   s i z e   and  t h u s   p r o m o t i n g   s m o o t h   and  more   c o m p l e t e  

c o m b u s t i o n .  

R e f e r r i n g   now  t o   t h e  r o t o r   shown  in   F i g u r e   6 ,  

to   w h i c h   F i g u r e   5  a l s o   a p p l i e s ,   t h e   r o t o r   has   a  

b a s e   80  s i m i l a r   t o   t h a t   of   F i g u r e   4.  The  r o t o r   h a s  

a  g e n e r a l l y   c o n i c a l l y   s h a p e d   t o p   e d g e   160,   e i g h t  

o p e n - t o p p e d   o u t w a r d l y - e x t e n d i n g . p a s s a g e s   19  b e i n g  

f o r m e d   in  t h e   b a s e   80  and  o p e n i n g   o u t   a l o n g   t h e  

e d g e   160 .   The  t o p   w a l l   160  i s   j u x t a p o s e d   to   t h e  

i n c l i n e d   w a l l   62  o f   t h e   h o u s i h g   10  so  as  to   b e  

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

b e t w e e n   160  and  62  i s   s u b s t a n t i a l l y   s m a l l e r   t h a n  

t h a t   b e t w e e n   36  and   37  ( F i g u r e   3)  f o r   e x a m p l e   p r e -  

f e r a b l y   b e i n g   l e s s   t h a n   0 . 0 2 0   i n c h e s   ( 0 . 5 0   mms)  a n d  

e s p e c i a l l y   l e s s . t h a n   0 . 0 1 5   i n c h e s   ( 0 . 3 8   mms)  e . g .   i n  

t h e   r a n g e   0 . 0 0 5 . t o   0 . 0 1 5   i n c h e s   ( 0 . 1 2   to   0 . 3 8   mms) 

and   p a r t i c u l a r l y   a b o u t   0 . 0 1 0   i n c h e s   ( 0 . 2 5   m m s ) .  

The  p e r i p h e r y   of   t h e   r o t o r   i s   g i v e n   d e e p   k n u r l i n g  

90  as  i l l u s t r a t e d   d i a g r a m m a t i c a l l y   in  F i g u r e   5 .  



In  o t h e r   r e s p e c t s   t h e   c o m b u s t i o n   i s   s i m i l a r   t o  

t h a t   of   F i g u r e s   4  and  5.  The  c a v i t a t i o n   a n d  

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

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

e d g e   160  o f   t h e   r o t o r   to   t h e  w a l l   62,  ( F i g u r e   2 ) .  

In  one   l e s s   d e s i r e d   e m b o d i m e n t   (no t   i l l u s t r a t e d )  

t h e   c o n s t r i c t i o n   7 1  i s   n o t   p r e s e n t ,   t h e   i n c l i n e d  

p a s s a g e s   19  h a v i n g   t h e   same  w i d t h   in   t h e   p l a n e   o f  

F i g u r e   5  a l o n g   t h e i r   w h o l e   l e n g t h ,   b u t   a p a r t   f rom  t h a t  

b e i n g   as  d e s c r i b e d   f o r   F i g u r e s   4  and  5 .  

In  two  o t h e r   s i m p l e r   e m b o d i m e n t s   ( a l s o   n o t  

i l l u s t r a t e d )   t h e   a x i a l   c o n v e r g e n c e   shown  in   F i g u r e   4  i s  

e l i m i n a t e d   or   i s   a l s o  e l i m i n a t e d   so  t h a t   t h e   p a s s a g e s  
19  a r e   e i t h e r   of  t h e   same  a x i a l   l e n g t h   a l o n g   t h e i r  

w h o l e   r a d i a l   l e n g t h   b u t   h a v e   t h e   c o n s t r i c t i o n   71  a n d  

a r e   i n c l i n e d   b a c k w a r d s   or  t h e   p a s s a g e s   19  a r e   of  t h e  

same  a x i a l   l e n g t h   ( see   F i g u r e   4)  and  a r e   of  t h e   s a m e  

w i d t h   in   t h e   p l a n e   of  F i g u r e   5  a l o n g   t h e i r   w h o l e   l e n g t h  

b u t   a r e   i n c l i n e d   b a c k w a r d s   as  shown  and  d e s c r i b e d   f o r  

F i g u r e   5 .  



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

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

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

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

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

t h e   p a s s a g e s   in   t h e   r o t o r   b e i n g   n e a r   t h e   a x i s   o f  

r o t a t i o n ,   t h e   p a s s a g e s   in  t h e   r o t o r   e x t e n d i n g   w i t h  

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

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

t h e r e t h r o u g h .  

2.  A p p a r a t u s   a s  c l a i m e d   i n  C l a i m   1  i n   w h i c h  

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

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

t h e   p a s s a g e   i n l e t   w h i c h   i s   in  t h e   r a n g e   5°  to   3 0 °  

or  20  t o   2 5 ° .  

3.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   1  or   C l a i m   2 

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

i n l e t s   in   t h e   r o t o r   and  d i s p o s e d   a t   t h e   a x i s   o f  

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

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

m i x e d .  

4.  A p p a r a t u s   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

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

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

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

s a i d   c i r c u l a r   w a l l   and  t h e   p e r i p h e r y   of   t h e   r o t o r .  



5.  A p p a r a t u s   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

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

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

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

p e r i p h e r y .  

6.  A p p a r a t u s   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

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

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

7.  A p p a r a t u s   as  c l a i m e d   in   C l a i m  6   in  w h i c h  

t h e   p a s s a g e s   e a c h   c o m p r i s e  a   V - s h a p e d  c o n v e r g e n t  

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

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

t h r o a t   p o r t i o n   i n t e r c o n n e c t i n g  t h e   V - s h a p e d   i n l e t  

e n d   and   t h e   V - s h a p e d   o u t l e t   end  o f   e a c h   p a s s a g e .  

8.  A p p a r a t u s   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

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

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

c r o s s - s e c t i o n a l   a r e a   a p p r o x i m a t e l y   e q u a l   to   t h a t   o f  

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

9.  A p p a r a t u s   as  c l a i m e d . i n   any  p r e c e d i n g   c l a i m  

in   w h i c h   a t   l e a s t   one  of  t h e   r o t o r   f a c e s   w h i c h   a r e  

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

c o n t i n u o u s   so  t h a t   t h e   p a s s a g e s   a r e   open   a t   t h a t  

f a c e ,   and   t h a t   f a c e   i s   c l o s e l y   s p a c e d   f rom  t h e  

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



10.  A  r o t o r   f o r   m i x i n g   a p p a r a t u s   as  c l a i m e d  
in   any  p r e c e d i n g   c l a i m .  
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