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@  Fluid  entrainment  of  fibrous  material. 

©  The  invention  relates  to  a  method  of  entraining  a  fibrous 
material  in  a  fluid  stream  by  forming  a  plug  of  the  fibrous  matrial, 
progressively  removing  particulate  portions  from  said  plug,  e.g. 
by  shredding,  and  admixing  said  particulate  portions  with  a  fluid 
stream  for  entrainment  thereby.  The  fibrous  material  is  preferably 
compacted  to  form  a  substantially  fluid  type  plug.  Means  may  be 
provided  for  introducing  additives  and/or  binders  into  said  fluid 
stream  either  before  or  after  entrainment  of  said  fibrous  material. 
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T h e   invention  relates  to  a  method  of  entraining  a  fibrous 
material  in  a  fluid  stream  by  forming  a  plug  of  the  fibrous  matrial, 
progressively  removing  particulate  portions  from  said  plug,  e.g. 
by  shredding,  and  admixing  said  particulate  portions  with  a  fluid 
stream  for  entrainment  thereby.  The  fibrous  material  is  preferably 
compacted  to  form  a  substantially  fluid  type  plug.  Means  may  be 
provided  for  introducing  additives  and/or  binders  into  said  fluid 
stream  either  before  or  after  entrainment  of  said  fibrous  material. 



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

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

of  f i b r o u s   m a t e r i a l   in  a i r .  

I t   is  o f t e n   d e s i r a b l e   to  e n t r a i n   f i b r o u s   m a t e r i a l   i n  

a i r ,   f o r   e x a m p l e ,   so  t h a t   i t   may  be  s p r a y e d   a s  

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

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

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

e n t r a i n m e n t   t h e r e o f   in  an  a i r   l i n e   p r e s e n t s   p r o b l e m s  

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

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

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

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

m o m e n t a r i l y   i n t e r r u p t e d   f o r   any  r e a s o n .   F u r t h e r ,  

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

m a t e r i a l   p a r t i c l e s   a r e   i n t r o d u c e d   to  an  i n l e t ,  

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



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

o r d e r   to  p r e v e n t   b l o c k a g e s ,   and  to  s a t i s f a c t o r i l y  

e n t r a i n   t he   p a r t i c l e s   in  a  s a t i s f a c t o r y   m a n n e r .   T h i s  

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

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

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

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

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

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

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

T h e r e   i s ,   t h u s ,   no  p r e s s u r e   c o n n e c t i o n   b e t w e e n   a  

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

s h r e d d e r .   ' 

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

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

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

c o m p a c t i n g   t he   f i b r o u s   m a t e r i a l   to  fo rm  a  p l u g  

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

s a i d   p l u g  

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

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



The  i n v e n t i o n   a l s o   i n c l u d e s  

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

m a t e r i a l   in  a  f l u i d   s t r e a m   c h a r a c t e r i s e d   b y  

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

c o m p a c t i o n   means   f o r   c o m p a c t i n g   s a i d   f i b r o u s  

m a t e r i a l   i n t o   a  p l u g  

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

p l u g   a n d  

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

s t r e a m  

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

means   c o m p a c t s   t he   f i b r o u s   m a t e r i a l   to  a  p l u g   o f  

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

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

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

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

s a i d   f l u i d   s t r e a m .  

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

means   to  move  t h e   f i b r o u s   m a t e r i a l   to  a  h o p p e r   e x i t .  

S a i d   d r i v e   means   may  c o n s t i t u t e   a  d r i v e n   s h a f t   h a v i n g  

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

m a t e r i a l   to  s a i d   h o p p e r   e x i t   o r ,   a l t e r n a t i v e l y ,   a  w o r m  

d r i v e   may  be  p r o v i d e d .  



