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1.  F i e M   of  t he   I n v e n t i o n  

-  This   i n v e n t i o n   r e l a t e s   to   a  h y d r o f o i l   s u p p o r t   o r   box  f o r   use   i n  

a  paper   making  mach ine   of  the   t ype   w h e r e i n   h y d r o f o i l   b l a d e s   a r e   p o s i t i o n e d  

b e n e a t h   a  f o rming   medium  and  e x t e n d e d   in  t h e   c r o s s   mach ine   d i r e c t i o n   r e -  

l a t i v e   to  the   f o rming   medium  f o r   d r a i n i n g   w a t e r   t h r o u g h   t h e   f o r m i n g   m e -  

dium  from  a  paper '   web  be ing   formed  on  the   f o r m i n g   medium  and  f a r   f a n n i n g  

the   paper   web.  Th is   i n v e n t i o n   a l s o   r e l a t e s   t o   a  h y d r o f o i l   b l a d e   and  t o  

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

2.  D e s c r i p t i o n   Of  t h e   P r i o r   A r t  

In  t he   t y p i c a l   F o u r d r i n i e r   p a p e r m a k i n g   m a c h i n e ,   an  aqueous   s u s -  

p e n s i o n   of  f i b e r s ,   c a l l e d   the  " s t o c k "   is   f l owed   from  a  headbox   o n t o   a  

t r a v e l i n g   F o u r d r i n i e r   w i r e   or  medium,  g e n e r a l l y   a  woven  b e l t   of  w i r e   a n d /  

or   s y n t h e t i c   m a t e r i a l ,   t o   form  a  c o n t i n u o u s   s h e e t   of  p a p e r   or   p a p e r - l i k e  

m a t e r i a l .   In  t h i s   c o n n e c t i o n ,   the   e x p r e s s i o n   " p a p e r   or   p a p e r - l i k e   m a t e -  

r i a l "   is   used  in  a  b r o a d   or  g e n e r i c   s ense   and  i s   i n t e n d e d   to   i n c l u d e   s u c h  

i tems  as  p a p e r ,   k r a f t ,   boa rd ,   p u l p   s h e e t s   and  non-woven  s h e e t - l i k e   s t r u c -  

t u r e s .   As  t he   s t o c k   t r a v e l s   a l o n g   on  t he   F o u r d r i n i e r   w i r e ,   f o r m a t i o n   of   • 

a  paper   web  o c c u r s ,   as  much  of   t h e   w a t e r   c o n t e n t   of  -the  s t o c k   i s   r e m o v e d  

by  d r a i n i n g .   Water   removal   i s   enhanced   by  t h e   use   of  such   w e l l - k n o w n   d e -  

v i c e s   as  h y d r o f o i l   b l a d e s ,   t a b l e   r o l l s   a n d / o r   s u c t i o n   d e v i c e s .   Th i s   i n -  

v e n t i o n   r e l a t e s   to   h y d r o f o i l   b l a d e s .  

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

Ihe   f i r s t   f u n c t i o n   i s   to   c r e a t e   a  vacuum  p u l s e   over   t he   downward  i n c l i n e d  

f ace   of  the   h y d r o f o i l   b l a d e .   Th is   p u l s e   removes   a  p o r t i o n   of  t he   w h i t e  

wate r   from  the   lower   s i d e   of  t h e   s t o c k   or  t h r e e - d i m e n s i o n a l   f i b e r   s u s -  

p e n s i o n   which  l ays   upon  the   f o r m i n g   medium  and  c a u s e s   scene  of  t he   f i b e r s  
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to   be  l a i d   down  and  formed  i n t o   a  web.  The  amount  of   such  .water  r emova l   a n d  

web  f o r m a t i o n   o v e r   a  g i v e n   h y d r o f o i l   b l a d e   i s   s m a l l ,   ana  t h e r e f o r e   a  

c o n s i d e r a b l e   number  of   b l a d e s   i s   r e q u i r e d   to   form  a l l   of  t he   f i b e r s   i n  

a  s t o c k   s u s p e n s i o n   i n t o   a  two  d i m e n s i o n a l   web.  For  example ,   the.  use   o f  

t e n   to   f i f t y   h y d r o f o i l   b l a d e s   i s   n o t   uncommon.  In  o t h e r   words ,   t h e   s h e e t  

f o r m i n g   p r o c e s s   i s   a  s t e p - b y - s t e p   f i l t r a t i o n   p r o c e s s   as  t he   f o r m i n g   m e -  

dium  t r a v e l s   ove r   t h e   h y d r o f o i l   b l a d e s ,   w i t h   seme  of   t he   f i b e r s   in   t h e  

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

added  to  t h e   web  a t   each   s u c c e s s i v e   f o i l   b l a d e .   3he  a v e r a g e   n e t   c h a n g e  

in   f i b e r   c o n c e n t r a t i o n   or   c o n s i s t e n c y   of  t h i s   p r o c e s s   r a n g e s   from  t h e  

headbOQC  c o n s i s t e n c y ,   which   i s   u s u a l l y   a b o u t   0.4%  to   a b o u t   1%,  up  to   a b o u t  

2 .5%. .   • 

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

f i b e r s   which   a re   s t i l l   in  s u s p e n s i o n   t h r o u g h o u t   t he   f o r m i n g   p r o c e s s   i n  

an  a s - w e l l - a s   d i s p e r s e d   c o n d i t i o n   as  p o s s i b l e ;   i . e .   ,  in   a  d e f l c c c u l a t e d  

c o n d i t i o n .   Eh i s   f u n c t i o n   i s   e x t r e m e l y   i m p o r t a n t   as  f i b e r s   in  t i ie   0 . 5 - 2 . 5 %  

c o n s i s t e n c y   r a n g e   have  a  s t r o n g   t e n d e n c y   to   f l o c c u l a t e   i n t o   c lumps  on  , 

t h e i r   own  i n   a  n a t t e r   of  m i l l i s e c o n d s   once  the   f i b e r   d i s p e r s i v e   f o r c e s  

have  d e c a y e d .   B i i s   f l c c c u l a t i o n   c a u s e s   t he   f i n a l   p a p e r   to   be   h i g h l y   n o n -  

u n i f o r m   or   f l o c c u l a t e d   in   a p p e a r a n c e .  

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

p r i m a r i l y   by  t h e   decay   of  t h e   d e w a t e r i n g   vacuum  p u l s e   which   i m p a r t s   a  ' 

momentary  upward  f o r c e   or  p u l s e   i n t o   t he   s t o c k .   3 M s   p u l s e   c r e a t e s  

random  sma l l   s c a l e   f l o w s ,   i . e .   ,  t u r b u l e n c e ,   in   t h e   s t o c k   above  t h e  

p a r t i a l l y - f o r m e d   web.  !Ihe  g r e a t e r   t h e   a n g l e   of  t he   downward  i n c l i n e d  

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

t u r b u l e n c e .   2be  speed   of   t r a v e l   of  t he   s u s p e n s i o n   o v e r   t he   b l a d e   i s  

_r>— 
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a l s o   a  f a c t o r   in   d e t e r m i n i n g   the   i n t e n s i t y   of   t h i s   p u l s e .   Oftus,  a t   h i g h  

mach ine   speeds ,   t h e   s i z e   of  t he   h y d r o f o i l   b l a d e   a n g l e   which   can  be  u s e d  

i s   l i m i t e d   l e s t   t he   vacuum  be  so  l a r g e   t h a t   the   p u l s e   c r e a t e d   w i l l   t h r o w  

sane   af  the   s t o c k   upward  i n t o   t he   a i r .   Ehis   phenomenon  known  as  " s t o c k  

jump"  can  r e a d i l y   damage  the   u n i f o r m i t y   of  t he   s h e e t ;  

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

i s   t h a t   when  the   vacuum  p u l s e   c r e a t e d   by  t he   i n c l i n e d   a n g l e   of  t h e   h y -  

d r o f o i l   b l ade   d e c a y s   back   to   a t m o s p h e r i c   p r e s s u r e ,   t he   decay   i s   s o m e w h a t  

of  an  u n s t a b l e   phenomenon.   Th is   i s   b e c a u s e   the   h y d r o f o i l   b l a d e   g e n e r a l l y  

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

mosphere .   In  o t h e r   words ,   t h e   d e c a y   of  t he   vacuum  p u l s e   o c c u r s   v i r t u a l -  

l y   i n s t a n t a n e o u s l y   a t   t h e   p o i n t   where  the   gap  be tween   f o r m i n g   medium  and  . 

