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Rotary  drying  drum. 

A  cylindrical,  rotary  drying  drum  (10),  which  is  adapted 
to  rotate  about  its  horizontally  disposed  longitudinal  axis  (14) 
is  equipped  with  a  plurality  of  spoiler  bars  (12)  mounted  to  its 
inner  peripheral  surface  (20).  The  spoiler  bars  (12)  extend 
coaxially  with  the  axis  of  rotation  and  are  circumferentially 
spaced  from  one  another  according  to  the  expression  S  = 
π Rh  (1.50  ±  0.25)  and  have  a  height  H  in  cm  determined  by 
the  expression  H  =  (5,91) N (1.0  ±  0.25)  where  R  is  the  radius 
of  the  drum's  inner  surface,  h  is  the  condensate  (16)  thick- 
ness,  and  N  is  the  number  of  spoiler  bars  mounted  within  the 
dryer  drum. 



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

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

of  a  r o t a r y   d r y e r   drum  t h a t   i s   h e a t e d   by  i n t r o d u c i n g   a  

c o n d e n s a b l e   v a p o r   i n t o   i t s   s e a l e d   i n t e r i o r .   More  p a r t i -  

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

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

a g a i n s t   i t s   i n n e r   p e r i p h e r a l   s u r f a c e   to  i n t e r r u p t   t h e  

c o n d e n s a t e   l a y e r   f o r m e d   as  t h e   s t e a m   c o n d e n s e s .   S t i l l  

more  p a r t i c u l a r l y ,   t h i s   i n v e n t i o n   c o n c e r n s   t h e   r e l a t i o n -  

s h i p   b e t w e e n   t h e   number   and  h e i g h t   of  t h e   s p o i l e r   b a r s  

in   c o n j u n c t i o n   w i t h   t h e   d e p t h   of  t h e   c o n d e n s a t e   l a y e r ,  
to   e n h a n c e   t h e   c o n d e n s a t e   c o e f f i c i e n t   of  h e a t   t r a n s f e r .  

P r i o r   work  in   t h i s   f i e l d   i s   s u c c i n c t l y   s u m m a -  
r i z e d   in   U.S.   P a t e n t   No.  3 , 7 2 4 , 0 9 4   by  D.W.  A p p e l   a n d  

S.H.   Hong.  T h i s   p r i o r   a r t   t e a c h e s   t h e   e n h a n c e m e n t   o f  

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

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

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

e a c h   o t h e r   by  a  c i r c u m f e r e n t i a l   d i s t a n c e   in   t h e   r a n g e  
of  2 ,4   d  t o   7 ,4   d  c m   w h e r e   "d"  i s   t h e   i n t e r n a l   d i a -  

m e t e r   of  t h e   drum  in  cm.  A n o t h e r   e x p r e s s i o n   f o r   t h e  

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

c y l i n d r i c a l   d r y i n g   drum  i s   g i v e n   by  t h e   e x p r e s s i o n  

a  =  ( 1  +   0 . 2 5 )   TT  R h   w h e r e   "a"  i s   t h e   s p a c i n g   b e t w e e n  

a d j a c e n t   b a r s ,   "R"  i s   t h e   i n s i d e   r a d i u s   of  t h e   drum  a n d  

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

In  t h i s   p r i o r   a r t ,   t h e   c o n d e n s a t e   d e p t h   i n  

d r y e r   r o l l s   was  m e a s u r e d   and  t h e n   m in imum,   a v e r a g e   a n d  

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

d e p t h .   Wi th   t h e s e   c o n d e n s a t e   d e p t h   v a l u e s ,   t h e o r e t i c a l  

s t u d i e s   we re   c o n d u c t e d   to   d e t e r m i n e   t h e   r e s o n a n t   f r e -  

q u e n c y   of  c o n d e n s a t e   s l o s h i n g   b e t w e e n   two  a d j a c e n t ,  

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

s u r f a c e   of  a  c y l i n d r i c a l   d r y e r   d rum.   Then ,   u s i n g   t h e  

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

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

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



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

of   t h e   d r y e r   drum  i n n e r   r a d i u s   and  c o n d e n s a t e   t h i c k n e s s .  

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

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

t h i s   p r i o r   a r t   w o r k s   w e l l ,   b u t   i t   r e q u i r e s   t h e   a p p l i c a -  

t i o n   of   a  f a i r l y   l a r g e   n u m b e r   of   s p o i l e r   b a r s .   F o r  

e x a m p l e ,   on  a  s t a n d a r d   1 , 5 2   m  o u t s i d e   d i a m e t e r   d r y e r   d r u m  

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

s p o i l e r   b a r s   b a s e d   on  t h e   p r i o r   a r t   t e a c h i n g   w o u l d   r a n g e  
f r o m   a b o u t   24  to   a b o u t   72.   S i n c e   e a c h   of   t h e s e   b a r s   m u s t  

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

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

of   d r y e r   d rums   w i t h   s p o i l e r   b a r s   to   e n h a n c e   d r y i n g   of  a  

web  can   be  b o t h   t i m e   c o n s u m i n g   and  e x p e n s i v e .  

