
European  Patent  Office  ©  Publication  number:  0 1 0 5   9 7 5  
A 1  

Office  europeen  des  brevets 

®  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82201286.0  ®  Int.  CI.3:  D  21  F  5/10,  D  21  F  5 / 0 2  

®  Date  of  f  iling  :  1  4.1  0.82 

©  Date  of  publication  of  application  :  25.04.84 
Bulletin  84/17 

@  Applicant:  Koninklljke  Nederlandse  Paplerfabrleken 
N.V.,  Bassin  22,  NL-6211  AK  Maastricht  (NL) 

@  Inventor:  Van  Os,  Rudi,  Kennedystraat  11,  NL-6235  CG 
Ulestraten  (NL) 

Designated  Contracting  States:  AT  BE  CH  DE  FR  GB  IT 
LI  LU  NLSE 

Representative:  Urbanus,  Henrlcus  Maria,  Ir.  et  al,  c/o 
Vereenigde  Octrooibureaux  Nieuwe  Parklaan  107, 
NL-2587  BP  's-Gravenhage  (NL) 

A  method  and  apparatus  for  removing  condensate  from  a  cylinder,  In  particular  a  cylinder  for  drying  paper. 

©  A  method  and  apparatus  for  the  removal  of  condensate 
from  a  cylinder,  in  particular  a  cylinder  (1)  for  drying  paper 
by  means  of  steam  supplied  under  pressure  to  the  interior 
of  the  cylinder  via  a  first  conduit  (2).  The  steam,  partially 
condensed  to  water,  is  removed  from  the  cylinder  (1) 
through  a  second  conduit  (6).  Optimum  discharge  of  con- 
densate  is  achieved,  even  at  higher  cylinder  speeds  by  sep- 
arating  the  fluid  in  the  second  conduit  (6)  into  a  gaseous 
component  and  a  liquid  component,  measuring  the  quantity 
of  the  gaseous  component,  and  keeping  the  same  constant 
by  control  means  (18). 

10 
N  
O) 

10 
o  

£L 
111 

-25 
26  23  24  18 

21  ; 
-22  ; 

1 

«  15 

ACTORUM  AG 

  A  method  and  apparatus  for  the  removal  of  condensate 
from  a  cylinder,  in  particular  a  cylinder  (1)  for  drying  paper 
by  means  of  steam  supplied  under  pressure  to  the  interior 
of  the  cylinder  via  a  first  conduit  (2).  The  steam,  partially 
condensed  to  water,  is  removed  from  the  cylinder  (1) 
through  a  second  conduit  (6).  Optimum  discharge  of  con- 
densate  is  achieved,  even  at  higher  cylinder  speeds  by  sep- 
arating  the  fluid  in  the  second  conduit  (6)  into  a  gaseous 
component  and  a  liquid  component,  measuring  the  quantity 
of  the  gaseous  component,  and  keeping  the  same  constant 
by  control  means  (18). 



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   and  a p p a r a t u s  

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

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

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

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

v i a   a  s e c o n d   c o n d u i t .  

In  t h e   p r o d u c t i o n   of  p a p e r ,   a  w a t e r / p a p e r   m i x t u r e ,  

f o r   e x a m p l e   h a v i n g   a  w a t e r - t o - p a p e r   r a t i o   of  200 :1   i s   p r o c e s s e d  

in  s u c c e s s i v e   s t a g e s   to   w i t h d r a w   an  e v e r   l a r g e r   q u a n t i t y  

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

p r e s s e s ,   by  means   of  w h i c h   t h e   w a t e r   c o n t e n t   can   be  r e d u c e d  

to   a b o u t   60%.  The  s e m i - d r y   m i x t u r e   i s   s u b s e q u e n t l y   p a s s e d  

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

T h e s e   c y l i n d e r s   a r e   h o l l o w   and  c l o s e d   a t   t h e   s i d e s .   In  o r d e r  

to   f u r t h e r   d r y   t h e   p a p e r   r i b b o n   or   web  p a s s e d   o v e r   t h e  