H a v i n g   r e a c h e d   the   h o p p e r   e x i t   t he   p a r t i c u l a t e  

m a t e r i a l   may  be  s u p p l i e d   to  a  p r i m a r y   c o m p r e s s i o n  

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

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

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

i n t e r l o c k i n g   r e l a t i o n s h i p .   The  d r i v e   s h a f t s   may  b e  

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

s a i d   s h a f t s   may  be  d r i v e n   a t   a  s l o w e r   s p e e d ,  

p r e f e r a b l y   10  to  50%  l o w e r   t h a n   t h e   l o w e r   s h a f t .   T h e  

p l a t e   may  be  c o n t i n u o u s   and  a t   l e a s t   s u b s t a n t i a l l y  

c i r c u l a r   in  c r o s s   s e c t i o n ,   or  may  be  b l a d e d   b u t  

s u b s i s t   in  a  s i n g l e   p l a n e .  

The  p r i m a r y   c o m p r e s s i o n   means   i s   a d a p t e d   to   r e m o v e  

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

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

f i b r o u s   m a t e r i a l   to  a  ma in   p l u g - f o r m i n g   c o m p r e s s i o n  

u n i t .  

P r e f e r a b l y ,   t he   f i b r o u s   m a t e r i a l   l e a v e s   t h e   p r i m a r y  

c o m p r e s s i o n   means   as  a  c o h e r e n t   mass   w h i c h   i s  

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

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



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

a g g r e g a t e s .  

The  p r i m a r y   c o m p r e s s i o n   m e a n s ,   t he   h o p p e r   d r i v e   m e a n s  

and  t he   ma in   c o m p r e s s i o n   u n i t   a r e   a l l ,   p r e f e r a b l y ,  

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

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

t h e   f i b r o u s   m a t e r i a l   t h r o u g h o u t   t he   v a r i o u s  

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

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

r e s u l t   in  t h e   n e c e s s a r y   r e l a t i v e   c h a n g e s   in  t he   r a t i o s  

p r o v i d e d .  

The  ma in   c o m p r e s s i o n   u n i t   i s   p r e f e r a b l y   a  w o r m  

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

e q u i v a l e n t s   a r e   a l s o   s u i t a b l e .   Such  a  worm  c o n v e y o r  

t a k e s   up  t h e   c o h e r e n t   f i b r o u s  m a t e r i a l   mass   f rom  t h e  

p r i m a r y   c o m p r e s s i o n   m e a n s ,   and  moves   i t   to  t he   f l u i d ,  

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

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

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

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

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

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



In  t he   e m b o d i m e n t   of  t he   i n v e n t i o n   in  w h i c h   t h e   f i r s t  

a r e a   of  t he   ma in   c o m p r e s s i o n   u n i t   c o m p r i s e s   a  w o r m  

d r i v e ,   p o r t i o n s   t h e r e o f   may  have   d i f f e r e n t   p i t c h e s   s o  

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

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

d r i v e   a d j a c e n t   t he   p r i m a r y   c o m p r e s s i o n   m e a n s   i s   f i n e r  

t h a n   t he   p i t c h   a d j a c e n t   t he   p l u g   f o r m i n g   a r e a .   T h e  

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

t he   p o r t i o n   of  the   worm  d r i v e   f r o m   t o  2  3  

of  i t s   l e n g t h ,   can  be  a r r a n g e d   to  be  of  p r o g r e s s i v e l y  

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

in  o r d e r   to  p r o v i d e   a  g r a d u a l l y   i n c r e a s i n g   p r e s s u r e .  

The  worm  d r i v e   is  p r e f e r a b l y   a c c o m m o d a t e d   in   a  t u b e ,  

t he   worm  e x t e n d i n g   f rom  7 5  -   95%  of  t he   l e n g t h   of  t h e  

c o m p r e s s i o n   u n i t ,   t h e r e b y   l e a v i n g   5  to  25%  f o r   t h e  

p l u g   f o r m i n g   a r e a .   In  t he   p l u g   f o r m i n g   a r e a   f i b r o u s  

m a t e r i a l   i s   moved  p r o g r e s s i v e l y   to  t he   e n t r a i n m e n t  

p o i n t .  