T h e r e   a r e   o n l y   t h r e e   b a s i c   ways  of  i n c r e a s i n g  

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

d r i c a l   d r y e r   ( i . e .   1)  d e c r e a s i n g   t h e   c o n d e n s a t e   d e p t h   b y  

b r i n g i n g   t h e   s y p h o n   c l o s e r   to   t h e   i n n e r   w a l l ;   2)  b y p a s s i n g  

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

i n n e r   s u r f a c e ;   and  3)  g e n e r a t i n g   r u r b u l e n c e   in   t h e   c o n d e n -  

s a t e   l a y e r ) .   B r i n g i n g   t h e   s y p h o n   c l o s e r   to   t h e   r o t a t i n g  

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

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

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

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

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

H o w e v e r ,   i n s o f a r   as  t h e   s p o i l e r   b a r   h e i g h t   a n d  

t h e   s p a c i n g   of   t h e   b a r s   w i t h i n   t h e   p e r i p h e r y   of   t h e   d r y e r  

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

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

t e d   as  p r e f e r a b l y   b e i n g   a b o u t   2  -   3  t i m e s   t h e   a v e r a g e  
c o n d e n s a t e   d e p t h ,   and  t h e   o p t i m u m   s p o i l e r   b a r   p e r i p h e r a l  

s p a c i n g   b e i n g   a b o u t   1 4 , 5   cm,  i t   was  e x p r e s s e d   t h a t   s p o i l e r  

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

1 4 , 5   cm  s p a c i n g   w o u l d   p r o d u c e   r e d u c e d   h e a t   t r a n s f e r   t h r o u g h  

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

T h i s   i n v e n t i o n   r e p r e s e n t s   an  i m p r o v e m e n t   o v e r  



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

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

drum  u t i l i z i n g   s p o i l e r   b a r s ,   and  t h e   r e l a t i o n s h i p   b e t w e e n  

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

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

t h a t   i n c r e a s i n g   t h e   s p o i l e r   b a r   h e i g h t   and  t h e   s p a c i n g  

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

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

g r e a t e r   t u r b u l e n c e   in  t h e   c o n d e n s a t e   and  t h u s   an  i n c r e a s e d  

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

have   been   e x p e c t e d   f rom  p r i o r   t e a c h i n g s .  

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

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

b e t w e e n   t h e   b o t t o m   of  t h e   s y p h o n   and  t h e   i n t e r i o r   w a l l  

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

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

t h e   d e s i r e d   r a t e   of  h e a t   t r a n s f e r .   For   e x a m p l e ,   in   a n  

o r d i n a r y   1 , 5 2   m  o u t s i d e   d i a m e t e r   d r y e r   r o l l   h a v i n g   a  

1 , 4 6 7   cm  i n t e r i o r   d i a m e t e r ,   i t   has   b e e n   d e t e r m i n e d   t h a t  

t h e   number   of  s p o i l e r   b a r s   w o u l d   r a n g e   f rom  a b o u t   8  t o  

a b o u t   20,  w h e r e   as  t h e   p r i o r   a r t   w o u l d   t e a c h   t h e   o p t i m u m  

number   of  s p o i l e r   b a r s   s h o u l d   be  a b o u t   30.  The  i m p r o v e m e n t  

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

of  s p o i l e r   b a r s   f rom  t h a t   s p e c i f i e d   by  t h e   p r i o r   a r t   i s  

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

In  t h i s   i n v e n t i o n ,   t h e   s p o i l e r   b a r   h e i g h t   i n  

cm  is   d e t e r m i n e d   f rom  t h e   e x p r e s s i o n   H  =  ( 5 . 9 1 )  N  ( 1 . 0 ± 0 . 2 5 ) ,  

[ e q u a t i o n   ( 1 ) ) ,   and  t h e   s p a c i n g   b e t w e e n   t h e   s p o i l e r   b a r s  

i s   d e t e r m i n e d   f rom  t h e   e x p r e s s i o n   S  = Π  R h   ( 1 . 5 0 + 0 . 2 5 ) ,  

( e q u a t i o n   ( 2 ) ) ,   w h e r e   t h e   number   of  b a r s ,   a s s u m i n g   n e g l i -  

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

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

t h e   g e o m e t r i c a l   r e l a t i o n s h i p   N  =  2ΠR S  ( e q u a t i o n   ( 3 ) ) ,  

w h e r e   S  i s   t h e   s p a c i n g ,   R  i s   t h e   i n n e r   r a d i u s   of  t h e  

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

and  H  is   t he   s p o i l e r   b a r   h e i g h t .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n  

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



drum  e q u i p p e d   w i t h   i n t e r n a l l y   m o u n t e d ,   p e r i p h e r a l l y  

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

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

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

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

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to   e n h a n c e  

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

drum  u t i l i z i n g   s p o i l e r   b a r s   m o u n t e d   on  t h e   i n n e r   p e r i -  

p h e r a l   s u r f a c e   t h e r e o f .  