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

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

v i a   t h e   c y l i n d e r   w a l l .   As  a  r e s u l t   of  t h i s   h e a t   t r a n s f e r ,  

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

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

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

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

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



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

s p e e d   of  t h e   c y l i n d e r   h i g h e r   t h a n   350  m / m i n u t e ,   t h e   c o n d e n s a t e  

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

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

of  t h e   c y l i n d e r .   For   t h e   r e m o v a l   of  t h e   c o n d e n s a t e ,   t h e r e   i s  

c o m m o n l y   p r o v i d e d   a  s y p h o n   in   t h e   c y l i n d e r ,   w h i c h   may  be  s t a -  

t i o n a r y ,   or   a d a p t e d   to   r o t a t e .   The  s y p h o n   i n l e t   i s   p o s i t i o n e d  

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

w a l l ,   and   t h e   s y p h o n   o u t l e t   i s   d i s p o s e d   a d j a c e n t   to   t h e   l o n g i -  

t u d i n a l   a x i s   of  t h e   c y l i n d e r .  

Fo r   t h e   r e m o v a l   of  t h e   c o n d e n s a t e   f r o m   t h e  

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

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

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

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

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

c o n d e n s a t e .   By  s u p p l y i n g   an  e x c e s s   of  s t e a m ,   t h e   c o n d e n s a t e  

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

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

e n t r a i n e d   by  t h e   n o n - c o n d e n s e d   s t e a m .   In  t h i s   way ,   when  t h e  

s y s t e m   i s   c o r r e c t l y   d i m e n s i o n e d ,   t h e r e   can   o n l y   be  a  v e r y   t h i n  

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

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

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

a p p a r a t u s .   In  o r d e r   to   e n s u r e   t h a t   no  c y l i n d e r   i s   f l o o d e d  

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

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

t h e   c e n t r i f u g a l   f o r c e   t h a t   has   to   be  o v e r c o m e   when  c o n d e n s a t e  

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



s y p h o n   i s   k e p t   c o n s t a n t   by  t h e   c o n t r o l   a p p a r a t u s ,   t h e   r e a c t i o n  

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

s a t e   m i x t u r e   and  t h e   r e s i s t a n c e   w h i c h   t h i s   m i x t u r e   e x p e r i e n c e s  

as  a  r e s u l t   of  t h e  c u r r e n t   t o w a r d s   and   t h r o u g h   t h e   s y p h o n .  

When  gas   ( s t e a m )   can   e n t e r   t h e   s y p h o n   p i p e   t h r o u g h   t h e  

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

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

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

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

a r e   e n t r a i n e d   w i t h   t h e   gas   c u r r e n t   to   t h e   o u t l e t .   I f ,   h o w e v e r ,  

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

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

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

q u a n t i t y  o f   g a s .   T h i s   m e a n s   t h a t   a t   t h e   v e r y   moment   w h e n ,  

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

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

s y s t e m   k e e p s   t h i s   q u a n t i t y   s m a l l .   In  a d d i t i o n ,   in   p r a c t i c e ,  

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

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

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

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

In  m o d e r n   p a p e r   m a k i n g   m a c h i n e s ,   t h e   aim  i s  

f o r   an  i n c r e a s e   in   r o t a r y   s p e e d   of  t h e   c y l i n d e r s ,   w h i c h   i n c r e a s e  

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

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

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

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

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



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

f o r   m a k i n g   h i g h - q u a l i t y   p a p e r .   I f ,   in   t h e   p r i o r   s y s t e m ,  

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

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

in   t h e   c y l i n d e r s .  

I t   i s   an  o b j e c t   of  t h e   i n v e n t i o n   t o   p r o v i d e   a  

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

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

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

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

To  t h i s   e f f e c t   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  

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

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

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

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

c o n t r o l   m e a n s .  

In  t h e   m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e  

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

q u a n t i t y   of  c o n d e n s a t e   to   be  t r a n s p o r t e d .   The  m a x i m u m  

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

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

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

e n e r g e t i c   e f f i c i e n c y   of  t h e   d r y i n g   c y l i n d e r .  