F u r t h e r ,   i f   d e s i r e d ,   t h e   d i a m e t e r   of  t he   worm  d r i v e  

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

f rom  5  to  50%  a t   t he   p o i n t   w h e r e   t h e   p i t c h   b e g i n s   t o  

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



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

end  of  t he   worm  d r i v e   to  t h e   p o i n t   of  e n t r a i n m e n t .  

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

a l s o   f o r m s   a  s t r u c t u r e   f rom  w h i c h   s u i t a b l y   s i z e d  

p a r t i c l e s   can  be  r e m o v e d   and  e n t r a i n e d   in  t h e   a i r  

f l o w .  

A d j a c e n t   t h e   end  of  t he   p l u g   zone   i s   a  k n i f e   h e a d  

w h i c h   a c t s   upon  f i b r o u s   m a t e r i a l   in  t he   p l u g   to  r e m o v e  

s u i t a b l y   s i z e d   p a r t i c l e s .   The  k n i f e   h e a d   may  f o r m  

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

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

A  v e n t u r i   c a n ,   i f   d e s i r e d ,   be  p o s i t i o n e d   a d j a c e n t   t h e  

e n t r a i n m e n t   p o i n t   to  r a i s e   t h i s   s p e e d   a t   t h e  

e n t r a i n m e n t   p o i n t  t o   a s s i s t   in  e n t r a i n m e n t .  

The  k n i f e   i s   p r e f e r a b l y   r o t a t e d   so  as  to  c o n t a c t   t h e  

p l u g   w i t h   s u i t a b l e   b l a d e s   or  p i n s   as  t h e   p l u g  

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

a d j u s t i n g   the   s p e e d   and  fo rm  of  t h e  k n i f e ,   and  t h e  

e n t r a i n m e n t   a i r   s p e e d ,   a  d e s i r a b l e   e n t r a i n m e n t   c a n   b e  

p r o d u c e d   and  v a r i e d   a t   w i l l .   The  k n i f e   h e a d   i s  

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



d e t a c h e d   so  t h a t   t h e   k n i f e   b l a d e s   can  be  c h a n g e d   a s  

d e s i r e d .  

In  a  f u r t h e r   f e a t u r e   of  t he   i n v e n t i o n ,   t h e r e   i s  

p r o v i d e d   a t   t h e   end  of  t he   f l u i d   c o n d u i t   an  a p p l i c a t o r  

m e a n s .   T h i s   i s   a d a p t e d   to  a p p l y   to  t he   e n t r a i n e d  

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

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

a d d i t i o n   t o ,   t he   e n t r a i n e d   f i b r o u s   m a t e r i a l .  

A c c o r d i n g l y ,   t h e r e   is   p r o v i d e d   in  a  f u r t h e r   f e a t u r e   o f  

the   i n v e n t i o n ,   a  f l u i d   c o n d u i t   f o r   t he   p a s s a g e   o f  

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

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

of  d i s p e n s i n g   j e t s ,   d i s p o s e d   in  a  g e n e r a l l y   r e g u l a r  

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

a t   an  a n g l e   of  10  t o   3 0 °  t o w a r d   t he   a x i s   of   t h e  

n o z z l e .   The  a n g l e   i s   m o s t   p r e f e r a b l y   15  to   2 0 ° .  

The  s p r a y   a n g l e   of  t he   n o z z l e   may  b e  b e t w e e n   30  a n d  

5 0 °  ( i . e .   f rom  15  to  25°  f rom  t he   l o n g i t u d i n a l   a x i s   o f  

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

a p p l i c a t i o n s ,   t he   s u b s t a n c e   to  be  a p p l i e d   f r o m   t h e  



j e t s   and  t he   f i b r o u s   m a t e r i a l   w i l l   i n t e r m i x   some  25  t o  

200  cm,  ( p r e f e r a b l y   50  to  150  cm)  f rom  t h e   n o z z l e .  