S t i l l   a n o t h e r   o b j e c t   of   t h e   i n v e n t i o n   i s   t o  

p r o v i d e   a  s t e a m   h e a t e d   d r y e r   drum  d e s i g n e d   to   h a v e   e n -  

h a n c e d   h e a t   t r a n s f e r   f o r   a  c o n d e n s a t e   d e p t h   of   a b o u t  

0 , 3 2  -   2 , 5 4   cm  and  e q u i p p e d   w i t h   a b o u t   8  -   20  s p o i l e r  

b a r s .  

T h e s e   and  o t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n -  

t a g e s   of   t h e   i n v e n t i o n   w i l l   become  a p p a r e n t   to  t h o s e  

s k i l l e d   in   t h e   a r t   when  t h e   d e s c r i p t i o n   of  t h e   p r e f e r r e d  

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

d r a w i n g s .  

F i g u r e   1  i s   a  c r o s s   s e c t i o n a l   end  v i e w   of  a  

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

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

to  i t s   i n n e r   w a l l .   The  s p o i l e r   b a r s   a r e   shown  w i t h  

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

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

b a r s .  

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

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

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

c a t e d ,   in   a  d r y e r   r o l l   of  152  cm  e x t e r n a l   d i a m e t e r   a n d  

1 4 6 , 7   cm  i n t e r n a l   d i a m e t e r ,   b o t h   f o r   t h e   A p p e l   e t   a l .  

U .S .   P a t e n t   3 , 7 2 4 , 0 9 4   and  f o r   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   3  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of  t h e  

h e a t   t r a n s f e r   c o e f f i c i e n t   h   as  a  f u n c t i o n   of  t h e   c o n d e n -  

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

d i f f e r e n t   h e i g h t s   H  in   a  c a s t - i r o n   d r y e r   drum  of   152  cm 

e x t e r n a l   d i a m e t e r   and  1 4 6 , 7   cm  i n t e r n a l   d i a m e t e r ,   w i t h  

a  d r y e r   s p e e d   of  20  m / s e c .  



F i g u r e   4  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of  t h e  

h e a t   t r a n s f e r   c o e f f i c i e n t   hL  as  a  f u n c t i o n   of  c o n d e n s a t e  

t h i c k n e s s   h  f o r   15  e q u a l l y   s p a c e d   s p o i l e r   b a r s   w i t h   d i f -  

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

of  152  cm  e x t e r n a l   d i a m e t e r   and  1 4 6 , 7   cm  i n t e r n a l   d i a -  

m e t e r ,   w i t h   a  d r y e r   s p e e d   of  20  m / s e c .  

F i g u r e   5  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of  t h e  

h e a t   t r a n s f e r   c o e f f i c i e n t   hL  as  a  f u n c t i o n   of  t h e   c o n d e n -  

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

a  h e i g h t   H  =  0 ,95   cm  in  a  c a s t - i r o n   d r y e r   drum  of  152  cm 

e x t e r n a l   d i a m e t e r   and  1 4 6 , 7   cm  i n t e r n a l   d i a m e t e r ,   w i t h   a  

d r y e r   s p e e d   of  20  m / s e c .  

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

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

s u r f a c e   of  one  or  more  r o t a t i n g   d r y e r   r o l l s   h a v i n g   c y l i n -  

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

s t e a m ,   i s   i n t r o d u c e d   i n t o   t h e   i n t e r i o r   of  t h e   drum  a n d  

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

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

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

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

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

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

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

f a s t   t h e   m a c h i n e s   can  run   and  s t i l l   d r y   t h e   web  to   t h e  

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

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

s p e e d .  

H o w e v e r ,   as  t h e   s t e a m   c o n d e n s e s ,   t h e   c o n d e n -  

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

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

t h e   t r a n s f e r   of  h e a t   f rom  t h e   s t e a m   to  t h e   i n n e r   s u r f a c e  

of  t h e   d r y e r   d rum.   As  t h e   p a p e r   m a c h i n e   s p e e d s   a p p r o a c h  

5  -   6  m / s ,   t h e   c o n d e n s a t e   b e g i n s   to   r im   a r o u n d   t h e   i n n e r  

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

in  a  p u d d l e   a t   t h e   b o t t o m   of  t h e   drum  as  i t   r o t a t e s   a b o u t  

i t s   h o r i z o n t a l l y   d i s p o s e d   l o n g i t u d i n a l   a x i s .  

T h i s   i s   shown  in  F i g u r e   1  w h i c h   i l l u s t r a t e s   a n  



end  v i e w   of  a  c r o s s   s e c t i o n   of   a  d r y e r   r o l l   8  h a v i n g   a  

drum  10  w i t h   an  i n n e r   c y l i n d r i c a l   s u r f a c e   20  and  a n  

o u t e r   c y l i n d r i c a l   s u r f a c e   22  o v e r   w h i c h   a  m o i s t   web  W 

is   d i s p o s e d   to   r e c e i v e   h e a t   to  d r i v e   o u t   t h e   m o i s t u r e  

and  d r y   t h e   w e b .  

