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©  Method  of,  and  means  for,  reducing  the  liquid  content  of  air-permeable  material  in  tubular  form. 

©  A  method  of  reducing  the  liquid  content  of  air-permeable 
material  in  tubular  form,  especially  for  reducing  the  moisture 

•content  of  tubular  fabric,  involves  moving  the  tube  of  material 
longitudinally  through  a  device  for  applying  suction  to  the 
outer  surface  of  the  tube  either  in  a  single  area  which  extends 
all  round  the  tube  or  in  a.  plurality  of  areas  which  together 
extend  substantially  all  round  the  tube. 

Meansforcarryingthemethodintoeffectmaycomprisea  ^ .  pair  of  hollow  members  17,  18  defining  a  frame  to  surround 
the  tube  10  of  material  from  which  liquid  is  to  be  removed.  ^s*"   / / ^ ^  
Each  of  the  hollow  members  17,  18  has  apertures  7  in  its  y ^ y ^  
inwardly-facing  wall  or  walls  each  of  which  communicates  F1G-4  i1&  Jr^^  J  
with  the  hollow  interior  of  the  respective  hollow  member. 
Means  is  provided  for  creating  a  sub-atmospheric  pressure  in 
each  ofthe  members  17,  18,  for  example  tubes  19  connected  y ^ C ^ ' t ^ ' ^ ' ^ ^ ^  
to  the  members  and  connectible  to  a  source  of  vacuum  (not  \ / i  
shown).  X ^ ^ J ^ ^ ^ y / ' ^ s '  

Preferably,  the  apertures  7  are  in  the  form  of  elongate  L  ^  
slots  having  a  length  considerably  greater  than  their  width,  /  and  the  axis  of  each  slot  is  inclined  at  an  angle  of  from  5  to  10  I  S \ \  
degrees  to  the  direction  of  advance,  indicated  by  the  arrow  B,  «=vJv \ l / ' ' ^  
of  the  tubular  fabric.  The  position  of  the  hollow  member  18  j 
between  the  limbs  17a,  176  of  the  member  17  is  adjustable  in  ^~*N-4/' 
order  to  vary  the  cross-sectional  area  of  the  window  opening 
of  the  frame  defined  by  the  hollow  members. 

The  suction  extraction  means  may  be  combined  with  hot 
air  drying  apparatus  disposed  downstream  of  the  suction 
Applying  means  and/or  with  squeeze  rollers  disposed 
upstream  of  the  suction  applying  means. 
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material  in  tubular  form,  especially for  reducing  the  moisture 
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order  to  vary  the  cross-sectional  area  of  the  window  opening 
of  the  frame  defined  by  the  hollow  members. 
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applying  means  and/or  with  squeeze  rollers  disposed 
upstream  of  the  suction  applying  means. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   o f ,   and  means   f o r ,  

r e d u c i n g   t h e   l i q u i d  c o n t e n t   of  a i r - p e r m e a b l e   m a t e r i a l   i n  

t u b u l a r   f o r m .   In   p a r t i c u l a r ,   b u t   n o t   e x c l u s i v e l y ,   i t  

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

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

t u b u l a r   f a b r i c .  

I t   i s   f r e q u e n t l y   n e c e s s a r y   i n   t h e   t e x t i l e   i n d u s t r y   t o  

r e m o v e   l i q u i d   f r o m   t u b u l a r   f a b r i c ,   f o r   e x a m p l e   f a b r i c  

w h i c h   has   b e e n   t r e a t e d   i n   a  d y e b a t h   or   s u b j e c t e d   to   b l e a c h -  

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

I t   i s   k n o w n   to   r e m o v e   l i q u i d   f r o m   t u b u l a r   f a b r i c   b y  

p a s s i n g   t h e   f a b r i c   t h r o u g h   an  a p p a r a t u s   c o m p r i s i n g   s q u e e z e  

r o l l e r s ,   f o r   e x a m p l e   a  m a n g l e ,   i n   o r d e r   to   e x p r e s s   a  

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

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

l i q u i d   i n   an  a m o u n t   of   up  to  60  p e r   c e n t   by  w e i g h t   of  t h e  

d r y   w e i g h t   of   t h e   f a b r i c .   In  known  l i q u i d   r e m o v a l   a p p a r a -  
t u s   of   t h i s   k i n d   i t   i s   p o s s i b l e   to  p a s s   t h e   t u b u l a r   f a b r i c  

t h r o u g h   t h e   a p p a r a t u s   a t   s p e e d s   of  up  to   25  m / m i n .  

V a r i o u s   m e t h o d s   a r e   known  f o r   e f f e c t i n g   a  more   c o m p -  

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

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

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

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

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

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



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

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

f a b r i c ,   so  t h a t   t h e   f a b r i c   a p p r o a c h e s   t h e   s t r e t c h e r   as  a  

f u l l y   b l o w n   up  t u b e .   P r a c t i c a l   o p e r a t i n g   s p e e d s  v a r y   a c c -  

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

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

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

l i k e l y   to   e x c e e d   15  m / m i n .   I f ,   t h e r e f o r e ,   s u c h   a  d r y i n g  

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

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

s q u e e z e   r o l l e r s ,   t h e   l a t t e r   w i l l   n o t   be  u s e d   t o   t h e i r  

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

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

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

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

f a b r i c , ' i t   i s   known   t o   a p p l y   s u c t i o n   t o   a  s u r f a c e   of  t h e  

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

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

100  mm  w h i c h   i s   c o n n e c t e d   t o   a  s o u r c e   of  v a c u u m   and  has   a  

l o n g i t u d i n a l   s l i t   o f   a  w i d t h   f o r   i n s t a n c e   o f   3  mm.  T h e  

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

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

d i r e c t i o n   of   a d v a n c e   o f   t h e   f a b r i c .   The  t i m e   d u r i n g   w h i c h  

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

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

d e g r e e   of  v a c u u m   a t   t h e   s l i t   to   a c h i e v e   any   w o r t h w h i l e  

e x t r a c t i o n   of   l i q u i d ,   f o r   e x a m p l e   a  v a c u u m   of   up  to   5 0 0  

mm  of   Hg.  S u c h   a  h i g h   v a c u u m   has  t h e   e f f e c t   of   p a r t i a l l y  

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

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

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

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

i n s e n s i t i v e   k i n d s   o f   f a b r i c s .  

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

e x t r a c t i o n   o f   l i q u i d   f r o m   t u b u l a r   f a b r i c .   I t   w o u l d   n o t   b e  



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

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

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

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

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

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

f a b r i c   t u b e   w h i c h   c a n n o t   be  in   d i r e c t   c o n t a c t   w i t h   t h e  

s u c t i o n   s l i t .  

The  p r e s e n t   i n v e n t i o n   a ims  to   p r o v i d e   an  i m p r o v e d  

m e t h o d   o f ,   and   i m p r o v e d   means   f o r ,   r e d u c i n g   t h e   l i q u i d  

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

do  n o t   h a v e   t h e   d i s a d v a n t a g e s   m e n t i o n e d   a b o v e .  

