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Method  of  and  system  for  producing  a  liquid  spray  curtain  for  application  to  a  moving  web. 
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A  method  and  a  system  are  provided  for  producing  a 
continuous  liquid  spray  curtain  which,  when  sprayed  onto 
a  moving  surface,  covers  essentially  the  entirety  of  that 
surface  without  substantial  streaking  thereof.  The  subject 
spray  curtain  is  produced  by  discharging  a  continuous  air 
curtain  at  a  relatively  high  velocity  of  at  least  600  feet  per 
second  (183  metres/sec.).  A  plurality  of  liquid  streams  are 
at  the  same  time  discharged  from  a  liquid  discharge  means 
(37)  at  a  relatively  low  velocity  of  not  more  than  about  20 
feet  per  second  (6  metres/sec.).  The  air  curtain  contacts 
the  liquid  streams  at  a  minimum  contact  angle  of  between 
about -10°  and  about  +30°,  measured  from  the  center  line 
of  the  liquid  discharge  means.  The  contacting  air  curtain 
atomizes  the  liquid  streams  and  forms  the  subject  high 
velocity,  uniform,  liquid  spray  curtain. 



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   of   and  a  

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

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

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

t h e r e o f .  

P r i o r   a r t   s y s t e m s   h a v e   b e e n   p r o v i d e d   f o r  

s p r a y i n g   a  l i q u i d   o n t o   a  m o v i n g   s u r f a c e .   For   e x a m p l e ,  

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

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

d e t e r m i n e d   by  t h e   w i d t h   of  t h e   s u r f a c e   to   be  s p r a y e d .  

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

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

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

to   i n t e r f a c e   one  w i t h   t h e   o t h e r   o v e r   t h e   e n t i r e   w i d t h   o f  

t h e   m o v i n g   s u r f a c e .   T h u s ,   s t r e a k i n g   r e s u l t s   due  t o  

t h e s e   r e s p e c t i v e   o v e r s p r a y e d   or   u n d e r s p r a y e d   a r e a s .  

S t r e a k i n g   i s   a  p a r t i c u l a r   p r o b l e m   in  c e r t a i n   a p p l i c a t i o n s ,  

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

a  c e l l u l o s i c   web ,   or   o n t o   a  t h e r m a l   d r y i n g   c y l i n d e r ,  

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

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

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

d r i e d ,   c r e p e d   web  w i l l   n o t   w i n d   e v e n l y   i n t o   a  p a r e n t   r o l l  

on  t h e ' p a p e r m a k i n g   r e e l   i f   c r e p i n g   i s   n o n u n i f o r m .   T h i s  

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

i s   c o n v e r t e d   to   p r o d u c t .  

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

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

of  t h e   n o z z l e   t i p s .   P l u g g i n g   t e r m i n a t e s   l i q u i d   f l o w ,  



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

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

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

r a t e .   T h e r e f o r e ,   i f   an  a d h e s i v e   i s   t h e   l i q u i d  

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

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

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

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

s h e e t   t o   be  f o r m e d .   T h u s ,   a  l o w e r ,   o v e r a l l   t o t a l   s o l i d s  

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

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

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

t h e   u s e   of  much  h i g h e r   w a t e r   c o n s u m p t i o n   l e v e l ,   as  w e l l  

as  a  s u b s t a n t i a l   i n c r e a s e   in   t h e   t h e r m a l   e n e r g y   r e q u i r e d  

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

n o z z l e   s y s t e m   d e t e r m i n e s   t h e   r e q u i s i t e   d e g r e e   o f  

a t o m i z a t i o n   of  t h e   l i q u i d .   In  t h e   c a s e   of  a  h y d r a u l i c  

n o z z l e ,   t h e   l i q u i d   e x i t   v e l o c i t y   i s   r e l a t i v e l y   h i g h .  

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

s u p p l y   p r e s s u r e .   A  h i g h   l i q u i d   s u p p l y   p r e s s u r e   p r e s e n t s  

s e v e r e   o p e r a t i n g   h a z a r d s   to   e q u i p m e n t   and  p e r s o n n e l .  

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

m o v i n g   s u r f a c e   i s   t h e   u s e   of  s o n i c   n o z z l e s .   T h e s e  

n o z z l e s   t y p i c a l l y   s p r a y   p a r t i c l e s   of   a  s m a l l e r ,   m o r e  

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

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

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

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

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

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

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

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

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

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



s u r f a c e .   F u r t h e r m o r e ,   t h e   same  c o v e r a g e   p r o b l e m s  

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

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

a d j a c e n t   s o n i c   n o z z l e .   F i n a l l y ,   t h e   s o n i c   n o z z l e s  

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

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

O t h e r   p r i o r   a r t   s y s t e m s   h a v e   a t t e m p t e d   t o  

p r o v i d e   a  p l u r a l i t y   of  s p r a y s   f r o m   a  common  s o u r c e .  

U . S .   P a t e n t   1 , 8 8 8 , 7 9 1 ,   f o r   e x a m p l e ,   d e s c r i b e s   a n  

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

d i s c h a r g e   l i q u i d   i n t e r s e c t s   a i r   s t r e a m s   o u t s i d e   t h e  

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

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

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

j e t   f l o w   and   c r e a t e s   a  b a c k - p r e s s u r e .   Any  c h a n g e   i n  

t h e   a i r   v e l o c i t y   or   i m p i n g e m e n t   a n g l e   w i l l   c h a n g e   t h e  

b a c k - p r e s s u r e .   Fo r   e x a m p l e ,   any  i n c r e a s e   in   t h e   b a c k -  

p r e s s u r e ,   s u c h   as  c a u s e d   by  an  i n c r e a s e   in   t h e   a i r  

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

v e l o c i t y   and   in   t h e   a m o u n t   of  l i q u i d   s p r a y e d .   T h u s ,  

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

r e s p e c t i v e l y ,   w i l l   be  c h a n g e d   by  c h a n g e s   in   t h e   b a c k -  

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

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

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

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

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

s m a l l   v a r i a t i o n s   in   e i t h e r   t h e   a i r   or   l i q u i d   d i s c h a r g e  

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

and  l o n g i t u d i n a l   s p r a y   p a t t e r n .   T h i s   r e s u l t s   in   t h e  

