
J  

Europaisch.es  Patentamt 

European  Patent  Office  ©  Publication  number:  0 1 2 6   6 3 2  

Office  europeen  des  brevets  ^ 2  

EUROPEAN  PATENT  A P P L I C A T I O N  

Application  number:  84303373.9  @  Int.  CI.3:  D  21  8  1 / 3 4  

Date  of  filing:  17.05.84 

©  Priority:  18.05.83  US  495872  @  Applicant:  THE  BLACK  CLAWSON  COMPANY,  605  Clark 
Street,  Middletown,  Ohio  45042  (US) 

@  Dateofpublicationofappiication:28.11.84  @  ^ ^ Z S ^ ' Z   /°8eph  Walter'  365  parkwood  cire,e> 
Bulletin  84/48  OonralH9F3A4{CA) 

®  Representative:  Warren,  Keith  Stanley  etal,  BARON  & 
_  WARREN  1  8  South  End  Kensington,  London  W8  5BU 
(|$  Designated  Contracting  States  :DEFRGB  USE  (GB) 

@  Pulping  apparatus  and  method. 

  Pulping  apparatus  for  pulping  high  consistency  paper  pulp 
includes  a  tub  10  having  a  bottom  wall  13  and  a  generally  cylin- 
drical  side  wall  14  extending  upwardly  therefrom,  and  a  rotor 
20  mounted  centrally  of  the  bottom  wall  for  rotation  about  a 
vertical  axis  and  having  a  hub  portion  21,  a  plurality  of  vanes 
22  extending  generally  radially  outwardly  from  the  hub  and 
having  pumping  27  and  defibering  faces  26  thereon,  and  a  plu- 
rality  of  helical  screw  flights  33  extending  upwardly  from  the 
hub.  Each  flight  33  has  a  concave  undersurface  44  such  that 
rotation  of  the  rotor  in  the  presence  of  high  consistency  pulp 
causes  the  screw  flights  to  draw  pulp  inwardly  toward  the  axis 
of  rotation  and  push  it  downwardly  to  the  defibering  faces  26 
of  the  vanes  22,  and  the  outer  surface  of  each  flight  45  being 
convexly  curved  and  of  substantially  greater  surface  area  than 
its  undersurface  to  provide  an  air  foil  effect  further  tending  to 
draw  pulp  into  the  path  of  the  undersurface  of  the  following 
flight.  The  screw  flights  33  preferably  include  trailing  portions 
35  having  raised  peripheral  ridges  40  extending  upwardly 
therefrom  to  prevent  stock  from  flowing  outwardly  from  the 
rotor  until  it  reaches  the  vicinity  of  the  vanes.  The  trailing  por- 
tions  35  of  the  screw  flights  33  preferably  have  a  width,  meas- 
ured  in  a  radial  direction,  which  is  substantially  the  same  as  the 
length  of  the  vanes  22  such  that  pulp  can  be  pushed  down- 
wardly  and  outwardly  into  the  entire  path  of  the  working  faces 
26-27  of  the  vanes. 



The  p r e s e n t   i n v e n t i o n   is   d i r e c t e d   to  a p p a r a t u s  

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

c o n s i s t e n c y ,   e . g .   b e t w e e n   12%  and  25%  s o l i d s ,   and  m o r e  

p a r t i c u l a r l y ,   to  p u l p i n g   a p p a r a t u s   in  w h i c h   a  r o t o r  

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

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

t h e   l i k e   t y p i c a l l y   i n c l u d e   a  v a t   or  t u b   w i t h i n   w h i c h   i s  

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

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

s h e a r   a n d / o r   h y d r a u l i c   s h e a r   c o n d i t i o n s  w h i c h   a c t   on  t h e  

p u l p   to  r e d u c e   i t s   p a r t i c l e   s i z e   to  p r e d e t e r m i n e d   m a x i m u m  

d i m e n s i o n s .   M e c h a n i c a l   s h e a r   i s   a c l i i e v e d   by  t h e  

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

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

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

s h e a r   o c c u r s   when  p u l p   f i b e r s   c o n t a c t   o t h e r   p u l p   f i b e r s   i n  

t h e   s t o c k   as  a  r e s u l t   of  t h e   t u r b u l e n c e   or  f l o w   p a t t e r n  

g e n e r a t e d   by  t h e   r o t o r   w i t h i n   t h e   t u b .  

Most   p u l p i n g   d e v i c e s   c u r r e n t l y   in  use   a r e   c a p a b l e  

of  d e f i b e r i n g   p u l p   s t o c k   up  to  a  maximum  c o n s i s t e n c y   o f  

a p p r o x i m a t e l y   5%  to  8%  s o l i d s ,   s u c h   as  t h e   p u l p i n g  

a p p a r a t u s   d i s c l o s e d   in  C o u t u r e   U . S .   P a t e n t   No.  4 , 1 0 9 , 8 7 2 ,  

commonly   a s s i g n e d .   T h a t   p a t e n t   d i s c l o s e s   p u l p i n g  

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

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

f rom  t h e   b o d y .   R o t a t i o n   of  t he   r o t o r   c r e a t e s   b o t h  

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



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

of  p u l p i n g   p a p e r   s t o c k   h a v i n g   a  c o n s i s t e n c y   h i g h e r   t h a n  
a b o u t   10%  s o l i d s ,   b e c a u s e   s t o c k   of   t h a t   h i g h   c o n s i s t e n c y  

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

of  s u c h   a  r o t o r .  