A c c o r d i n g   t o   one   a s p e c t   of  t h e   i n v e n t i o n ,   a  m e t h o d  

of   r e d u c i n g   t h e   l i q u i d   c o n t e n t   of  a i r - p e r m e a b l e   m a t e r i a l  

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

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

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

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

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

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

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

i n   a  s i n g l e   c i r c u m f e r e n t i a l   z o n e .   A l t e r n a t i v e l y ,   t h e  

s u c t i o n   may  be  a p p l i e d   to   a  p l u r a l i t y  o f   z o n e s   of  t h e  

e x t e r n a l . s u r f a c e   of  t h e   t u b e ,   a t   l e a s t   one  of  w h i c h   z o n e s  

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

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

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

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

m a t e r i a l   i n   t u b u l a r   f o r m   c o m p r i s e s   one  or   more   h o l l o w  

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

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

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

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

or   e a c h   h o l l o w   member   and  means   f o r   a d v a n c i n g   t h e   t u b e   o f  

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

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

or   e a c h   h o l l o w   m e m b e r .  



The  or   e a c h   h o l l o w   member   may  c o n s i s t   of  a  t u b e ,   f o r  

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

may  be  a r r a n g e d   to   d e f i n e   a  f r a m e   of  c i r c u l a r ,   r e c t a n g u l a r ,  

t r i a n g u l a r   or   o t h e r   s h a p e .  

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   means   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 ,   e a c h   of   t h e   a p e r t u r e s   i n   t h e   or  e a c h  

h o l l o w   member   i s   i n   t h e   f o r m   of  a  s u b s t a n t i a l l y   s t r a i g h t ,  

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

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

h o l l o w   member   w i t h   i t s   a x i s   i n c l i n e d   s l i g h t l y   to   t h e   d i r e c t -  

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

F o r   e x a m p l e ,   e a c h   s l o t   may  h a v e   a  w i d t h   of   f r o m   3  t o  4   mm 

and   a  l e n g t h   o f  u p   t o   100  mm,  and   t h e   s l o t   a x i s   may  b e  

i n c l i n e d   a t   an  a n g l e   of  f r o m  5   t o   10  d e g r e e s   to   t h e   d i r e c t -  

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

t h e   or  e a c h   h o l l o w   member   w i t h   a  l a r g e   n u m b e r   of   s u c h   s l o t s  

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

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

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

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

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

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

m e m b e r ( s ) ,   a  v a c u u m   of   f r o m   100  to   150  mm  of  Hg  b e i n g   s u f f -  

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

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

e x t e n t   and   t h e   t u b e   of   m a t e r i a l   c a n   be  moved   t h r o u g h   t h e  

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

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

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

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

t h r o u g h   t h e   f r a m e   can   be  as  h i g h   as  25  m / m i n . ,   w h i c h   i s   t h e  

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

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

l i q u i d   t h e r e f r o m .   C o n s e q u e n t l y ,   by  e m p l o y i n g   t h i s  

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

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



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

a  p r a c t i c a l   e m b o d i m e n t   of  s u c h   a  p r o c e s s ,   i t   may  be  n e c e s s -  

a r y   to   t a k e   s t e p s   to   e n s u r e   t h a t   t h e   f l a t t e n e d   f o r m   of   t h e  

t u b u l a r   m a t e r i a l   as  i t   l e a v e s   t h e   s q u e e z e   r o l l e r s   i s   c o n -  

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

e x t r a c t i o n   m e a n s .   V a r i o u s   ways  i n   w h i c h   t h i s   may  be  d o n e  

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

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

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

t u b e   of   m a t e r i a l   as  i t   p a s s e s   t h r o u g h   t h e   two  l i q u i d   r e m -  

o v a l   s t a g e s .  

In   some  c a s e s   i t   i s   d e s i r a b l e   t h a t   t h e   m e a n s   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   s h o u l d   be  a d j u s t a b l e   so  t h a t  

i t   can   be  u s e d   to   e x t r a c t   l i q u i d   f r o m   t u b u l a r   m a t e r i a l   o f  

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

a  p l u r a l i t y   o f   h o l l o w   m e m b e r s ,   t h e s e   m e m b e r s   may  be  m o v a b l e  

r e l a t i v e   t o   one   a n o t h e r   to   v a r y   t h e   a r e a   of  t h e   w i n d o w  

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

h o l l o w   m e m b e r ,   or   a  p l u r a l i t y   of  h o l l o w   m e m b e r s   f i x e d  

r e l a t i v e   t o   one   a n o t h e r ,   p r o v i s i o n   may  be  made  f o r   t i l t i n g  

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

of  m a t e r i a l   t h r o u g h   t h e   f r a m e ,   so  t h a t   t h e   a r e a   a v a i l a b l e  

to   t h e   t u b e   of   m a t e r i a l   can   be  v a r i e d .  

The  m e a n s   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   may  b e  

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

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

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

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

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

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

means   w i l l   be  d e s c r i b e d   h e r e i n a f t e r   w i t h   r e f e r e n c e   t o   t h e  

d r a w i n g s .  

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

r e l a t i o n   t o   t h e   r e m o v a l   of   l i q u i d   f r o m   t u b u l a r   m a t e r i a l ,  

i t   w i l l   be  a p p r e c i a t e d   t h a t  l i q u i d   may  be  r e m o v e d   v e r y  

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



one  of   t h e   a f o r e s a i d   h o l l o w   m e m b e r s ,   p r o v i d e d   w i t h   a  p l u r -  

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

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

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

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

a  h o l l o w   m e m b e r .  

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  of  e x a m p l e ,  

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 ,   i n   w h i c h  

F i g u r e   1  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of  a  f i r s t  

e m b o d i m e n t   of   m e a n s   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 ,  

F i g u r e   2  i s   a  p e r s p e c t i v e   v i e w ,   on  an  e n l a r g e d   s c a l e ,  
of   a  p o r t i o n   of   one  of  t h e   h o l l o w   m e m b e r s   of   t h e   m e a n s  

a c c o r d i n g   t o   F i g u r e   1 ,  

F i g u r e s  3 ,   4 ,  5   and  6  a r e   s c h e m a t i c   p e r s p e c t i v e   v i e w s  

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

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 ,  

F i g u r e s  7   and   8  a r e   s e c t i o n a l   v i e w s   of   d e t a i l s   of  t h e  

means   a c c o r d i n g   t o   F i g u r e   6 ,  

F i g u r e s   9  and   1 0  a r e   s c h e m a t i c   s e c t i o n a l   v i e w s   of   m e a n s  

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   i l l u s t r a t i n g   two  d i f f e r e n t  

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

f o r m ,  

F i g u r e   11  i s   a  s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e   X I  -   X I  

of   F i g u r e   1 0 ,  

F i g u r e   12  i s   a  p e r s p e c t i v e   v i e w   o f  m e a n s . 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   i n   c o m b i n a t i o n   w i t h   a  h o t   a i r  

d r y i n g   m e a n s ,  

F i g u r e   13  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of   a  j a c k e t  

f o r   u s e   w i t h   t h e   a p p a r a t u s   shown  i n   F i g u r e   12,   a n d  

F i g u r e s   14  t o   l 6   a r e   s c h e m a t i c   s e c t i o n a l   v i e w s   o f  

means   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   i n   c o m b i n a t i o n   w i t h  

s q u e e z e   r o l l e r   d e v i c e s .  