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

•Die  l o c a t i o n   of  t h i s   p o i n t   i s   e x t r e m e l y   s e n s i t i v e   to   a l l   of  t he   f o r c e s  

and  r e s i s t a n c e s   a f f e c t i n g   the   d e w a t e r i n g   p r o c e s s   as  e v i d e n c e d   by  t h e  

h i g h l y   v a r i a b l e   amount  of   w a t e r   removed  f rom  the   s u s p e n s i o n   a c r o s s   t h e  

w i d t h   of  f o i l   b l a d e s .   Th is   v a r i a b i l i t y   can  be  r e a d i l y   o b s e r v e d   on  a n y  

p a p e r   making  mach ine .   3he  w a t e r   removed  from  t h e   s u s p e n s i o n   by  any  o n e  

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

medium  to   the   n e x t   b l a d e   whose  l e a d i n g   edge  s k i v e s   t h e   w a t e r   o f f   t h e  

u n d e r s i d e   of  t he   f o r m i n g   medium.  She  amount  of  s k i v e d   w a t e r   v a r i e s   v e r y  

c o n s i a e r a b l y   from  p o i n t   to   p o i n t   a c r o s s   t h e   w i d t h   of  a  mach ine   a t   m o s t  

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

ttie  v a r i a b i l i t y   of  d e w a t e r i n g   in  t he   c r o s s   mach ine   d i r e c t i o n  

of  the  h y d r o f o i l   b l a d e s   i s   f u r t h e r   e x a c e r b a t e d   by  t h e   s l i g h t   n o n - u n i -  

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

t h y l e n e   of  which  most   h y d r o f o i l   b l a d e s   a re   made,  as  w e l l   as  by  t h e   n o n -  

un i fo rm  b u i l d - u p   of  f i b r o u s   m a t e r i a l   on  the   l e a d i n g   edge  of  many  b l a d e s .  

- 3 -  
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S h e s e   p rob lems   of  p o l y e t h y l e n e   h y d r o f o i l   b l a d e s   have  l ed   to  the  d e v e 3 x j p -  

n e n t   of  a  v a r i e t y   of  c e r a m i c   Mi***"  wh ich   a re   much  more  wear  r e s i s t a n t .  

Whi le   c e r a m i c   b l a d e s   ho ld   t h e i r   shape   nuch  b e t t e r   t h a n   p o l y e t h y l e n e  

b l a d e s ,   t hey   a re   e x t r e m e l y   f r a g i l e ,   p r o n e   to   damage,  and  r e l a t i v e l y   e x -  

p e n s i v e .   Since  such  b l a d e s   a r e   d i f f i c u l t   to   h a n d l e ,   once  a  F o u r d r i n i e r  

t a b l e   has"  been  l a i d   o u t ,   p a p e r r a a k e r s   a r e   l o a t h e   to  a l t e r   b l a d e s .   B s u s ,  

t h e   use   of  ceramic   h y d r o f o i l   b l a d e s   I s   l i m i t e d .  

B »   c r o s s   mac lune   d i r e c t i o n   v a r i a b i l i t y   of   d e w a t e r i n g   of   h y -  

d r o f o i l   b l a d e s   is  one,   i f   no t   -Uie  p r i m a r y   s o u r c e   of  t he   n o n - u n i f o r m i t y  

of   t h e   "dry   l ine"*   i . e . ,   t he   l i n e   a c r o s s   t he   S b u r d r i n i e r   where  a i r   i s  

f i r s t   i n t r o d u c e s   i n t o   t he   wet  web  o v e r   t h e   vacuum  f o i l s   or  s u c t i o n   b o x e s .  

•Ods  v a r i a b i l i t y   u l t i m a t e l y   l e a d s   t o   t h e   c r o s s - d i r e c t i o n   v a r i a t i o n   i n  

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

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

Another   p rob lem  c r e a t e d   by  t h i s   t u r b u l e n c e   g e n e r a t i n g   p u l s e  

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

ly  formed~web  and  a l l o w s   f a r   t h e   f i n e r   f i b e r s   as  w e l l   as  t he   f i l l e r  

p a r t i c l e s   to   be  washed  cu t   of  t h e   web.  2hus ,   t h e   s t r o n g e r   t he   v a c u u m  

p u l s e   of  a  f o i l   blade,-   the   lower   t h e   f i n e s   and  f i l l e r   r e t e n t i o n   i n   t h e  

l ower   p a r t   of  the   wab.  B i i s   t o p - t o - b o t t c m   s i d e   v a r i a t i o n   of  f i n e s   a n d  

f i l l e r s   in  a  s h e e t   i s   a  major   s o u r c e   of  many  p a p e r   a p p l i c a t i o n   p r o b l e m s  

..  w e l l - k n o w n   t o   t t o s e   s k i l l e d   in   t h e   a r t .  

Turning   now  to   a n o t h e r   a s p e c t   o f   h y d r o f o i l   b l a d e   a p p l i c a t i o n s  

and  p r o b l e m s ,   a  new  fo rming   s t r a t e g y   has  been  e v o l v e d   in   which  i t   i s  

d e s i r a b l e   to  min imize   or  even  t o t a l l y   e l i m i n a t e   t he   t u r b u l e n c e   on  t h e  

I t o u r d r i n i e r   wire   g e n e r a t e d   by  t h e   h y d r o f o i l   b l a d e s .   !lMs  new  a p p r o a c h  
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employs  f o r m a t i o n   showers   which  c r e a t e   s t o c k   r i d g e s   which   p e r i o d i c a l l y  

c o l l a p s e   and  r e f o r m   on  t h e i r   own  down  the   w i r e . .   The  c o l l a p s e   and  r e -  

g e n e r a t i o n   of  t h e s e   r i d g e s   c r e a t e s   a  c r o s s   mach ine   d i r e c t i o n   s h e a r   w h i c h  

d e f l o c c u l a t e s   f i b e r s   in  much  t he   same  way  as  t h e   c r o s s   mach ine   d i r e c -  

t i o n   s h e a r   g e n e r a t e d   by  the   shake   of  s l o w e r   p a p e r r a a k i n g   m a c h i n e s .   T h e  

a d v a n t a g e   of   t h e s e   r i d g e s   over   s h a k e s   i s   t h a t   t h e   r i d g e s   can  be  e m p l o y e d  

and  are   e f f e c t i v e   a t   any  machine   speed  i n c l u d i n g   r e l a t i v e l y   h igh   o n e s ,  

whereas   t h e   e f f e c t i v e   a p p l i c a t i o n   of  t he   shake   i s   l i m i t e d   to   m a c h i n e  

speeds   be low  300-400  m / m i n . .   The  s t o c k   r i d g e s   formed  by  f o r m a t i o n   s h o w e r s  

a re   e x t r e m e l y   f r a g i l e   f l u i d   s t r u c t u r e s   which   a r e   e a s i l y   d e s t r o y e d   by  t h e  

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

I t   i s   c l e a r   from  a l l   of  t he   f o r e g o i n g   t h a t   t h e r e   i s   a  need  f o r  

h y d r o f o i l   b l a d e s   w h e r e i n   t he   amount  of  w a t e r   removed  from  t he   s u s p e n -  

s ion   a c r o s s   each   b l a d e   wid th ;   t h a t   i s ,   t h e   d e w a t e r i n g   in   t he   c r o s s   m a -  

ch ine   d i r e c t i o n ,   i s   c o n t r o l l e d   by  s t a b i l i z i n g   t h e   vacuum  decay   zone  o f  

each  b l a d e .   In  a d d i t i o n ,   the   a b s e n c e   of  a  s t r o n g   p r e s s u r e   p u l s e   f o l l o w -  

ing  d e w a t e r i n g   i s   d e s i r a b l e   in  o r d e r   to  o b t a i n   a  h i g h e r   and  more  u n i -   -  

form  f i n e s   and  f i l l e r   r e t e n t i o n .   F u r t h e r ,   t h e r e   i s   a  need  i n   s ane   a p -  

p l i c a t i o n s   f a r   a  d e w a t e r i n g   h y d r o f o i l   b l a d e   sy s t em  which   does  no t   g e n ^  

e r a t e   t u r b u l e n c e .  