The  r a d i a l   d i s t a n c e   f rom  t h e   h o r i z o n t a l l y   d i s -  

p o s e d ,   l o n g i t u d i n a l   a x i s   of  r o t a t i o n   14  to   t h e   p e r i p h e r y  

of  t h e   i n t e r n a l   s u r f a c e   20  i s   R  and  a  p l u r a l i t y   of  s p o i l e r  

b a r s   12  a r e   m o u n t e d   to   t h e   i n t e r n a l   s u r f a c e   20  by  s u i t a b l e  

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

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

t i a l l y   an  e q u a l   d i s t a n c e   S.  The  s p o i l e r   b a r s   have   a  

h e i g h t   H  w h i c h   i n t e r a c t s   w i t h   t h e   c o n d e n s a t e   16  as  t h e '  

d r y e r   r o t a t e s   in   t h e   d i r e c t i o n   of  a r r o w   18  to   c a u s e   t u r -  

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

t r a v e l   f rom  t h e   t w e l v e   o ' c l o c k   p o s i t i o n   d o w n w a r d l y   to   t h e  

t h r e e   o ' c l o c k   and  s i x   o ' c l o c k   p o s i t i o n s   w h e r e   t h e   c o n d e n -  

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

h,  f o r   p u r p o s e s   of   i l l u s t r a t i o n ,   i s   shown  a t   a  p o i n t  

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

o ' c l o c k   p o s i t i o n .   The  s h a p e   of   t h e   c o n d e n s a t e   c h a n g e s   a t  

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

d r y e r   drum  as  i t   comes  u n d e r   t h e   c o m b i n e d   e f f e c t s   of  t h e  

f o r c e s   of   r o t a t i o n   and  g r a v i t y .   At  t h e   f i v e   o ' c l o c k ,   t h e  

c o n d e n s a t e   i s   more   or  l e s s   of   a  n o r m a l   t h i c k n e s s   16  a s  

i t   s p i l l s   o v e r   t h e   s p o i l e r   b a r s .   At  a b o u t   t h e   t h r e e  

o ' c l o c k   p o s i t i o n ,   g r e a t e r   t u r b u l e n c e   16a  i s   shown  as  t h e  

c o n d e n s a t e   s p i l l s   o v e r   t h e   b a r s .   Nea r   t h e   t w e l v e   o ' c l o c k  

p o s i t i o n ,   t h e   c o n d e n s a t e   16b  f l a t t e n s   o u t ,   and  a t   a b o u t  

t h e   n i n e   o ' c l o c k   p o s i t i o n ,   t h e   c o n d e n s a t e   a g a i n   b e g i n s  

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

b a r s .  

In  t h e   A p p e l   e t   a l   U .S .   P a t e n t   No.  3 , 7 2 4 , 0 9 4 ,  

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

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

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

t h i c k n e s s .   In  t h e   p r e f e r r e d   e m b o d i m e n t   of   t h i s   p a t e n t ,  



t h e s e   two  p a r a m e t e r s   we re   e x p r e s s e d   in  t e r m s   of  e a c h  

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

f rom  a b o u t   1  mm  to  a b o u t   3  mm  w h i l e   t h e   p r e f e r r e d   s p o i l e r  

b a r   h e i g h t   r a n g e d   f rom  a b o u t   2  -   3  t i m e s   t h e   a v e r a g e   c o n -  

d e n s a t e   d e p t h ,   or  a b o u t   2  -   9  mm  in  h e i g h t .   A d d i t i o n a l l y ,  

t h e   s p a c i n g   b e t w e e n   a d j a c e n t   b a r s   was  r e l a t e d   to   t h e   c o n -  

d e n s a t e   d e p t h   and  t h e   d r y e r   i n s i d e   r a d i u s   by  t h e   e x p r e s -  
s i o n   S  =  Tr   R h   ( 1 . 0  +   0 . 2 5 ) ,   w i t h   t h e   p r e f e r r e d   s p a c i n g  

b e i n g   a b o u t   14 ,6   cm.  

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

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

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

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

h e a t   t r a n s f e r   r a t e s   t h a n   t a u g h t   by  t h e   p r i o r   a r t .   S p e c i -  

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

a r e   g i v e n   by  t h e   p r e c e d i n g   e q u a t i o n s   ( 1 ) ,   ( 2 ) ,   and  ( 3 ) .  

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

b e c o m e s   an  i n v e r s e   f u n c t i o n   of  t h e   n u m b e r   of  b a r s .   T h e  

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

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

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

t h e   b a r s   and  s l o s h e s   a g a i n s t   a d j a c e n t   b a r s .   T h i s   m e a n s  

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

t r a n s f e r   r a t e s   can  be  p r o d u c e d   w i t h   f e w e r   b a r s .  