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

c l o g g i n g   of  t h e   s y s t e m   w i t h   t he   s u b s t a n c e s   to  b e  

a p p l i e d   to  the   f i b r o u s   m a t e r i a l   ( e . g .   b i n d e r )   a n d ,   o f  

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

to  be  u t i l i z e d .   Such  may  i n c l u d e ,   f o r   e x a m p l e ,   b i n d e r  

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

F u r t h e r ,   t h e   r a t i o   of  t h e   f i b r o u s   m a t e r i a l   to  t h e  

b i n d e r   m a t e r i a l   maybe  r e a d i l y   v a r i e d .  

I f   d e s i r e d ,   t h e   j e t s   may  a l s o   be  a n g u l a r l y   d i s p l a c e d  

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

a e r i a l   s y s t e m ;   t h e   a n g u l a r   d i s p l a c e m e n t   may  be  0  t o  

2 0 ° .   F u r t h e r ,   e a c h   or  e a c h   g r o u p   of  j e t s   may  b e  

a d a p t e d   to  d i s p e n s e   a  b i n d e r   c o m p o n e n t   so  as  to  a l l o w  

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

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

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

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

m a t e r i a l   p r e s e n t   in  t h e   f o rm  of  f i b r e s   of  any  u s a b l e  

s i z e ,   or  c o l l e c t i o n s   of  f i b r e s   s u c h   as  p a p e r ,   t e x t i l e  



webs  e t c . ,   w h i c h   a r e   m o s t l y   d i s i n t e g r a t e d .   T h u s ,  

s u i t a b l e   f i b r o u s   m a t e r i a l s   may  be  r o c k w o o l ,   g r o u n d  

p a p e r s ,   i r r e g u l a r l y   s h a p e d   p a r t i c u l a t e s .   F u r t h e r  

p o w d e r e d   m a t e r i a l s   can  be  a d m i x e d   w i t h   t h e   f i b r o u s  

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

c a n n o t ,   of  c o u r s e ,   c o n s t i t u t e   a  m a j o r   p r o p o r t i o n   o f  

the   a d m i x t u r e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

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

d r a w i n g s   w h e r e i n :  

F i g u r e   1  shows   a  d i a g r a m m a t i c   v e r t i c a l   c r o s s   s e c t i o n  

t h r o u g h   one  e m b o d i m e n t   of  t he   i n v e n t i o n .  

F i g u r e   2  shows   a  t r a n s v e r s e   c r o s s   s e c t i o n   a l o n g   a  l i n e  

A :   A  of  F i g u r e   1,  a n d  

F i g u r e   3  shows   in  d i a g r a m m a t i c   c r o s s   s e c t i o n   a n  

a p p l i c a t o r   means   f o r   p o s i t i o n i n g   a t   t he   end  of  t h e  

f l u i d   c o n d u i t   of  the   d e v i c e   shown  in  F i g u r e s   1  and  2 .  

Wi th   r e f e r e n c e ,   p a r t i c u l a r l y   to  F i g u r e   1,  t h e r e   i s  

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

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



i n c l i n e d   to  fo rm  a  c h a n n e l ,   p o s i t i o n e d   g e n e r a l l y   b e l o w  

the   s h a f t   lA.  The  s h a f t   1A  w h i c h   e x t e n d s   t h r o u g h o u t  

t he   e f f e c t i v e   l e n g t h   of  t he   h o p p e r   1  is   p r o v i d e d   w i t h  

a  p l u r a l i t y   of  p a d d l e s   23  w h i c h   a r e   i n c l i n e d   so  as  t o  

f o r c e   m a t e r i a l   t o w a r d   a  h o p p e r   e x i t   1 0 .  

P o s i t i o n e d   b e l o w   t he   h o p p e r   e x i t   10  i s   t h e   p r i m a r y  

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

d i s p o s e d   s h a f t s   2,  e a c h   b e a r i n g   b l a d e s   2A  and  2B  w h i c h  

i n t e r m e s h .   The  b l a d e s   2A  a r e   of  a  g e n e r a l l y  

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

t h e   b l a d e s   2B  a r e   f o r m e d   of  a  p l u r a l i t y   of  p e t a l  

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

D i s p o s e d   b e l o w   the   p r i m a r y   c o m p r e s s i o n   means   2  i s   t h e  

ma in   c o m p r e s s i o n   u n i t   3A  w h i c h   i s   f o r m e d   of  a  

c y l i n d r i c a l   body   d i s p o s e d   a b o u t   t he   s c r e w   c o n v e y o r   3 .  