■  S t M R I g   OF  'THE  INVENTION 

This   i n v e n t i o n   a c h i e v e s   t h e s e   and  o t h e r   o b j e c t s   by  p r o v i d i n g  

a  h y d r o f o i l   b l a d e   s u p p o r t   fo r   use   in  a  p a p e r   making   mach ine   of  t h e   t y p e  

where in   h y d r o f o i l   b l a d e s   a re   p o s i t i o n e d   b e n e a t h   a  f o r m i n g   medium  a n d  

ex tended   in   t he   c r o s s   machine  d i r e c t i o n   r e l a t i v e   to  t h e   f o rming   jned ium 

for   d r a i n i n g   w a t e r   t h r o u g h   the   f o r m i n g   mediun  from  a  p a p e r   web  b e i n g  
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'  farmed  en  t h e   f a r m i n g   medium  and  f o r   f a r m i n g   t h e   p a p e r   web.  She  h y d r o -  

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

a  f i r s t   f o r m i n g   medium  b e a r i n g   s u r f a c e   l y i n g   in  a  f i r s t   p l a n e   and  hawk- 

ing  a  f i r s t   l e n d i n g   edge  and  a  f i r s t   t r a i l i n g   s u r f a c e   d i v e r g i n g   down-  

ward  r e l a t i v e   to   t h e   f i r s t   f o rming   medium  b e a r i n g   s u r f a c e   from  a  f i r s t  

c r e a s e   l i n e   to   a  f i r s t   t r a i l i n g   edge .   She  f i r s t   t r a i l i n g   edge  l i e s   i n  

a  second  p l a n e   p a r a l l e l   to   t h e   f i r s t   p l a n e .   A  w a t e r   d i r e c t i n g   s u r f a c e  

e x t e n d s   downward  f rom  the   f i r s t   t r a i l i n g   edge.   At  l e a s t   a  second   a d -  

j a c e n t   h y d r o f o i l   W»**>  i s   p r o v i d e d   c o m p r i s i n g   a  s econd   f a n n i n g   medium 

b e a r i n g   s u r f a c e   h a v i n g   a  s econd   l e a d i n g   edge ,   a  f r o n t   s u r f a c e   e x t e n d -  

ing  downward  f rom  t h e   second   l e a d i n g   edge  a t   an  a c u t e   a n g l e   r e l a t i v e  

to  t he   s econd   f o r m i n g   medium  b e a r i n g   s u r f a c e ,   and  a  s e c o n d   t r a i l i n g  

s u r f a c e   d i v e r g i n g   downward  r e l a t i v e   t o   t h e   s econd   f a n n i n g   medium  b e a r -  

ing  s u r f a c e   f m t   a  s econd   c r e a s e   l i n e   to   a  second   t r a i l i n g   edge .   2 h e  

w a t e r   d i r e c t i n g   s u r f a c e   o v e r l a p s   and  i s   ' spaced  from  t h e   f r o n t   s u r f a c e ,  

and  .the  f i r s t   p l a n e   i s   spaced   f rom  t h e   second   p l a n e   in  t h e   r a n g e   o f  

a b o u t   .05  m i l l i m e t e r s   to   a b o u t   4  m i l l i m e t e r s ,   t o   form  means  fo rming   a  

gap  be tween   t he '   f o r m i n g   medium  and  t h e   a d j a c e n t   h y d r o f o i l   b l a d e ,   when  

t he   h y d r o f o i l   s u p p o r t   i s   mounted   on  t he   p a p e r   making  m a c h i n e ,   so  t h a t  

d u r i n g   t he   p a p e r   mak ing   o p e r a t i o n   t h e   w a t e r   removed,  f rom  t h e   p a p e r   w e b  

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

the   a b s e n c e   o f   *•»•**  t h e r e b y   p r e v e n t i n g   e x p a n s i o n   and  c o r r e s p o n d i n g   - 

c a v i t a t i c n   of   t h e   w a t e r   in   t h e   g a p .  

BRIEF  DESCRIPTION  CF  TOE  DRAWINGS 

F i g u r e   1  i s   a  d i f l g r a m a t i c   r e p r e s e n t a t i o n   of   one  e m b o d i m e n t  

of   t h e   p r e s e n t   i n v e n t i o n ;   . 

- 6 -  
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F i g u r e   2  i s   a  p a r t i a l   v i e w   o f   a  d i a g r a m a t i c   r e p r e s e n t a -  
t i o n   of   a n o t h e r   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   3  i s   a  p a r t i a l   v i e w   o f   a  d i a g r a m a t i c   r e p r e s e n t a -  
t i o n   o f   y e t   a n o t h e r   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4  i s   a  d i a g r a m a t i c   r e p r e s e n t a t i o n   o f   a  f u r t h e r  
e m b o d i m e n t   o f   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   5  i s   a  d i a g r a m a t i c   r e p r e s e n t a t i o n   of   a  f u r t h e r  
e m b o d i m e n t   o f   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   6  i s   a  f r a g m e n t a r y   v i e w   of   F i g u r e   5  h a v i n g   d i m e n -  
s i o n s   w h i c h   h a v e   b e e n   e x a g g e r a t e d   f o r   t h e   p u r p o s e   of   e m p h a s i s .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  e m b o d i m e n t   of   t h i s   i n v e n t i o n   w h i c h   i s   i l l u s t r a t e d   i n  
F i g u r e   1  i s   one  w h i c h   i s   p a r t i c u l a r l y   s u i t e d   f o r   a c h i e v i n g   t h e  
o b j e c t s   o f   t h i s   i n v e n t i o n .   F i g u r e   1  d i a g r a m a t i c a l l y   d e p i c t s   a  
p o r t i o n   o f   t h e   f o r m i n g   s e c t i o n   o f   a  p a p e r   m a k i n g   m a c h i n e   o f  
t h e   t y p e   w h e r e i n   a  f o r m i n g   m e d i u m   2  r e c e i v e s   s t o c k   f r o m   a  
h e a d b o x   a t   a  f i r s t   end   ( n o t   s h o w n )   a n d   t r a n s f e r s   a  s u b s t a n -  
t i a l l y   s e l f - s u p p o r t i n g   p a p e r   web  f r o m   t h e   f o r m i n g   m e d i u m   2  a t  
a  s e c o n d   end  ( n o t   s h o w n ) ,   t h e   f o r m i n g   m e d i u m   t r a v e l l i n g   in   t h e  
m a c h i n e   d i r e c t i o n   g e n e r a l l y   d e s i g n a t e d   by  a r r o w   4.  H y d r o f o i l  
b l a d e s   a r e   p r o v i d e d   b e n e a t h   t h e   f o r m i n g   m e d i u m   2.  The  h y d r o -  
f o i l   b l a d e s   e x t e n d   in   t h e   c r o s s   m a c h i n e   d i r e c t i o n   r e l a t i v e   t o  
t h e   f o r m i n g   m e d i u m ,   t h e   c r o s s   m a c h i n e   d i r e c t i o n   g e n e r a l l y  
d e s i g n a t e d   by  a r r o w   6.  The  f u n c t i o n s   o f   h y d r o f o i l   b l a d e s   a r e  
t o   d r a i n   w a t e r   t h r o u g h   t h e   f o r m i n g   m e d i u m   2  w h i l e   t h e   p a p e r  
web   8  i s   b e i n g   f o r m e d   on  t h e   f o r m i n g   m e d i u m   a n d   t o   f o r m   t h e  

p a p e r   web .   In   t h e   p r e s e n t   i n v e n t i o n ,   a  h y d r o f o i l   s u p p o r t   o r  
b o x   10  i s   p r o v i d e d   w h i c h   i n c l u d e s   a t   l e a s t   a  f i r s t   h y d r o f o i l  
b l a d e   12  c o m p r i s i n g   a  f i r s t   f o r m i n g   m e d i u m   b e a r i n g   s u r f a c e   1 4  
l y i n g   in   a  f i r s t   p l a n e   and  h a v i n g   a  f i r s t   l e a d i n g   e d g e   16,  a n d  
a  f i r s t   t r a i l i n g   s u r f a c e   18  d i v e r g i n g   d o w n w a r d   r e l a t i v e   to   t h e  
f i r s t   f o r m i n g   m e d i u m   b e a r i n g   s u r f a c e   14  f r o m   a  f i r s t   c r e a s e  
l i n e   20  t o   a  f i r s t   t r a i l i n g   e d g e   22.   The  f i r s t   t r a i l i n g   e d g e  
l i e s   in   a  s e c o n d   p l a n e   p a r a l l e l   t o   t h e   f i r s t  
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p l a n e .   33*  f i r s t   and  s econd   p l a n e s   axe  s c h e m a t i c a l l y   r e p r e s e n t e d   a t  

24  and  26,  r e s p e c t i v e l y .   A  w a t e r   d i r e c t i n g   s u r f a c e   28  e x t e n d s   d o w n -  

ward  f r a n   the   f i r s t   t r a i l i n g   edge  2 2 .  