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

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

i n d i v i d u a l   s e t s   of  j e t s .   T h e r e f o r e ,   t h e   a i r   s t r e a m   i s  

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

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



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

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

W i t h   r e s p e c t   to   c e r t a i n   m o v i n g   s u r f a c e s ,   s u c h  

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

p r o f i l e   t y p i c a l l y   e x i s t s   in   w h i c h   t h e   e d g e s   of  t h e   w e b s  

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

t h e s e   webs   w i t h   m o i s t u r i z i n g   l i q u i d s   to   a  d e s i r e d  

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

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

web .   Some  p r i o r   a r t   s y s t e m s ,   s u c h   as  s o n i c   n o z z l e s ,  

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

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

g i v e n   s y s t e m   so  as  to   a l t e r   t h e   m o i s t u r e   p r o f i l e   of  t h e  

web .   I n s t e a d ,   t h e   s y s t e m   p r o v i d e s   a  r a n d o m ,   n o n u n i f o r m ,  

u n c o o r d i n a t e d   s p r a y   p a t t e r n .  

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

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

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

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

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

web  w i t h o u t   s u b s t a n t i a l   s t r e a k i n g   t h e r e o f .   T h e  l i q u i d  

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

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

a t   a  r e l a t i v e l y   low  d i s c h a r g e   v e l o c i t y .   At  t h e   s a m e  

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

d i s c h a r g e d   w h i c h   i s   d i r e c t e d   t o w a r d   t h e   l i q u i d   s t r e a m s  

and   c o n t a c t s   same  a t   a  m i n i m u m   c o n t a c t   a n g l e   β,  m e a s u r e d  

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

f r o m   a b o u t   - 1 0 ° ,   and   p r e f e r a b l y   f r o m   a b o u t   - 5 ° ,   up  t o  

a b o u t   + 3 0 ° ,   and  more   p r e f e r a b l y   up  to   a b o u t + l 0 ° .   W h e n  

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

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

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

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

c o n t i n u o u s ,   u n i f o r m   l i q u i d   s p r a y   c u r t a i n .   The  h i g h  



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

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

e x t e n s i v e   p a r t i c l e   r a n g e .   A c c o r d i n g l y ,   e s s e n t i a l l y  

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

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

i n t e r f a c i n g   or   s t r e a k i n g   p r o b l e m s ,   as  p r e v i o u s l y  

d e s c r i b e d .  

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

l i q u i d   c an   be  a c c o m p l i s h e d   when  t h e   p r o c e s s   of   t h i s  

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

w i t h   t h e   p r i o r   a r t .   T h u s ,   t h e   t o t a l   l i q u i d   f l o w   r a t e  

can   be  d e c r e a s e d   a t   a  g i v e n   t o t a l   s o l i d s   l e v e l .   T h i s  

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

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

s o l u t i o n   l e v e l s .  

The  t o t a l   a m o u n t   of   l i q u i d   s p r a y e d   on  t h e  

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

p r e f e r a b l y   o n l y   up  to   a b o u t   50%,  and   more   p r e f e r a b l y   u p  
to   a b o u t   25%,  as  c o m p a r e d   to   h y d r a u l i c   n o z z l e s   a t   t h e  

same  t o t a l   s o l i d s   l e v e l .  

The  u s e   of  a  h i g h e r   t o t a l   s o l i d s   l i q u i d   r e s u l t s ,  

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

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

a r e a   p e r   u n i t   l e n g t h   (A . )   t h a n   t h a t   of  a  c o m p a r a b l e  

h y d r a u l i c   d i s c h a r g e   m e a n s   ( A h ) .   The  r a t i o   of  AX:Ah  a t  

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

30,   and   p r e f e r a b l y   a t   l e a s t   a b o u t   60,   and  more   p r e f e r a b l y  

a t   l e a s t   a b o u t   1 2 0 .  

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

t h e   p r e s e n t   i n v e n t i o n   i s   r e l a t i v e l y   low  and   p r e f e r a b l y   i s  

n o t   g r e a t e r   t h a n   a b o u t   20  f e e t   p e r   s e c o n d   (6  m e t r e s / s e c ) ,  

and  more   p r e f e r a b l y   n o t   g r e a t e r   t h a n   a b o u t   5  f e e t   p e r  

s e c o n d   ( 1 . 5   m e t r e s / s e c ) ,   and   m o s t   p r e f e r a b l y   n o t   more   t h a n  

a b o u t   2  f e e t   p e r   s e c o n d   ( 0 . 6   m e t r e s / s e c ) .   T h i s   i s   i n  

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



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

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

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

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

t h e   s u r f a c e .  

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

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

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

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

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

l e a s t   a b o u t   600  f e e t   p e r   s e c o n d   (180  m e t r e s / s e c . ) ,   a n d  

more   p r e f e r a b l y   a t   l e a s t   a b o u t   1 , 0 0 0   f e e t   p e r   s e c o n d  

(300   m e t r e s / s e c . ) ,   and   m o s t   p r e f e r a b l y   a t   l e a s t   a b o u t  

1 , 2 0 0   f e e t   p e r   s e c o n d   (365   m e t r e s / s e c . ) .   F u r t h e r m o r e ,  

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

so  t h a t   s u b s t a n t i a l   a t o m i z a t i o n   of  t h e   l i q u i d   w i l l   r e s u l t .  

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

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

i n v e n t i o n .   In  t h e   a f o r e m e n t i o n e d   p r i o r   a r t   s y s t e m s ,  

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

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

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

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

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

d e p e n d i n g   on  t h e   w i d t h   of  t h e   m o v i n g   s u r f a c e   to   be  s p r a y e d .  

T h i s   i s   d o n e   by  c l o s i n g   o f f   or   o p e n i n g ,   in   a  c o n t r o l l e d  

m a n n e r ,   o n l y   t h e   o u t e r - m o s t   l i q u i d   s p r a y s   so  t h a t   t h e  

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

m o v i n g   s u r f a c e .   Such   an  a d j u s t m e n t   can   be  made  to   q u i t e  

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

a r e   in   c l o s e   p r o x i m i t y   one  to   t h e   o t h e r .  