The  means   s h o w n   i n   F i g u r e   1  c o m p r i s e s  t w o   t u b u l a r  

m e m b e r s   1,  2  of   r e c t a n g u l a r   c r o s s - s e c t i o n .   The  m e m b e r   1  

i s   of  V - s h a p e ,   w h e r e a s   t h e   member   2  i s   s t r a i g h t .   At  i t s  

end   3  t h e   m e m b e r   2  i s   p i v o t e d   to   t h e   l i m b   1a   o f   t h e   m e m b e r  



1,  and   t h e   m e m b e r   2  c an   be  swung  i n   t h e   d i r e c t i o n s   i n d i c -  

a t e d   by  t h e   a r r o w s   A  o v e r   t h e   V - s h a p e d   member   1  w i t h   i t s  

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

l a   and   l b   o f   m e m b e r   1.  The  two  h o l l o w   m e m b e r s   1  and   2  

d e f i n e   a  f r a m e   w i t h   a  t r i a n g u l a r   w i n d o w   o p e n i n g   4,  t h e  

a r e a   of   w h i c h   c an   be  a d j u s t e d   by  a d j u s t m e n t   of   t h e   p o s -  
i t i o n   o f   t h e   m e m b e r   2  r e l a t i v e   to   t h e   member   l .   A n y  

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

m e m b e r   2  i n   a  d e s i r e d   p o s i t i o n   r e l a t i v e   to   t h e   m e m b e r   1 .  

The  w a l l s   5,  6  of   t h e   member   1  w h i c h   f a c e   t h e   w i n d o w  

o p e n i n g   4,  a n d   t h e   w a l l   of  t h e   member   2  w h i c h   f a c e s   t h e  

w i n d o w   o p e n i n g   4,  a r e   a l l   p r o v i d e d   w i t h   a  p l u r a l i t y   o f  

e l o n g a t e ,   t h r o u g h - s l o t s  7   d i s p o s e d   i n   p a r a l l e l ,   c l o s e l y  

s p a c e d - a p a r t   r e l a t i o n s h i p .   F i g u r e   2  s h o w s   a  p o r t i o n  

of  t h e   l i m b   l b   of   t h e   member   1.  In   t h i s   F i g u r e ,   t h e  

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

m a t e r i a l   to   be  d r i e d   when  i t   i s   a d v a n c e d   p a s t   t h e   l i m b   I b  

d u r i n g   u s e   o f   t h e   m e a n s .   I t   w i l l   be  s e e n   t h a t   t h e   s l o t s  

7  a r e   i n c l i n e d   t o   t h e   a r r o w   B  by  an  a n g l e   C,  w h i c h   i s   s u i t -  

a b l y   f r o m   5  t o   10  d e g r e e s .   The  s l o t s   7  i n   t h e   i n w a r d l y -  

f a c i n g   w a l l s   o f   t h e   l i m b   l a   and  t h e   member   2  a r e   s i m i l a r l y  

i n c l i n e d   t o   t h e   d i r e c t i o n   of  a d v a n c e   of  t h e   t u b u l a r   m a t e r -  

i a l   t h r o u g h   t h e   w i n d o w   o p e n i n g   4 .  

A  t u b e   8  i s   c o n n e c t e d   to   t h e   h o l l o w   i n t e r i o r s   o f   t h e  

m e m b e r s   1  and   2,  one  end   of   t h i s   t u b e   s e r v i n g   as  a  p i v o t  

p i n   f o r   t h e   e n d   3  of   t h e   member   2.  The  t u b e   8  i s   c o n n -  

e c t i b l e   by  m e a n s   of   a  f u r t h e r   t u b e   9  to   a  s o u r c e   of   v a c u u m  

( n o t   s h o w n ) .  

In   u s e   o f   t h e   a p p a r a t u s   shown  in   F i g u r e   1,  t h e   t u b u l a r  

m a t e r i a l   10  f r o m   w h i c h   l i q u i d   i s   to   be  r e m o v e d   is   a d v a n c e d  

u p w a r d l y   t h r o u g h   t h e   w i n d o w   o p e n i n g   4,  as  i n d i c a t e d   by  t h e  

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

h o l l o w   i n t e r i o r s   of  t h e   member s   1  and  2  by  c o n n e c t i n g   t h e  

t u b e   9  to   t h e   v a c u u m   s o u r c e .   P r i o r   to   t h e   l i q u i d   r e m o v a l  

o p e r a t i o n ,   t h e   member   2  i s   a d j u s t e d   r e l a t i v e   t o   t h e   m e m b e r  

1  t o   p r o v i d e   a  w i n d o w   o p e n i n g   4  h a v i n g   a  a r e a   s u b s t a n t -  

i a l l y   e q u a l   t o   t h e   c r o s s - s e c t i o n a l   a r e a   of  t h e   t u b u l a r  



m a t e r i a l   10  and   any   of   t h e   s l o t s  7   w h i c h   l i e   o u t s i d e   t h e  

l i m i t s   of   t h e   w i n d o w   o p e n i n g   4  a r e   m a s k e d   w i t h   p l a t e s   1 1 .  

I n  t h e   means   s h o w n   i n   F i g u r e   3,  t h e   f r a m e   d e f i n i n g   t h e  

r e c t a n g u l a r   w i n d o w   o p e n i n g   4a  t h r o u g h   w h i c h   t h e   t u b u l a r  

m a t e r i a l   10  a d v a n c e s   i n   t h e   d i r e c t i o n   of   t h e   a r r o w   B,  i s  

f o r m e d   by  f o u r   s t r a i g h t ,   h o l l o w   m e m b e r s   12 ,   13,  14  and   1 5 .  

E a c h   of   t h e s e   h o l l o w   m e m b e r s   has   e l o n g a t e   s l o t s   7  f o r m e d  

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

t h e   same  c o n s t r u c t i o n   as  t h e   l i m b   lb   s h o w n   i n   F i g u r e   2 .  

The  h o l l o w   i n t e r i o r   of   e a c h   o f   t h e   m e m b e r s   1 2  -   15  i s  

c o n n e c t e d   t o   a  r e s p e c t i v e   t u b e   16,   t h e s e   t u b e s   b e i n g   c o n n -  

e c t i b l e   t o   a  s o u r c e   of  v a c u u m   ( n o t   s h o w n ) .   The  m e m b e r s   l 4 ,  

15  a r e   s u p p o r t e d   on  t h e   u p p e r   s u r f a c e s   of   t h e   m e m b e r s   1 2 ,  

13  and   t h e y   c an   be  moved   r e l a t i v e   t o   t h e   m e m b e r s   12 ,   1 3  

t o   a d j u s t   t h e   a r e a   of   t h e   w i n d o w   o p e n i n g   4a  to   s u i t   t h e  

a r e a   of  t h e   t u b u l a r   m a t e r i a l   10  p a s s i n g   t h e r e t h r o u g h .   T h e  

m e m b e r s   14 ,   15  w o u l d   be  c l a m p e d   to   t h e   m e m b e r s  1 2 ,   13  i n  

a n y   s u i t a b l e   way  ( n o t   s h o w n )   a f t e r   a d j u s t m e n t   of  t h e   a r e a  

of   t h e   w i n d o w   o p e n i n g   4 a .   As  i n   t h e   c a s e   of   t h e   m e a n s  

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e   1,  any  of   t h e   s l o t s   7  

l y i n g   o u t s i d e   t h e   l i m i t s   of  t h e   w i n d o w   o p e n i n g   4a  a r e  

m a s k e d   w i t h   p l a t e s   1 1 .  