S i n c e   t h e   s p o i l e r   b a r   s p a c i n g   S  in   t h i s   i n v e n -  

t i o n   i s   g i v e n   by  t h e   e x p r e s s i o n   S  =  T T  R h   ( 1 . 5  +   0 . 2 5 ) ,  

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

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

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

s i m i l a r   to   t h a t   t a u g h t   by  t h e   p r i o r   a r t .   H o w e v e r ,   t h e  

p r o p o r t i o n a l i t y   c o n s t a n t   1 .5   i s   50%  l a r g e r   t h a n   t h e   1 . 0  

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

i n v e n t i o n   t h e r e f o r e   s p e c i f i e s   33%  f e w e r   s p o i l e r   b a r s   f o r  

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

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

c o e f f i c i e n t ,   as  i s   shown  in  t h e   d a t a   h e r e i n   p r e s e n t e d .  

The  t e r m   0 .25   in  t h e   a b o v e   e q u a t i o n   i s   u s e d   to   p r o v i d e  



an  a c c e p t a b l e   r a n g e   f o r   t h e   s p o i l e r   b a r   s p a c i n g   c o n s i -  

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

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

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

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

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

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

In  F i g u r e   2,  t h e   s p o i l e r   b a r   s p a c i n g   S  a b o u t  

t h e   i n n e r   c i r c u m f e r e n c e   of  a  d r y e r   d rum,   ( w h i t e   a r e a ) ,  

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

to  t h e   e x p r e s s i o n s   in   c l a i m s   1  and  7  of  t h e   A p p e l   e t   a l  

U.S .   P a t e n t   3 , 7 2 4 , 0 9 4 .   The  v e r t i c a l   w i d t h   of  t h e   g r a p h i -  

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

g i v e n   c o n d e n s a t e   t h i c k n e s s   i s   d e t e r m i n e d   by  t h e  +   0 . 2 5  

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

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

w i t h i n   a  r o t a t i n g   d r y e r   d rum.   The  s h a d e d   a r e a   a b o v e   t h e  

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

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

t i o n .   T h i s   w i l l   be  e x p l a i n e d   in  more   d e t a i l   b e l o w .  

F i g u r e   3  -   5  show  c u r v e s   w h e r e i n   t h e   c o n d e n -  

s a t e   h e a t   t r a n s f e r   c o e f f i c i e n t   in  k c a l / h m 2   C   i s   p l o t t e d  

as  a  f u n c t i o n   of  t h e   c o n d e n s a t e   t h i c k n e s s   in   cm  in  a  

s t a n d a r d   152  cm  c a s t - i r o n   d r y e r   drum  h a v i n g   an  i n t e r n a l  

d i a m e t e r   of  1 4 6 , 7   cm.  F i g u r e   3  r e p r e s e n t s   d a t a   t a k e n   f o r  

a  d r y e r   drum  e q u i p p e d   w i t h   10  e q u a l l y   s p a c e d   s p o i l e r   b a r s  

m o u n t e d   to   t h e   i n t e r i o r   s u r f a c e   20  of  t h e   d r y e r   d r u m  

w h i l e   F i g u r e s   4  and  5  r e p r e s e n t   d a t a   t a k e n   on  t h e   s a m e  

d r y e r   drum  e q u i p p e d   w i t h   15  and  30  s p o i l e r   b a r s ,   r e s p e c -  

t i v e l y .  

The  s p a c i n g   S  b e t w e e n   a  p l u r a l i t y   N  of   s p o i l e r  

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

i n n e r   s u r f a c e   20  of   t h e   d r y e r   r o l l   8  i s   g i v e n   by  t h e  

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

S u b s t i t u t i n g   2TTR  =  C  (R  i s   t h e   i n n e r   r a d i u s   of  t h e  

d r y e r   drum)  r e s u l t s   in   t h e   f o l l o w i n g   e x p r e s s i o n  



o r  

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   o p t i m u m   s p a c i n g   S  b e t w e e n  

s p o i l e r   b a r s   i s  

S  =  Π  R h   ( 1 . 5 0  +   0 . 2 5 )   ( 2 )  

From  t h e   c u r v e s   in  F i g u r e s   3  -   5  and  t h e   k n o w -  

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

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

p r e f e r r e d   number   of  s p o i l e r   b a r s   was  f rom  a b o u t   8  t o  

a b o u t   20.  For   f e w e r   t h a n   a b o u t   8  s p o i l e r   b a r s ,   t h e   c o n -  

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

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

i n c r e a s e   in  t h e   power   r e q u i r e d   to   m a i n t a i n   t h e   d r y e r   r o -  

t a t i o n .   For  more  t h a n   a b o u t   20  s p o i l e r   b a r s ,   t h e   o p t i m u m  

d e p t h   of  c o n d e n s a t e   f o r   maximum  t r a n s f e r   of  h e a t   i s   t o o  

s m a l l   and  may  n o t   be  a c h i e v a b l e   w i t h   c o n v e n t i o n a l  