I t   i s   d e s i r a b l e   to  p u l p   p a p e r   s t o c k   h a v i n g   h i g h e r  
c o n s i s t e n c i e s   o f ,   f o r   e x a m p l e ,   b e t w e e n   12%  and  25% 

s o l i d s .   Not  o n l y   c an   a  g i v e n   t u b   h o l d   a  g r e a t e r . v o l u m e   o f  

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

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

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

t h a n   f o r   low  d e n s i t y   p u l p .   H o w e v e r ,   p u l p i n g   d e v i c e s   o f  

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

p a p e r   s t o c k   a t   t h e s e   h i g h e r   c o n s i s t e n c i e s .   Due  to  t h e  

h i g h   v i s c o s i t y   of  h i g h   c o n s i s t e n c y   p u l p   s t o c k ,   t h e  

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

f rom  t h e   v i c i n i t y   of   t h e   v a n e s ,   b u t   t h e   s t o c k   i m m e d i a t e l y  

a b o v e   t h e   r o t o r   w o u l d   n o t   f l o w   d o w n w a r d l y   to   f i l l   t h e  

v o i d ,   c r e a t i n g   a  c o n d i t i o n   of   r o t o r   c a v i t a t i o n .   Wi th   s u c h  

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

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

c a n n o t   o c c u r .  

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

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

i n t o   c o n t a c t   w i t h   p u m p i n g   m e m b e r s .   For   e x a m p l e ,   W a l l e n  

U .S .   P a t e n t   No.  3 , 0 3 5 , 7 8 1 ,   d i s c l o s e s   a  r o t o r   c o m p r i s i n g   a  

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

f l a t   s c r e w   f l i g h t s .   E a c h   s c r e w   f l i g h t   i s   h e l i c a l l y   s h a p e d  

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

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

p a r a l l e l   to  t h e   r o t a t i o n a l   a x i s .   When  t h e   r o t o r   i s  

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

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

h y p e r b o l i c   body  to  pump  t h e   s t o c k   r a d i a l l y   o u t w a r d l y ,   b u t  

t h i s   p a t e n t   d o e s   n o t   d i s c l o s e   t h e   c o n s i s t e n c y   of  any  s t o c k  

of  w h i c h   i t   had   b e e n   u s e d .  

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

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

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

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

f l i g h t s   do  n o t   i n t e r a c t   w i t h   a  s t a t i o n a r y   o b j e c t .  
F u r t h e r m o r e ,   a  s u b s t a n t i a l   p o r t i o n   of   t he   s c r e w   f l i g h t   i s  

i n c l i n e d   r e l a t i v e   to  t h e   a x i s   of  r o t a t i o n ,   and  as  a  r e s u l t  

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

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

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

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

h y d r a u l i c   s h e a r   e f f e c t   upon  i t   w o u l d   be  r e d u c e d .  

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

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

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

f o r c e s .   T h e r e   i s   a l s o   a  n e e d   f o r   a  h i g h   c o n s i s t e n c y  

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

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

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

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

a p p a r a t u s   and  m e t h o d   w h i c h   a r e   c a p a b l e   o f  d e f i b e r i n g   p u l p  
s t o c k   h a v i n g   a  c o n s i s t e n c y   of  b e t w e e n   12%  and  25%  s o l i d s  



in  a  v o l u m e   of  h i g h   c o n s i s t e n c y   p u l p   s t o c k   w h i c h   i s  

c o m p a r a b l e   in  s i z e   to  t h e   v o l u m e s   of  low  c o n s i s t e n c y   p u l p  

s t o c k ,   t y p i c a l l y   b e t w e e n   a b o u t   5%  and  8%  s o l i d s ,   w h i c h   c a n  
be  d e f i b e r e d   by  p r i o r   a r t   d e v i c e s .   The  p u l p i n g   a p p a r a t u s  
of  t h e   i n v e n t i o n   i n c l u d e s   a  r o t o r   w h i c h   i s   d e s i g n e d   t o  

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

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

s t o c k   i s   d e f i b e r e d .   A n o t h e r   a d v a n t a g e   of  t n e   p r e s e n t  
i n v e n t i o n   i s   t h a t   a  g r e a t e r   p o r t i o n   of  t h e   h i g h  

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

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

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

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

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

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a p p a r a t u s   f o r  

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

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

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

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

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

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

p o r t i o n ,   a  p l u r a l i t y   of  v a n e s   e x t e n d i n g   r a d i a l l y   o u t w a r d l y  

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

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

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

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

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

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

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

t h e   d e f i b e r i n g   f a c e s   of  t h e   v a n e s .   In  a d d i t i o n ,   e a c h  



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

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

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

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

f l i g h t .  

To  e n s u r e   t h a t   p u l p   is   d i s t r i b u t e d   o v e r   t h e  

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

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

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

in  a  r a d i a l   d i r e c t i o n   w h i c h   i s   s u b s t a n t i a l l y   e q u a l   to  t h e  

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

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

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

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

d e f i b e r i n g   f a c e s   of  t h e   v a n e s .  