In  o r d e r   s u b s t a n t i a l l y   t o   e l i m i n a t e   p r i o r   a r t  

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

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

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



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

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

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

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

c o n s t a n t ,   s t a t i c   l i q u i d   h e a d   w i l l   be  m a i n t a i n e d   a t   t h e  

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

t h e r e f o r e   o p e r a t e   a t   s t e a d y - s t a t e   c o n d i t i o n s .  

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

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

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

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

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

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

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

web  c a n n o t   be  m o d i f i e d   to   t h e   e x t e n t   t h a t   i t   b e c o m e s  

u n i f o r m   a c r o s s   t h e   e n t i r e   web  s u r f a c e .   By  v a r y i n g   t h e  

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

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

p r o v i d e d   u s i n g   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   i n  

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

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

t h e   same  t i m e ,   m a i n t a i n i n g   t h e   same  t o t a l   a m o u n t   of  l i q u i d  

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

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

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

s p r a y   s y s t e m .   The  f l o w   r a t e   can   t h e n   be  a d j u s t e d   a t  

v a r i o u s   p o i n t s   in   t h e   i n d i v i d u a l   l i q u i d   s u p p l y   h e a d e r s  

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

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d ,   by  w a y  
of  e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,  

in   w h i c h :  

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



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

beam  and   i n c l u d i n g   l i q u i d   and   a i r   s u p p l y   m e a n s ;  

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

v i e w   of   t h e   s y s t e m   of  F i g u r e   I ;   a n d  

F i g u r e   3  i s   a  d e t a i l e d ,   s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   3 -3   of  F i g u r e   2 .  

R e f e r r i n g   now  t o   F i g u r e   1,  a  s y s t e m   10  f o r  

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

t h e r e i n   a t t a c h e d   t o   and   s u p p o r t e d   by  a  beam  70  a n d  

i n c l u d e s   a  l i q u i d   s u p p l y   m e a n s   20  and   an  a i r   s u p p l y  

m e a n s   40 .   The  l i q u i d   s u p p l y   m e a n s ,   in   g e n e r a l ,   c o m p r i s e s  

a t   l e a s t   one  l i q u i d   s u p p l y   h e a d e r ,   in   t h i s   c a s e   d e n o t e d  

"21"   and   " 2 1  " ' ,   h a v i n g   a  p l u r a l i t y   of  l i q u i d   s u p p l y   l i n e s  

23  a t t a c h e d ,   a t   one   e n d ,   t h e r e t o .   The  l i q u i d   s u p p l y  

l i n e s   23  a r e ,   a t   t h e   o t h e r   e n d ,   c o n n e c t e d   to   a  l i q u i d  

s u p p l y   c o n d u i t   22  w h i c h   t r a n s p o r t s   t h e   l i q u i d   f r o m   a  

l i q u i d   s t o r a g e   m e a n s   ( n o t   shown)   e m p l o y i n g   a  pump  or   o t h e r  

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

t h e   l i q u i d .  

A i r   s u p p l y   m e a n s   40  c o m p r i s e s   an  a i r   s u p p l y  

h e a d e r   41  to   w h i c h   a  p l u r a l i t y   of  a i r   s u p p l y   l i n e s   61  a r e  

c o n n e c t e d .   At  t h e   o t h e r   e n d ,   t h e   a i r   s u p p l y   l i n e s   6 1  

a r e   c o n n e c t e d   t o   a i r   s u p p l y   c o n d u i t   60  w h i c h   t r a n s p o r t s  

a i r ,   u n d e r   p r e s s u r e ,   e m p l o y i n g   a  c o m p r e s s o r   or   l i k e   m e a n s  

to   p r o v i d e   t h e   d r i v i n g   f o r c e .  

As  s e t   f o r t h   in   F i g u r e s   2  and   3,  l i q u i d   s u p p l y  

h e a d e r s   21  and   2 1 ' ,   w h i c h   d i s c h a r g e   a  p l u r a l i t y   of  l i q u i d  

s t r e a m s   f r o m   d i s c h a r g e   m e a n s   37  a t   a  r e l a t i v e l y   l o w  

v e l o c i t y ,   i n c l u d e   i n l e t   s u p p l y   m e a n s   24  and   24 '   w h i c h  

s u p p l y - t h e   a p p r o p r i a t e   l i q u i d   to   s u p p l y   c h a m b e r s   25  a n d  

2 5 ' .   P r e f e r a b l y ,   l i q u i d   s u p p l y   h e a d e r s   21  and   21 '   a r e  

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

L i q u i d   s u p p l y   c h a m b e r s   25  and   25 '   h a v e   l o c a t e d   t h e r e w i t h i n  

l a b y r i n t h   m e a n s   26  and   26 '   f o r   i n t e r n a l l y   m e t e r i n g   a n d  

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



l a b y r i n t h   m e a n s   26  and  26 '   c o m p r i s e ,   p r e f e r a b l y ,   f i r s t  

c o m p a r t m e n t s   27  and   2 7 ' ,   in   w h i c h   t h e   l i q u i d   i s   i n i t i a l l y  

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

f r e e l y   by  f i r s t   b a r r i e r   m e a n s   29  and  2 9 ' .   L i q u i d   s u p p l y  

o r i f i c e s   30  and   30 '   a r e   a l s o   p r o v i d e d   w h i c h   p e r m i t   a  

r e d u c e d   f l o w   of  l i q u i d   to   t h e   s e c o n d   c o m p a r t m e n t   28  a n d  

2 8 ' ,   w h e r e   t h e   l i q u i d   i s   a g a i n   c o l l e c t e d .   The  f l o w   i s  

r e s t r i c t e d   in   t h i s   c a s e   by  s e c o n d   b a r r i e r   m e a n s   31  a n d  

3 1 ' .   The  l i q u i d   t h e n   moves   to   a  l i q u i d   r e s e r v o i r   m e a n s  

33  and   33 '   f r o m   l a b y r i n t h   m e a n s   26  and   2 6 ' ,   r e s p e c t i v e l y ,  

t h r o u g h   l i q u i d   s u p p l y   s l o t s   32  and   32 '   in   t h e   r e s p e c t i v e  

s e c o n d   b a r r i e r   m e a n s   31  and  3 1 ' .   B o t h   t h e   l i q u i d  

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

' e x t e n d   a l o n g   t h e   e n t i r e   l o n g i t u d i n a l   d i s t a n c e   of  t h e  

l i q u i d   s u p p l y   h e a d e r s   21  and   2 1 ' .   When  t h e   r e s e r v o i r   i s  