A  s e c o n d   a d j a c e n t   h y d r o f o i l   b l a d e   30  i s   a l s o   p r o v i d e d .   B l a d e  

30  c o m p r i s e s   a  s e c o n d   f o rming   medium  b e a r i n g   s u r f a c e   32  h a v i n g   a  s e c o n d  

l e a d i n g   edge  36,  a  f r o n t   s u r f a c e   34  - e x t e n d i n g   downward  f rom  t h e   l e a d i n g  

edge  a t   an  a c u t e   a n g l e   ^ r e l a t i v e   t o   t he   second  fo rming   medium  b e a r -  

ing  s u r f a c e ,   and  a  s e c o n d   t r a i l i n g   s u r f a c e   38  d i v e r g i n g   downward  r e l a -  

t i v e   to  t he   s e c o n d   f o r m i n g   medium  b e a r i n g   s u r f a c e   32  from  a  s e c o n d  

c r e a s e   l i n e   40  t o   a  s e c o n d   t r a i l i n g   edge  42.  As  can  be  s een   in   F i g u r e  

1,  t he   w a t e r   d i r e c t i n g   s u r f a c e   28  o v e r l a p s   and  i s   spaced   f rom  the'  f r o n t  

s u r f a c e   3 4 . .   3he   d i s t a n c e   44  b e t w e e n   t h e   f i r s t   p l a n e   24  and  t h e   s e c o n d "  

p l a n e   26  i s   in   t h e   r a n g e   o f   a b o u t   .05   m i l l i m e t e r s   to   a b o u t   4  m i l l i m e -  

t e r s .   P r e f e r a b l y ,   t he   d i s t a n c e   b e t w e e n   s u r f a c e s   28  and  34  i s   a l s o   i n  

t he   range   of  a b o u t   .05  m i l l i m e t e r s   t o   a b o u t   4  m i l l i m e t e r s ,   t h e   s p a c i n g  

between  p l a n e s   24  and  26  and  s u r f a c e s   28  and  34  p r e f e r a b l y   b e i n g   s i m i -  

l a r .   She  i n t e r r e l a t i o n s h i p   of   t h e   o v e r l a p p i n g   and  s p a c e d   s u r f a c e s   2 8 ,  

34  which  form  a  c h a n n e l   46  be tween   a d j a c e n t   h y d r o f o i l   b l a d e s ,   and  - t h e  

s p e c i f i c a l l y   d i m e n s i o n e d   d i s t a n c e   44  b e t w e e n   p l a n e s   24,  26,  form  m e a n s  

forming   a  gap  b e t w e e n   t h e   f o r m i n g   medium  2  and  the   a d j a c e n t   h y d r o f o i l  

Mftrips  12,  30,  when  t h e   h y d r o f o i l   b l a d e   s u p p o r t   10  i s   mounted   on  t h e  

paper   making  m a c h i n e ,   so  t h a t   d u r i n g   t h e   p a p e r   making  o p e r a t i o n   t h e  

w a t e r   removed  f rom  the   p a p e r   web  by  s u c t i o n   c r e a t e d   by  t he   h y d r o f o i l  

b l a d e   c o m p l e t e l y   f i l l s   t h e   gap  in   t h e   a b s e n c e   of  a i r   t h e r e b y   p r e v e n t -  

ing  e x p a n s i o n   and   c o r r e s p o n d i n g   c a v i t a t i o n   of   t he   w a t e r   in   t h e   g a p .  

- 8 -  
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In  t he   embodiment  of   F i g u r e   1,  h y d r o f o i l   b l a d e   s u p p o r t   10  i n -  

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

f o i l   b l a d e s   12  and  second  h y d r o f o i l   b l a d e s   30.  Each  h y d r o f o i l   b l a d e  

i s   d e p i c t e d   as  i n c l u d i n g   a  f r o n t   s u r f a c e   e x t e n d i n g   downward  from  e a c h  

r e s p e c t i v e   l e a d i n g   edge  at;  an  a c u t e   a n g l e   r e l a t i v e   to   each  r e s p e c t i v e  

f ann ing   medium  b e a r i n g   s u r f a c e .   Each  h y d r o f o i l   b l a d e   i s   a l s o   d e p i c t e d  

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

r e s p e c t i v e   t r a i l i n g   e3ge.  Each  f o rming   medium  b e a r i n g   s u r f a c e   l i e s  

in  the  f i r s t   p l a n e   d e p i c t e d   a t   24,  and  each  t r a i l i n g   edge  l i e s   in   t h e  

second  p l a n e   d e p i c t e d   a t   26.  3h  the   e r ibod iment   of   F i g u r e   1,  as  b e -  

tween'  a d j a c e n t   b l a d e s ,   each  of   t he   w a t e r   d i r e c t i n g   s u r f a c e s   o v e r l a p s  

and  is   spaced   from  an  a d j a c e n t   f r o n t   s u r f a c e ,   and  r e s p e c t i v e   f i r s t  

and  second  p l a n e s   a r e   spaced  in  the   r a n g e   of   a b o u t   .05  m i l l i m e t e r s   t o  

about   4  m i l l i m e t e r s ,   to  form  s a i d   gap  f o r m i n g   means  be tween  a d j a c e n t  

.  h y d r o f o i l   b l a d e s .  

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

blades,   h a v i n g   a  t r a i l i n g   s u r f a c e   which   d i v e r g e s   downwardly   to   a  t h i r d  

c r e a s e   l i n e   48,  and  i n c l u d e s   a  bounda ry ,   f o r m i n g   s u r f a c e   50  l y i n g   i n  

the   second  p l a n e ,   i d e n t i f i e d   a t   26,  and  e x t e n d i n g   f r o n   the   t h i r d  

c r e a s e   l i n e   to  t he   f e d l i n g   edge-  of   each   b l a d e   which  i n c l u d e s   such  
' 

s t r u c t u r e ,   in   o t h e r   words,   each   r e s p e c t i v e   b o u n d a r y   f a n n i n g   s u r f a c e   5 0 i s  

p a r a l l e l   to  each  fo rming   medium  b e a r i n g   s u r f a c e .   In  t h i s   e m b o d i m e n t ,  

the  d i s t a n c e   44  i s   measured   be tween   the   f o r m i n g   medium  b e a r i n g   s u r -  

face   and  the   bounda ry   forming  s u r f a c e   50  of   each   h y d r o f o i l   b l a d e .   By  

p r o v i d i n g   a  b o u n d a r y   forming  s u r f a c e   50,  an  e x t e n d e d   c h a n n e l   i s  

formed  be tween   the   forming  medium  and  the   h y d r o f o i l   b l a d e   a l ong   w h i c h  

water   f lows  in   t he   absence   of   a i r .  
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I t   w i l l   be  n o t e d   t h a t   t he   o v e r t * ! * * *   o f   t h e   wa te r   d i r e c t i n g  

s u r f a c e   and  the  a d j a c e n t   f r o n t   s u r f a c e   d e f i n e t h e   c h a n n e l   46  t h e r e b e t w e e n .  

* ,   t h i s   end,  p r e f e r a b l y   b o u n d a r y   f o r m i n g   s u r f a c e   50  i s   t e r m i n a t e d   j u s t  

ahead   of  t he   l e a d i n g   edge  of  ^   x ^   h y d r o f o i l   b l a d e   and  i s   f o l l o w  

by  t h e   downward  i n c l i n e d   w a t e r   d i r e c t i n g   s u r f a c e   , * i c h   e x t e n d s   a t   a n  

a n g l e   of  30"  to  « •   r e l a t i v e   t o   t h e   b o u n d a r y   f o r r c t a g   s u r f a c e   50.  One  

or   * > r e   of  a d j a c e n t   f r o n t   s u r f a c e s   and  w a t e r   d i r e c t i n g   s u r f a c e s   o a n  

t e   p a r a l l e l   as  d e p i n t e d   in   F i g u r e   1.  I t   i s   a l s o   w i t h i n   the   t e a c h i n g s  

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

„ *   « .   forming  - r f i u a   b e a r i n g   s u r f a c e   as  * £ « * £   
« * * *   2  «  

s i i g h t l y   c o n v e r g e n t   away  f r o n   t h e   f o rming   irediora  b e a r i n g   s u r f a c e   a s  

d e p i c t   in   F i g u r e   3.  M t e r   p r o v i d i n g :   a  s h o r t   p a r a l i e l   or  a t e o s t   p a r a l -  

l e l   c h a n n e l   be tween   t h e   t oo   h y d r o f o i l   b l a d e s ,   «>e  t r a i l i n g   f a c e   o f  

t t e   b l a d e   a b r u p t l y   c h a n g e s   i t s   a n g l e   to   90°  r e s t i v e   to   t*e  b o u n d a r y  

f o n r f n g   s u r f a c e !   50,  and  t h e   w h i t e   w a t e r   i s   f l u n g   i n t o   t he   a t a o s p h e r e .  