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

e x a m p l e :  

1)  For   20  b a r s   in  a  152  cm  d r y e r   r o l l   ( i n t . d i a m . =   146,7  cm) 

2)  For   8  b a r s   in   a  183  cm  d r y e r   r o l l   ( i n t . d i a m . =   177  cm) 

An  e x p r e s s i o n   f o r   t h e   h e i g h t   H  of  t h e   s p o i l e r  
b a r s   was  d e r i v e d   b a s e d   on  e x p e r i e n c e s   g a i n e d   f rom  t h e  

t e s t s .   T h i s   e x p r e s s i o n   i s  

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

t h e   p r e f e r r e d   h e i g h t   r a n g e   f o r   t h e   p r e f e r r e d   r a n g e   f o r  

t h e   number   of  s p o i l e r   b a r s   i s  



R e f e r r i n g   a g a i n   to   f i g u r e   2,  e q u a t i o n   ( 5 )  

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

s h a d e d   a r e a   shown .   A g a i n ,   t h e  +   0 .25   t o l e r a n c e   f a c t o r  

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

s p a c i n g .   The  u p p e r   and  l o w e r   s p a c i n g   l i m i t s   we re   d e -  

t e r m i n e d   f rom  e q u a t i o n   (3)  u s i n g   t h e   r a n g e   of  t h e  

p r e f e r r e d   n u m b e r   of   b a r s .   T h u s  

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

t h a t   d r y e r s   e q u i p p e d   w i t h   1 0  -   15  b a r s   w e r e   c a p a b l e   o f  

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

e q u i p p e d   w i t h   2 5  -   30  b a r s .   I t   was  d e t e r m i n e d   t h a t   t h i s  

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

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

h e i g h t   and  c o n d e n s a t e   t h i c k n e s s ,   a f f e c t i n g   h e a t   t r a n s f e r  

in   a  s p o i l e r   b a r   e q u i p p e d   d r y e r .   In  o t h e r   w o r d s ,   i t   i s  

b e l i e v e d   t h a t   r a t h e r   t h a n   o p t i m i z i n g   one  of  t h e   m a j o r  

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

d e p t h   as  t h i n   as  p o s s i b l e ,   i t   was  c o n c l u d e d   t h a t   t h e  

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

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

c o n d e n s a t e   t h i c k n e s s .  

S i n c e   i n c r e a s e d   t u r b u l e n c e   i d e a l l y   p e r m i t s  

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

t h e   c o n d e n s a t e   (and  c o n s e q u e n t   l e s s e n i n g   of   i t s   i n s u l a -  

t i n g   p r o p e r t y ) ,   and  an  i n c r e a s e   in   t h e   i n c i d e n c e   w h e r e  

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

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

d e n s a t e   t h i c k n e s s   i s   r e l a t i v e l y   l a r g e   ( i . e .   a b o u t   0 , 6 4  -  

1 , 2 7   cm) .   Even  more   s i g n i f i c a n t l y ,   t h i s   i s   a c c o m p l i s h e d  



w i t h   r e l a t i v e l y   few  ( i . e .   a b o u t   8  -   20)  s p o i l e r   b a r s .  

T h e r e f o r e ,   t h i s   i n v e n t i o n   r e s i d e s   in  t h e  

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

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

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

t a u g h t   by  t h e   p r i o r   a r t .   T h i s   c o m b i n a t i o n   has   t h e   a d d i -  

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

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

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

b e t w e e n   t h e   s i p h o n   and  t h e   i n n e r   drum  w a l l   a t   h i g h   s p e e d s ,  
w h i c h   can  be  g r e a t e r   t h a n   a  m i l e   a  m i n u t e   on  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 .  

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

t h e   p r i o r   a r t   can  p e r h a p s   b e s t   be  i l l u s t r a t e d   by  r e f e r -  

r i n g   to   f i g u r e s   3  -   5  in  c o n j u n c t i o n   w i t h   e x a m p l e s  

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

a  g i v e n   number   of  s p o i l e r   b a r s .  

C o n d e n s a t e   T h i c k n e s s   h  For  15  Rows  Of  E q u a l l y  

S p a c e d   S p o i l e r   B a r s   In  A  D r y e r   Drum  H a v i n g  

A  1 4 6 , 7   cm  I n t e r n a l   D i a m e t e r .  

N e g l e c t i n g   t h e   0 .25   t o l e r a n c e   f a c t o r   in   e q u a t i o n   (2 )  

to   s i m p l i f y   t h e   c o m p a r i s o n ,   we  h a v e :  



The  a b o v e   e x a m p l e   shows  t h a t   f o r   t h e   s a m e  

g e o m e t r i c a l   c o n f i g u r a t i o n ,   s p e c i f i c a l l y   a  7 3 , 3 4   cm 

d r y e r   i n n e r   r a d i u s   and  15  rows  of  s p o i l e r   b a r s ,   t h i s  

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

i s   0 , 58   cm  w h i l e   t h e   p r i o r   a r t   t e a c h e s   t h a t   t h e   o p t i m u m  

c o n d e n s a t e   d e p t h   i s   s u b s t a n t i a l l y   t h i c k e r ,   1 , 3 0   c m .  