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

w i t h   d i s c h a r g e   m e a n s   37,   h a v i n g   an  e x i t   o r i f i c e   3 7 ' ,   w h i c h  

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

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

The  l i q u i d   m o v e s   to   d i s c h a r g e   m e a n s   37  f r o m   r e s e r v o i r s   3 3  

and   3 3 ' ,   t h r o u g h   e x i t   p a s s a g e w a y s   35  and  3 5 ' .   L i q u i d  

f l o w   t u b e s   38  and   38 '   ( i n   p h a n t o m ) ,   h a v i n g   e x i t   o r i f i c e s  

39  and   3 9 ' ,   a r e   p r e f e r a b l y   d i s p o s e d   w i t h i n   d i s c h a r g e  

m e a n s   37  f o r   f u r t h e r   c o n t r o l l i n g   t h e   d i s c h a r g e   of  t h e  

l i q u i d .   The  d i s c h a r g e   m e a n s   37  p r e f e r a b l y   h a s   a  n a r r o w e d  

end   s e c t i o n   36  w h i c h   p r o v i d e s ,   i f   n e c e s s a r y ,   m e a n s   f o r  

r e a d i l y   m a i n t a i n i n g   l i q u i d   f l o w   t u b e s   38  and   38 '   in   p r o p e r  

p o s i t i o n   and   a l i g n m e n t .   As  d e p i c t e d   in   F i g u r e s   2  and  3 ,  

l i q u i d   f l o w   t u b e s   38  and   38 '   a r e   p r e f e r a b l y   in   i n d i v i d u a l  

and   a l t e r n a t i v e   c o m m u n i c a t i o n   w i t h   t h e   l i q u i d   in   a  p a i r  

of  l i q u i d   s u p p l y   h e a d e r s   21  and   2 1 ' ,   r e s p e c t i v e l y .   T h i s  

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

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

r e q u i r e s   m a i n t e n a n c e .  

As  d e p i c t e d   in   F i g u r e   2,  a i r   s u p p l y   m e a n s   4 0  



c o m p r i s e s   an  a i r   s u p p l y   h e a d e r   41 ,   w h i c h   d i s c h a r g e s   a  

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

s l i t   50,   f o r   c o n t a c t   w i t h   s a i d   l i q u i d   s t r e a m s ,   a s  

h e r e i n a f t e r   p r o v i d e d .   The  a i r   s u p p l y   h e a d e r   41  i n c l u d e s  

m e a n s   d e n o t e d   "43"   and   "51"  f o r   a d j u s t i n g   t h e   r e s p e c t i v e  

m a g n i t u d e s   of  t h e   e x i t   a i r   s l i t   50  and  t h e   a i r   c o n t a c t  

a n g l e   β,  as  h e r e i n a f t e r   d e s c r i b e d .   E x i t   a i r   s l i t   50  i s  

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

e x t e n t   of  t h e   s y s t e m   1 0 .  

The  a i r   f r o m   a i r   s u p p l y   l i n e   61  e n t e r s   c e n t r a l  

a i r   s u p p l y   c h a m b e r   49  t h r o u g h   an  i n l e t   m e a n s   44 .   A i r  

s u p p l y   c h a m b e r   49  i s   f o r m e d   w i t h i n   t h e   c o n f i n e s   of  s a i d  

a i r   s u p p l y   h e a d e r   41  and  c o n v e r g e s   a t   i t s   o u t e r m o s t   e n d  

to   f o r m   a  c o n t i n u o u s   e x i t   a i r   s l i t   50.  The  h e a d e r   4 1  

c o m p r i s e s   a  f i r s t   s i d e w a l l   member   46 ,   a  p a i r   of   e n d w a l l  

m e m b e r s   45  ( o n l y   one  s h o w n ) ,   and   a  f l o o r   member   4 7 ,  

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

member   42  a d a p t e d   f o r   m o v e m e n t   to   a  p l u r a l i t y   of  p o s i t i o n s  

w i t h   r e s p e c t   t o   s a i d   f i r s t   s i d e w a l l   member   46 .   B y  

p r o p e r l y   p o s i t i o n i n g   m o v a b l e   s e c o n d   s i d e w a l l   member   4 2  

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

" 4 2 a "   ( i n   p h a n t o m ) ,   e x i t   s l i t   50  c an   be  a d j u s t e d   to   s a i d  

p l u r a l i t y   of   s e t   m a g n i t u d e s .  

The  s u p p l y   p r e s s u r e   of   t h e   a i r   in   c o n d u i t   6 0  

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

e m i t t e d   f r o m   a i r   s l i t   50.  P r e f e r a b l y ,   t h e   a i r   s u p p l y  

p r e s s u r e   in   c o n d u i t   60  i s   m a i n t a i n e d   a t   f r o m   a b o u t   5  p s i g  

( 0 . 3 5   k g s / c m 2 ) ,   up  to   a b o u t   40  p s i g   ( 2 . 8   k g s / c m 2 ) ,   a n d  

more   p r e f e r a b l y   f r o m   a b o u t   10  p s i g   ( 0 . 7   k g s / c m 2 ) ,   up  t o  

a b o u t   25  p s i g   ( 1 . 7 5   k g s / c m 2 ) .  

The  q u a n t i t y   of  a i r   e m i t t e d   f r o m   e x i t   a i r   s l i t  

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

50.   The  q u a n t i t y   of   a i r   e m i t t e d   f r o m   s l i t   50,  to   a  

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



m a g n i t u d e   of  s l i t   50  i s   c h o s e n   d e p e n d i n g   on  t h e   v i s c o s i t y  

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

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

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

a i r   s l i t   50  i s   m a i n t a i n e d   a t   a  s l i t   o p e n i n g   of  f r o m  

a b o u t   0 . 0 0 2   i n c h   ( 0 . 0 0 5   cm) ,   up  to   a b o u t   1 . 0 1 0   i n c h  

( 0 . 0 2 5   cm) ,   and   more   p r e f e r a b l y   f r o m   a b o u t   0 . 0 0 3   i n c h  

( 0 . 0 0 7 6   cm) ,   up  to   a b o u t   0 . 0 0 6   i n c h   ( 0 . 0 1 5   c m ) .  

