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A p p e n d i x  A

CALIBRATION OF ROTAtoETSR

R o ta m e te r
re a d in g

(%)

. . .

V o lu m e tr ic  f lo w  
a i r  XC102 (m3/s e c )

0 0.0000
10 0.0750
20 0.1567
30 0 .2778
40 0.4167
50 0 .6000
60 0.7867
70 1 .0000
80 1 .2  566
90 1 .6755

100 2.5127

a l ib r a t e  a t  room te m p e ra tu re  and atmosphejr ic  p re s s u re
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F ig u re  A-A C a l ib r a t io n  cu rve  o f  ro ta m e te r



A p p e n d i x  B

DETERMINATION OF MINIMUM FLUIDIZING CONDITIONS 

P a r t  Is  E x p e r im e n ta l D ata

Q oX lo2 * Uo* A p  (cm.H20)
(m2/s e c ) (m /sec) Lm=

6 .7  cm 11.0cm LP!cn> Lm=
21 cm 2 6 .7  cm

อ .0750 0.0955 0 .5 0 .4 0 .5 0 .8 0 .9
0 .1007 0.2123 1 .5 1 .0 1 .6 2 .3 2 .9
0 .2778 0.3537 3 .0 2 .0 2 .9 4 .4 5. 5
0.4167 0.5306 4 .0 3.1 4. 5 7 .4 8. 5
0 .6000 0 .7640 4 .0 4.3 6. 5 9 .9 1 2 .0
อ .7857 1.0017 4 .0 6 .0 7 .3 1 1 .6 14 .1
1 .0 0 0 0 1 .2733 4 .0 6 .2 7 .5 1 1 .5 1 4 .0
1 .2566 1 .5999 4 .0 6 .0 7 .5 1 1 .5 1 4 ,0
1 .6755 2.1333 4 .0 6 .0 7 .5 1 1 .5 1 4 .0
2 .5127

j
3 .1993 4 .0 6 .0

___________
7 .5 1 1 .5 1 4 .0

In v e s t ig a te d  a t  room te m p e ra tu re  and a tm o sp h e ric  p re s su re
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P a r t  แ ร  D e te rm in a t io n  o f  minimum f lu id iz in g  v e lo c i t y  

1 . By e x p e r im e n ta l method

From th e  p lo t t in g  o f  A p  ve rsu s  บ๐ in  F ig u re  5-1 5 th e  
two s t r a ig h t  l i n e s ,  when A p v a ry  w ith  Uo ( f ix e d  bed) and L . p 
is  c o n s ta n t,  a re  drawn. The s u p e r f ic ia l  v e lo c i t y  a t  th e  p o in t, 
o f  in te r s e c t io n  is  th e  minimum f lu id iz in g  v e lo c i t y  (U m f) .  T h is  
method o f  d e te rm in a t io n  is  shown be low .

2. By t h e o r e t ic a l  method 

From e q . (2 -4 )

1 • 75 I dp Umf / q  ',1 + 1 5 0 ( 1 -  k m f)  (  dpUmf. / q \  = dp3 / q( f s -  f Jq)
0 ร£m f3 \  M  g j  0 ร 2 . £ m f3 ^ y Ciq i  / A g 2

when £ m f = Cm o f  random packed bed = 0 ,488
0 S  = 0 .68
dp = 3 .477 X 10 m
ç g 1 . 1 6 5 0  kg/m 3 ( a t  room te m p .30  c ,  1 atm)
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g = 2 X 10 1 kg /m .sec
f s  ะZ 1 ,1798  kCj/m^

T h e re fo re ,  th e  minimum f lu id iz in g  v e lo c i t y  c a lc u la te d
0 .737  n t/sec .



A p p e n d i x  c

EXPERIMENTAL DATA 

P a r t  Is  E a tc h  O p e ra tio n

D ry in g  c o n d it io n s ?

R e la t iv e  h u m id ity  
Room te m p e ra tu re  
Bed w e ig h t 
Bed depth

a) F ix e d  a i r  i n l e t  f lo w  ra te

1 . Tem pera tu re  o f  a i r  
Tem oera tu re  o f  a i r

75 -  80 %
2 9 - 3 0  ๐c 

1 kg
1 8 .5  cm.