Any  t e n d e n c y   of  p u l p   p u s h e d   d o w n w a r d l y   by  t h e  

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

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

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

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

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

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

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

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

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

d rawn   i n w a r d l y   by  t h e   c o n c a v e   u n d e r s i d e s   of  t h e   s c r e w  

f l i g h t s .  

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

f l i g h t   i n t e r s e c t s   one  of   t h e   r o t o r   v a n e s   s u c h   t h a t   t h e  



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

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

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

r o t o r   v a n e s .   By  s p a c i n g   t h e   r o t o r   s l i g h t l y   a b o v e   t h e  

b o t t o m   w a l l ,   m e c h a n i c a l   s h e a r   c o n d i t i o n s   c an   be  c r e a t e d  

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

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e  

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

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

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

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

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

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

f a c e s   of   t h e   v a n e s .  

A c c o r d i n g l y ,   i t   i s   an  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 a r a t u s   f o r   p u l p i n g   h i g h  

c o n s i s t e n c y   p a p e r   s t o c k   e f f i c i e n t l y   and  e c o n o m i c a l l y ;   a n  

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

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

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

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

m i n i m i z e   t h e   l i k e l i h o o d   of  c a v i t a t i o n ;   and  a  p u l p i n g  

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

s t o c k   d o w n w a r d l y   to   r o t o r   v a n e s   in  a  m a n n e r   t h a t   m i n i m i z e s  

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

d e f i b e r i n g   f a c e s   of  t h e   v a n e s .  

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

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



In  o r d e r   t h a t   t he   i n v e n t i o n   may  be  more   r e a d i l y  

u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  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 .   1  is  a  s o m e w h a t   s c h e m a t i c   v i e w   p a r t l y   i n  

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

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

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   of  t h e   r o t o r   of  F i g .  

1 ;  

F i g .   3  i s   a  p l a n   v i e w   of  t h e   r o t o r   of  F i g .   1 ;  

F i g .   4  i s   a  d e t a i l   of   t h e   r o t o r   and  b o t t o m   w a l l  

of  t h e   p u l p e r   of  F i g .   1 ;  

F i g .   5  i s   a  s e c t i o n a l   v i e w   of  t h e   r o t o r   t a k e n   a t  

l i n e   5-5  in  F i g .   4 ;  

F i g .   6  i s   a  s e c t i o n a l   v i e w   of   t h e   r o t o r   t a k e n   a t  

l i n e   6-6   in  F i g .   4 ;  

F i g .   7  i s   a  d e t a i l   of  t h e   r o t o r   of  F i g .   1  s h o w i n g  
t h e   c o n c a v e   u n d e r s i d e   of  a  t y p i c a l   s c r e w   f l i g h t ;   a n d  

F i g .   8  is   a  d e t a i l   v i e w   of  t h e   end   of  a  r o t o r  

v a n e   as  i n d i c a t e d   by  t h e   l i n e   8 - - 8   in  F i g .   3 .  

As  shown  in  F i g .   1,  a  p r e f e r r e d   e m b o d i m e n t   of  t h e  

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

p u l p i n g   t u b ,   g e n e r a l l y   d e s i g n a t e d   10,   h a v i n g   a  b o t t o m   w a l l  

c o m p r i s i n g   a  p l a n e   c e n t e r   s e c t i o n   11  s u r r o u n d e d   by  a  

f r u s t o c o n i c a l   p e r f o r a t e d   e x t r a c t i o n   p l a t e   12  s u r r o u n d e d   b y  

an  i m p e r f o r a t e   f r u s t o c o n i c a l   p o r t i o n   13  t a p e r e d   a t   t h e  

same  a n g l e   as  t h e   e x t r a c t i o n   p l a t e   12  and  a  g e n e r a l l y  

c y l i n d r i c a l   s i d e   w a l l   14  e x t e n d i n g   u p w a r d l y   t h e r e f r o m .  

Be low  t h e   e x t r a c t i o n   p l a t e   12  i s   an  a n n u l a r  

a c c e p t s   c h a m b e r   15  h a v i n g   a  t a p e r e d   b o t t o m   1 6  a n d   a n  

o u t l e t   p i p e   17  h a v i n g   a  c o n v e n t i o n a l   c o n t r o l   v a l v e   ( n o t  

s h o w n ) .   An  a d d i t i o n a l   o u t l e t   18  i s   p r o v i d e d   in  t h e   b o t t o m  



w a l l   13  f o r   r e j e c t   m a t e r i a l   t o o   l a r g e   f o r   p a s s a g e   t h r o u g h  
t h e   e x t r a c t i o n   p l a t e   1 2 .  