F i g u r e s   3  -   5  show  t h e   c o n d e n s a t e   h e a t   t r a n s -  

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

and  d i f f e r e n t   c o n d e n s a t e   t h i c k n e s s e s .   S i n c e   t h e   c o n d e n -  

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

s p o i l e r   b a r s   can   be  c a l c u l a t e d   f rom  t h e i r   e q u a t i o n   ( 9 )  

a b o v e   and  t h e   same  can  be  d e t e r m i n e d   f o r   t h i s   i n v e n t i o n  

f rom  e q u a t i o n   (2)  in   t h e   e x a m p l e   a b o v e ,   t h e   c o n d e n s a t e  

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

b a r s   can   be  c o m p a r e d .   T h i s   has   b e e n   done   f o r   10,  15  a n d  

30  s p o i l e r   b a r s   in   T a b l e   1  b e l o w :  

R e f e r r i n g   to   F i g u r e   3,  i t   i s   s e e n   t h a t   a  c o m -  

b i n a t i o n   of  a  c o n d e n s a t e   t h i c k n e s s   h  of  a b o u t   1 , 2 7   cm 

and  a  s p o i l e r   b a r   h e i g h t   H  of  3 , 8 1   cm  on  a  s t a n d a r d  

d r y e r   drum  e q u i p p e d   w i t h   10  s p o i l e r   b a r s ,   t h e   h e a t  

t r a n s f e r   c o e f f i c i e n t   i s   a b o u t   3063  k c a l / h m 2   °C,  w h e r e a s  

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

n e s s   of  o v e r   2 , 5 4   cm,  w h i c h ,   f o r   a  p r e f e r r e d   s p o i l e r  



ba r   h e i g h t   of   a b o u t   0 , 95   cm  p r o v i d e s   a  h e a t   t r a n s f e r  

c o e f f i c i e n t   of  a b o u t   338  k c a l / h m 2   ° C .  

S i m i l a r l y ,   in  F i g u r e   4,  t h e   h e a t   t r a n s f e r  

c o e f f i c i e n t   on  a  drum  e q u i p p e d   w i t h   15  s p o i l e r   b a r s  

a c c o r d i n g   to  t h i s   i n v e n t i o n   i s   a b o u t   2315  k c a l / h m 2   ° C  

a t   a  c o n d e n s a t e   d e p t h   of  a b o u t   0 , 58   cm  f o r   a  s p o i l e r  

b a r   h e i g h t   of  2 , 5 4   cm  (shown  as  a  d a s h e d   l i n e ) .   T h e  

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

d r y e r   r o l l   a t   a  c o n d e n s a t e   t h i c k n e s s   of  1 , 3 0   cm  f o r  

0 ,95   cm  h i g h   s p o i l e r   b a r s   i s   a b o u t   1809  k c a l / h m 2   ° C .  

In  F i g u r e   5,  in   t h e   d r y e r   r o l l   e q u i p p e d  

w i t h   30  s p o i l e r   b a r s ,   t h e   o p t i m u m   c o n d e n s a t e   t h i c k n e s s  

a c c o r d i n g   to   t h i s   i n v e n t i o n   i s   a b o u t   0 , 1 5   cm  a t   w h i c h  

t h e   head   t r a n s f e r   c o e f f i c i e n t   i s   a b o u t   2653  k c a l / h m 2   ° C .  

At  t h e   c o n d e n s a t e   t h i c k n e s s   d e t e r m i n e d   a c c o r d i n g   t o  

t h e   p r i o r   a r t ,   a b o u t   0 , 33   cm,  t h e   h e a t   t r a n s f e r   c o e f f i -  

c i e n t   i s   a b o u t   1737  k c a l / h m 2   ° C .  

T h u s ,   an  i m p r o v e d   s p o i l e r   b a r   e q u i p p e d   d r y e r  

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

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

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



1.  In  a  h o l l o w   c y l i n d r i c a l   d r y e r   drum  (10 )  

r o t a t a b l e   a b o u t   i t s   l o n g i t u d i n a l   a x i s   (14)  and  e q u i p p e d  

w i t h   a  p l u r a l i t y   of  s p o i l e r   b a r s   (12)  m o u n t e d   to  i t s  

i n n e r   p e r i p h e r a l   s u r f a c e   ( 2 0 ) a n d   e x t e n d i n g   l o n g i t u d i n a l l y ,  