At  t h i s   p o i n t ,   t h e   c h a n g e   i n   p r e s s u r e   i s   « *   ^ n a i l e r   t han   t h a t   a t   < * e  

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

i n t o   o .   a t o ^ r e .   « » .   • B - * « — l «   i -   - « - * " * •   " ^  

s i d e   of  1 te   f o r ^   ^ ™   ^   =  c - t i n u ^   and  u n i f o r m l y   t h i c k   c o t a m  

*   w a t e r   m t h s u t   an  a b r u p t   change   in   p r e s s u r e   a t   t h e   f a c e   of  * e   f o r ^  

ing  medium.  

a t h e   e A o d i n e n t   of   F i g u r e   1,  t h e   h e i g h t   of  t he   gap  b e t w e e n  

t h e   f o r c i n g   n e S t o   and  t h e   b o u n d a r y   fo rming;   s u r f a c e   50  of  t he   h y d r o -  

« 1   b U a e   o c t r o i s   t h e   ^ . o n t   of  i t s   a l t e r i n g .   B ^ e r e f o r e ,   ^ k i n g  

t h e   s i . e   of  « d s   gap  c o n t r o l l a b l e   i s   d e s i r a b l e   so  t h a t   the   a n o r t   o f  

a l t e r i n g   a t   eve ry   p o i n t   en  t h e   fo rming   .nediun  can   be  c o n t r o l l e d   a n d  

r a g ^ t a J .   ^   p r e s e n t   i n v e n t i o n   e l u d e s   f e a t o e s   d i r e c t e d   to   such   a  

t r i a b l e   d r a i n a g e   r a t e   h y d r o f o i l   b l a d e .   K r   e x a n p l e ,   in   the   e m i n e n t  

of  F i g u r e   4,  which   d e p i c t s   a  h y d r o f o i l   b l a d e   h a v i n g   a  c o n f i g u r a t i o n  
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s i m i l a r   to   t h a t   of   F i g u r e   1,  r e f e r e n c e   c h a r a c t e r s   c o r r e s p o n d i n g   t o  

those   of  F i g u r e   1  a r e   used  fo r   s i m i l a r   s t r u c t u r e .   In  F i g u r e   4,  t h e  

t r a i l i n g   s u r f a c e   18  i s   p i v o t a l l y   c o n n e c t e d   to   the   f o r m i n g   medium  b e a r -  

ing  s u r f a c e   14,  and  to  the   bounda ry   fo rming   s u r f a c e   50  a t   t h e   t f h i r d  

c r e a s e   l i n e   48.  For   e x a n p l e ,   F i g u r e   4  d e p i c t s   t r a i l i n g   s u r f a c e   18  a s  

a  f l e x i b l e   ntember  e x t e n d i n g   from  s u r f a c e   14  to  s u r f a c e   50.  I t   w i l l   b e  

a p p a r e n t   to   t h o s e   s k i l l e d   in  the   a r t   t h a t   o t h e r   t y p e s   of   p i v o t a l   c o n -  

n e c t i o n s   can  be  p r o v i d e d .   Means  a re   p r o v i d e d   c o u p l e d   to   t he   b o u n d a r y  

forming  s u r f a c e   50  f o r   v a r y i n g   the   d i s t a n c e   be tween   s u r f a c e   50  a n d  

the  f i r s t   p l a n e ,   in   which  l i e s   the   fo rming   medium  b e a r i n g   s u r f a c e   1 4 ,  

so  t h a t   such  d i s t a n c e   can  be  c o n t r o l l e d   as  d e s i r e d .   For   e x a m p l e ,   b y  

way  of  example   o n l y .   F i g u r e   4  s c h e m a t i c a l l y   d e p i c t s   a  p i s t o n   52  a n d  

c y l i n d e r   54  f o r   h y d r a u l i c a l l y   or  p n e u m a t i c a l l y   r a i s i n g   and  l o w e r i n g  

boundary  f o r m i n g   s u r f a c e   50.  In  o p e r a t i o n ,   t he   r a i s i n g   of   p i s t o n   52  

d e c r e a s e s   t he   d e g r e e   by  which  s u r f a c e   50  d i v e r g e s   f rom  s u r f a c e   14  a n d  

d e c r e a s e s   t he   v e r t i c a l   d i s t a n c e   be tween  the   f i r s t   p l a n e   i d e n t i f i e d   a t  

24  and  the   second  p l a n e   i d e n t i f i e d   a t   26  to   d e c r e a s e   the   s i z e   of   t h e  

gap.  l o w e r i n g   of   p i s t o n   52  i n c r e a s e s   the   d e g r e e   by  wh ich   s u r f a c e   50  

d i v e r g e s   from  s u r f a c e   14  and  i n c r e a s e s   t he   v e r t i c a l   d i s t a n c e   b e t w e e n  

the   p l a n e s   i d e n t i f i e d   a t   24  and  26  to   i n c r e a s e   the   s i z e   of   t h e   g a p .  

I l l u s t r a t i v e   of  one  embodiment ,   . t he   f o r m i n g   medium  b e a r i n g  

s u r f a c e   14  i s   a b o u t   one  c e n t i m e t e r   in  l e n g t h ,   t he   t r a i l i n g   s u r f a c e   18  

is   about   3  to  15  c e n t i m e t e r s   in   l e n g t h ,   and  the  b o u n d a r y   f o r m i n g   s u r -  

f ace   50  i s   a b o u t   1  to   15  c e n t i m e t e r s   in  l e n g t h .   The  d i v e r g i n g   a n g l e  

of  the  t r a i l i n g   s u r f a c e   18  is   0°  to   5°  as  d e s c r i b e d   in   W r i s t ,   U n i t e d  

S t a t e s   P a t e n t   No.  2 , 9 4 8 , 4 6 5 .  

- 1 1 -  
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By  means  of  t he   p r e s e n t   i n v e n t i o n ,   a  me thod   i s   p r o v i d e d   u s i n g  

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

h ine   f  a r m i n g   medium  by  r emov ing   w a t e r   from  t h e   p a p e r   web,  and  t h e   f i b e r  

s u s p e n s i o n   c a r r i e d   the reby , -   by  s u c t i o n   c r e a t e d   by  t i «   h y d r o f o i l   b l a d e s  

and  i n c l u d i n g   t he   c r i t i c a l   s t e p s   of   (1)  fo rming   a  s i n g l e   p h a s e   f l u i d   i n  

a  gap  b e t w e e n   a d j a c e n t   h y d r o f o i l   b l a d e s   and  the   f o r m i n g   medium,  and  (2)  

e x t e n d i n g   t h e   gap  a  s u f f i c i e n t   d i s t a n c e   in   t he   m a c h i n e   d i r e c t i o n   t o  

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

f l u i d   in   t h e   gap.   In  t h i s   manner ,   i n s t e a d   of  e m p t y i n g   t h e   w h i t e   w a t e r  

. renewed  by  t h e   vacuum  c r e a t e d   by  t h e   i n c l i n e d   s u r f   ace  of  t h e   h y d r o f o i l  

b l a d e   d i r e c t l y   i n t o   t h e   a t ^ s p h e r e ,   such  w a t e r   i s   c a r r i e d   *Opng.  t h e  

u n 3 e r s i i 3 e   o f   t h e   fo rming   medium  in   an  a i r   f r e e   gap  b e t a k e n   t h e   u n d e r -  

s i d e   of  t h e   fo rming   m e d i m   and"  a d j a c e n t   h y d r o f o i l   b l a d e s .   As  t h e   v a c u u m  

decays   in   t h i s   gap,   t he   d e c a y   i s   g r a d u a l   r a t h e r   t h a n   a b r u p t ^ a n d   t h e r e -  

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

and  s t o c k   o v e r   the   f o rming   medium  r e p r e s e n t   a  c o n s i d e r a b l e   r e s i s t a n c e  

to  t he   p r e s s u r e   d i f f e r e l ^ i a l .   b e t w e e n   t h i s   gap  and  t h e   a t m o s p h e r e   a b o v e  

t he   s t o c k . .  

I t   s hou ld   be  n o t e d r t h a t   i n   t h e   embodiment   of  F i g u r e   1  i t   i s  

t he   c r e a t i o n   of  t he   f i x e d   h o r i z o n t a l   gap  f o l l o w i n g   t h e   v a c u u n - i n d u c i n g  

downward  s l o p i n g   f a c e   18  of   t h e   h y d r o f o i l   b l a d e   w h i s h   l i t e r a l l y   .  f o r c e s  

the   b l a d e   to   d e w a t e r   t h e   same  amount  of  w a t e r   f rom  t h e   s u s p e n s i o n   i r o n  

p o i n t   to   p o i n t   a exoss   t h e ^ n t i r e   l e n g t h   o f   the"  b l a d e .   5y  p r o v i d i n g   a  

gap'  which   i s   s u f f i c i e n t l y   n a r r o w   and  c a n n o t   c a v i t a t e   back   - f ron   i t s   e x i t  

. . p o i n t   to   t h e   a t n o s p b e r e ,   t h e   gap  w i l l   be  f u l l y   f i l l e d   w i t h   f l u i d   p u l l e d   
. 

in   from  above   t h r o u g h   the   f o r m i n g   medium.  •  .  • 

■  ....  *  •—  *  » 

- 1 2 -  
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An  i m p o r t a n t   a s p e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   to   i d e n t i f y  

the   m a g n i t u d e   of   d i s t a n c e   44  to   a s s u r e   t h a t   t he   gap  b e t w e e n   the   u n d e r -  

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

w a t e r   In  t he   a b s e n c e   of  a i r ;   t h a t   i s ,   to   c a u s e   a  s i n g l e   p h a s e   f l u i d   J t p  

be  c a r r i e d   a long   the   u n d e r s i d e   of  t he   f o r m i n g   medium  in   t h e   gap.   C o n -  

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

s u r f a c e   d i v e r g i n g   a t   an  ang le   of  0°  to   5°  as  d e s c r i b e d   in   U n i t e d   S t a t e s  

P a t e n t   No.  2 , 9 4 8 , 4 6 5 ,   t he   c r i t i c a l   d i m e n s i o n   in   d e f i n i n g   t h e   d i s t a n c e  