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

42  w i t h   r e s p e c t   to   f i r s t   s i d e w a l l   member   46 ,   d e p e n d s   u p o n  
a i r   s l i t   a d j u s t m e n t   m e a n s   43 ,   s u c h   as  n u t - a n d - b o l t  

a r r a n g e m e n t   4 3 a '   p a s s i n g   t h r o u g h   b r a c i n g   member   4 3 b .  

B r a c i n g   member   43b  i s   c o n n e c t e d   to   a i r   s u p p l y   h e a d e r   4 1  

by  a t t a c h m e n t   m e a n s   4 3 c ,   w h i c h ,   in   t h i s   c a s e ,   i s   a  n u t -  

a n d - b o l t   a s s e m b l y .  

An  a i r   f l o w   g u i d e   m e a n s   48  i s   l o c a t e d   a t   t h e  

o u t e r m o s t   end   of  f i r s t   s i d e w a l l   member   46 .   G u i d e   m e a n s  

48  i s   d i s p o s e d   w i t h   r e s p e c t   t o   t h e   c e n t e r   l i n e   37a  o f  

l i q u i d   d i s c h a r g e   m e a n s   37  s u c h   t h a t   when  s a i d   s e c o n d  

s i d e w a l l   member   42  i s   p o s i t i o n e d   w i t h   r e s p e c t   to   a i r   g u i d e  

m e a n s   48 ,   a  h i g h   v e l o c i t y ,   c o n t i n u o u s   a i r   c u r t a i n   i s  

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

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

a n g l e .   P r e f e r a b l y ,   a i r   f l o w   g u i d e   m e a n s   48  i s   d i s p o s e d  

p a r a l l e l   to   t h e   c e n t e r   l i n e   of  s a i d   l i q u i d   d i s c h a r g e  

m e a n s   37.   The  m o v e m e n t   of   s i d e w a l l   member   42  to   v a r i o u s  

p o s i t i o n s   w i t h   r e s p e c t   t o   g u i d e   m e a n s   48  w i t h i n   t h e   l i m i t s  

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

p r o v i d e d   e m p l o y i n g   a d j u s t m e n t   m e a n s   51,   w h i c h   i s  

p r e f e r a b l y   a  s c r e w   a r r a n g e m e n t .   As  shown  in   F i g u r e   2 ,  

a d j u s t m e n t   m e a n s   51  i s   c o n n e c t e d   to   b r a c i n g   member   4 3 b  

and   a i r   s u p p l y   h e a d e r   41 ,   r e s p e c t i v e l y .   T h u s ,   by  m o v i n g  

a d j u s t m e n t   m e a n s   51  to   p o s i t i o n   "51  " '   ( i n   p h a n t o m ) ,  

s i d e w a l l   42  can   a l s o   be  moved   t o   p o s i t i o n   " 4 2 ' "   ( i n   p h a n t o m )  

w i t h   r e s p e c t   to   g u i d e   m e a n s   48 ,   t h e r e b y   a d j u s t i n g   t h e  



m a g n i t u d e   of   a n g l e   0 .  

In  o r d e r   to   r e d u c e   t h e   v a r i a t i o n s   i n   t h e   i n l e t  

a i r   f l o w ,   a  m e a n s   "44"  f o r   c r e a t i n g   a  p r e s s u r e   d r o p   a n d  

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

can   be  p r o v i d e d .   Means   44  i s   p r e f e r a b l y   in   t h e   f o r m   o f  

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

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

u n i f o r m   e x i t   v e l o c i t y .  

In  u s e ,   t h e   l i q u i d  s p r a y   c u r t a i n   16  w h i c h   i s  

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

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

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

f r o m   d i s c h a r g e   m e a n s   37  a n d ,   in   t h i s   c a s e ,   t h r o u g h   l i q u i d  

f l o w   t u b e s   38  and  3 8 ' ,   a t   low  d i s c h a r g e   v e l o c i t y .   At  t h e  

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

a i r   s l i t   50,   and   i s   d i r e c t e d   t o w a r d   t h e   d i s c h a r g i n g   l i q u i d  

s t r e a m s   e m a n a t i n g   f r o m   d i s c h a r g e   m e a n s   37.   The  a i r   a n d  

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

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

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

s t r e a m s   15,   a  h i g h   v e l o c i t y ,   c o n t i n u o u s ,   u n i f o r m   l i q u i d  

s p r a y   c u r t a i n   16  ( n o t   shown)   i s   f o r m e d ,   w i t h o u t   i m p e d i n g  

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

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

i n c r e a s e d ,   c a u s i n g   a t o m i z a t i o n   of   t h e   l i q u i d .   C u r t a i n  

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

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

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

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

b e t w e e n   t h e   r e s p e c t i v e   s p r a y   s t r e a m s .  

When,   as  d e s c r i b e d   in   t h e   p r e c e d i n g   d i s c u s s i o n ,  

an  a q u e o u s   s o l u t i o n   of  a  p r o c e s s i n g   l i q u i d ,   s u c h   as  a  

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

a m o u n t   of  l i q u i d   15  b e i n g   d i s c h a r g e d   f r o m   l i q u i d   d i s c h a r g e  

m e a n s   37  c an   be  s u b s t a n t i a l l y   l o w e r   t h a n   f o r   t h e   s a m e  



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

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

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

of  a  l a r g e r   n u m b e r   of  i n d i v i d u a l   d i s c h a r g e   m e a n s   3 7 ,  

p r e f e r a b l y   i n c l u d i n g   l i q u i d   f l o w   t u b e s   38  and   3 8 ' ,   h a v i n g  

a  r e l a t i v e l y   l a r g e   t o t a l   c r o s s - s e c t i o n a l   f l o w   a r e a   p e r  
u n i t   l e n g t h   of   s a i d   h e a d e r   m e a n s   21  and   2 1 ' ,   i . e . ,   A  ,  
and   a  l o w e r   s o l u t i o n   v e l o c i t y .   T h u s ,   i f   a  1%  s o l u t i o n  

i s   e m p l o y e d ,   f o r   e x a m p l e ,   t h e   p r e f e r r e d   A x  of  t h e  

d i s c h a r g e   o r i f i c e   37 '   i s   f r o m   a b o u t   0 . 0 1   s q u a r e   i n c h   p e r  
f o o t   ( 0 . 0 2   c m 2 / m e t r e )   to   a b o u t   0 . 0 9   s q u a r e   i n c h   p e r   f o o t  

( 0 . 1 8   c m  2  / m e t r e ) ,   and   more   p r e f e r a b l y   f r o m   a b o u t   0 . 0 2   s q u a r e  
i n c h   p e r   f o o t   ( 0 . 0 4   c m 2 / m e t r e )   to   a b o u t   0 . 0 6   s q u a r e   i n c h  

p e r   f o o t   ( 0 . 1 2   c m 2 / m e t r e ) .  