A  r o t o r ,   g e n e r a l l y   d e s i g n a t e d   20,   i s   m o u n t e d  

c e n t r a l l y   of  t h e   b o t t o m   w a l l   11  f o r   r o t a t i o n   a b o u t   a  

s u b s t a n t i a l l y   v e r t i c a l   a x i s .   The  r o t o r   20  i s   p r e f e r a b l y  

d r i v e n   by  an  e l e c t r i c   m o t o r   ( n o t   shown)   in  a  m a n n e r  

w e l l - k n o w n   in  t h e   a r t   and  d i s c l o s e d ,   f o r   e x a m p l e ,   i n  

C o u t u r e   U . S .   P a t e n t   No.  4 , 1 0 9 , 8 7 2 ,   t h e   d i s c l o s u r e   of  w h i c h  

i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  u n d e r   s u r f a c e   o f  

t h e   r o t o r   20  i s   f r u s t o c o n i c a l   to   m a t c h   t h e   f r u s t o c o n i c a l  

e x t r a c t i o n   p l a t e   12 ,   b u t   i f   t h e   t u b   is   p r o v i d e d   w i t h   a  

f l a t   e x t r a c t i o n   p l a t e ,   as   in  V o k e s   p a t e n t   No.  3 , 0 7 3 , 5 3 5 ,  

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

The  b o t t o m   p o r t i o n   of  t h e   r o t o r   20  i s   o f  

e s s e n t i a l l y   t h e   same  c o n s t r u c t i o n   d i s c l o s e d   in  P a t e n t   N o .  

4 , 1 0 9 , 8 7 2   e x c e p t   t h a t   i t   i n c l u d e s   o n l y   t h r e e   v a n e s   r a t h e r  

t h a n   t h e   s i x - v a n e   r o t o r s   in  t h a t   p a t e n t .   As  b e s t   s e e n   i n  

F i g s .   2,  3,  4  and  8,  t h e   r o t o r   20  i n c l u d e s   a  c e n t r a l   h u b  

p o r t i o n   21  w h i c h   i s   g e n e r a l l y   c o n i c a l   b u t   p r e f e r a b l y  

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

l i n e .   T h r e e   v a n e s   22  r a d i a t e   f r o m   t h e   hub  21,   e a c h   o f  

w h i c h   i n c l u d e s   a  c y l i n d r i c a l l y   c u r v e d   o u t e r   end  f a c e   2 4 ,  

and  a  f l a t   d e f i b e r i n g   f a c e   25  t h a t   i s   i n c l i n e d   f o r w a r d l y  

and  h a s   a  t r a i l i n g   e d g e   26,   and  a  p u m p i n g   f a c e   27  t h a t   i s  

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

s e c t i o n   b u t   i s   c u r v e d   as  v i e w e d   in  p l a n .  

E x t e n d i n g   u p w a r d l y   f r o m   t h e   r o t o r   hub  21  i s   a  

f e e d   s c r e w   30  w h i c h   i n c l u d e s   a  c o r e   s e c t i o n   31  f o r m i n g   a n  

u p w a r d l y   t a p e r i n g   c o n t i n u a t i o n   of  t h e   r o t o r   hub  21  a n d  

t e r m i n a t i n g   in  a  k i c k e r   v a n e   32  f o r   p r e v e n t i n g   p u l p   f r o m  



l o d g i n g   on  t he   t o p  o f   t h e   s c r e w .   The  s c r e w   30  a l s o  

i n c l u d e s   t h r e e   s c r e w   f l i g h t s   33  w h i c h   a r e   g e n e r a l l y  

h e l i c a l   and  i n t e r t w i n e d ,   and  w h i c h   i n c l u d e   t r a i l i n g  

p o r t i o n s   35  t h a t   m e r g e   w i t h   t h e   u p p e r   s u r f a c e s   of  t h e  

r e s p e c t i v e   v a n e s   22.  The  r a d i a l   d i m e n s i o n s   of   t h e   s c r e w  

f l i g h t s   33  i n c r e a s e   f rom  t h e   t o p   of  t h e   s c r e w   30  t o w a r d  

t he   r o t o r  h u b   21  to  m a t c h   t h e   i n c r e a s e d   d i a m e t e r   of  t h e  

c o r e   31  s u c h   t h a t   t h e   w i d t h   o f  t h e   t e r m i n a l   e d g e s  o f   t h e i r  

t r a i l i n g   p o r t i o n s   35  is   n e a r l y   e q u a l   to  t h e   c o r r e s p o n d i n g  

r a d i a l   d i m e n s i o n   of  t h e   v a n e s   22.   The  s c r e w   f l i g h t s   33  

a r e   so  o r i e n t e d   r e l a t i v e   to  t h e   v a n e s   22  t h a t   t h e i r  

t e r m i n a l   e d g e s   c o i n c i d e   w i t h   t h e   t r a i l i n g   e d g e s   26  of  t h e  

v a n e s .  

Each  of  t h e   t r a i l i n g   p o r t i o n s   35  of  t h e   s c r e w  

f l i g h t s   33  i n c l u d e s   a  r a i s e d   p e r i p h e r a l   r i d g e   40  w h i c h  

e x t e n d s   u p w a r d l y   f r o m   i t s   o u t e r   e d g e .   The  r i d g e s   40  

i n c l u d e   s q u a r e d   t r a i l i n g   e n d s   4 1 ,  t h e i r   l e a d i n g   e n d s   b l e n d  

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

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

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

c o n t i n u a t i o n s   of  t h e   p u m p i n g   f a c e s   27  of  t h e   r o t o r   2 0 .  