A  f u r t h e r   a d v a n t a g e   i s   t h a t   t h e   q u a n t i t y   o f  

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

and   in   a d d i t i o n   may  be  k e p t   c o n s i d e r a b l y   s m a l l e r   t h a n  

in  t h e   p r i o r   m e t h o d ,   by  v i r t u e   of  w h i c h   i t   i s   p o s s i b l e   f o r  

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



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

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

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

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

t h i n   l a y e r   of  c o n d e n s a t e   on  t h e   i n s i d e   of  t h e   c y l i n d e r .  

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

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

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

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

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

c y l i n d e r   c a n n o t   o c c u r   in  t h e   m e t h o d   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n .  

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

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

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

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

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

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

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

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

i n s t a n c e ,   when  s a i d   f i r s t   v a l v e   h a s   b e e n   o p e n e d   to   a  p r e -  

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

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

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

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

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

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

c o n t r o l l e d .  



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

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

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

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

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

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

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

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

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

g a s e o u s   c o m p o n e n t   a t   a  c o n s t a n t   v a l u e .  

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

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

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

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

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

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

One  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   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 ,   w h i c h  

d i a g r a m m a t i c a l l y   shows   t h e   c o n t r o l   s y s t e m   a c c o r d i n g   to   t h e  

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

To  a  d r y i n g   c y l i n d e r   1,  s t e a m   i s   s u p p l i e d   v i a   a  

c o n d u i t   2  f r o m   a  s o u r c e   of  s t e a m   3.  The  q u a n t i t y   of  s t e a m  

can   be  a d j u s t e d   by  means   of  a  c o n t r o l l a b l e   v a l v e   4 .  

From  c y l i n d e r   1,  v i a   a  s y p h o n   5  and  a  c o n d u i t   6 ,  

gas   w i t h   c o n d e n s a t e   i s   d i s c h a r g e d   to   s e p a r a t o r   7.  In  s e p a r a t o r  

7,  c o n d e n s a t e   and  gas   a r e   s e p a r a t e d .   The  c o n d e n s a t e   i s  

s u p p l i e d   v i a   a  c o n d u i t   8  and  a  s t e a m   t r a p   9to  a  r e c e p t a c l e   1 0 .  



The  gas   i s   s u p p l i e d   v i a   a  c o n d u i t   11  to   an  o r i f i c e  

p l a t e   12,  by  m e a n s   of  w h i c h   t h e   q u a n t i t y   of  gas   f l o w i n g  

t h r o u g h   i t   can   be  d e t e r m i n e d   by  means   of  t h e   p r e s s u r e  

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

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

10  v i a   c o n d u i t   13.  F u r t h e r   c o n n e c t e d   to   t h i s   r e c e p t a c l e   a r e  

a  f u r t h e r   c o n d u i t   14  f o r   t h e   r e m o v a l   of  gas   u n d e r   l o w  

p r e s s u r e ,   and  a  c o n d u i t   15  f o r   t h e   d i s c h a r g e   of   c o n d e n s a t e .  

The  p r e s s u r e   in   r e c e p t a c l e   10  m u s t   be  s e l e c t e d  

a t   l e a s t   so  much  l o w e r   t h a n   t h e   p r e s s u r e   in  s t e a m   s u p p l y  

c o n d u i t   2  t h a t   t h e   v e l o c i t y   of  t h e   s t e a m   in  t h e   v a l v e   i s  

c r i t i c a l .   At  a  c r i t i c a l   s t e a m   v e l o c i t y   t h r o u g h   v a l v e   4,  t h e r e  

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

t h e   v a l v e   and  t h e   a m o u n t   of  s t e a m   p a s s e d .  

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

o r i f i c e   p l a t e   12  i s   c o n v e r t e d   in  m e a s u r i n g   d e v i c e   16  i n t o  

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

c o n d u i t   17  to   a  c o n t r o l   d e v i c e   18.  C o n t r o l   d e v i c e   18  c a n  

e n s u r e   t h a t   t h e   p r e s s u r e   d i f f e r e n c e   a c r o s s   o r i f i c e   p l a t e   12 

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

c o n t r o l l i n g   t h e   s u p p l y   of   gas   to   t h e   d r y i n g   c y l i n d e r .  

