
C h a p t e r  I I I

EXPERIMENTAL EQUIPMENT

3.1  The E x p e r im e n ta l System

The e x p e r im e n ta l system  c o n s is te d  o f  s e v e ra l u n i t s  o f  
equipm ent combined to g e th e r  as shown in  F ig u re  3 -1 . These u n its  
were th e  a i r  com pressor, th e  cond enser, th e  ro ta m e te r ,  th e  e le c ­
t r i c  h e a te r ,  and th e  f lu id iz e d  bed colum n, A l l  those  u n i t s  o f  
equipm ent were connected by m e ta l p ip es  o f  1 .5 —in c h  d ia m e te r . 
F ig u re s  3-2 and 3-3 show th e  schem atic  d raw ings o f  th e  e x p e r i­
m e n ta l system  f o r  ba tch  and c o n tin u o u s  typ e  o p e ra t io n s , r  -S/V:C- 
t i v o l v .  The d o t - ' i l s  o f  some u n i t s  wore d e sc rib e d  as fo l lo w s .

3 .1 .1  Condenser

I t  was a s h e l l  and tube h e a t exchang er, in s t a l le d  
v e r t i c a l l y .  I t  was used to  condense w a te r vap o r from  th e  com­
p ressed  a i r  by p a ss in g  c o u n te rc u r re n t  c o o lin g  w a te r .

3 .1 .2  R o tam e te r

The ro ta m e te r  (B rooks  In s tru m e n t B .V . ,  N ed erland ) was 
used to  c o n t r o l and measure i n l e t  a i r  f lo w  r a t e ,  ra n g in g  from  
0-100?4 re a d in g . The c a l ib r a t io n  c u rve  o f  t h is  ro ta m e te r  is  
shown in  Appendix A.



47

F ig u re  3-1 The E xp e rim e n t System

1. p ip e  l i n e  fro m  a i r  com pressor
2. R o tam ete r
3 . E le c t r ic  h e a te r  ,
4 . F lu id iz e d  bed column V
5. Screw fe e d e r ( f o r  c o n tin u o u s d ry in g  )
6 . P ro d u c t o u t le t  ( f o r  c o n tin u o u s  d ry in g  )
7. Manometer
8 . S w itc h  hoard



1 . A i r  com pressor
2 . Condenser 
3- R o ta m e te r
4 . E le c t r ic  header
5 . F lu id iz e d  bed colum n

F ig u re  3 -2  Schem atic  d raw ing  o f  th e  e x p e r im e n ta l sys tem  
( BATCH DRYING )

oo



1. A i r  com pressor
2 . Condenser
3 . R o ta m e te r 

E le c t r ic  h e a te r
5 . F lu id iz e d  bed colum n

( CONTINUOUS DRYING )
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3 *1 *3  E le c t r ic  H ea te r

I t  had a c y l in d r ic a l  shape w ith  20-cm d ia m e te r and 
48-cm h ig h . I t  c o n s is te d  o f  th re e  e le c t r ic  h e a t in g  u n i t s ,  each 
o f  w h ich  had a power o f  1 .5  kw. The f i r s t  u n i t  was c o n t r o l le d  
by s w itc h  ( o n - o f f )  d i r e c t l y ,  th e  second one was connected to  
th e  v a r ia c  f o r  c o n t r o l l in g  th e  v o lta g e  o f  h e a te r ,  and th e  t h i r d  
one was c o n t r o l le d  by th e  te m p e ra tu re  c o n t r o l le r .