44  i s   the   l e n g t h   of  t he   t r a i l i n g   s u r f a c e   IB.  In  o r d e r   to   a s s u r e   t h a t  

•  the   gap  i s   c o m p l e t e l y   f i l l e d   w i t h   a  s i n g l e   .phase   f l u i d ,   . i . e .   ,  i s   f i l l e d  

w i t h   w a t e r   in  t h e   a b s e n c e   of  a i r ,   t he   h e i g h t   44  f o r   the   h i fy tep   b e i n g  

used  can  be  a s c e r t a i n e d   by  c a l c u l a t i n g   t he   d i f f e r e n c e   b e t w e e n   the   s t o c k  

t h i c k n e s s   a t   t he   s l i c e o p e n i n g   and  a t   t h e   end  of   t he   f o r m i n g   zone ,   u s i n g  

the   e q u a t i o n :  

T =   W 

C x R x J  

w h e r e i n   T  i s   t he   s t o c k   t h i c k n e s s ,   W  i s   the   b a s i s   w e i g h t   of  t he   f i n i s h e d  

s h e e t ,   C  i s   t he   s t o c k   c o n s i s t e n c y   e x p r e s s e d   as  a  f r a c t i o n ,   R  i s   t h e  

o v e r a l l   machine   r e t e n t i o n   downs t r eam  from  t h e   p o i n t   u n d e r   c o n s i d e r a t i o n ,  

and  J  i s   the   j e t - t o - f o r m i n g   medium  speed  r a t i o . .  

Ihe  use  of  t h i s   e q u a t i o n   w i l l   now  be  d e m o n s t r a t e d ,   by  way  o f  

example  on ly ,   in  c o n n e c t i o n   w i t h   a  p a p e r .   making  mach ine   p r o d u c i n g   n e w s -  

-■•"  p r i n t - t y p e   p a p e r .   Hie  'above  e q u a t i o n   i s   f i r s t   used   to   d e t e r m i n e   t h e  

s t o c k   t h i c k n e s s   T^  a t   the   s l i c e   o p e n i n g .   Assuming  t h a t   t he   b a s i s   * 

w e i g h t   W,  i s   50  g . s . m .   ,  the   c o n s i s t e n c y   C*  i s   0.5%,  the   r e t e n t i o n   %  aft*  •  «!■  .   ̂
i s   60%  and  the   j e t r - t o - f o r m i n g   medium  speed   r a t i o   J-^  i s   0 . 9 5 ,   then   t h e  

t h i c k n e s s   of  t h e   s t o c k   a t   the   s l i c e   open ing   i s :  

w  . 0 0 5 0  
Tx  -  ™±  *=  m  1 .75   cm 

c l   x  Rl  x  J l   -005  x  *6  x  - 9 5  
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The  s t o c k   t h i c k n e s s   T2  a t   the   end  of   the   web  f o r m i n g   zone  c a n  

be  c a l c u l a t e d   in   a  l i k e   manner .   Assuming  t h a t   t he   b a s i s   w e i g h t   W2  i s  

s t i l l   50  g . s . m . ,   t he   c o n s i s t e n c y   C,  has  i n c r e a s e d   to   2.5%,  the   o v e r a l l  

m a c h i n e   r e t e n t i o n   1^  ° f   ^ ^   b a l a n c e   of  t he   p a p e r   making   mach ine   i s   90%, 

and-  t he   j e t - t o - f o r m i n g   med ian   speed   r a t i o   J2  has  i n c r e a s e d   to   1 . 0 ,  

t h e n   the   t h i c k n e s s   of  t h e   s t o c k   a t   the   end  of   t h e   web  f o r m i n g   zone  i s :  

w,  . . . . 0 0 5 0  
T2  £  «.  «  .22  cm 

C2  x  R2  x  J2  .025  x  .9  x  1  

Bie  t h i c k n e s s   of   w a t e r   Q  removed  f rcm  t h e   f o r m i n g   s e c t i o n   i s  

e q u a l   to  the   d i f f e r e n c e   b e t w e e n   t h e   s t o c k   t h i c k n e s s   a t   t h e   s l i c e   o p e n -  

ing   and  the   s t o c k   t h i c k n e s s   a t   t he   end  of   t he   web  f o r m i n g   zone,   o r  

Q  =  Tjl  -  T2  =  1 .54   cm  -. 

Assuming  t h a t   in   t h e   p a s t   twen ty   c o n v e n t i o n a l   1"?  and  2°  h y -  

d r o f o i l   b l a d e s   have   been  r e q u i r e d   to   o b t a i n   t h i s   r e s u l t ,   t h e n   t h e   g a p  

AA  s h o u l d   b e :  
1 .54  c m  

«=  .08  cm 
2 0  

F u r t h e r ,   a s s u m i n g   t h a t   i t   i s   d e s i r e d   to   use   t w e n t y   f i v e   1 °  

b l a d e s   t c   compensa t e   f o r   wear   o f   s u r f a c e   14  and  to .   a c c o m p l i s h   s i m i l a r  

d e w a t e r i n g *   ' t h e n   in   o r d e r   to   a s s u r e   t he   e x i s t e n c e   of  a  .08  em  gap  4 4 ,  

t h e   l e n g t h   L  of  t h e   - t r a i l i n g   s u r f a c e   i s   -.  -. 

L  te  .08  t a n   1°  =  4 .6  cm 

- 1 4 -  
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S i n c e   the   b a s i s   .we igh t   of   t h e   f i n i s h e d   s h e e t   (W),  s t o c k   c o n -  

s i s t e n c y   (c) ,   o v e r a l l   mach ine   r e t e n t i o n   (R)  and  j e t - t o - f   a r m i n g   m e d i u m  

speed  r a t i o   (J)  a r e   i d e n t i f i a b l e   in   a  known  manner   f o r   any  p a p e r   m a c -  

h ine   a t   t he   s l i c e   o p e n i n g   and  a t   t h e   end  o f   t h e   web  f o r m i n g   zone ,   t h e  

above  e q u a t i o n s   can  be  used   to   i d e n t i f y   t h e   d i m e n s i o n   of   gap  44  a n d  

the   l e n g t h   L  of   t h e   t r a i l i n g   s u r f a c e   f o r   any  p a p e r   mak ing   a p p l i c a t i o n .  

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

d i f f e r s   from  t h a t   of   c o n v e n t i o n a l   b l a d e s   in   t h a t   the   d e w a t e r i n g   i s   c a r -  

r i e d   out   e n t i r e l y   in   a  c o n f i n e d   and  c o n t r o l l a b l e   gap,   and  h e n c e   d e w a -  

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

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

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

" t w o - s i d e d n e s s "   of   p a p e r   as  w e l l   as  t he   i n t e n s i t y   of   t h e   w e l l - k n o w n  

"wire   mark"  w i l l   be  s u b s t a n t i a l l y   d e c r e a s e d .   F i n a l l y ,   t h e   r e p e t i t i v e  

r i d g e s   formed  by  f o r m a t i o n   showers   w i l l   n o t   be  s u b j e c t   to   d e s t r u c t i v e  

p u l s e s ,   and  w i l l   c a r r y   t h a n   much  f u r t h e r '   down  t h e   "forming  medium  t h a n  

i s   p r e s e n t l y   t h e   c a s e -   • 

A n o t h e r   embodiment   o f   t h e   p r e s e n t   i n v e n t i o n   i s   d e p i c t e d   i n  

F i g u r e   5  which  d e p i c t s   a  h y d r o f o i l   b l a d e   s u p p o r t   60  c o m p r i s i n g   a  p l u -  

r a l i t y   of  spaced   h y d r o f o i l   b l a d e s   62  wh ich   c o m p r i s e   a  f o r m i n g   m e d i u m  

b e a r i n g   s u r f a c e   64  l y i n g   in   a  f  i x s t   p l a n e   i d e n t i f i e d   s c h e m a t i c a l l y   a t  

66  and  hav ing   a  l e a d i n g   edge  68>  and  a  t r a i l i n g   edge  70  l y i n g   i n   a  

second  p l a n e ,   i d e n t i f i e d   s c h e m a t i c a l l y   a t   72,  p a r a l l e l   to   the '   f i r s t  

p l a n e .   A  f i r s t   t r a i l i n g   s u r f a c e   74  d i v e r g e s   downward  r e l a t i v e   to   t h e  

forming  medium  b e a r i n g   s u r f a c e   64  from  a  f i r s t   c r e a s e   l i n e   76  t o   a  s e c -  

ond  c r e a s e   l i n e   78.  A  f i r s t   b o u n d a r y   f o r m i n g   s u r f   ace  80  e x t e n d s   f r o m  

- 1 5 -  
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t h e   s e c o n d   c r e a s e   l i n e   78  t o   a  t h i r d   c r e a s e   l i n e   8 2 ,   a n d   a t  