1 .3297  X 10 m /s e c  a t  S .T .P )

i n l e t  = 80 c
in  bed 8 55, 57, 65, 70 c

t
(m in )

M
(% d . b . )

0 57.1886
4 45 .2765
8 40.5529

12 35.9807
16 31.6902
20 28.5972
2 4 25. 5528

Tem pering



t
(m in )

M
(% d . b . )

A f t e r  te m p e ring 24.9617
2 ' 21.6677
4 ' 20.6894
6 ' 19.3672
8 ' 18.7836

-.. .......................................!___________________________ i
๐Tem pera tu re  o f  a i r  i n l e t  = 100 e

Tem pera tu re  o f  a i r  in  bed 8 8 7 ,8 8 ,8 9 ,

t
(m in  )

M
(% d .b . )

0 59.3354
2 51.6940
4 44.7545
6 41.1345
8 37.1591

10 32.7824
Tem pering

A f te r  te m p e ring  
2 '
4 '
6*

32.4770 
25.5671 
24. 5491 
22.4476

8 ‘ 19.9029



1 2

3 . Tem pera tu re  o f  a i r  i n l e t  = 
Tem pera tu re  o f  a i r  in  bed ร

1 2 0  ๐c
8 0 , 9 0 , 9 1 , 9 5  ° c
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4 .

Tem pera tu re  o f  a i r  in  bed J 1 1 4 , 1 1 5 , 1 2 0 , 1 2 1  , 1 2 2  ,123
T e m p e r a t u r e  o f  a i r  i n l e t  =  1 4 3  c

t
(m in )

M
( % d . ๖. )

0 59.3354
2 47.7994
4 40.7726
6 31,0480

Tem pering
A f te r  te m p e ring 3 0 .S061

2 ' 23 .4134
4 ' 20.2856
6 ' 16 .0459

!



1 2 3

5 . Tem pera tu re  o f  a i r  i n l e t  
Tem pera tu re  o f  a i r  in  bed

= 1 6 0  ๐c
ร 1 0 8 , 1 1 2 , 1 2 1  , 1 2 4  ๐ c

t
(m in )

M
(% d . b . )

0 59.41 81
2 43.8228
4 36.2295
6 27.9468

Tem pering
A f te r  te m p e ring 26 .8574

2 ' 20.9133
4 ' 16 .4127

j



1 2 4

๐

Tem pera tu re  o f  a i r  in  bed ร 112 ,120 ,123  ,130,131
T e m p e r a t u r e  o f  a i r  i n l e t  =  1 8 5  c

t
(m in )

M
(% d .b . )

0 59.4181
2 42.6822
4 34.7558
6 25 .8485

Tem pering
A f te r  te m p e ring 24.0407

2 ' 17.1452
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-2  31 . A i r  i n l e t  f lo w  ra te  = 1 ,9941 X 10 m /s e c  a t  ร , T .

b ) F i x e d  a i r  i n l e t  t e m p e r a t u r e  ( 1 0 0  c )

t
(m in )

M
( % d . b . )

0 60.8424
2 47.5721
4 41.802 6
6 38.9258
8 34.9111

10 31.2456
Tem peringi

A f t e r  te m p e rin g  29.5381
2 1 25.3069
4 ' 21 .8499
6* 19 .7596
8 ' 17 .7970



2 .  A i r  i n l e t  f l o w  r a t e 1 . S 2 8 3  X  1 0
3m /s e c a t

t
(m in )

M
(% c3.๖ .)

0 60.842 4
2 55.2953
4 48.7891
6 44.0847
e 40.3445

10 3 5.4962
Tem pering

A f te r  tem p e ring 33.0271
2 ' 30.9893
4 ' 27.0655
6 1 24.3129
8 ' 21.5837
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3 .  A i r  i n l e t  f l o w  r a t e  = 1 . 5 7 9 0  X  1 0  2 m 3 / s e c  a t  S . T . P

t
(m in )

M
( % d . ๖ . )

0 54.6843
2 48.1621
4 42.3726
6 38.8201
8 36.1453

10 33.2318
Tem pering

A f te r  tem p ering 32.0628
2 ' 28 .5345
4 1 26.2221
6 ' 24.1820
8 ' 22 .0866
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4 .  A i r  i n l e t  f l o w  r a t e  =  1 . 0 8 0 4  X  1 0  m ' V s e c  a t  ธ . T .

t
(m in )

M
{% d . t . )