The  p o r t i o n   of  t he   s c r e w   c o n v e y o r   3  i m m e d i a t e l y   b e l o w  

the   p r i m a r y   c o m p r e s s i o n   means   is  p r o v i d e d   w i t h  

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

o v e r   an  i n t e r m e d i a t e   p o r t i o n   to  t e r m i n a t e   in  t h e  

maximum  c o m p r e s s i o n   zone   4  of  t h e   m o s t  c o a r s e   t h r e a d  

to  i m p a r t   t h e   maximum  c o m p r e s s i o n .  



F u r t h e r ,   t he   d i a m e t e r   of  the   s c r e w   c o n v e y o r   3  i s   a t   i t s  

maximum  t o w a r d   the   l e f t - h a n d   s i d e   of  F i g u r e   1  r e d u c i n g  

by  up  to  50%  as  t he   s c r e w   t h r e a d   c o a r s e n s   t o w a r d   t h e  

maximum  c o m p r e s s i o n   zone   4 .  

The  c o m p r e s s i o n   u n i t   3A  t e r m i n a t e s   t o w a r d   i t s  

r i g h t - h a n d   s i d e   in  a  p l u g   f o r m i n g   s e c t i o n   5  w h i c h  

c o n s t i t u t e s   b e t w e e n   5  and  25%  of  t he   l e n g t h   of  t h e  

c o m p r e s s i o n   u n i t   3 A .  

As  may  be  s e e n   in  F i g u r e   1  t h e   p l u g   f o r m i n g   p o r t i o n   5 

t e r m i n a t e s   t o w a r d   i t s   r i g h t - h a n d   end  in  an  e n t r a i n m e n t  

p o r t i o n   8  e x t e n d i n g   g e n e r a l l y   p e r p e n d i c u l a r   a n d  

h o r i z o n t a l l y   to  t he   c o m p r e s s i o n   u n i t   3A.  E n t r a i n m e n t  

p o i n t   i s   p r o v i d e d   w i t h   a  k n i f e   h e a d   6  r o t a t i n g   a b o u t  

s u b s t a n t i a l l y   a  common  a x i s   w i t h   t h e   worm  c o n v e y o r   3 

and  d r i v e n   by  a  m o t o r   7 .  

In  o p e r a t i o n ,   f i b r o u s   m a t e r i a l   i s   f ed   i n t o   t he   h o p p e r  

1  and  s h a f t s   lA,  2A,  2B  and  worm  c o n v e y o r   3,  a r e   s e t  

in  m o t i o n   by  v i r t u e   of  an  o p e r a t i v e   c o n n e c t i o n   v i a  

g e a r   t r a i n   9.  The  f i b r o u s   m a t e r i a l   i s   d r i v e n   by  t h e  

p a d d l e s   23  t o w a r d   the   e x i t   10.  The  f i b r o u s   m a t e r i a l  

is   t h e n   f ed   u n d e r   g r a v i t y   i n t o   t he   p r i m a r y   c o m p r e s s i o n  

z o n e ,   and  c i t e d   upon  by  p l a t e s   2A  and  2B  f o r   p a r t i a l  



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

is  now  a  c o h e r e n t   mass   i s   fed   to  t he   s c r e w   c o n v e y o r   3 

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

3A  r e a c h i n g   i t s   maximum  c o m p r e s s i o n   a t   t he   c o m p r e s s i o n  

zone  4  and  f o r m i n g   p l u g   5  w h i c h   is  g r a d u a l l y   e x p r e s s e d  

i n t o   t he   e n t r a i n m e n t   p o i n t   8 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   an  i n c r e a s e   in  s p e e d   o f  

t he   g e a r   t r a i n   9  a u t o m a t i c a l l y   a d j u s t s   t he   r e l a t i v e  

r o t a t i o n a l   r a t i o s   of  t he   s h a f t s   lA,  2A  and  2B  a n d  

s c r e w   c o n v e y o r   3  so  t h a t   t he   r e l a t i v e   d e g r e e s   o f  