In   t h e   m e a n s   s h o w n   i n   F i g u r e   4,  t h e   f r a m e   d e f i n i n g   t h e  

r e c t a n g u l a r   w i n d o w   o p e n i n g   4 b , t h r o u g h   w h i c h   t h e  t u b u l a r  

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

a r r o w   B,  i s   f o r m e d   by  a  U - s h a p e d   h o l l o w   m e m b e r   17  a n d   a  

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

1 7 a   and   17b  of   t h e   member   1 7 .   E a c h   o f   t h e   h o l l o w   m e m b e r s  

17 ,   18  has   e l o n g a t e   s l o t s   7  f o r m e d   i n   e a c h   of   i t s   i n w a r d l y -  

f a c i n g   w a l l s ,   and   b o t h   m e m b e r s   may  be  of  t h e   same  c o n s t -  

r u c t i o n   as  t h e   l i m b   lb   s h o w n   i n   F i g u r e   2.  The  h o l l o w  

i n t e r i o r   of   e a c h   o f  t h e   m e m b e r s   17 ,   1 8  i s   c o n n e c t e d   t o   a  

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

s o u r c e   of   v a c u u m   ( n o t   s h o w n ) .   The  member   18  c a n  h a v e   i t s  

p o s i t i o n   a d j u s t e d   b e t w e e n   t h e   l i m b s   1 7 a ,   17b   i n   o r d e r   t o  

a d j u s t   t h e   a r e a   of  t h e   w i n d o w   o p e n i n g   4b  to   s u i t   t h e   c r o s s -  

s e c t i o n a l   a r e a   of   t h e   t u b u l a r   m a t e r i a l   10  p a s s i n g   t h e r e -  



t h r o u g h .   The  member   18  w o u l d   be  c l a m p e d   to   t h e   member   1 7  

i n   any   s u i t a b l e   way  ( n o t   s h o w n )   a f t e r   a d j u s t m e n t   of  t h e  

a r e a   of   t h e   w i n d o w   o p e n i n g   4b .   As  i n   t h e   c a s e   of  t h e  

p r e v i o u s l y   d e s c r i b e d   e m b o d i m e n t s ,   any   of   t h e   s l o t s   7  

i n   t h e   m e m b e r   l 7   l y i n g   o u t s i d e   t h e   l i m i t s   of   t h e   w i n d o w  

o p e n i n g   4 b  a r e   m a s k e d   w i t h   p l a t e s   l l .  

In   t h e   means   shown  i n   F i g u r e   5,  t h e   f r a m e   d e f i n i n g   t h e  

c i r c u l a r   w i n d o w   o p e n i n g   4c  t h r o u g h   w h i c h   t h e   t u b u l a r   m a t e r -  

i a l   10  a d v a n c e s   in   t h e   d i r e c t i o n   of   t h e   a r r o w   B,  i s   f o r m e d  

by  a  s i n g l e   r i n g - s h a p e d   h o l l o w   member   20 .   T h i s   h o l l o w  

m e m b e r   has   e l o n g a t e   s l o t s   7  f o r m e d   a l l   a r o u n d   i t s   i n w a r d l y -  

f a c i n g   w a l l   21,  and  a g a i n   t h i s   h o l l o w   member   can   be  c o n s t -  

r u c t e d   i n   t h e   same  way  as  t h e   l i m b   lb   s h o w n   i n   F i g u r e   2 .  

The  h o l l o w   member   20  i s   s u p p o r t e d   by  d i a m e t r i c a l l y   o p p o s e d  

h o l l o w   s p i n d l e s   22,  23  so  t h a t   i t   c a n   t u r n   a b o u t   a  h o r i z -  

o n t a l   a x i s   i n   t h e   d i r e c t i o n s   i n d i c a t e d   by  t h e   a r r o w s   D .  

The  s p i n d l e s   22,  23  a r e   s u p p o r t e d   i n   b e a r i n g s   24,  25,  r e s p -  

e c t i v e l y .   The  h o l l o w   i n t e r i o r   of  t h e   member   20  i s   c o n n e c t e d  

to   t h e   h o l l o w   s p i n d l e s   22,   23  and  t h e   l a t t e r   a r e   c o n n e c t i b l e  

v i a   t u b e s   26,   27,   r e s p e c t i v e l y ,   to   a  s o u r c e   of  v a c u u m   ( n o t  

s h o w n ) ,   t h e   t u b e s   26,  27  b e i n g   l e d   i n t o   t h e   b e a r i n g s   24,  2 5 ,  

r e s p e c t i v e l y .   In   u s e   of  t h e   means   s h o w n   i n   F i g u r e   5,  t h e  

m e m b e r   20  i s   t i l t e d   a t   s u c h   an  a n g l e   t o   t h e   h o r i z o n t a l   t h a t  

t h e   a p p a r e n t   a r e a   of  t h e   w indow  o p e n i n g   4c ,   v i e w e d   f r o m  

d i r e c t l y   a b o v e ,   i s   s u b s t a n t i a l l y   e q u a l   t o   t h e   c r o s s -  

s e c t i o n a l   a r e a   of  t h e   t u b u l a r   m a t e r i a l   10  when   i n   o p e n e d  

up  f o r m .  

I n   t h e   means   shown  i n   F i g u r e   6,  t h e   f r a m e   d e f i n i n g   t h e  
o v a l   w i n d o w   o p e n i n g   4d  t h r o u g h   w h i c h   t h e   t u b u l a r   m a t e r i a l  
10  a d v a n c e s   i n   t h e   d i r e c t i o n   i n d i c a t e d   by  t h e   a r r o w   B ,  i s  
f o r m e d   by  two  U - s h a p e d   h o l l o w   m e m b e r s   28,   29.  The  l i m b s  
2 8 a ,   2 8 b  o f   t h e   member   28  a r e   s l i d a b l e   i n   t h e   l i m b s   2 9 a ,  
2 9 b ,   r e s p e c t i v e l y ,   of  t h e   member   29  f o r   t h e   p u r p o s e   o f  

a d j u s t i n g   t h e   c r o s s - s e c t i o n a l   a r e a   of  t h e   window  o p e n i n g   4 d  
to  s u i t   t h e   c r o s s - s e c t i o n a l   a r e a   of  t h e   t u b u l a r   m a t e r i a l   1 0 .  
A  r u b b e r   s e a l   30  i s   p r o v i d e d   to   s e a l   t h e   gap  b e t w e e n   e a c h   o f  
t h e   l i m b s   of  t h e   member   28  w h e r e   t h e y   e n t e r   t h e  
l i m b s   of  t he   member   29,  t h e s e   s e a l s   e x t e n d i n g   a l o n g   t h e  



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

m e m b e r s   28  and   29.   F i g u r e   8  shows   t h e   s h a p e  o f   t h e   s e a l s  

30,   t h i s   F i g u r e   b e i n g   a  s e c t i o n a l   v i e w   t h r o u g h   t h e   s e a l  

b e t w e e n   t h e   u p p e r   s u r f a c e s   of  t h e   l i m b s   28a   and  2 9 a .   T h e  

i n w a r d l y - f a c i n g   w a l l s   28c  and   29c  of  t h e   h o l l o w   m e m b e r s  

28  and   29 ,   r e s p e c t i v e l y ,   a r e   e a c h   p r o v i d e d   w i t h  e l o n g a t e  

s l o t s   7  t h r o u g h o u t   t h e i r   l e n g t h ,   t h e s e   s l o t s   a g a i n   b e i n g  

i n c l i n e d   t o   t h e   d i r e c t i o n   of  t h e   a r r o w   B  as  s h o w n   i n   F i g -  

u r e   2.  As  s h o w n   i n   F i g u r e   7,  w h i c h   i s   a  s e c t i o n a l  p l a n   o f  

t h e   w a l l s   28c   and   29c  w h e r e   t h e   l i m b   2 8 b  e n t e r s   t h e   l i m b  

2 9 b ,   t h e r e   i s   a  c l o s e   s l i d i n g   f i t   b e t w e e n   t h e   w a l l s   2 8 c  

and   29c  and   t h e   n o s e   end  of   t h e   w a l l   29c   i s   c u r v e d   t o   a v o i d  

a  s t e p - l i k e   t r a n s i t i o n   so  t h a t   t h e   t u b u l a r   m a t e r i a l   1 0  

w i l l   make   c o n t i n u o u s   c o n t a c t   w i t h  t h e   s l o t t e d   w a l l s   2 8 c  

and   2 9 c .   The  h o l l o w   i n t e r i o r s   of  t h e   two  m e m b e r s   28 ,   2 9  

a r e   c o n n e c t i b l e   to   a  s o u r c e   of  v a c u u m   ( n o t  s h o w n )   by  a  

t u b e   31  c o n n e c t e d   t o   t h e   m e m b e r   2 9 .  