At  t h e   same  t i m e ,   a  h i g h   v e l o c i t y   a i r   s t r e a m   i s  

s u p p l i e d   f r o m   a i r   s u p p l y   h e a d e r   41.   The  v e l o c i t y   of  t h e  

a i r   e x i t i n g   f r o m   t h e   a i r   s l i t   50  m u s t   be  s i g n i f i c a n t l y  

h i g h e r   t h a n   t h e   v e l o c i t y   of  t h e   l i q u i d   15  e x i t i n g   f r o m  

d i s c h a r g e   m e a n s   37.   The  m a g n i t u d e   of  t h i s   d i f f e r e n c e  

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

t h i s   i n v e n t i o n   i s   t h e   m in imum  c o n t a c t   a n g l e  3   a t   w h i c h  

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

r e s p e c t   to   t h e   l i q u i d   15  b e i n g   d i s c h a r g e d   a t   low  v e l o c i t y  

f r o m   d i s c h a r g e   m e a n s   37.  I n s t e a d   of  i m p e d i n g   t h e   f l o w  

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

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

t h e   l i q u i d   a t   an  a n g l e   w h i c h   w i l l   i m p e l   t h e   l i q u i d   a t   a  

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

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

p e n e t r a t i o n   l e v e l   o v e r   a  c o n t r o l l e d ,   e x t e n s i v e   p a r t i c l e -  

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

c o n t r o l l e d ,   as  in   F i g u r e   2,  by  a i r   f l o w   g u i d e   m e a n s   4 8  

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

l i n e   37a  of  d i s c h a r g e   m e a n s   37.   The  a i r   f l o w   g u i d e  

m e a n s   in   c o n j u n c t i o n   w i t h   m o v a b l e   s i d e w a l l   m e a n s   4 2 a ,  



a d j u s t   to   c a u s e   t h e   a i r   t o   be  d i s c h a r g e d   so  as  t o  

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

d e s c r i b e d .  

A  c o n t i n u o u s ,   u n i f o r m ,   low  v e l o c i t y   l i q u i d  

s t r e a m   i s   e m i t t e d   f r o m   d i s c h a r g e   m e a n s   37  d u e ,   to   t h e  

m o s t   p a r t ,   t o   t h e   m a i n t e n a n c e   of   a  p o s i t i v e   s t a t i c  

p r e s s u r e   h e a d   on  s a i d   d i s c h a r g e   m e a n s .   The  s t a t i c   h e a d  

on  d i s c h a r g e   m e a n s   37  i s ,   in   t u r n ,   m a i n t a i n e d   by  t h e  

p o s i t i v e   s t a t i c   p r e s s u r e   w i t h i n   l i q u i d   r e s e r v o i r   3 3 .  

More  s p e c i f i c a l l y ,   by  e m p l o y i n g   a  l i q u i d   r e s e r v o i r   w h i c h  

e x t e n d s   b e l o w   t h e   e n t i r e   e x t e n t   of  t h e   i n l e t   p o r t i o n s   o f  

d i s c h a r g e   m e a n s   37,   t h e   r e s e r v o i r   33  i s   s u b s t a n t i a l l y  

f i l l e d   w i t h   l i q u i d   u n d e r   p r e s s u r e ,   and   a l l   of   t h e  

d i s c h a r g e   m e a n s   37  w i l l ,   in   t u r n ,   be  f i l l e d   w i t h   l i q u i d  

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

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

m e a n s .   As  p r e v i o u s l y   d e s c r i b e d ,   t h e   p o s i t i v e   p r e s s u r e  
w h i c h   i s   m a i n t a i n e d   in   t h e   l i q u i d   r e s e r v o i r   33  i s   a  d i r e c t  

c o n s e q u e n c e   of  l a b y r i n t h s   26  and  26 '   w h i c h   i n t e r n a l l y  

m e t e r   t h e   l i q u i d   f l o w   and   f a c i l i t a t e   t h e   l i q u i d  

c o m m u n i c a t i o n   f r o m   l i q u i d   r e s e r v o i r   33  to   d i s c h a r g e   m e a n s  

3 7 .  

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

can   be  a d j u s t e d ,   d e p e n d i n g   on  t h e   w i d t h   of  t h e   m o v i n g  

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

w i t h i n   d i s c h a r g e   m e a n s   37,   or   by  s u b s t i t u t i n g   f o r   l i q u i d  

f l o w   t u b e s   38  and   38 '   w h i c h   a r e   h o l l o w   in   c o n s t r u c t i o n ,  

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

t h e   w i d t h   of   t h e   m o v i n g   s u r f a c e ,   so  t h a t   t h e   l i q u i d   1 5  

c a n n o t ' p a s s   t h e r e t h r o u g h .  

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

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

p o r t i o n   can   be  a d j u s t e d   e m p l o y i n g   t h e   p r e s e n t   s y s t e m .  

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

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



to   t h e   s u b j e c t   l i n e a r   n o z z l e   s y s t e m .   By  i n c r e a s i n g   t h e  

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

s y s t e m ,   i . e . ,   to   t h e   o u t e r m o s t   p o i n t s   in   t h e   l i q u i d  

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

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

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

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

to   a  much  g r e a t e r   e x t e n t   t h a n   t h e   c e n t r a l   p o r t i o n   t h e r e o f ,  

and  a  m o i s t u r e   p r o f i l e   r e s u l t s .  