0 54.6843
2 49.1539
4 44.0591
6 40.2858
8 37 .4934

10 34.0870
Tem pering

A f te r  te m p e ring 32.0946
2 1 28 .8604
4 1 26.2376
6* 24.6892
8 ' 22 .5678
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P a r t  I l s  C o n tin u o u s  O p e ra tio n

D ry in g  c o n d it io n s ;

R e la t iv e  h u m id ity  
Room te m p e ra tu re  
A i r  i n l e t  f lo w  ra te  
A i r  i n l e t  te m p e ra tu re  
P re s s u re  drop ac ross bed

7 5 - 8 0  %
2 9 -3 อ๐c

1 .5790X 10“ 2m3/s e c  a t  S .T .P . 
1 8 3 ° c

( a v . )  9 .8  cm. น20

PX1 o3 T<5 ๖ M (% d .b . )
(k g /s e c ) ( ๐c ) s t a r t in g 1 s t d ry in g A f te r  1 2nd 

te m p e rin g  d ry in g

8.7753 121 62.1228 40.4652 39.4519 25.3842
7.6645 107 55.7700 36.4927 32.4442 19 .8013
6.9980 103 57.8635 36.4327 31.1040 20 .7409
6.4148 111 58.7637 33.3744 30.0501 17 .0398
5.7483 109 58.2704 31.9333 26.6779 16 .3417
5.4984 117 55.3635 2 5.612 0 23.7267 13.5821
4.3821 103 58.8447 25.8487 23.1886 12.4752

!
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P a r t  I l l s  D ata from  M i l l i n g

a) B atch o p e ra t io n  (F ix e d  a i r  i n l e t  f lo w  r a te )

T g i 
( ๐C)

% M 
a f te r  
dry ing
( d . b . )

% M 
b e fo re  

m i l l in g
( d . b . )

w t.  o f  
paddy

(gm)

W t. o f  
brown 

r ic e  
(gra)

W t. o f  
r ic e
(gm)

W t. o f  
head 

r ic e  
(gm)

Raw padd y 15.01 125 93 .0 7 5 .0 53.0
80 18 .7836 1 2 .5 4 125 9 6 .0 9 4 .5 91 .0

100 19 .9029 1 3 .3 8 125 96 .5 8 9 .0 8 4 .0
120 16 .8853 12 .3 5 125 95 .5 90 .9 84. 5
143 16 .0459 11 .17 125 9 6 .0 91 .5 83 .5
160 16.4127 1 2 .5 4 125 9 6 .0 89. 8 80. 5
185 17.1452 12 .37 125 9 4 .0 8 5 .0 7 5 .0

j- — เ
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b) B atch o p e ra t io n  (F ix e d  a i r  i n l e t  te m p e ra tu re )

QoXl 0 
a t  STP. 

(m“ /s e c )

a f t e r
d ry in g

( d . b . )

1» ? ร  re  
m i l l i n g

( d . b . )

w t . o f
paddy

(gm)

W t. o f  
brown 

r ic e
(gm)

W t. o f  
r ic e
(gm)

w t . o f
head

r ic e
(cm)

Raw paddy 15 .3 4 125 9 8 .0 8 6 .8 54.8
1.9941 17 .7976 1 3 .2 6 125 9 5 .0 9 0 .0 88 .0
1 .8283 21.5837 13.61 125 9 5 .0 9 0 .0 88. 5
1 .5790 22.0866 13 .67 125 98 .5 93 .5 91 .8
1 .0804 22.6678 14 .53 125 98 .5 93 .5 92 .3
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c )  C o n t i n u o u s  o p e r a t i o n  ( F i x e d  a i r  i n l e t  f l o w  r a t e  a n d

T e m p e ra tu re )

p X 103 
(k g /s e c )

%M
a f t e r  

d ry in g  
( d . ๖. j

%M
b e fo re
m i l l i n g
V d. b- )

w t . o f  
paddy
( gm)

w t . o f
brown

r ic e(gm)

W t.o f
r ic e

(gm)

w t . o f  
head 

r ic e  
(gm)