F i g u r e   9  i l l u s t r a t e s   a  p r o v i s i o n   f o r   p r e v e n t i n g   t h e  

a r r i v a l   of   t h e   t u b u l a r   m a t e r i a l   10  i n s i d e   t h e   s l o t t e d   h o l l -  

ow  m e m b e r   20  o f  F i g u r e   5  i n  a   p a r t i a l l y   c o l l a p s e d   s t a t e   b y  

t h e   u s e   o f   a  c a g e   32  i n s e r t e d   i n t o   t u b u l a r   m a t e r i a l   1 0 .  

The  t u b u l a r   m a t e r i a l   1 0  i n   r o p e - l i k e   f o r m  p r o c e e d s   i n   t h e  

d i r e c t i o n   of   t h e   a r r o w   B  b e t w e e n   r o l l s   33 ,   34,   t h r o u g h   t h e  

h o l l o w   m e m b e r   20  and   f i n a l l y   t h r o u g h   r o l l s   35  and  36.  T h e  

r o l l s   33  a n d   34  p r e v e n t   t h e   c a g e   32  f r o m   d r o p p i n g   b e l o w  

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

l a r   m a t e r i a l   10  i n   c l o s e   p r o x i m i t y   t o   t h e   i n w a r d l y - f a c i n g  

s l o t t e d   w a l l   21  of   t h e   h o l l o w   member   20.   In   o r d e r   t h a t  

t h e   c a g e   32  c a n  b e   i n s e r t e d   i n t o   t h e   t u b u l a r   m a t e r i a l   1 0 ,  

t h e   r o l l s   35  and   36  can   be  moved   to  t h e   p o s i t i o n s   35a   a n d  

3 6 a ,   s h o w n   i n   c h a i n   l i n e s ,   and  t h e n   be  r e t u r n e d   to   t h e  

p o s i t i o n s   s h o w n   i n   f u l l   l i n e s .   The  r o l l s   35,   3 6  p r e v e n t  

t h e   c a g e   32  f r o m   r i s i n g   a b o v e   i t s   c o r r e c t   o p e r a t i n g   p o s -  
i t i o n .   A f t e r   l e a v i n g   t h e   r o l l s  3 5 ,   36,   t h e   t u b u l a r   m a t e r -  

i a l   10  i s   l e d   away  o v e r   a  r o l l e r   37.  The  c a g e   32  may  b e  
made  f r o m   l i g h t   w i r e   m a t e r i a l .  

C a g e s   s i m i l a r   to  t h e   c a g e   32  may  be  e m p l o y e d   w i t h   t h e  
s u c t i o n   e x t r a c t i o n   m e a n s   shown  i n   F i g u r e s   1,  3,  4 - a n d  



6,  t h e   c a g e   b e i n g   g i v e n   a  c r o s s - s e c t i o n a l   s h a p e   to   s u i t  

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

F i g u r e s   10  and  11  show  a  d i f f e r e n t   a r r a n g e m e n t   f o r  

e n s u r i n g   t h a t   t h e   t u b u l a r   m a t e r i a l   10  a r r i v e s   i n   o p e n   t u b -  

u l a r   f o r m   at   t h e   h o l l o w   member   20  of  t h e   s u c t i o n   e x t r a c t i o n  

m e a n s   of  F i g u r e   5,  i n   o r d e r   to  e n s u r e   c o n t a c t   w i t h   a l l   t h e  

s l o t s   7  in   t h e   i n w a r d l y - f a c i n g   w a l l   21  of  t h e   m e m b e r   2 0 .  

F o r   t h i s   p u r p o s e ,   t he   t u b u l a r   m a t e r i a l   10 ,   i n   s e m i -  

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

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

m e m b e r   38  b e f o r e   r e a c h i n g   t he   h o l l o w   member   20.  The  t u b -  

u l a r   m e m b e r   38  has   one  or  more  i n w a r d l y - f a c i n g   n o z z l e s   3 9  

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

i s   s u p p l i e d   to   t h e   t u b u l a r   member   38  v i a   a  p i p e   40,   a n d  

t h i s   a i r   i s s u e s   as  j e t s   f rom  t h e   n o z z l e s   39  as  i n d i c a t e d  

by  t h e   a r r o w s   E  i n   F i g u r e   11.  T h e s e   a i r   j e t s   p e n e t r a t e  

t h e   t u b u l a r   m a t e r i a l   10  and  i n f l a t e   i t   to   open   t u b u l a r  

f o r m   as  i t   moves   t h r o u g h   t h e   t u b u l a r   member   38  t o w a r d s   t h e  

h o l l o w   m e m b e r   20.  The  same  a r r a n g e m e n t   may  be  e m p l o y e d  

w i t h   t h e   s u c t i o n   e x t r a c t i o n   means   i l l u s t r a t e d   i n   F i g u r e s  

1,  3,   4 - a n d   6.  -  
F i g u r e   12  shows  one  e x a m p l e   of  t h e   s u c t i o n   e x t r a c t i o n  

m e a n s   o f   F i g u r e   6  c o m b i n e d   w i t h   a  ho t   a i r   d r y e r ,   f o r   d r y i n g  

t u b u l a r   f a b r i c   10.  The  t u b u l a r   f a b r i c   i s   d r awn   u p w a r d l y  

f r o m   a  t a b l e   41  t h r o u g h   t h e   window  o p e n i n g   4 d  o f   t h e   s u c t -  

i o n   e x t r a c t i o n   m e a n s ,   and  t h e n   t h r o u g h   a  d r y i n g   c h a m b e r   4 3 ,  

by  m e a n s   of   d r i v e n   n i p   r o l l e r s   44,  45.  The  a r r o w   B  s h o w s  

t h e   d i r e c t i o n   of  a d v a n c e   of  t h e   t u b u l a r   f a b r i c   10  i n   i t s  

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

c h a m b e r   4 3 .  

P r e - h e a t e d   a i r   u n d e r   p r e s s u r e   i s   s u p p l i e d   to  t h e   d r y -  

i n g   c h a m b e r   43,   as  i n d i c a t e d   by  t h e   a r r o w   F,  and  t h e   h o t  

a i r   p e n e t r a t e s   t h e   f a b r i c   10  in   t h e   d r y i n g   c h a m b e r   a n d  

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

e s c a p e   u p w a r d l y   i s   h i n d e r e d   by  t h e   n i p   r o l l e r s   44,   4 5 .  