As  shown  in  F i g s .   4,  5  and  6,  t h e   s c r e w   f l i g h t s  

33  a r e   g e n e r a l l y   a r c u a t e   in  s e c t i o n ,   e a c h   h a v i n g   a n  
u n d e r s u r f a c e   44  w h i c h   i s   g e n e r a l l y   c o n c a v e ,   g i v i n g   i t  a  

c u p - l i k e   a p p e a r a n c e   and  f u n c t i o n .   T h i s   c o n c a v e   s h a p e  
e x t e n d s   t h e   e n t i r e   l e n g t h   of  e a c h   f l i g h t   33,   as  i s   a l s o  

shown  in  F i g .   7,  w h i c h   i s   a  d e t a i l  s h o w i n g   a  s i d e   s e c t i o n  

of  a  t y p i c a l   s c r e w   f l i g h t   33.  The  o u t e r   or  t r a i l i n g   s i d e  

45  of  e a c h   f l i g h t   33  is  s m o o t h l y   c o n v e x   and  a l s o   o f  



s u b s t a n t i a l l y   g r e a t e r   e x t e n t ,   as  m e a s u r e d   a l o n g   a  r a d i a l  

s e c t i o n ,   t h a n   t h e   l e a d i n g   s u r f a c e   4 4 .  

As  b e s t   shown   in  F i g .   4,  t n e   u n d e r s i d e   of  t h e  

r o t o r   20  i s   s h a p e d   to   c o n f o r m   to  t h e   c o n t o u r   of  t h e   b o t t o m  

w a l l   of   t h e   p u l p i n g   t u b   10  ( F i g .   1)  and  e x t r a c t i o n   p l a t e  

12.  The  v a n e s   22  a r e   p o s i t i o n e d   d i r e c t l y   a b o v e   t h e  

e x t r a c t i o n   p l a t e   12 ,   and   t h e   c l e a r a n c e   b e t w e e n   t h e   r o t o r  

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

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

1 / 1 6   i n c h e s   (1 .60mm)   a b o v e   t h e   e x t r a c t i o n   p l a t e   1 2 .  

The  o p e r a t i o n   of  t h e   p u l p i n g   a p p a r a t u s   i s   b e s t  

shown  in  F i g .   1.  The  t u b   10  i s   f i r s t   f i l l e d   w i t h   a  p u l p  

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

p r e f e r a b l y   a p p r o x i m a t e s   t h e   h e i g h t   of   t h e   s c r e w   30  b u t   may  
be  s o m e w h a t   h i g h e r .   For  e x a m p l e ,   in  a  t u b   12  f e e t   i n  

d i a m e t e r   and  10  f e e t   in  t o t a l   h e i g h t ,   t e s t s   w i t h   a  r o t o r  

48  i n c h e s   in  d i a m e t e r   and   42  i n c h e s   in  h e i g h t ,   i n c l u d i n g  

t h e   s c r e w   30,   show  t h a t   t h e   d e p t h   of  t h e   s t o c k   s h o u l d   b e  

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

s c r e w ,   and  may  r e a c h   a  l e v e l   as   h i g h   as   to   p r o v i d e   a  t o t a l  

d e p t h   of  5  f e e t .   The  c o n s i s t e n c y   of  t h e   p u l p   w i l l   v a r y   i n  

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

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

f u r n i s h   a t   16%,  w h i l e   w i t h   p u l p   c o n t a i n i n g   a  s u b s t a n t i a l  

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

s u c h   as   d e i n k e d   s t o c k ,   t h e   c o n s i s t e n c y   may  be  as  h i g h   a s  

25%  s o l i d s .  

T h e   r o t o r   20  i s   r o t a t e d   in  c o u n t e r c l o c k w i s e  

d i r e c t i o n   as  i t   i s   s h o w n   in  F i g .   3.  T h i s   r o t a t i o n a l  

m o v e m e n t   c a u s e s   t h e   c o n c a v e   u n d e r s i d e s   44  of  t h e   s c r e w  



f l i g h t s   33  to  d r aw  s t o c k   i n w a r d l y   in  t he   d i r e c t i o n   of  t h e  

a r r o w s   A,  and  t h e   h e l i c a l   p a t h   of  t h e   s c r e w   f l i g h t s   p u s h e s  

t h a t   s t o c k   d o w n w a r d l y   t o w a r d   t h e   hub  21  and  v a n e s   22.  A t  

t he   same  t i m e ,   b e c a u s e   of  t h e   much  g r e a t e r   s u r f a c e   a r e a   o f  

t he   t r a i l i n g   f a c e   45  of  e a c h   s c r e w   f l i g h t ,   an  a i r   f o i l  

e f f e c t   i s   d e v e l o p e d   in  t h e   s t o c k   s u c h   t h a t   p u l p   i s   s u c k e d  

i n w a r d l y   t o w a r d   e a c h   of  t h e   c o n v e x   t r a i l i n g   s u r f a c e s   45  o f  

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

c o n c a v e   l e a d i n g   f a c e s   44.   Thus   t he   s t r u c t u r e   and  mode  o f  

o p e r a t i o n   of  t h e   s c r e w   30  c o m b i n e   s u c t i o n   and  p r e s s u r e  
e f f e c t s   w h i c h   d r a w   t h e   s t o c k   r a d i a l l y   i n w a r d l y   and  t h e n  

d o w n w a r d l y   t o w a r d   t h e   r o t o r   v a n e s   2 2 .  