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

e x t e n d   i n   t a n d e m   b e t w e e n   t h e   t h i r d   c r e a s e   l i n e   82  a n d   t h e  

t r a i l i n g   e d g e   70 .   F o r   e x a m p l e ,   b l a d e   6  2  i n c l u d e s   a  p l u r a l i t y  

o f   p a i r s   84 ,   86 ,   88  o f   t r a i l i n g   s u r f a c e s   74  a n d   b o u n d a r y  

f o r m i n g   s u r f a c e s   80  w h i c h   e x t e n d   i n   t a n d e m ,   one  p a i r   f o l l o w i n g  

t h e   n e x t   i n   t h e   m a c h i n e   d i r e c t i o n .   As  d e p i c t e d   i n   F i g u r e   6 ,  

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

s c h e m a t i c a l l y   d e p i c t e d   a t   8 0 '   i n   F i g u r e   6,  p a r a l l e l   t o   t h e  

f o r m i n g   m e d i u m   b e a r i n g   s u r f a c e   64,   c o n s e c u t i v e   o f   p l a n e s   6 6 ,  

8 0 ' ,   72  b e i n g   s p a c e d   f r o m   e a c h   o t h e r   i n   t h e   r a n g e   o f   a b o u t   . 0 5  

m i l l i m e t e r s   t o   - a b o u t   4  m i l l i m e t e r s .   A l t h o u g h   n o t   n e c e s s a r y   i n  

t h i s   e m b o d i m e n t ,   i f   i t   i s   d e s i r e d   t o   p r o l o n g   t h e   l e n g t h   o f   t h e  

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

s u r f a c e   90  i s   p r o v i d e d   a s   i n   t h e   o t h e r   e m b o d i m e n t s   h e r e i n  

e x t e n d i n g   d o w n w a r d   f r o m   t h e   t r a i l i n g   e d g e   70.  When  u s i n g   t h e  

b l a d e s   62 ,   t h e   h e i g h t   o f   t h e   g a p   92  b e i n g   c o n s e c u t i v e   o f  

p l a n e s   6 6 ,   8 0 ' ,   7  2  c o r r e s p o n d s   "to  d i m e n s i o n   44  o f   F i g u r e   1 ,  

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

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

e m b o d i m e n t   o f   F i g u r e s   5  a n d   6.  I n   p a r t i c u l a r ,   a l t h o u g h   t h e  

e q u a t i o n s   d e m o n s t r a t e   how  t o   i d e n t i f y   t h e   m a g n i t u d e   o f   gap   4 4 ,  

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

e a c h   g a p   92,  t h e   c r i t i c a l   d i m e n s i o n   i n   d e f i n i n g   t h e   h e i g h t   o f  

e a c h   g a p   92  b e i n g   t h e   l e n g t h   L  of-   e a c h   r e s p e c t i v e   t r a i l i n g  

s u r f a c e   74.  In   o t h e r   w o r d s   "L"  c a n   be   e q u a t e d   t o   t h e   l e n g t h   o f  

t r a i l i n g   s u r f a c e   18  i n   u s i n g   t h e   e q u a t i o n s   t o   i d e n t i f y   t h e  

m a g n i t u d e   o f   g a p   44  i n   F i g u r e   1  o r   t o   t h e   l e n g t h   o f   e a c h  

t r a i l i n g   s u r f a c e   74  i n   F i g u r e s   5  a n d   6  i n   u s i n g   t h e   e q u a t i o n s  

t o   s e p a r a t e l y   i d e n t i f y   t h e   m a g n i t u d e   o f   e a c h   g a p   92.   W i t h o u t  

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

t h e   w a t e r   r e m o v e d   a t   e a c h   t r a i l i n g   s u r f a c e   74  i n   t h e  

e m b o d i m e n t   o f   F i g u r e s   5  a n d   6  t r a v e l s   a l o n g   e a c h   r e s p e c t i v e  

g a p   92.  At  t h e   end   o f   e a c h   r e s p e c t i v e   gap   92  s u c h   m o v i n g   w a t e r  

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

n e x t   t r a i l i n g   s u r f a c e   74.  In   o t h e r   w o r d s ,   t h e   w a t e r   r e m o v e d   a t  

e a c h   t r a i l i n g   s u r f a c e   74  t r a v e l s   t h r o u g h   t h e   gap  92  a s s o c i a t e d  

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

- 1 6 -  
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r e m o v e d   by  e a c h   s u c c e e d i n g   t r a i l i n g   s u r f a c e   74 ,   a l l   of   s u c h  

w a t e r   b e i n g   r e m o v e d   a t   t h e   end   of   t h e   h y d r o f o i l   b l a d e .  

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

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

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

a p p a r e n t   t h a t   many   o t h e r   e m b o d i m e n t s   w h i c h   w i l l   be  r e a d i l y  

a p p a r e n t   t o   t h o s e   s k i l l e d   i n   t h e   a r t   may  be  m a d e   w i t h o u t  

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

i n v e n t i o n .  
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I  Cla im:   ~  \  ^   ~  

1.  A  h y d r o f o i l   b l a d e   . s u p p o r t   f a r   u se   in   a  p a p e r   making   m a -  

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

f o rming   med ian   and  e x t e n d e d   i n   . the   c r o s s   m a c h i n e   d i r e c t i o n   r e l a t i v e   t o  

s a i d   f o r m i n g   medium  f o r   d r a i n i n g   w a t e r   t h r o u g h   s a i d   f o r m i n g   m e d i u m  

w h i l e   a  p a p e r   web  i s   b e i n g   fo rmed   on  s a id   f o r m i n g   medium  and  f o r   f o r m -  

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

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

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

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

medium  b e a r i n g   s u r f a c e   from  a  f i r s t   c r e a s e   l i n e   to   a  f i r s t   t r a i l i n g  

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

s a i d   f i r s t   p l a n e ,   and  a  w a t e r '   d i r e c t i n g   s u r f a c e   e x t e n d i n g   downward  

f rcm  s a i d   f i r s t   t r a i l i n g   edge ,   and  a t   l e a s t   a  s e c o n d   a d j a c e n t   h y d r o -  

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

second   l e a d i n g   edge ,   a  f r o n t   s u r f a c e   e x t e n d i n g   downward  f rom  s a i d   s e -  

cond  l e a d i n g   edge  a t   an  a c u t e   a n g l e   r e l a t i v e   to   s a i d   s e c o n d   f o r m i n g  

medium  b e a r i n g   s u r f a c e ,   and  a  s econd   t r a i l i n g   s u r f a c e   d i v e r g i n g   d o w n -  

ward  r e l a t i v e   to   s a i d   s econd   f o r m i n g   medium  b e a r i n g   s u r f a c e   f rcm  a  

second  c r e a s e   l i n e   t o   a  s econd   t r a i l i n g   edge ,   s a i d   w a t e r   d i r e c t i n g   s u r -  

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

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

.05  m i l l i m e t e r s   t o   a b o u t   -4  m i l l i m t e r s ,   to   form  means  f o r m i n g   a  g a p  

be tween   s a i d   a d j a c e n t   h y d r o f o i l   b l a d e s ,   when  s a i d   h y d r o f o i l   s u p p o r t  

i s   mounted   on  s a i d   p a p e r   mak ing   m a c h i n e ,   so  t h a t   d u r i n g   t h e   p a p e r   m a k -  

ing  o p e r a t i o n   the   w a t e r   removed  f rcm  s a i d   p a p e r   web  by  s u c t i o n   c r e a t e d  

by  s a i d   h y d r o f o i l   b l a d e   c o m p l e t e l y   f i l l s   s a i d   gap  in   t h e   a b s e n c e   o f  

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

w a t e r   in   s a i d   g a p .  
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2.  The  h y d r o f o i l   b l a d e   s u p p o r t   of  C la im  1  i n c l u d i n g   a  p l u r a -  

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

sa id   second  h y d r o f o i l   b l a d e s ,   each   of  s a i d   f i r s t   h y d r o f o i l   b l a d e s   i n -  

c l u d i n g   a  f r o n t   s u r f a c e   e x t e n d i n g   downward  from  each   r e s p e c t i v e   f i r s t  

l e a d i n g   edge  a t   an  a c u t e   a n g l e   r e l a t i v e   to   each  . r e s p e c t i v e   f i r s t   f o r m -  

ing  medium  b e a r i n g   s u r f a c e ,   and  each  of   s a i d   s e c o n d   h y d r o f o i l   b l a d e s  

i n c l u d i n g   a  wa t e r   d i r e c t i n g   s u r f a c e   e x t e n d i n g   downward  from  each  r e s p e c -  

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

l y i n g   in  s a i d   f i r s t   p l a n e   and  s a i d   s econd   t r a i l i n g   edge  l y i n g   in  s a i d   " 

second  p l a n e ,   _  a d j a c e n t   of  s a i d   w a t e r   d i r e c t i n g   s u r f a c e s   and  s a i d   f r o n t  

s u r f a c e s   o v e r l a p p i n g   and  b e i n g   spaced   from  each   o t h e r ,   and  r e s p e c t i v e  
. . . .   N 

f i r s t   and  second  p l a n e s   b e i n g   spaced   i n   s a i d   r a n g e ,   to   form  s a i d   g a p  

forming  means  be tween   a d j a c e n t   h y d r o f o i l   b l a d e s .  