I m m e d i a t e l y   b e l o w   t he   d r y i n g   c h a m b e r   43  t h e   t u b u l a r   f a b r i c  

10  p a s s e s   o v e r   a  s t r e t c h e r   46  g i v i n g   t h e   f a b r i c   a  more   o r  

l e s s   e l l i p t i c a l   c r o s s - s e c t i o n ,   i n d i c a t e d   by  t h e   d o t t e d  



l i n e   47 ,   as  i t   e n t e r s   t h e   d r y i n g   c h a m b e r .   B e l o w   t h e  

s t r e t c h e r   46 ,   t h e   f a b r i c   has   a  more   c i r c u l a r   c r o s s -  

s e c t i o n ,   i n d i c a t e d   by  t h e   d o t t e d   l i n e   4 8 .  

In   o p e r a t i o n   of   t h e   a p p a r a t u s   s h o w n   i n  F i g u r e   1 2 ,  

t h e   f l o w  o f   h o t   a i r   i n s i d e   t h e   t u b u l a r   f a b r i c   10 ,   i n   t h e  

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

r e s u l t s   i n   e n h a n c e d   u t i l i s a t i o n   of   t h e   h o t   a i r ,   so  i n c -  

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

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

e x t r a c t e d   by  t h e   h o l l o w   m e m b e r s   28 ,   29  c o n n e c t e d   to   a  

v a c u u m   s o u r c e   ( n o t   shown)   by  t h e   t u b e   31.   L i q u i d   c a r r i e d  

up  to   t h e   s u c t i o n   e x t r a c t i o n   means   by  t h e   f a b r i c   10  i s  

a l s o   e x t r a c t e d   by  t he   h o l l o w   m e m b e r s   28 ,   29.  D u r i n g   u s e  

of   t h e   a p p a r a t u s ,   t h e   t a b l e   41  can   be  r o t a t e d   by  means   o f  

a  t u r n - t a b l e   42,   e i t h e r   by  h a n d   or   by  a u t o m a t i c   m e a n s   ( n o t  

s h o w n ) ,   to   t a k e   o u t   a n y  t w i s t   w h i c h   may  o c c u r   i n   t h e   t u b -  

u l a r   f a b r i c   1 0 .  

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

t h e   d r y i n g   c h a m b e r   43,   t h e   t u b u l a r   f a b r i c   10  may  be  s u r r -  

o u n d e d   by  a  h e a t - i n s u l a t i n g   e n c l o s u r e .   Such   an  e n c l o s u r e  

i s   s h o w n   i n   F i g u r e   13  a n d ' c o n s i s t s   of   two  s e m i - c y l i n d r i c a l  

s h e l l s   49 ,   50  made  of  h e a t - i n s u l a t i n g   m a t e r i a l   and   h i n g e d  

t o g e t h e r   by  a  h i n g e   p i n   51.  The  s h e l l s   49,   50  a r e   p r o v -  

i d e d   w i t h   o b s e r v a t i o n   w i n d o w s   52  a n d  o n e   of   t h e   s h e l l s   m a y  

be  p r o v i d e d   w i t h   an  e x t r a c t i o n   d u c t   53  to   e n c o u r a g e   t h e  

f l o w   of   h o t   a i r   d o w n w a r d l y   i n   t h e   f a b r i c   t u b e   10  a n d  

t h r o u g h   t h e   f a b r i c .  

Of  c o u r s e ,   a  h o t   a i r   d r y e r   may  be  c o m b i n e d   w i t h   a n y  

of   t h e   s u c t i o n   e x t r a c t i o n   m e a n s   s h o w n   i n  F i g u r e s   1,  3 ,  

4  and   5  i n s t e a d   of   t h e   s u c t i o n   e x t r a c t i o n   m e a n s   28,   2 9  

s h o w n   i n   F i g u r e   1 2 .  

F i g u r e   14  i l l u s t r a t e s   a p p a r a t u s   f o r   d r y i n g   t u b u l a r  

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

s u c t i o n   e x t r a c t i o n   means   of  t h e   k i n d   s h o w n   i n  F i g u r e   5  a n d  

a  h o t   a i r   d r y e r   of   t h e   k i n d   shown  i n   F i g u r e   12.  R e f e r r i n g  

t o   F i g u r e   14 ,   t h e   t u b u l a r   f a b r i c  1 0   f r o m   w h i c h   l i q u i d   i s   t o  

be  r e m o v e d   e n t e r s   a  m a n g l e   c o m p r i s i n g   r o l l e r s   54,   55  o v e r  

a  s t r e t c h e r   56  w h i c h   e n s u r e s   t h a t   t h e   m a t e r i a l   e n t e r s   t h e  



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

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

r o l l e r s   54 ,   55  i n   a  h o r i z o n t a l   d i r e c t i o n   and   t h e   r o l l e r s  

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

p n e u m a t i c   a c t u a t i n g   means   ( n o t   s h o w n ) .   The  c o v e r i n g   s u r -  

f a c e   of   one  o r   b o t h   r o l l e r s   may  be  made  e i t h e r   f rom  t r a d -  

i t i o n a l   r u b b e r - t y p e   m a t e r i a l   or  f r o m   one  of   t h e   m o r e  

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

one  of   t h e   r o l l e r s   may  be  m e t a l l i c .  

From  t h e   r o l l e r s   54,  55,  t h e   t u b u l a r   m a t e r i a l   p a s s e s  
a r o u n d   a  c o u n t e r - b a l a n c e d   r o l l e r   57,  t h e   c o u n t e r - b a l a n c i n g  

b e i n g   p r o v i d e d   by  a  c o u n t e r w e i g h t   58  s l i d a b l y   a d j u s t a b l e  

on  a  l e v e r   arm  59.  The  p o s i t i o n   of  t he   c o u n t e r w e i g h t   58  i n  

r e l a t i o n   to   t h e   f u l c r u m   60  of  t h e   l e v e r   arm  59  i s   c h o s e n  

so  t h a t   t h e   r o l l e r   57  has   a  t e n d e n c y   to  move  d o w n w a r d s   i f  

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

by  t h e   n i p   r o l l e r s   44,  45  in   t he   d r y i n g   c h a m b e r   43.  T h e  

m o v e m e n t   o f   t h e   r o l l e r   57  i s   t r a n s m i t t e d   e l e c t r i c a l l y   o r  

m e c h a n i c a l l y   (by  means   n o t   shown)   to  a  s p e e d   r e g u l a t i n g  

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

when  t h e   r o l l e r   57  d e s c e n d s .   In  t h e   o p p o s i t e   c a s e ,   w h e n -  

t h e   s p e e d   a t   w h i c h   t h e   n i p   r o l l e r s   44,   45  t a k e   up  t h e   t u b -  

u l a r   m a t e r i a l   10  i s   f a s t e r   t h a n   t h e   s p e e d   a t   w h i c h   t h e   m a t -  

e r i a l   i s   d e l i v e r e d   f r o m   t h e   m a n g l e ,   t h e   r o l l e r   57  w i l l   r i s e  

and   t h i s   h a s   t h e   e f f e c t   of   i n c r e a s i n g   t h e   s p e e d   of  t h e  

m a n g l e .  

From  t h e   r o l l e r   5 7  t h e   t u b u l a r   m a t e r i a l   10  p a s s e s  
u p w a r d l y ,   i n   t h e   d i r e c t i o n   of  the   a r r o w   B,  t h r o u g h   t h e   h o l -  
low  m e m b e r   20  of  t h e   s u c t i o n   e x t r a c t i o n   m e a n s   and  t h e n   o v e r  
a  s t r e t c h e r   46  i n t o   t h e   d r y i n g   c h a m b e r   43.  The  d r y i n g  
c h a m b e r   f u n c t i o n s   in   t h e   same  way  as  t h e   d r y i n g   c h a m b e r   4 3  
of   t h e   a p p a r a t u s   s h o w n   in  F i g u r e   1 2 .  