The  a i r   f o i l   a c t i o n   of  t h e   c o n v e x   s u r f a c e s   of  t h e  

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

t h e   p u l p   m i g h t   o t h e r w i s e   h a v e   to  move  away  f r o m   t h e   s c r e w  

b e f o r e   e n c o u n t e r i n g   t h e   d e f i b e r i n g   f a c e s   25  of  t h e   v a n e s  

22.  In  a d d i t i o n ,   t h e   r i d g e s   40  a l o n g   t h e   l o w e r   p o r t i o n s  

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

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

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

e a c h   r i d g e   40  a l s o   s e r v e s   as  an  e x t e n s i o n   of  t h e   p u m p i n g  

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

As  t he   p u l p   a p p r o a c h e s   t he   t r a i l i n g   p o r t i o n s   3 5  

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

c o r e   31  moves   t h e   p u l p   r a d i a l l y   o u t w a r d l y   a t   a n  

a c c e l l e r a t i n g   r a t e ,   s i n c e   i t   is   f o r c e d   to  c o n t i n u e   t o  

t r a v e l   w i t h   t h e   r o t o r   by  t h e   c h a n n e l i n g   a c t i o n   of  t h e  

r i d g e s   40.  Thus   by  t h e   t i m e   t h e   p u l p   r e a c h e s   t h e   s p a c e   i n  

f r o n t   of   e a c h   v a n e   22,  i t   i s   d i s t r i b u t e d   a c r o s s   t h e   e n t i r e  

a r e a   s w e p t   by  i t s   d e f i b e r i n g   f a c e   25.  In  a d d i t i o n ,   t h e  



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

by  t h e   r i d g e s   40,   c o u p l e d   w i t h   t h e   f a c t   t h a t   t h e s e   t r o u g h s  

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

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

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

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

S i n c e   t h e   t e r m i n a l   e d g e s   of  t h e   s c r e w   f l i g n t s   33  

c o i n c i d e   w i t h   t h e   t r a i l i n g   e d g e s   26  of  t h e   v a n e s   22,   t h e  

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

d e f i b e r i n g   f a c e s   25  w e l l   in  a d v a n c e   of  t h e   o n c o m i n g  

v a n e s .   In  a d d i t i o n ,   t h e   p u l p   c o n t a c t s   t h e   e x t r a c t i o n  

p l a t e   12  p r i o r   to  b e i n g   i m p e l l e d   o u t w a r d l y   by  t h e   v a n e s ,  

and  t h u s   t h e   i n t e r a c t i o n   of  t h e   v a n e s   w i t h   t h e   e x t r a c t i o n  

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

in  t h a t   a r e a .  

The  p u l p   i s   i m p e l l e d   o u t w a r d l y   f r o m   t h e   r o t o r   2 0  

by  t h e   v a n e s   22 ,   and  t r a v e l s   a c r o s s   t h e   b o t t o m   w a l l   13  t o  

t h e   s i d e   w a l l   14 .   The  r o t o r   p r e f e r a b l y   i s   r o t a t e d   a t   a  

s p e e d   s u f f i c i e n t   to   d r i v e   t h e   p u l p   up  t h e   s i d e   w a l l   14  

w h e r e   a  h e a d   i s   c r e a t e d   and  t h e   s t o c k   i s   t h e n   s u c k e d   b a c k  

t o w a r d   t h e   c e n t e r   of  t h e   t u b   10 ,   a t   w h i c h   t i m e   i t   i s   a g a i n  

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

f l i g h t s   33.  Thus   t h e   p u l p   d e s c r i b e s   a  v o r t i c a l   f l o w  

p a t t e r n   w i t h i n   t h e   t u b   10  s u c h   t h a t   v i r t u a l l y   a l l   of  t h e  

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

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

t h e   p u l p   w i t h i n   t h e   t u b .  

When  a  g i v e n   b a t c h   of  p u l p   h a s   b e e n   s u f f i c i e n t l y  

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

of  t h e   e x t r a c t i o n   p l a t e   12,   w h i c h   f o r   e x a m p l e   may  be  3 / 1 6  



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

v o l u m e   to  r e d u c e   t h e   c o n s i s t e n c y   of  t h e   p u l p   s l u r r y   to  8% 

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

16  is  t h e n   o p e n e d .   The  p u l p e r   is   t h e n   c o n t i n u e d   i n  

o p e r a t i o n   u n t i l   a l l   of  t h e   g o o d   f i b e r   has   b e e n   e x t r a c t e d ,  

a d d i t i o n a l   w a t e r   b e i n g   a d d e d   f o r   t h e   f i n a l   w a s h i n g   s t a g e s  
i f   n e e d e d .   The  o u t l e t   p i p e   16  is   t h e n   c l o s e d ,   t h e   v a l v e  

or  v a l v e s   f o r   t h e   r e j e c t   o u t l e t   18  a r e   o p e n e d ,   a n d  

w h a t e v e r   r e j e c t   m a t e r i a l   h a s   a c c u m u l a t e d   in  t h e   t u b   i s  

f l u s h e d   o u t .  