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

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

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

drum  w a l l ,   and  s y p h o n   means  w i t h i n   t he   d r y e r   drum  t o  

g a t h e r   and  r emove   t he   c o n d e n s a t e   ( 1 6 ) ,   t h e   i m p r o v e m e n t  

c h a r a c t e r i z e d   in  h a v i n g :  

t h e   number   of  s p o i l e r   b a r s   (12)  m o u n t e d  

w i t h i n   t h e   drum  (10)  r ang ing   from  a b o u t   8  to   a b o u t   2 0 ;  

means   f o r   m a i n t a i n i n g   t h e   c o n d e n s a t e   (16)  a t  

a  d e p t h   of  b e t w e e n   a b o u t   0 ,32   cm  to  a b o u t   2 ,54   cm;  
t h e   s p o i l e r   b a r s   (12)  s p a c e d   c i r c u m -  

f e r e n t i a l l y   a b o u t   t he   drum  w a l l   (20)  a c c o r d i n g   to  t h e  

e x p r e s s i o n   S  =  TT  R h  ( 1 . 5 0  ±   0 . 2 5 ) , w h e r e   R  i s   t h e   r a d i u s  

f rom  t h e   a x i s   of  r o t a t i o n   to  t h e   i n n e r   drum  w a l l ,   h  i s  

t he   a v e r a g e   c o n d e n s a t e   t h i c k n e s s   and  S  i s   t he   s p a c i n g  

b e t w e e n   a d j a c e n t   b a r s ;  

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

h e a t   t r a n s f e r   t h r o u g h   t h e   d r y e r   drum  w a l l   a r e   e n h a n c e d .  

2.  The  c o m b i n a t i o n   as  s e t   f o r t h   in   c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t  

t h e   s p o i l e r   ba r   (12)  h e i g h t   i s   g i v e n   b y  

t he   e x p r e s s i o n   H  =  5,91 N  ( 1 . 0  +   0 . 2 5 )   whe re   H  i s   t h e   h e i g h t  

in  cm  and  N  i s   t he   number   of  s p o i l e r   b a r s   ( 1 2 ) .  

3.  The  c o m b i n a t i o n   as  s e t   f o r t h   in  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t  

t he   p r e f e r r e d   h e i g h t   of  t h e   s p o i l e r   b a r s  

(12)  r a n g e s   f rom  a b o u t   1,5  cm  to  a b o u t   3 ,8  cm.  

4.  The  c o m b i n a t i o n   as  s e t   f o r t h   in  c l a i m   2 

c h a r a c t e r i z e d   in   t h a t  

t he   c o n d e n s a t e   (16)  d e p t h   i s   g i v e n   by  t h e  

e x p r e s s i o n  



5.  In  a  h o l l o w   c y l i n d r i c a l   drum  (10)  r o t a t a b l e   a b o u t  

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

s p o i l e r   b a r s   (12)  m o u n t e d   to   i t s   i n n e r   p e r i p h e r a l   s u r f a c e  

(20)  and  e x t e n d i n g   l o n g i t u d i n a l l y ,   s u b s t a n t i a l l y   p a r a l l e l  

w i t h   t h e   a x i s   of  r o t a t i o n ,   s a i d   drum  a d a p t e d   to   r e c e i v e   a  

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

to   h e a t   t h e   c y l i n d r i c a l   drum  w a l l ,   and  s y p h o n   means   w i t h i n  

t h e   d r y e r   drum  to  g a t h e r   and  r e m o v e   t h e   c o n d e n s a t e   ( 1 6 ) ,   t h e  

m e t h o d   c h a r a c t e r i z e d   i n :  

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

s a t e   t h i c k n e s s   w i t h i n   t h e   drum  (10)  to   l e s s   t h a n   a b o u t   1 , 5 4  c m ;  

s p a c i n g   t h e   s p o i l e r   b a r s   (12)  c i r c u m f e r e n t i a l l y  

a b o u t   t h e   drum  w a l l   (20)  s u c h   t h a t   t h e   d i s t a n c e   b e t w e e n  

a d j a c e n t   s p o i l e r   b a r s   r a n g e s   f rom  a b o u t   20  cm  to   a b o u t   56  cm;  

e x t e n d i n g   t h e   h e i g h t   of  t h e   s p o i l e r   b a r s   f rom  t h e  

drum  w a l l   a c c o r d i n g   to   t h e   e x p r e s s i o n   H  =  5,91 N  ( 1 . 0  +   0 . 2 5 )  

w h e r e   H  i s   t h e   s p o i l e r   b a r   h e i g h t   in  cm  and  N  i s   t h e   n u m b e r  

of  s p o i l e r   b a r s ;  

w h e r e b y   t u r b u l e n c e   in   t h e   c o n d e n s a t e   and  h e a t  

t r a n s f e r   t h r o u g h   t h e   d r y e r   drum  w a l l   a r e   e n h a n c e d .  

6.  The  m e t h o d   as  s e t   f o r t h   in   c l a i m   5,  c h a r a c t e r i z e d  

in   t h a t  

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

d e n s a t e   d e p t h   b e t w e e n   a b o u t   0 , 6 4   cm  to   a b o u t   1 , 2 7   c m .  
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