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

Wi th   r e f e r e n c e   now  to  F i g u r e   2,  a  r o t o r   h o u s i n g   11  i s  

p r o v i d e d   w i t h   i n s p e c t i o n   means   ( n o t   shown)   w h e r e b y   a  

k n i f e   h e a d   6  can  be  r e a d i l y   i n s p e c t e d .   The  k n i f e   h e a d  

6  i s   p r o v i d e d   a t   i t s   o u t   e n d s   w i t h   b l a d e s   13  w h i c h   a r e  

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

A d j a c e n t   t he   u p p e r   p o r t i o n   of  t he   k n i f e   head   6  is   a  

v e n t u r i   16  w h i c h   a c t s   to  i n c r e a s e   t h e   s p e e d   of  t h e  

e n t r a i n m e n t   a i r   12  a t   t he   e n t r a i n m e n t   p o i n t   8.  I t  

w i l l   be  a p p r e c i a t e d   t h a t   w i t h   m o t o r   7  e n g a g e d ,   t h e  

k n i f e   r o t a t e s   a b o u t   i t s   a x i s   s h r e d d i n g   f i b r o u s  

m a t e r i a l   f rom  t he   p l u g   5.  The  p l u g   5  i s   t h e r e b y  

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



s t r e a m   12  to  fo rm  a  m i x e d   a i r   e n t r a i n e d   m a t e r i a l   1 5 .  

The  e n t r a i n e d   m i x t u r e   15  e x i t s   to  a  n o z z l e   18  v i a  

c o n d u i t   17.  E n t r a i n m e n t   e s s e n t i a l l y   t a k e s   p l a c e   a t  

m i x i n g   zone   14,   t he   d e g r e e   of  e n t r a i n m e n t   b e i n g  

d e p e n d e n t   upon  the   r o t a t i o n a l   s p e e d   of  t he   k n i f e  

b l a d e s   13,  t h e   s p e e d   of  a i r   s t r e a m   and  t he   r a t e   o f  

i n t r o d u c t i o n   of  t he   f i b r o u s   p l u g   m a t e r i a l   5.  A l l  

t h e s e   p a r a m e t e r s   can  be  c o n t r o l l e d   in  o r d e r   to  p r o v i d e  

the   d e s i r e d   a i r   e n t r a i n m e n t   r a t i o   a t   t he   n o z z l e   1 8 .  

O b v i o u s l y   t he   l e n g t h   of  t he   c o n d u i t   17  w i l l   be  l i m i t e d  

by  i t s   s i z e ,   and  t he   v o l u m e   of  a i r   12  a v a i l a b l e   e t c .  

T u r n i n g   now  to  F i g u r e   3,  i t   w i l l   be  n o t e d   t h a t   t h e  

c o n d u i t   17  t e r m i n a t e s   in  a  n o z z l e   18  w h i c h ,   in  t h i s  

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

p a r t i c l e s   a t   an  a n g l e   of  30°  f rom  t h e   n o z z l e   (15°   f r o m  

t h e   a x i s   of  t he   n o z z l e ) .   The  s p r a y   i s   d e s i g n a t e d   21  

f o r   r e f e r e n c e   p u r p o s e s .  