F i g u r e   15  i l l u s t r a t e s   a  m o d i f i e d   p a r t   of   t h e   a p p a r a t u s  
of   F i g u r e   14  i n   w h i c h   t h e   t u b u l a r   m a t e r i a l   10  e n t e r s   t h e  

m a n g l e   r o l l e r s   54.a,  55a  i n   t h e   v e r t i c a l l y   u p w a r d   d i r e c t i o n  

o v e r   a  s t r e t c h e r   56a .   From  t h e   m a n g l e   r o l l e r s   t h e   t u b u l a r  
m a t e r i a l   t r a v e l s   a l o n g   a  d o w n w a r d l y   i n c l i n e d   p a t h   to   t h e  
c o u n t e r b a l a n c e d   r o l l e r   57.  In  a l l ' o t h e r   r e s p e c t s   t h e  



a p p a r a t u s   of  F i g u r e   15  i s   t h e   same  as  t h a t   of  F i g u r e   1 4 ,  

and   l i k e   p a r t s   have   b e e n   d e s i g n a t e d   w i t h   t h e   same  r e f e r e n c e  

n u m e r a l s   i n   b o t h   F i g u r e s .  

F i g u r e   16  i l l u s t r a t e s   a n o t h e r   way  o f  l e a d i n g   t he   t u b - '  

u l a r   m a t e r i a l   10  f rom  t h e   m a n g l e   r o l l e r s   54,  55  of   t he   a p p -  

a r a t u s   of   F i g u r e   14  to  t h e   s u c t i o n   e x t r a c t i o n   member   2 0 .  

From  t h e   r o l l e r s   54,  55  t h e   t u b u l a r   m a t e r i a l   10  i s   d e p o s i t e d  

on  a  c o u n t e r b a l a n c e d   s c r a y   61,  t h e   c o u n t e r b a l a n c i n g   o f  

w h i c h   i s   p r o v i d e d   by  a  w e i g h t   58  s l i d a b l y   a d j u s t a b l e   on  a  

l e v e r   59  m o u n t e d   on  a  f u l c r u m   60.  I f   a  few  f o l d s   of  t h e  

t u b u l a r   m a t e r i a l   a c c u m u l a t e   i n   t h e   s c r a y   61,  t h e   l a t t e r  

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

t e m p o r a r y   s t o p p i n g   of  t h e  m a n g l e   r o l l e r s   54,   55.  I f ,   o n  

t h e   o t h e r   h a n d ,   t h e   l e n g t h   of  t u b u l a r   m a t e r i a l   1 0 ' i n   t h e  

s c r a y   d e c r e a s e s   to   a  p e r m i t t e d   m i n i m u m ,   t h e n   t h e   s c r a y  

p i v o t s   a b o u t   t h e   f u l c r u m   60  to  i t s   h i g h e r   p o s i t i o n   r e s u l t -  

i n g   i n   s p e e d i n g   up  or  r e - s t a r t i n g   of  t h e   m a n g l e .  

From  t h e   s c r a y   61  t h e   t u b u l a r   m a t e r i a l   1 0  p a s s e s  

t h r o u g h   a  g u i d e   r i n g   62  to  t h e   s u c t i o n   e x t r a c t i o n   m e m b e r  

20.   I n   a l l   o t h e r   r e s p e c t s   t h e   a p p a r a t u s   of  F i g u r e   16  i s  

t h e   same  as  t h a t   of  F i g u r e   1 4 .  

Of  c o u r s e ,   in   e a c h   of  t h e   a p p a r a t u s   of  F i g u r e s   1 4  -   1 6 ,  

t h e   s u c t i o n   e x t r a c t i o n   means   of  any  of  F i g u r e s   1,  3,  4  a n d  

6  may  be  u s e d   i n s t e a d   of  t h a t   of  F i g u r e   5 .  



1.  A  m e t h o d   of  r e d u c i n g   t h e   l i q u i d   c o n t e n t   of  a i r -  

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

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

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

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

of  t h e   t u b e   i n   a  s i n g l e   a r e a   w h i c h   e x t e n d s ,   or  in   a  p l u r a l -  

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

a r o u n d   t h e   t u b e .  

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

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

to  the   e x t e r n a l   s u r f a c e   of  t he   t u b e   o f - m a t e r i a l   in  a  s i n g l e  

c i r c u m f e r e n t i a l   z o n e .  

3.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d   i n  

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

to  a  p l u r a l i t y   of  z o n e s   of  t h e   e x t e r n a l   s u r f a c e   of  t h e   t u b e  

of   m a t e r i a l ,   at   l e a s t   one  of  w h i c h   z o n e s   i s   d i s p l a c e d   f r o m  

t h e   o t h e r   zone  or  z o n e s   in   t he   d i r e c t i o n   of  a d v a n c e   of  t h e  

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

4.  Means  f o r   r e d u c i n g   t he   l i q u i d   c o n t e n t   of  a i r -  

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

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

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

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

i n w a r d l y - f a c i n g   w a l l   of  t h e   or  e a c h   h o l l o w   member   c o m m u n -  

i c a t i n g   w i t h . i t s   h o l l o w   i n t e r i o r ,   means  f o r   c r e a t i n g   a  

s u b - a t m o s p h e r i c   p r e s s u r e   w i t h i n   the   or  e a c h   h o l l o w   m e m b e r  

and  means   f o r   a d v a n c i n g   t he   t u b e   of  m a t e r i a l   t h r o u g h   t h e  



f r a m e   t o   move  t h e   e x t e r n a l   s u r f a c e   of  t h e   t u b e   p a s t   t h e  

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

m e m b e r .  

5.  M e a n s   a c c o r d i n g   to   c l a i m   4,  c h a r a c t e r i s e d   i n   t h a t  

t h e   or   e a c h   h o l l o w   member   c o n s i s t s   of  a  t u b e ,   f o r   e x a m p l e  

of   r e c t a n g u l a r   c r o s s - s e c t i o n ,   and  i n   t h a t   t h e   t u b e   i s ,   o r  

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

r e c t a n g u l a r ,   t r i a n g u l a r   or  o t h e r   s h a p e .  

6.  M e a n s   a c c o r d i n g   to  c l a i m   4  or  5,  c h a r a c t e r i s e d   i n  

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

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

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

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

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

of   t h e   t u b u l a r   m a t e r i a l   t h r o u g h   t h e   f r a m e .  

7.   M e a n s   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i s e d   i n   t h a t  

t h e   a x i s   o f   t h e   s l o t   i s   i n c l i n e d  a t   an  a n g l e   of   f r o m   5  t o  

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

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

8.  M e a n s   a c c o r d i n g   to   c l a i m   6  o r  7 ,   c h a r a c t e r i s e d   i n  

t h a t   e a c h   s l o t   has   a  w i d t h   of  f r o m   3  to   5 mm  and   a  l e n g t h  

of   up  t o   100  mm. 