In  t h i s   way  i t   i s   p o s s i b l e   to   k e e p   t h e   gas   f l o w   v e l o c i t y  

in  s y p h o n   5  c o n s t a n t   a t   a  p r e - d e t e r m i n e d   v a l u e   i n d e p e n d e n t  

of  t h e   a m o u n t   of  c o n d e n s a t e .   e 



C o n t r o l   d e v i c e   18  g i v e s   v i a   c o n d u i t   19  a  c o n t r o l  

a i r   p r e s s u r e   s i g n a l   to   t h e   c o n t r o l l a b l e   v a l v e s   21  and  4 

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

e . g .   f r o m   1  to   2  b a r .   When  a l l   of   t h e   s t e a m   t h a t   can   e n t e r  

v i a   v a l v e   4  i s   c o n d e n s e d   in   t h e   c y l i n d e r ,   c o n t r o l   d e v i c e  

18  f i n d s   t h a t   t h e r e   i s   an  i n s u f f i c i e n t   p r e s s u r e   d i f f e r e n c e  

a c r o s s   o r i f i c e   p l a t e   12,  and  i n c r e a s e s   t h e   c o n t r o l l i n g   a i r  

p r e s s u r e   in   c o n d u i t   19.  As  t h e   d e g r e e   of  o p e n i n g   of  v a l v e   4 

f o r   t h e   s u p p l y   of  s t e a m   i s   l i m i t e d   to   a  maximum  v a l u e ,  

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

gas   w h i c h   c a n n o t   be  c o n d e n s e d ,   s u c h   as  c o m p r e s s e d   a i r ,   i s  

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

v a l v e   21  and  c o n d u i t   22.  At  t h e   maximum  c o n t r o l l i n g   p r e s s u r e ,  

v a l v e   21  i s   in   t h e   f u l l y   o p e n   p o s i t i o n ,   and  a t   a p p r o x i m a t e l y  

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

f u l l y   c l o s e d .  

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

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

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

I f   c o n t r o l   d e v i c e   18  now  f i n d s   t h a t   t h e   a d j u s t e d   t h r e s h o l d  

v a l u e   of  t h e   p r e s s u r e   d i f f e r e n c e   a c r o s s   o r i f i c e   p l a t e   12 

i s   e x c e e d e d ,   i t   d e c r e a s e s   t h e   c o n t r o l   p r e s s u r e   in   c o n d u i t   19 

to   s u c h   an  e x t e n t   t h a t   v i a   v a l v e   21  f o r   t h e   c o m p r e s s e d   a i r  

an  e q u i l i b r i u m   i s   r e a c h e d .  

I f   t h e   a m o u n t   of  s t e a m   f l o w i n g   t h r o u g h   v a l v e   4 

i s   much  l a r g e r   t h a n   can   be  c o n d e n s e d   w i t h i n   t h e   c y l i n d e r ,  

c o n t r o l   d e v i c e   18  w i l l   f i n d   t h a t   t h e   p r e s s u r e   d i f f e r e n c e  

a c r o s s   o r i f i c e   p l a t e   12  i s   t o o   h i g h ,   w h i l e   t h e   v a l v e   f o r  



t h e   c o m p r e s s e d   a i r   i s   a l r e a d y   c l o s e d .   In  t h a t   c a s e   t h e  

c o n t r o l l i n g   a i r   p r e s s u r e   in   c o n d u i t   19  i s   d e c r e a s e d   to   b e l o w  

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

C o n d u i t   19  i s   c o n n e c t e d   v i a   a  r e l a y   23  to   v a l v e  

4.  R e l a y   2 3  o p e r a t e s   as  f o l l o w s :   I f   c o n t r o l   p r e s s u r e s   o f  

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

i s   p a s s e d   to   v a l v e   4,  and  t h e   o t h e r s   a r e   i g n o r e d .   In  t h e  

e m b o d i m e n t   s h o w n ,   c o n t r o l   v a l v e   4  i s   o p e n   a t   a  c o n t r o l  