Raw oadc! y - 1 5 .3 4 12 5 92 .5 82 .5 55.0
8.7753 25.3842 1 2 .4 6 125 92.5 91 .0 87 .0
7.6645 19.3013 1 2 .3 0 125 93 .5 87 .0 81 .5
6 .9980 20.7409 12 .32 12 5 93 .0 8 8 .0 83 .0
6 .4148 17 .0398 1 1 .8 6 125 95 .0 88. 5 79 .5
5.7483 16 .3417 1 1 .5 4 125 93 .0 87 .5 82 .5
5 .4984 13.5821 11.11 125 93 .5 83 .0 79. 5
4.3821

I
12.4752 1 1 .0 5 125 90. 5 82 .5 78 .0



Append ix D

SAMPLE OF CALCULATION

P a r t  I ” ร xpc-rimeทta  1 ru n  (Sample shown h e re  i,3 
f o r  exp. ru n  no. 1)

1 c The r a te  o f  h e a t t r a n s fe r  ( )

Prom e q u a tio n  ( 2 - 7 ) ,
a = Qo. f'g.Cpg. (T g i-T g b )"h '

Where Qo นะ v o lu m e tr ic  a i r  i n l e t  f lo w  ra te  a t  Tgb 
fg  ะะ d e n s ity  o f  a i r  a t  Tgb 
Cpg = s p e c i f ic  h e a t o f  a i r  a tT g b

a) Fo r b a tc h o p e ra t io n  (F ix e d  a i r  i n l e t  f lo w  ra te )

Qo = 1 .5 7  55 X 10-2  m 'Vsec
j g  = 1 .0 2  6 kg/m 2
Cog = 0 .2  5 C a l/gm .°C  = 1 .0467  X 103 J o u le /k g .

T h e re fo re ,  th e  r a te  o f  hea t t r a n s fe r
= (1 .6755X 10- 2 ) (1 .0 2 6 )(1 .0 4 6 7 X 1 o3 ) (8 0 -5 5 )
= 0.44.98 X 10 J o u le /s e c

b ) Fo r c o n tin u o u s o p e ra t io n  (F ix e d  a i r  i n l e t  f lo w  ra te
and te m p e ra tu re )



1 3 4

-2 3 .Qo 1 .9897  X 10 m /s e c
fg = 0.8413 kg/m 3

3 oCpg - 1.0457  X 10 J o u le /k g .  K
T h e re fo re ,  th e  r a te  o f  h e a t t r a n s fe r

 ̂ (1 .9897X 1 o“ 2 ) (0 .8 4 1 3 )(1 .0 4 6 7 X 1  อ3 )(183 -131
-• 1 .0863  X 10 J o u le /s e c

2. The h e a t t r a n s fe r  c o e f f ic ie n t  (h  )

From o v e r a l l  h e a t ba lance  around th e  f lu id iz e d  bed, 
negected h e a t lo s t  to  s u rro u n d in g s ,

= h e  A s (T g i-T g b )

T h e re fo re  ; by p lo t t in g  vs,. A T ,  th e  s lop e  o f  th e  s t r a ig h t  l i n
equa led  to  h^.fiS

The e x p e r im e n ta l h e a t t r a n s f e r  c o e f f ic ie n t
= ร l ope 

“ ร ิ

= ( 1 7 . 99 )
(272930)

= 7 e8456 J o u le /s e c .m 2 . ๐K .
( f o r  b a tc h  d ry in g )

= (1 7 .52 5 )_______
(2 .0122  X 1 0 "2 )

= 0.8707 X 10J (J /s e c .r r3 . ๐K) ( sec)
( f o r  c o n tin u o u s  d ry in g )
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To f in d  e m p ir ic a l c o n te n ts  (c ,m ) o f  e q u a tio n  (2 -5 )  f o r  
b a tc h  o p e ra t io n  (F ixed, a i r  i n l e t  te m p e ra tu re )

From e q . (2 -5 )

Nup = c .R e p ‘

lo g  Nup = lo g  c + m .lo g  Rep
Nup = h . d p ท

kg
k 9

Rep
= 1 ,5 9 5  B t u / f t . h r .  F = 2 .9340  J o u le /s e c .m .๐โ 

^ ( a t  Tgb)
dp .Uo. / q

g
/ À g - 0.0206  c e n t ip o is e  = 2.05X10 Jkg /m .sec

( a t  Tgb)
fi Q/ g 2. 0.9846  kg/m ( a t  Tgb)