The  s p r a y   l i q u i d   15  can   c o m p r i s e   any  l i q u i d  

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

d i s c h a r g e   m e a n s   37  w i t h o u t   c a u s i n g   s u b s t a n t i a l   p l u g g i n g  

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

can   be  e m p l o y e d   i s   f a r   more   s u b s t a n t i a l   t h a n   t h o s e   l i q u i d s  

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

The  p r e s e n t   m e t h o d   r e q u i r e s   o n l y   a  low  e x i t   v e l o c i t y   a n d  

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

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

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

l i q u i d   15.   W a t e r ,   i t s e l f ,   can   a l s o   be  s p r a y e d   on  a  

m o v i n g   s u r f a c e   in   o r d e r   to   m o i s t u r i z e   t h e   s a m e ,   a s  
d e s c r i b e d   a b o v e .  

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

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

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

web  can   be  a d h e r e d   to   a  t h e r m a l   d r y i n g   c y l i n d e r   and  t h e n  

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

p r o d u c t .   F u r t h e r m o r e ,   t h i s   same  l i q u i d   s p r a y   c u r t a i n  

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

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

w h i c h   a r e   w e l l - k n o w n   in   t h e   p a p e r m a k i n g   a r t .   E x e m p l a r y  
m a t e r i a l s   i n c l u d e   c a r b o x y m e t h y l   c e l l u l o s e ,   p o l y v i n y l  

a l c o h o l   and   a n i m a l   g l u e .  



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

c u r t a i n ,   w h i c h   i s   c h a r a c t e r i z e d   by  d i s c h a r g i n g   a  

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

m e a n s   (37)   a t   a  r e l a t i v e l y   low  d i s c h a r g e   v e l o c i t y   o f  

n o t   g r e a t e r   t h a n   a b o u t   20  f e e t   p e r   s e c o n d   (6  m e t r e s  

p e r   s e c o n d ) ;   and  d i s c h a r g i n g   a  c o n t i n u o u s   a i r   c u r t a i n ,  

a t   a  r e l a t i v e l y   h i g h   v e l o c i t y   of   a t   l e a s t   a b o u t   600  f e e t  

p e r   s e c o n d   (183  m e t r e s   p e r   s e c o n d )   to   c o n t a c t   s a i d   l i q u i d  

s t r e a m s ,   a t   a  m i n i m u m   a i r   c o n t a c t   a n g l e   of   b e t w e e n   a b o u t  
- 1 0 °   and  a b o u t   + 3 0 ° ,   m e a s u r e d   f r o m   t h e   c e n t e r   l i n e   o f  

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

t h e   l i q u i d   v e l o c i t y   and  a t o m i z e s   t h e   l i q u i d ,   t h e r e b y  

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

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

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

2.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   I ,   c h a r a c t e r i z e d  

in   t h a t   t h e   m i n i m u m   c o n t a c t   a n g l e   i s   b e t w e e n   -5°   and   + 1 0 ° .  

3.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   1  or   2 ,  

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

n o t   g r e a t e r   t h a n   a b o u t   5  f e e t   p e r   s e c o n d   ( 1 . 5   m e t r e s   p e r  

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

i s   a t   l e a s t   a b o u t   1 , 0 0 0   f e e t   p e r   s e c o n d   (300   m e t r e s   p e r  

s e c o n d ) .  

4.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   1,  2  or   3 ,  

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

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

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

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

a t   t h e   same  t o t a l   s o l i d s   f l o w ,   i s   a t   l e a s t   3 0 .  

5.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   4,  c h a r a c t e r i z e d  

in   t h a t   t h e   AX:Ah  r a t i o   i s   a t   l e a s t   6 0 .  



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

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

c u r t a i n   i s   a t   l e a s t   a b o u t   1 , 2 0 0   f e e t   p e r   s e c o n d   ( 3 6 5  

m e t r e s   p e r   s e c o n d ) .  

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

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

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

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

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

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

l i q u i d , c h a r a c t e r i z e d   in   t h a t   a  l i q u i d   s p r a y   c u r t a i n   i s  

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

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

9.  A  m e t h o d   as  c l a i m e d   in   c l a i m   8 ,  

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

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

10.   A  m e t h o d   as  c l a i m e d   in   c l a i m   8 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   l i q u i d   i s   a  c r e p i n g   a d h e s i v e  

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

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

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

s t r e a k i n g   t h e r e o f ,   c h a r a c t e r i z e d   by  c o m p r i s i n g   a  l i q u i d  

s u p p l y   m e a n s   (20)   c o m p r i s i n g   a t   l e a s t   one  l i q u i d   s u p p l y  

h e a d e r   (21)   f o r   d i s c h a r g i n g   a  p l u r a l i t y   of   l i q u i d   s t r e a m s  

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

l i q u i d   s u p p l y   c h a m b e r   ( 2 5 ) ,   l a b y r i n t h   m e a n s   (26)   l o c a t e d  

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

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

r e s e r v o i r   m e a n s   (33)   e x t e n d i n g   a c r o s s   e s s e n t i a l l y   t h e  

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

(37)   f o r   d i s c h a r g i n g   s a i d   l i q u i d   s t r e a m s   a t   a  c o n t i n u o u s ,  

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

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



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

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

c o n s t a n t ,   s t a t i c   p r e s s u r e   h e a d   in   s a i d   r e s e r v o i r   m e a n s ;  

and   a i r   s u p p l y   m e a n s   (40)   c o m p r i s i n g   an  a i r   s u p p l y   h e a d e r  

(41)   w h i c h   i n c l u d e s   m e a n s   (50)   f o r   d i s c h a r g i n g   a  

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

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

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

( 4 6 ) ,   a  p a i r   o f   end   w a l l   m e m b e r s   ( 4 5 ) ,   and   a  f l o o r   m e m b e r  

( 4 7 ) ,   r e s p e c t i v e l y ,   j o i n e d   one  to   t h e   o t h e r ,   and  a  s e c o n d  

s i d e w a l l   member   (42)   a d a p t e d   f o r   m o v e m e n t   to   a  p l u r a l i t y  

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

( 4 6 ) ,   s a i d   a i r   s u p p l y   h e a d e r   (41)   h a v i n g   f o r m e d   t h e r e w i t h i n  

an  a i r   s u p p l y   c h a m b e r   (49)   w h i c h   c o n v e r g e s   a t   i t s   o u t e r m o s t  

end   t o   f o r m   a  c o n t i n u o u s   e x i t   a i r   s l i t   (50)   t h r o u g h   w h i c h  

s a i d   a i r   c u r t a i n   e x i t s ,   s a i d   f i r s t   s i d e w a l l   member   ( 4 6 )  

h a v i n g   an  a i r   f l o w   g u i d e   m e a n s   (48)   l o c a t e d   a t   i t s  

o u t e r m o s t   end   w h i c h   i s   d i s p o s e d   w i t h   r e s p e c t   to   t h e   c e n t e r  

l i n e   ( 3 7 a )   of   s a i d   l i q u i d   d i s c h a r g e   m e a n s   (37)   s u c h   t h a t   b y  

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

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

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

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

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

- 1 0 °   and   + 3 0 ° .  

