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a = Coefficient in equation 3.6

ot . 3 2
Ar = Archimedes number = g.d (¢:>B pf) /u PO

b = Co_efficient in'equation 3.6

C = Concentration of ‘diffu'sing gubstance A at a point in a aso_lid:,
fes?

T = Average concentration of A in a solid, gm/m;s3

C = Intial, uniform congentration, gn/dnB

Ao
¢ S Concentration of A at the bounding surface, =/ cm3
Cc = Heat capacity of dry corn, cal/ £ °¢

Cp = Heat capacity of dry air, calfga.o(}
Cw = Heat capacity of water, cal/eC

d = Particle diéme:ber, cm

D,y De Column diameter; cm

i = Diameter of gas-inlet orifice, cm

Tv = Perticle diameter measured as the diameter of an ecui-«volumed.
gphere, cm

{D = Diffusion coefficient, cm2/ sec

.‘Q = Diffusion congtant in Arrhenius equation, cm2/ sec

b = Activation energy, cal/mole

£ = Function

.fq, f"r,oooo, = F‘irst, SQcond, esenae derivatives *Of‘ .

e, = ‘Acoeledratﬁ/";én‘ of gravity, 0“’/ §.°‘32



G = llass dry air velocity, gm/cmz.sec
hfg = Latent heat of vapourization, cal/gm
ﬁd = Aver_ge net heat of desorption, cal/gm

H = bed depth, cm

Hsm = Maximum spoutable bed depth, cm
K = Coefficient in ecquation 3.6
m = Average moisture content of a drying particle, dry basis, 5m/gm
m = Average moisture content of a statistical population of
drying particles, dry basis, gm/gm
n, = Initial, uniform moisture content, dry basis, gm/gm

g = Moisture content at the bounding surface, dry basis, gm/gm

i = free moisture ratio=__ s

o~ AL
O

"R -nNn
m

3 s
n = An integer

P = Pressure at any point, gm/cm2
A P = Pressure drop across bed, gm/cm2

A P___= Peak pressure drop, prior to spouting,gm/cm2

max
T = Special coordinate, cm
T = Radius of a particle measured as that of an equi-volumed

sphere, cm

o}

QR» = Cas constant = 1.9872 cal/mol. “K
. u.. d. Op
Re = Reynolds number at minimum spouting = g
ms He
S = {pecial coordinate, cm
S = [Exposed surface area of a solid, cm2
t = Temperature, °
ﬁe = DBguilibrium temperature of air and particles leaving the

heater, %



Tenperature of air entering the heater, °c

Initial temperature of parficles; temperature of particler
entering the heater, %

Absolute temperature, e

Minimum fluidizing velocity-superficial, cm/sec

Minimum spouting velocity-superficial, cm/sec

Volume of a solid, cm3
TFeed rate, gm/ sec
Verticle distance from gas—inlet orifice (bed level), cm
Time, sec

Particle cycle time in bed, sec

Included cone angle

Density of moist solid, gm/cm3

Tluid density, gm/om3

Bulk density of particulate solids, gm/cm3

Particle density or moistﬁre—free density, gm/cm3

Fluid viscosity, gm/cmasec

Angle of internal friction of solids

Fractional voids in loosely packed bed

Surface sphericity
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APPENDIX B
CALCULATION
1. Screen Analysis
D Y
Opening - % o
} Mean diameter Wt. fraction |a ﬁn/ D,
(bm.) (cm.)
0.952/0.792 0.872" 0, 0704 0,081 |
0.792/04635 0,714 0.3401 | 0.476
0.635/0.475 (¢74.7:1 s i) 0. 5895 1,062 |
nT > :
I A %n/ ﬁn = 1.619
n=1 _
B, = =__1 = 0,6187 cm

1
n 1.619
gy E N

2. Ilinimum Spouting Velocity

2.1 Experimental

The air flow rates measured with the rotameter were 8.5 - 9.5 cm.
readinos. TFrom the calibration curve in Appendix D, the readings are

equivalent to 1270 = 1370 1it./min. The column diameter was 4 inches:

so the cross—sectional area was u X 42 or 0,0873 £t°,

4 144
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Therefore, the experimental spouting velocity at a flow rate of

1270 1it/min was

; 3
1270 1it o 1 min 4 0,03532 f£t> 1
min X 60 sec X 1it X 0.6873 ft2

= 8,56 ft/sec.

Similarly, the spouting velocity at a flow rate of 1370 lit/min was

9.23 ft/sec.

22 Theoretical

From equation (2.1.5),

SRR OTE e D,
pr

Since d = 0.6187 cm_or 0.6187/30. ft
D = 4 in. or 4/12 ft
Di = 0.5 in. o£ 0.5/12 ft
g = 32 ft/se02
H = 20 cm or 2/3 ft
p. = 78,7 1v/et3

p 0. 0694 1b/ft3 at 1 atm, 45°C
o Gasan o. 2X32X20X78
L ( DR

= 6.73 ft/sec

Therefore, the theoretical, minimum spouting velocity of the

experiment was 6.73 ft/sec.