9.  M e a n s   a c c o r d i n g   to   any  of  c l a i m s   4  t o   8,  c h a r a c t -  

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

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

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

10 .   M e a n s   a c c o r d i n g   to   c l a i m   9  and  c o m p r i s i n g   a  p l u r a l -  

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

t h e   h o l l o w   m e m b e r s   a r e   m o v a b l e   r e l a t i v e   to  one  a n o t h e r   t o  

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

11 .   M e a n s   a c c o r d i n g   t o   c l a i m   9  and  c o m p r i s i n g   e i t h e r  

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

f i x e d   r e l a t i v e  t o   one  a n o t h e r ,   c h a r a c t e r i s e d   i n   t h a t  

p r o v i s i o n  i s   made  f o r   t i l t i n g   t h e   f r a m e   r e l a t i v e   to  t h e  

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

f r a m e ,   so  t h a t   t h e   a r e a   a v a i l a b l e   f o r   t h e   p a s s a g e   o f   t h e  



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

a n l e s   to   t h e   d i r e c t i o n   of  a d v a n c e   of   t he   t u b e ,   c an   b e  

v a r i e d .  

12.   M e a n s   a c c o r d i n g   t o   any  of  c l a i m s   4  to   11 ,   i n  

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

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

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

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

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

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

13.   M e a n s   a c c o r d i n g   to   c l a i m   12 ,   c h a r a c t e r i s e d   i n  

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

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

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

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

h o t   a i r   i n t o   t h e   t u b e .  

14.   M e a n s   a c c o r d i n g   to   c l a i m   12  or   13 ,   c h a r a c t e r i s e d  

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

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

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

15.   Means   a c c o r d i n g   to  any  of  c l a i m s   12  to  1 4 ,  

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

f o r   b l o w i n g   h o t   a i r   i n t o   t h e   t u b e   of   m a t e r i a l ,   t h e _ l a t t e r  

a d v a n c e s   t h r o u g h   a  h e a t - i n s u l a t i n g   j a c k e t .  

16.   Means   a c c o r d i n g   to   c l a i m   15,   c h a r a c t e r i s e d   i n  

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

f r o m   s a i d   j a c k e t   at   or  a d j a c e n t   to   i t s   end   l y i n g   n e a r e r   t o  

s a i d   f r a m e .  

17.   Means   a c c o r d i n g   t o   any  of  c l a i m s   4  to   16,   i n  

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

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

m a t e r i a l   by  p a s s i n g   t h e   t u b e   t h r o u g h   d r i v e n ' n i p   r o l l e r s ,  

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

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

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

18.   M e a n s   a c c o r d i n g   to  c l a i m   17,   c h a r a c t e r i s e d   i n  



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

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

s a i d   n i p   r o l l e r s   i s   l e d ,   or   a  p i v o t a b l e   s c r a y   i n t o   w h i c h  

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

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

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

n i p   r o l l e r s .  

19 .   A  m e t h o d   of  r e d u c i n g   t h e   l i q u i d   c o n t e n t   of  an  o p e n  
w i d t h   f a b r i c ,   c h a r a c t e r i s e d   i n   t h a t   t h e   f a b r i c   i s   p a s s e d  

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

r e f e r r e d   to   i n   c l a i m   4  w h i l e   a  s u b - a t m o s p h e r i c   p r e s s u r e  i s  

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

20 .   A p p a r a t u s   f o r   r e d u c i n g   t h e   l i q u i d   c o n t e n t   of   a n  

o p e n   w i d t h   f a b r i c ,   c h a r a c t e r i s e d   i n   t h a t   i t   c o m p r i s e s   o n e  
o f   t h e   h o l l o w   m e m b e r s   r e f e r r e d   to   i n   any  of  c l a i m s   4  to   8  

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

h o l l o w   m e m b e r .  



C l a i m s  

1.  A  m e t h o d   of  r e d u c i n g   the   l i q u i d   c o n t e n t   of  a i r -  

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

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

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

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

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

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

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

to  m a i n t a i n   i t   in   open   fo rm  and  c l o s e   a g a i n s t   s a i d   a p e r t u r -  

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

a  gas  c u r r e n t   f r o m   w i t h i n   s a i d   t u b e   ou t   t h r o u g h   s a i d   a p e r -  
t u r e s .  

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

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

of  z o n e s   at  l e a s t   one  of  w h i c h   i s   d i s p l a c e d   f r o m   t h e   o t h e r  

zone  or  z o n e s   of  t he   s u r f a c e   in   t h e   d i r e c t i o n   of  a d v a n c e   o f  

t he   t u b e   t h r o u g h   the   s t r u c t u r e .  

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

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

a n t i a l l y   s t r a i g h t   e l o n g a t e   s l o t s   e a c h   h a v i n g   a  l e n g t h   c o n -  

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

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

i a l .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   e a c h   s l o t   i s   i n c l i n e d   at  an  a n g l e   of  no  more   t h a n   1 0 °  

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

m a t e r i a l .  

5.  A p p a r a t u s   f o r   r e d u c i n g   t h e   l i q u i d   c o n t e n t   of  a i r -  

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

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

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

ace  of  the   t u b e ,   c h a r a c t e r i s e d   in   t h a t   s a i d   means   c o m p r i s e s  

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

s a i d   t u b e   of  m a t e r i a l   and  p r e s e n t i n g   an  i n w a r d l y - f a c i n g  



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

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

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

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

h o l l o w   member   or  m e m b e r s ,   and  in   t h a t   t h e   a p p a r a t u s   i n c -  

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

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

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

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

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

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

t h e   t u b e   i n t o   t h e   h o l l o w   member   or  m e m b e r s .  

6.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i s e d   b y  

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

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

d i a m e t e r s .  

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

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

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

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

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

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

a d v a n c e   of  t he   t u b u l a r   m a t e r i a l - t h r o u g h   t h e   f r a m e .  

8.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i s e d   i n  

t h a t   t h e   a x i s   of  e a c h   of  s a i d   s l o t s   i s   i n c l i n e d   a t   a n  

a n g l e   of  up  to   10°  to   t h e   d i r e c t i o n   of  a d v a n c e   of  t he   t u b e  

of  m a t e r i a l   t h r o u g h   t h e   f r a m e .  

9.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   5  to   8 ,  

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

ho t   a i r   in   t h e   t u b e   of  m a t e r i a l   c o m p r i s e s   a  p a i r   of  d r i v e n  

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

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

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

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

m a t e r i a l .  



10.  A p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   5  to  9 ,  

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

m o v e m e n t   a b o u t   an  a x i s   s u b s t a n t i a l l y   at   r i g h t   a n g l e s   to  t h e  

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

f r a m e ,   w h e r e b y   t h e   p r o j e c t e d   a r e a   f o r   p a s s a g e   of  t h e   t u b e  

of  m a t e r i a l   t h r o u g h   t h e   f r a m e ,   on  a  p l a n e   d i s p o s e d   at  r i g h t  

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

can  be  v a r i e d .  

11.  A p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   5  to   1 0 ,  

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

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

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

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

in   t h e   d i r e c t i o n   o p p o s i t e   to   t h e   d i r e c t i o n   of  a d v a n c e   o f  

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

12.   A p p a r a t u s   a c c o r d i n g   to   c l a i m   11,  c h a r a c t e r i s e d   i n  

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

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

b l o w i n g   ho t   a i r   i n t o   t h e   t u b e   of  m a t e r i a l .  

13.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   11  or  12,  c h a r a c t e r -  

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

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

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

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

a i r   i n t o   t h e   t u b e .  

14.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   13,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   j a c k e t   is   p r o v i d e d   w i t h   means   f o r   e x h a u s t i n g   h o t  

a i r   and  v a p o u r   f r o m   a  zone   of  t h e   j a c k e t   d i s p o s e d   a t   o r  

a d j a c e n t   the   end  of  t h e   j a c k e t   l y i n g   n e a r e r   to  s a i d   f r a m e .  
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