A l t h o u g h   n o t   shown  in  t h e   d r a w i n g s ,   i t   i s   w i t h i n  

t he   s c o p e   of  t h e   i n v e n t i o n   to   m o d i f y   t h e   s i d e   w a l l   14  t o  

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

t u b .   For   e x a m p l e ,   s i d e   b a f f l e s   s u c h   as  t h o s e   d i s c l o s e d   i n  

B l a k e l y   e t   a l .   U . S .   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  4 0 7 , 3 7 1 ,  

f i l e d   A u g u s t   12,   1982  and  c o m m o n l y   a s s i g n e d ,   may  b e  

e m p l o y e d .   A l t e r n a t e l y ,   t h e   t u b   can   be  " c o g n a c - g l a s s "  

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

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

f rom  t h e   b o t t o m   p l a t e .   T h e  i n w a r d   s l o p e   of  t h e   w a l l s ,   t h e  

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

s c r e w   30  w o u l d   t h e n   u r g e   t h e   r i s i n g   s t o c k   t o w a r d   t h e  

c e n t e r   of  t h e   t u b .  

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

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

to  be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   i s   n o t   l i m i t e d   t o  

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

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

i n v e n t i o n   as  d e f i n e d   in  t h e   a p p e n d e d   c l a i m s :  



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

c o m p r i s i n g :  

a  t u b   (10)   h a v i n g   a  b o t t o m   w a l l   (13)   and  a  g e n e r a l l y  

c y l i n d r i c a l   s i d e   w a l l   (14)   e x t e n d i n g   u p w a r d l y   f r o m   s a i d  

b o t t o m   w a l l ;   and  c h a r a c t e r i z e d   b y  

a  r o t o r   (20)   m o u n t e d   c e n t r a l l y   of  s a i d   b o t t o m   w a l l  

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

a  b a s e   p o r t i o n   ( 2 1 ) ,   a  p l u r a l i t y   of  v a n e s   (22)   e x t e n d i n g  

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

and  h a v i n g   d e f i b e r i n g   f a c e s   (26)   t h e r e o n ,   and  a  p l u r a l i t y  

of  h e l i c a l   s c r e w   f l i g h t s   (33)   e x t e n d i n g   u p w a r d l y   f r o m  

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

u n d e r s u r f a c e   (44)   and   h a v i n g   a l s o   a  t r a i l i n g   p o r t i o n  

(35)  t e r m i n a t i n g   a t   s a i d   b a s e   p o r t i o n   and  h a v i n g   a  w i d t h  

in  a  r a d i a l   d i r e c t i o n   s u b s t a n t i a l l y   e q u a l   to   t h e   r a d i a l  

l e n g t h   of   s a i d   v a n e s   ( 2 2 ) ,   w h e r e b y   r o t a t i o n   of  s a i d  

r o t o r   (20 )   in   t h e   p r e s e n c e   of  h i g h   c o n s i s t e n c y   p u l p  

c a u s e s   s a i d   s c r e w   f l i g h t s   (33)   t o   d r a w   p u l p   i n w a r d l y  

t o w a r d   s a i d   a x i s   and  p u s h   p u l p   d o w n w a r d l y   to   s a i d  

d e f i b e r i n g   f a c e s   ( 2 6 ) ,   w h e r e u p o n   s a i d   f a c e s   i m p e l   s a i d  

p u l p   o u t w a r d l y   a l o n g   s a i d   b o t t o m   w a l l   (13)   and  t o w a r d  

s a i d   s i d e   w a l l   (14)   w i t h   m i n i m a l   c a v i t a t i o n .  

2.  The  a p p a r a t u s   of  c l a i m   1,  w h e r e i n   e a c h   of  s a i d  

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

o u t e r   p e r i p h e r a l   r i d g e   (40)   e x t e n d i n g   u p w a r d l y   t h e r e f r o m  

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

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

(45)  of  s a i d   f l i g h t s   f rom  f l o w i n g   r a d i a l l y   o u t w a r d l y  

f rom  s a i d   f l i g h t   u n t i l   r e a c h i n g   t h e   v i c i n i t y   of   s a i d  

d e f i b e r i n g   f a c e s   (26)   of  s a i d   v a n e s .  



3.  The  a p p a r a t u s   of  c l a i m   1  or  c l a i m   2,  w h e r e i n   t h e  

o u t e r   s u r f a c e   (45)   of  e a c h   of  s a i d   s c r e w   f l i g h t s   ( 3 3 )  

is   c o n v e x l y   c u r v e d   and  of  s u b s t a n t i a l l y   g r e a t e r   s u r f a c e  

a r e a   t h a n   s a i d   c o n c a v e   u n d e r s u r f a c e   (44)   of  s a i d   f l i g h t  

to  p r o v i d e   an  a i r   f o i l   e f f e c t   c a u s i n g   p u l p   to   be  d r a w n  

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

u n d e r s u r f a c e .  

4.  The  a p p a r a t u s   of  any  p r e c e d i n g   c l a i m   w h e r e i n   e a c h  

of  s a i d   t r a i l i n g   p o r t i o n s   (35)   of  s a i d   s c r e w   f l i g h t s  

(33)  i n c l u d e s   a  t e r m i n a l   e d g e   w h i c h   c o i n c i d e s   w i t h   a  

t r a i l i n g   e d g e   of  an  a s s o c i a t e d   one  of  s a i d   v a n e s   ( 2 2 ) .  