S p a c e d   a t   180°   i n t e r v a l s   a b o u t   t he   end  of  t he   n o z z l e  

18  a r e   d i s p e n s i n g   j e t s   19  and  20  d i s p e n s i n g   a  b i n d e r  

s y s t e m   in  s p r a y s   22A  and  22B.  The  t w o - c o m p o n e n t  

b i n d e r   s y s t e m   is   t h e r e b y   p r o v i d e d ;   c o m p o n e n t s   A  and  B 

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



m a t e r i a l   w i t h i n   t he   zone   21  to  p r o v i d e   a  f i n a l   f i b r o u s  

m a t e r i a l   w i t h   b i n d e r   a d m i x e d .   O p t i o n a l l y ,   t h e  

d i s p e n s i n g   j e t s   19  can  be  i n c l i n e d   a t   an  a n g l e   of  2 0 0  

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

t he   e x i t i n g   f i b r o u s   m a t e r i a l ,   and  to  t h e r e b y   i n c r e a s e  

t he   d e g r e e   of  a d m i x t u r e   t h e r e w i t h .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   by  means   of  t h i s   a e r i a l  

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

c o m p o n e n t   p a r t i c l e s   w i t h i n   t he   n o z z l e   l i n e   w h i c h   h a s  

p r e v i o u s l y   o c c u r e d ,   i s   a v o i d e d .  

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

and  a p p a r a t u s   f o r   t he   e n t r a i n m e n t   of  f i b r o u s   m a t e r i a l  

in  a  d i s p e n s i n g   f l u i d ,   and  to  f i b r o u s   s p r a y s   s o  

f o r m e d .   I t   a l s o   r e l a t e s ,   s e p a r a t e l y ,   to  a  m e t h o d   o f  

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

and  to  an  a p p a r a t u s   f o r   e f f e c t i n g   t h e   s a m e .  



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

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

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

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

s a i d   p l u g  

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

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

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

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

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

c u t t i n g   s t a t i o n .  

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   2  w h e r e i n   t he   p l u g  

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

s a i d   a i r   s t r e a m .  

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

w h e r e i n   a  f u r t h e r   a d d i t i v e   i s   e n t r a i n e d   w i t h   s a i d  

a d m i x t u r e   f o r   d e l i v e r y   t h e r e w i t h .  



5.  A p p a r a t u s   f o r   t he   e n t r a i n m e n t   of  a  f i b r o u s  

m a t e r i a l   in  a  f l u i d   s t r e a m   c h a r a c t e r i s e d   b y  

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

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

m a t e r i a l   i n t o   a  p l u g  

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

p l u g   a n d  

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

s t r e a m  

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

means   c o m p a c t s   t he   f i b r o u s   m a t e r i a l   to  a  p l u g   o f  

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

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

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

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

s a i d   f l u i d   s t r e a m .  

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

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

p r i m a r y   c o m p r e s s i o n   means   c o m p r i s i n g   one  or  m o r e  

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

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

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

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

c o m p a c t i o n   m e a n 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   5  or  c l a i m   6 

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

c o m p r i s e s   a  worm  c o n v e y o r .  

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

worm  c o n v e y o r   has   a  v a r y i n g   p i t c h   a l o n g   i t s   l e n g t h   i n  

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

m a t e r i a l   as  i t   i s   t r a n s p o r t e d   to  fo rm  s a i d   p l u g .  

9.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

r e m o v i n g  m e a n s   is   a  d r i v e n   k n i f e   h e a d   w h i c h   a c t s   o n  

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

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

lQ.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   9  w h e r e i n   t h e  

f l u i d   c o n d u i t   i n c l u d e s   v e n t u r e   means   j u x t a p o s e d   s a i d  

r e m o v i n g   m e a n s   in  o r d e r   to  i n c r e a s e   t he   f l u i d   s t r e a m  

v e l o c i t y   in  t he   v i c i n i t y   of  t he   e n t r a i n m e n t   p o i n t   f o r  

t he   f i b r o u s   m a t e r i a l .  

11.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   5  t o  

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

n o z z l e   and  w h e r e i n   one  or  more  d i s p e n s i n g   j e t s   i s  

d i s p o s e d   in  j u x t a p o s i t i o n   to  s a i d   n o z z l e   f o r   t h e  



i n t r o d u c t i o n   of  one  or  more  a d d i t i v e s   to  the   f l u i d  

s t r e a m   a d m i x t u r e .  
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