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

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

t h e r e o f ,   c h a r a c t e r i z e d   by  a  l i q u i d   s u p p l y   m e a n s   ( 2 0 )  

c o m p r i s i n g   a t   l e a s t   one   l i q u i d   s u p p l y   h e a d e r   (21)   f o r  

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

a i r   s u p p l y   m e a n s   (40)   c o m p r i s i n g   an  a i r   s u p p l y   h e a d e r   ( 4 1 )  

i n c l u d i n g   m e a n s   (50)   f o r   d i s c h a r g i n g   a  c o n t i n u o u s ,   h i g h  

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

to   p r o d u c e   s a i d   l i q u i d   s p r a y   c u r t a i n ,   s a i d   a i r   s u p p l y  



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

( 4 6 , 4 2 ) ,   r e s p e c t i v e l y ,   s a i d   s e c o n d   s i d e w a l l   member   ( 4 2 )  

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

w i t h   r e s p e c t   t o   s a i d   f i r s t   s i d e w a l l   member   ( 4 6 ) ,   s a i d  

a i r   s u p p l y   h e a d e r   (41)   h a v i n g   f o r m e d   t h e r e w i t h i n   an  a i r  

s u p p l y   c h a m b e r   (49)   w h i c h   c o n v e r g e s   a t   i t s   o u t e r m o s t   e n d  

to   f o r m   a  c o n t i n u o u s   e x i t   a i r   s l i t   (50)   t h r o u g h   w h i c h   s a i d  

a i r   c u r t a i n   e x i t s ;   a i r   f l o w   g u i d e   means   (48)   l o c a t e d   a t  

t h e   o u t e r m o s t   end  of   s a i d   f i r s t   s i d e w a l l   m e m b e r ;   a i r   f l o w  

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

a d m i t t e d   f r o m   s a i d   a i r   s l i t ;   and  m e a n s   f o r   a d j u s t i n g   t h e  

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

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

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

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

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

l i q u i d   d i s c h a r g e   m e a n s ,   of   b e t w e e n   a b o u t   - 1 0 °   and  + 3 0 ° .  

13 .   A  s y s t e m   as  c l a i m e d   i n   c l a i m   11  or   1 2 ,  

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

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

d i s c h a r g e   m e a n s . .  

14.   A  s y s t e m   as  c l a i m e d   in   c l a i m   11,   12  o r  

13,   c h a r a c t e r i z e d   in   t h a t   t h e   c r o s s - s e c t i o n a l   f l o w   a r e a  

of   s a i d   d i s c h a r g e   m e a n s   (37)   p e r   u n i t   l e n g t h   of   s a i d  

l i q u i d   s u p p l y   h e a d e r   (21)   i s   f r o m   a b o u t   0 . 0 1   to   a b o u t  

0 . 0 9   s q u a r e   i n c h   p e r   l o n g i t u d i n a l   f o o t   ( 0 . 0 2   to   0 . 1 8  
c m 2 / m e t r e ) .  

15 .   A  s y s t e m   as  c l a i m e d   in   c l a i m   11,  12,  1 3  

or   14,   c h a r a c t e r i z e d   in   t h a t   s a i d   d i s c h a r g e   m e a n s   h a s  

d i s p o s e d   t h e r e w i t h i n   l i q u i d   f l o w   t u b e s   (38)   f o r   f u r t h e r  

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

16 .   A  s y s t e m   as  c l a i m e d   in   c l a i m   1 5 ,  

c h a r a c t e r i z e d   in   t h a t   a  p a i r   of   l i q u i d   s u p p l y   h e a d e r s  

( 2 1 , 2 1 a )   i s   p r o v i d e d ,   and  s a i d   l i q u i d   f l o w   t u b e s   a r e   i n  

i n d i v i d u a l   and  a l t e r n a t i v e   c o m m u n i c a t i o n   w i t h   t h e   l i q u i d  



i n   t h e   l i q u i d   s u p p l y   h e a d e r s   so  t h a t   t h e   s y s t e m   w i l l  

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

m a i n t e n a n c e .  

17 .   A  s y s t e m   as  c l a i m e d   i n   c l a i m   1 6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   h e a d e r s   ( 2 1 , 2 1 a )   a r e   d i s p o s e d  

a t   r i g h t   a n g l e s   one   w i t h   r e s p e c t   t o   t h e   o t h e r .  

18 .   A  s y s t e m   as  c l a i m e d   in   a n y  o n e   of  c l a i m s  

11  to   17,   c h a r a c t e r i z e d   i n   t h a t   m e a n s   a r e   p r o v i d e d   f o r  

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

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

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

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

19.   A  s y s t e m   as  c l a i m e d   i n   a n y  o n e   of   c l a i m s  

11  t o   18,   c h a r a c t e r i z e d   in   t h a t   m e a n s   a r e   p r o v i d e d   f o r  

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

of   s a i d   l i q u i d   h e a d e r   a t   a  h i g h e r   r a t e . t h a n   t h e   r a t e  

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

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

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

t h e   c e n t r a l   p o r t i o n   t h e r e o f .  

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

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

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

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

low  v e l o c i t y ;   a i r   s u p p l y   m e a n s   (40)   f o r   d i s c h a r g i n g   a  

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

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

s a i d   a i r   s u p p l y   m e a n s   i n c l u d i n g   an  e x i t   a i r   s l i t   ( 5 0 ) ,  

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

and   m e a n s   f o r   a d j u s t i n g   t h e   m a g n i t u d e   of   t h e   m in imum  a i r  

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

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

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

- 1 0 °   and   + 3 0 ° .  
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