3. Drying Equation

The experimental data were first plotted to show ke ( m - m)/afe
as a fﬁnction of Q/O at different oﬁeratingrtemperatures ( Fig. B-1,
B-2, and B~3 ) according to equation ( 4.51 ). The result was found
to be linear in the neighbourhood of © = O, The slope —b and the in—
tercept ko were therefore calculated statistically ( Table B-4 )

The dynamic surface moisture content, given by equation (4.54)
was next calculated at each temperature¢‘ Fig B~4 shows that ko is a
linear function of initial moisture contents ranging frem 0.20 to
0.26 gm/gm.Statistiocal caloulation of the intercept k = 0 gave surface
moisture contents of 0,1495 = 0.1535gm/gm( Table B~5 ). The slope =b
was also found to be a linear function of the initial moisture contents
( Fige B=5) and gtatistical calculation of the intercepts at b=0 gave
nearly equal surface moisture contents averaging 0.1640zm/em(Table B-5).
The 2nparent disagreement here with the values obtaincd from ko is
negligible aceording to practical considerations.

To evaluate the diffusion coefficient, the mean value of kO/
(mo- ms) was first calculated for each temperature and then diffusion
coefficients were calculated from equation ( 4.54 ) ( Table B-6 ).
The relation between the diffusion coefficient and the absolute tem—

perature ( Fig B-6 ) follows the Arrhenius-type equation:

Qa Qo exp (~=E/RT)

where QZL = 4080 cm2/ sec and E = 13,93 k.cal/mole
The diffusion constant, f£" (0), in equation (4.54) was then

evaluated. The calculation followed equation (4.55). The mean value
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of £'(0) = 0,236 calculated at each temperarure was obtained in
2 : g
Table B~7., The diffusion equation for spouted-bed dryinsz of corn

kernel in the neighbourhood of & = O is therefore

i - 1 =2X % 0,23 X
= ,

T
where X = S 'VQO

v

The correlation is used in designing the performance of a

snouted-bed dryers for shelled corn.



Table B-1

) ¥*
Calculation of k( )at 40°¢

70

m = 0.2605 gm/gm debe

mo= 0,2469 gm/gm d.b;’

m = 0,2191 gafen dob.

Je

P 10% P 10% m 10%k
sec% (en/ex dob.) (sec-‘%) (z/egn deb.) (sec"%). (en/en duba) (sec_%) '
18.9736 0.2343 13.81 0.2246 11.75 0.2032 8.38
24.4949 0.2269 13.72 0,2180 11.80 0.2001 T.76
30, 0000 0.2193 13.73 0.2130 11,30 0.1952 T.97
34.6411 0.2147 13,22 0.2082 11.17- 0.1918 7.88
38.7298 0.2108 12,83 0.2051 10.79 0,1911 Te23
42,4264 0.2056 12,94 0.2007 10.89 0,1860 7.80
60, 0000 0.1863 12,37 0.1842 10.45 0.1755 Te27

s - TR R — i -




B-2

Table

Calculation of k at 4500

T

m = 0.2462g:/gn dyb.

m_= 0.2339n/ga 'd,bs |

m = 0.2256gn/en debe

m = O. 2038gn/en dabe

. 'j_ E 10%k ; 10% a 1o4§ 3 1042
(sec®) (en/em db)| (sec™@)  len/en dobe) | (sec™)  |@@/en d;b,) (sec™®) |@/em ’d:b.) (sec™%)
18.9736 0.2199 13.86 0.2115 11.81 02060 10.33 0.1904 7.06
24,4949 0.2131 13.51 0. 2065 11.19 0.2011 10,00 0.1856 To43
30. 0000 0.2071 13.03 0.2004 11.17 0.1958 9.93 0.1824 7013
34,6411 0.2008 13.11 0.1952 11.17 0.1921 9.67 0.1795 7.01
38,7298 0.1963 12.88 0.1920 10.82 0.1897 927 0.1770 6.92
42.4264 0.1915 12,89 0.1885 10.70 0.1868 9.15 0.1753 672
60, 0000 0.17%3 11,82 0.1749 9.83 0.1728 8.80 0.1644 6.57




Table B=3

Calculation of k at 50°C

m = O.2412g/en” d.b.

m_= 0.2208gn/gn d.b.