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

v a n e s   (22)   a r e   s p a c e d   a b o v e   s a i d   b o t t o m   w a l l   a  d i s t a n c e  

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

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

s t o c k .  

6.  A p p a r a t u s   f o r   p u l p i n g   h i g h   c o n s i s t e n c y   p a p e r   p u l p  

of  t h e   t y p e   i n c l u d i n g   a  t u b   (10)   w i t h   a  g e n e r a l l y  

h o r i z o n t a l   b o t t o m   w a l l   (13)   and   a  s i d e   w a l l   (14)   o f  

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

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

and  a  r o t o r   (20)   c o m p r i s i n g   a  hub  p o r t i o n   (21)   m o u n t e d  

c e n t r a l l y   of  s a i d   b o t t o m   w a l l   13  f o r   r o t a t i o n   a b o u t  

a  s u b s t a n t i a l l y   v e r t i c a l   a x i s ;   and   c h a r a c t e r i z e d  b y :  

v a n e   means   (22)   e x t e n d i n g   g e n e r a l l y   r a d i a l l y  

o u t w a r d l y   f r o m   s a i d   hub  (21)   and  i n c l u d i n g   p u m p i n g   ( 2 7 )  

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

t o w a r d   s a i d   s i d e   w a l l   ( 1 4 ) ;   and  h e l i c a l   s c r e w   f l i g h t s  

(33)  e x t e n d i n g   u p w a r d l y   f rom  s a i d   hub  (21)   and   e a c h  

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



t h e r e o f   s u c h   t h a t   r o t a t i o n   of  s a i d   r o t o r   (20)   in   t h e  

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

u n d e r s u r f a c e s   (44)   to   d r a w   s t o c k   i n w a r d l y   t o w a r d   s a i d  

a x i s   and  p u s h   s u c h   s t o c k   d o w n w a r d l y   to   be  e n g a g e d   b y  

s a i d   v a n e   f a c e   m e a n s   ( 2 6 ) .  

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

w a l l   (13)   i s   f r u s t o c o n i c a l ,   and  t h e   u n d e r s u r f a c e   o f  

s a i d   v a n e   m e a n s   (22)   i s   s i m i l a r l y   f r u s t o c o n i c a l   to   i m p e l  

p u l p   u p w a r d l y   a l o n g   s a i d   b o t t o m   w a l l   ( 1 3 ) .  

8.  The  a p p a r a t u s   of   c l a i m   6  or   c l a i m   7,  w h e r e i n   t h e  

o u t e r   s u r f a c e   (45)   of   e a c h   of   s a i d   s c r e w   f l i g h t s   ( 3 3 )  

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

a r e a   t h a n   s a i d   c o n c a v e   u n d e r s u r f a c e   (44)   of   s a i d   f l i g h t  

(33)   to   p r o v i d e   an  a i r   f o i l   e f f e c t   c a u s i n g   p u l p   to   b e  

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

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

9.  The  a p p a r a t u s   of  a n y  o n e   of   c l a i m s   6  t o   8,  w h e r e i n  

e a c h   f l i g h t   i n c l u d e s   o u t e r   p e r i p h e r a l   r i d g e   m e a n s   ( 4 0 )  

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

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

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

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

r i d g e   m e a n s   (40)   f o r m i n g   a  c u r v e d   p u m p i n g   f a c e .  

10.  The  a p p a r a t u s   of   c l a i m   9,  w h e r e i n   t h e   s p a c e   b e t w e e n  

s a i d   f l i g h t s   (33)   h a s   a  w i d t h   a t   t h e   l o w e r   e n d s   t h e r e o f  

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

( 2 2 ) .  

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

c o n s i s t e n c i e s   w h i c h   c o m p r i s e s   t h e   s t e p s   o f :  

a)  s u p p l y i n g   h i g h   c o n s i s t e n c y   p u l p   s t o c k   to   a  



t u b   (10)   h a v i n g   an  u p r i g h t   w a l l   of  c y l i n d r i c a l   s e c t i o n  

( 1 4 ) ,  

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

f rom  t h e   c e n t r e   of  t h e   b o t t o m   p o r t i o n   (13)   of  s a i d   t u b  

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

f u r t h e r   s t e p s   o f  

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

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

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

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

12.  The  p u l p i n g   m e t h o d   d e f i n e d   in  c l a i m   11,  w h i c h   a l s o  

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

on  s a i d   p u l p   in  t h e   d i r e c t i o n   of  t h e   c e n t r e   of  s a i d  

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

of  p u l p   in   s a i d   t u b .  

13.  The  p u l p i n g   m e t h o d   d e f i n e d   in  c l a i m   11  or  c l a i m  

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

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

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

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

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

g r e a t l y   i n c r e a s e d   v e l o c i t y .  

14.  The  p u l p i n g   m e t h o d   d e f i n e d   in  a n y  o n e   of  c l a i m s  

11  to   13,   w h e r e i n   t h e   c o n s i s t e n c y   of  s a i d   p u l p   i s   in   t h e  

r a n g e   of  12  p e r c e n t   to   25  p e r c e n t .  
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