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

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

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

c o n t r o l   a i r - p r e s s u r e ,   r e l a y   23  may  h a v e   t h r e e   o t h e r   f u n c t i o n s :  

1.  Via   a  r e d u c t i o n   v a l v e   24,   t h e   m a x i m u m ,  p e r m i s s i b l e   s t e a m  

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

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

i m p o r t a n c e   a t   some  m o m e n t s   d u r i n g   t h e   p a p e r   m a k i n g   p r o c e s s .  

2.  Via   a  c o n d u i t   25,   a  c o n t r o l   p r e s s u r e   can   be  s u p p l i e d   f o r  

t h e   p a p e r   m o i s t u r e   c o n t r o l .   D u r i n g   and  a t   t h e   end  o f  

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

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

c o n t r o l   w h i c h   a f f e c t s   t h e   s u p p l y   of  s t e a m   to  one  or  m o r e  

c y l i n d e r s .   I t   h a s   b e e n   f o u n d   that this  makes  f o r   a  m o i s t u r e  

c o n t r o l   w i t h  a n  a c c u r a c y   t h a t   has   n o t   h i t h e r t o   b e e n  

p o s s i b l e .  

3.  Via   a  c o n d u i t   26,   t h e   a m o u n t   of  s t e a m   can   be  r e d u c e d  

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

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

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



The  g r e a t   a d v a n t a g e   of  t h e   m e t h o d   a c c o r d i n g   t o  

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

c y l i n d e r s   can   be  v e r y   a c c u r a t e l y   c o n t r o l l e d ,   and  l i m i t e d  

to   a  m i n i m a l   q u a n t i t y   w i t h o u t   t h e   o c c u r r e n c e   of  any  p r o b l e m s  

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

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

of  h e a t   g i v e n   up  to   t h e   p a p e r   web ,   and  m i n i m i z e s   l o s s   in   e n e r g y .  

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

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

i s   p o s s i b l e .  

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

p a r t s   of   t h e   c o n t r o l   s y s t e m ,   s u c h   as  r e c e p t a c l e   and  s o u r c e  

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

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

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

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

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

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

in  t h e   c l a i m s .  



1.  A  m e t h o d   f o r   t h e   r e m o v a l   of  c o n d e n s a t e   f r o m   a  

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

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

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

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

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

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

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

and  k e p t   c o n s t a n t   by  c o n t r o l   m e a n s .  

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

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

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

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

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

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

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

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

s a i d   f i r s t   v a l v e   has   b e e n   o p e n e d  t o   a  p r e - d e t e r m i n e d   p o s i t i o n ,  

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

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

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

is   c o n t r o l l e d   and  in  t h e   s e c o n d   i n s t a n c e ,   when  s a i d   s e c o n d  

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

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



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

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

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

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

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2  or   3,  c h a r a c t e r i z e d  

in  t h a t   in  t h e   e v e n t   of  b r e a k a g e   in  a  p a p e r   web  b e i n g   d r i e d  

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

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

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

to   t h e   f i r s t   v a l v e .  

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

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

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

of  o p e n i n g   of   t h e   f i r s t   v a l v e .  

6.  A p p a r a t u s   f o r   t h e   r e m o v a l   of  c o n d e n s a t e   f rom  a  

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

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

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

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

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

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

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

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

a t   a  c o n s t a n t   v a l u e .  



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

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

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

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

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

f i r s t   and   s a i d   s e c o n d   v a l v e   b e i n g   c o n t r o l l e d   by  s a i d   c o n t r o l  

m e a n s .  

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

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

t h e   maximum  o p e n   p o s i t i o n   t h e r e o f .  

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

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

t h e   s t e a m   s u p p l y   in  t h e   e v e n t   of  an  i n t e r r u p t i o n   in  t h e  

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

of  m o i s t u r e   in  t h e   p a p e r .  






	bibliography
	description
	claims
	drawings
	search report