T h e re fo re ,  th e  N u s s e lt  number ะะ ( 1 1 .2 9 3 2 )(3 .4 7 7 X 1 0  )(2 .9 3 4 0 )
= 1 .3383X 1o " 2

and th e  R eyno lds number = (3 .477X 10  ) (3 .1 9 9 3 ) (0 .9 8 4 6 )
(2 .06X 10 - 5 )

= 5.31 58X1 o2

P lo t t in g  Nun v s .  Ren on lo g a r ith m ic  graph

m = S lon e  o f  th e  s t r a ig h t  l i n e  = 1 .0000
In te rc e p t  o f  th e  s t r a ig h t  l in e  = lo g  c

c = 0 .2 517X1 o'
T h e re fo re ,  Nun = 0.2517X10 1 Rep^’ ^
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P a r t  l i t  D e te rm in a t io n  o f  P h y s ic a l P ro p e r t ie s  o f  Bed

1 ’ D e te rm in a t io n  o f  v o id  f r a c t io n  (£m) and s p h e r ic i t y  (03 ) o f  
raw paddy

Volume o f  w a te r b e fo re  m ix in g  = 50 c .c .
Volume o f  raw' paddy and v o id  = 2 1 ,5  c .c .
Volume a f t e r  m ix in g  =61 c .c .

T h e re fo re ,  th e  v o id  f r a c t io n  o f  packed bed = ( 504-21.5 ) - (  61 )
(2 1 .5 )

ะ= 0 .488
From th e  re fe re n c e  n o . (12) p.G6 F ig u re  1 , a t  N orm al p ack ing  
l in e  when !  m = 0 .488
T h e re fo re ,  th e  s p h e r ic i t y  = 0 .68

2 o D e te rm in a t io n  o f_ d ia m e te r  o f  sphere h a v in g  th e  volume o f
paddy ( dp )

Volume o f  raw paddy and v o id  = 2 1 .5  c .c .
amount o f  raw  paddy = 500 p a r t ic le s

T o t  Ell volume o f  paddy -

T h e re fo re , dp =

( 5 0 0 ) / V dp3 \ = (2 1 .5 ) (1 -0 .4 8 8 )
l 6 ■

; 1 •1 V 3
! ( 2 1 , 5 ) ( 1 - 0 . 4 8 8 ) ( 6 )  I 
■ (5 0 0 ) ( f p  j

= 0 .3477 cm
= 3 .477 X 1 0 "3 m.
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3. D e te rm in a t io n  o f  t he de n s i t y  o f  paddy ( / 3ร)

w t.  o f  raw paddy = 12.9873 gm,
v o l . o f  raw paddy -  2 1 .5  c .c .

T h e re fo re ,  th e  d e n s ity  o f  raw  paddy -  (1 2 ,9 8 7 3 )
(2 1 .5 ) (1 -0 .4 8 8 )

ะะ 1 ,1798  g m /c .c .
= 1 .1798  X I o 3 kg/m 3

and th e  d e n s ity  o f  wet p a rb o ile d  paddy -  ( 28 .3329)
(5 0 ) (1 -0 .4 8 8 )

-  1 .1067 X 10 kg/ ท 3

4. D eterm i n a t i on o f  bed su r f a ce a rea  (A s )

From th e  re fe re n c e  n o . (12) p ,6 6  e q u a tio n  (4 )
S p e c if ic  s u r fa c e  -  a ' ะน !  su r fa c e  o f  p a r t ic le s  \ ะะ _6_____

\ volume o f  p a r t ic le s  /  j2)s.dp
th e  s u rfa c e  o f  bed (o r  p a r t ic le s )  น: (vo lum e o f  bed) /  6

V, 0 S , à
a) Fo r b a tc h  d ry in g  (assume th e  bed w eigh is  c o n s ta n t =

1 k g /h a tc h )
T h e re fo re ,  th e  bed s u r fa c e  a re a  นะ ( 1 ) ( 6 )

( 1 .1067X 10J ) ( 0 .6 8 ) ( 3 .477X1 อ
ะน 2 .2  930 m2 

b ) For  c o n t in uous d r y ing

As น* p> . i  ___6___ \
'S \  0 S  . dp J
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Name
E d u c a tio n

M iss  R a tana  S a n tiy a n o n t 
B ach e lo r o f  Sc ience  (2nd. C la ss  H onors) 
i n  C hem ical E n g in e e r in g , 1974 
C h u la lo n g ko rn  U n iv e r s i t y ,
Bangkok, T h a i l and.
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