3.  She  h y d r o f o i l   b l a d e   s u p p o r t   of  C la im  1  w h e r e i n   s a i d   f i r s t  

t r a i l i n g   s u r f a c e   d i v e r g e s   downwardly   to   a  t h i r d   c r e a s e   l i n e ,   and  w h e r e -  

in  a  boundary   fo rming   s u r f a c e   l y i n g   in   s a id   s e c o n d   p l a n e   e x t e n d s   f r o m  

sa id   t h i r d   c r e a s e   l i n e   t o w a r d s   sa id   f i r s t   t r a i l i n g   e d g e .  

4.  The  h y d r o f o i l   b l a d e   s u p p o r t   of   C l a i m   2  w h e r e i n   the   t r a i l -  

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

to  a  r e s p e c t i v e   t h i r d   c r e a s e   l i n e   and  i n c l u d e s   a  boundary   f o rming   s u r -  

f ace   l y i n g   in  s a i d   second   p l a n e   and  e x t e n d i n g   f rom  s a i d   r e s p e c t i v e  

t h i r d   c r e a s e   l i n e   t owards   a  r e s p e c t i v e   t r a i l i n g   e d g e . .   ■ 

5.  Ihe   h y d r o f o i l   b l a d e   s u p p o r t   of  C la im  3  w h e r e i n   a t   l e a s t  

one  of  s a i d   t r a i l i n g   s u r f a c e s   i s   p i v o t a l l y   c o n n e c t e d   to  i t s   a d j a c e n t  

forming  medium  b e a r i n g   s u r f a c e   and  to   i t s   a d j a c e n t   bounda ry   f a n n i n g  

s u r f a c e ,   and  i n c l u d i n g   means  c o u p l e d   t o   s a i d   a d j a c e n t   boundary   f o r m i n g  

s u r f a c e   f o r   v a r y i n g   t h e   d i s t a n c e   be tween   s a i d   a d j a c e n t   boundary   f o r m i n g  

s u r f a c e   and  s a id   f i r s t   p l a n e .  

*  V 
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6.  The  h y d r o f o i l   b l a d e   s u p p o r t   of   C la im   1  w h e r e i n   s a i d   f r o n t  

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

abou t   .05  m i l l i m e t e r s   to   a b o u t   A  m i l l i m e t e r s .  

7.  The  h y d r o f o i l   b l a d e   s u p p o r t   of   C la im  1  w h e r e i n   s a i d   f r o n t  

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

8.  The  h y d r o f o i l   b l a d e   s u p p o r t   of   C la im   1  w h e r e i n   s a i d   f r o n t  

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

medium  b e a r i n g   s u r f a c e .  

9.  The  h y d r o f o i l   b l a d e   s u p p o r t   of   C la im  1  - h e r e i n   s a i d   f r o n t  

s u r f a c e   and  s a i d   w a t e r   d i r e c t i n g   s u r f a c e   c o n v e r g e   away  from  s a i d   f o r m -  

ing  median   b e a r i n g   s u r f a c e .  

10.  The  h y d r o f o i l   b l a d e   s u p p o r t   o f   C la im   3  w h e r e i n   s a i d   f r o n t  

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

a b o u t   .05  m i l l i m e t e r s   t o   a b o u t   4  m i l l i m e t e r s .  

11.  She  h y d r o f o i l   b l a d e   s u p p o r t   of   C la im  3  w h e r e i n   s a i d   f r o n t  

s u r f a c e   and  s a i d   w a t e r   d i r e c t i n g   s u r f a c e   a r e   p a r a l l e l .  

12.  The  h y d r o f o i l ,   b l a d e   s u p p o r t   of   C la im  3  w h e r e i n   s a i d   f r o n t  

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

medium  b e a r i n g   s o r f   a c e .  

13.  The  h y d r o f o i l   b l a d e   s u p p o r t   of   C la im  3  w h e r e i n   s a a d  

f r o n t   s u r f a c e   and  « " ' *   w a t e r   d i r e c t i n g   s u r f a c e   c o n v e r g e   away  f r o m  

s a i d   fo rming   median   b e a r i n g   s u r f a c e .  

- 2 0 -  
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14.  A  method  u s i n g   h y d r o f o i l   b l a d e s   f o r   d e w a t e r i n g   and  f o r m -  

ing  a  p a p e r   wsb  on  a  paper"  machine   f o r m i n g   medium  by  r emoving   w a t e r  

f  ran   s a i d   paper"  -web,  and  the   f i b e r   s u s p e n s i o n   c a r r i e d   the reby ,   by  s u c -  

t i o n   c r e a t e d   by  s a i d   h y d r o f o i l   b l a d e s ,   c o m p r i s i n g   the   s t e p s   of  (1)  

fo rming   a  s i n g l e   p h a s e   f l u i d   in  a  gap  b e t w e e n   a d j a c e n t   of   s a i d   h y d r o -  

f o i l   b l a d e s   and  s a i d   fo rming   medium,  and  (2)  e x t e n d i n g   s a i d   gap  a  s u f -  

f i c i e n t   d i s t a n c e   m e a s u r e d   in  t he   m a c h i n e   d i r e c t i o n   t o   p r e v e n t   e x p a n -  

s ion   and  c o r r e s p o n d i n g   c a v i t a t i o n   of  s a i d   s i n g l e   p h a s e   f l u i d .   in  s a i d  

.  gap* 

15.  The  h y d r o f o i l   b l a d e   s u p p o r t   of  Claim  3  Where in   a t   l e a s t  

one  o t h e r   p a i r   of  t r a i l i n g   and  b o u n d a r y   f o r m i n g   s u r f a c e s   ex t end   in   t a n -  

dem  from  s a i d   b o u n d a r y   fo rming   s u r f   ace   t o w a r d s   s a i d   f i r s t   t r a i l i n g  

edge.  ■ 

16.  The  h y d r o f o i l   b l a d e   s u p p o r t   of  Claim  4  w h e r e i n   a t   l e a s t  

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

i n c l u d e s   a t   l e a s t   one  o t h e r   p a i r   of   t r a i l i n g   and  b o u n d a r y   fo rming   s u r -  

f a c e s   e x t e n d i n g   in  tandem  from  s a i d   b o u n d a r y   f o rming   s u r f a c e   t o w a r d s  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

i n   t h e   r a n g e   o f   a b o u t   .05  m i l l i m e t e r s   t o   a b o u t   4  m i l l i m e t e r s .  

18 .   The   h y d r o f o i l   b l a d e   o f   C l a i m   17  i n c l u d i n g   a  w a t e r i n g  

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

19 .   A  h y d r o f o i l   b l a d e   s u p p o r t   f o r   u s e   i n   a  p a p e r   m a k i n g  

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

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

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

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

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

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

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

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

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

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

t o   a  ^ 3 e c o n d   c r e a s e   l i n e ,   a  f i r s t   b o u n d a r y   f o r m i n g   s u r f a c e  

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

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

t o   s a i d   f i r s t   p l a n e   and   s a i d   s e c o n d   p l a n e ,   and   a t   l e a s t   o n e  

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

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

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

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

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

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

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

f r o m   e a c h   o t h e r   in   t h e   r a n g e   o f   a b o u t   .05  m i l l i m e t e r s   t o   a b o u t  

4  m i l l i m e t e r s .  

20.   The   h y d r o f o i l   b l a d e   s u p p o r t   o f   C l a i m   19  w h e r e i n   s a i d  

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

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

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

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

b e a r i n g   s u r f a c e   of  s a i d   s e c o n d   h y d r o f o i l   b l a d e ,   and  (b)  w h i c h  

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

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

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

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

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

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

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

r e m o v i n g   w a t e r   f r o m   s a i d   p a p e r   web  by  s u c t i o n   c r e a t e d   by  s a i d  

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

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

of   s a i d   w a t e r   i n   s a i d   g a p .  

21.  The   h y d r o f o i l   b l a d e   o f   C l a i m   20  i n c l u d i n g   a t   l e a s t   o n e  
o t h e r   p a i r   of  s a i d   f i r s t   and   s e c o n d   h y d r o f o i l   b l a d e s ,   e a c h   o f  
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s a i d   f i r s t   a n d   s e c o n d   h y d r o f o i l   b l a d e s   o f   s a i d   a t   l e a s t   o n e  
o t h e r   p a i r   i n c l u d i n g   one  o f   s a i d   w a t e r   d i r e c t i n g   s u r f a c e s   a n d  
o n e   o f   s a i d   f r o n t   s u r f a c e s ,   a n d   a d j a c e n t   o f   s a i d   w a t e r  
d i r e c t i n g   s u r f a c e s   a n d   f r o n t   s u r f a c e s   f o r m i n g   s a i d   w a t e r  
r e m o v a l   and   f i l l i n g   m e a n s .  
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