3 .1 .4  F lu id iz e d -B e d  Column

Fo r b a tc h  and c o n tin u o u s  o p e ra t io n s ,  th e  same column was
used. The f lu id iz e d -b e d  column was a m e ta l column o f  10-cm
d ia m e te r and 105-cm h ig h  w ith  30 c o n ic a l base and an a i r  i n l e t
o f  2 . 5 - cm d ia m e te r. The d is t r ib u t o r  was th re e  la y e rs  o f  s m a ll
m e ta l b a l ls  (0 .5 -c m  d ia m e te r)  p laced  on a round  s ie v e  p la te
(12-cm  d ia m e te r ) .  T h is  typ e  o f  d is t r ib u t o r  was th e  b e s t one
from  s e le c t io n  o f  fo u r  good typ es o f  d is t r ib u t o r :  (1 ) s in te re d
p la t e ,  (2 ) wooden cone on s ie v e  p la te ,  (3 ) m e ta l b a l ls  on s ie v e
p la te ,  and (4 ) m e ta l b a l ls  on s in te re d  p la te s  see F ig u re  3 -4 .
The reasons w e re i i t  developed lo w e r p re s su re  d ro p , gave good
d is t r ib u t io n  (more homogeneous b e d ), c o u ld  be sca led  up , and 

( 4 3 )had lo w e r c o s t . A g la s s  window o f  2 . 5-cm w ide and 60-cm 
h ig h  made o b s e rv a t io n  o f  th e  b e h a v io r  o f  th e  bed p o s s ib le .  A t 
one s id e  o f  co lum n, two s m a ll h o le s  were made and w elded w ith  
t i n y  tubes f o r  c o n n e c tio n  w ith  manometer to  measure th e  p re s ­
su re  drop ac ross  th e  bed. A n o th e r tw o s m a ll h o le s  were d r i l l e d
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1. s in te re d  p la te

2 . Wooden cone on s ie v e  p la te

3. Three
p la te

la y e rs  o f  m e ta l b a l ls  on s in te re d

4 . Three la y e rs  o f  m e ta l b a l ls  on s ie v e  p la te  
F ig u re  3-4* Types o f  d is t r ib u t o r
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a t th e  m id d le  o f  column f o r  in s e r t in g  the rm om ete r to  measure 
te m p e ra tu re  in  bed, and a t  th e  e n tra n c e  o f  h o t a i r  f o r  in s e r t in g  
two the rm ocoup les connected w ith  th e  te m p e ra tu re  c o n t r o l le r  and 
te m p e ra tu re  re c o rd e r to  c o n t r o l  and measure th e  te m p e ra tu re  o f  
a i r  i n l e t .  The schem atic  d raw ing  o f  th e  column is  shown in  
F ig u re  3 -5 . In  case o f  c o n tin u o u s  o p e ra tio n ?  th e  column was 
p e r fo ra te d  tw o .p o in ts  to  connec t w i th  a screw fe e d e r ,  and a 
2 ,5 -cm  p ip e  f o r  p ro d u c t o u t le t  as shown in  F ig u re  3 -3 .

3 .1 .5  Screw Feeder

I t  c o n s is te d  o f  a m e ta l hopper o f  23 ,5-cm  by 13-cm and 
32-cm h ig h  w ith  40 c o n ic a l base, and screw fe e d e r a t  th e  bottom  
w ith  3 . 5-cm d ia m e te r and 1 . 5 - cm P i tc h  w id th .  The screw  fe e d e r 
was connected w it h  a s m a ll m o to r. The p ic tu r e  o f  t h is  equipm ent 
is  shown in  F ig u re  3 -6 .

3.2  S team ing  Tank

I t  was a s ta in le s s  s te e l  ta n k  o f  40-cm d ia m e te r and 
75-cm h ig h?  had a p re s su re  gauge a t  th e  to p  o u ts id e ,  and a s ie v e  
p la te  a t  th e  bo ttom  in s id e .  I t  c o u ld  be used f o r  b o th  so a k in g  
and s te a m in g . T h is  equipm ent is  shown in  F ig u re  3 -7 .
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F ig u re  3 -5  Schem atic  d raw ing  o f  th e  f lu id iz e d  bed column
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F ig u re  3 -6  Screw Feeder 
1 . Hopper
2 . Screw Feeder
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F ig u re  3 -7  s team ing  ta n k

1. P re s su re  gauge
2. Steam o r w a te r i n l e t
3- W ate r o u t le t
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