m = 02070 gna/gri -d.bs

m = 0.201€ gn/gm dubd

\
\

”: 5 10%k a 107k m 10%k & 10%e
(o0) | (@ofeps aib) (soc®) (/e dubs) (s00™®)  [(m/e"aibs)] (see™) |(py/maub.) (seo™)
18.9736 0,2118 15.49 0.1982 11.91 0.1876 10,22 0.1877 7433
24,4949 0.2048 14.86 0.1916 11,92 0.1322 10,12 0.1829 7.63
30, 0000 0.1967 14.83 0,1864 11.47 0,1767 10,10 0,1798 Te27
3446411 0.1919 t 14.23 0.1817 11.29 0.1737 9.61 0.1762 To33
- 38.7298 0.1870 13.97 0.1785 10.92 0.1698 19.61 0,1732 733
4244264 0.1838 13.53 0.1736 11,712 0.1662 9462 0.1712 7416
60. 0000 - 0,1663 12,48 0.1606 10,03 041540 B.83 0.1627

6.48
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Table B-4
Values of k(*) and b(**) Obtained from Figures Bl = B3
4 = 40°C = 45°C t = 50°¢
m 10% 10% m 10%k 10% m 10%k 10%
o 0 0 o) 0 o
4 » % i - x
/e | (seod) | (so) | (efg) | (sec) | (secT) | (&fe) (sec®) | (sec™)
0.2191 8.52 2.06 0,2038 7.64 1,84 0.2016 8.36 3.14
0.2469 12412 2.80 0.2256 10.79 3.0 0.2070 11.05 3.66
0.2605 1434 3.26 0.2339 12,26 3.68 0.,2208 12,73 4427
-~ - - 0,2462 14.50 4.11 0.2412 16439 . 6:2%
* kO = intercept
¥* b = slope
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Table B = 5
Dynamic Surface Moisture Contents in the Spouted-Bed Drying of Corn
m_ (en/em)
t (' ...
(°c) k=0 | b=0
) "
40 041535 041630
45 0.1525 0.1675
50 01495 0.1615
_!
01518 0.1640 |




Table B=6

80

Diffusion Coeffigients in.fhe Spouted=Bed Drying of Corn

3 2, (%) TGy (**)
% 10 {T m 10%_ 10k 109
o 8
¢°c) (°x?i) (en/em) (secd%) (secd%) (cm2/sec) |
0,2191 8.52 1,266
40 3.195 | 0.2469 12,12 1:.274
0.2605 14.34 1.319
1,286 74726
0.2256 10.79 14462
45 3.145
0.2339 12,26 1,493
2462 14.50 1,536
1.490 10.36
| 0,2016 8.36 | 1.679
0,2070 11,05 | 2,002
| 50 3.096
0.2208 12,73 1.845
0,2412 16.39 1.833
1.839 15,80

o Y

3
S

T
=

3

oV

®
(m-m s
o B8

Y 2
S
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Table B-7

Diffusion Constants in the Spouted-Bed Drying

!
107D (%)
" 10'4) o - m £(0
2
{ %o 1} (cmz/seo) (sec-l)

' |

40 74726 3,001 0.231
45 10,36 4.215 04242 |
50 15.80 6.528 0,236 ;
|
!
0.236 |

* £(0) =

82
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APPENDIX C

THE PRACTICAL USE OF THE DRYING EQUATION

LA problem illustrating the practical use of the corrclation for
drying corn in a spouted heater is given as follows:

A feamible heater for a practical drying consists of a column
60 cm in diameter with a 900 conical bottom and a 10 cm diameter air
inlet, The heater is to be operated at a bed depth of 120 cm. Corn
at 20°C with a moisture content of 0,230 gm/gm is to be dried to the
meximum safe storage moisture of 0,163 gm/gm (14 per cent wet basis)
and cooled to the maximum safe storage temperature of 10°C above the
atmospheric tempecoiure. At a moisture of 0,063 gm/gm, dry basis,
s Kernel diameter of corn is 046187 cm and the density 1.301 gm/cmB.
The atmospheric temperat e, pressure, and fela*ive humidity are
respectirely 19°C, 760 mm. ¥z and 10 per cent, The minisum mass air

velocity required to spout the heater bed, G, is O.1 gr/sec, cma.

Problefp

Pind the max mum safe drying rate, the thermal energy requirementig,
dnd the inlet air temperature of the heater.
Solution

(I) Assume that the equilibrium moisture content is 0,063 am/ am.

The reduced free moisture content of the heater product is

¥ & 2% = 0,163 ~ 0,063
mo- ms 03230 = Oo 063

= 04599 (1)
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Substituting M into the drying equation, we get

0,599 = 1 =2.X+ 0,236 X° (2)
_ v
therefore, X = 0,39 (3)
of s/Do = 0.39 (4)
v ,
Since the safe grain temperature of corn in the heater is 130°F or

(17)
54°C, the outlet grain temperature is assumed to be 54°C or 327°K.

By the Arrhenius equation,

7 ‘Q)o exp%T>

= 4080 exp(—l }g}o
1.982 X 327)
= 149 X 10;60m2/sec. (5)

The volume-to-surface ratio of the corm is (the surface sphericity

being = 0.75)

= 0,07734 cm (6)

uls

By substituting eq's (5) and (6) into (4), we get

) = (fig)‘ = (O . O, .
D 1.9 X 1070

= 479 sec or 7.98 min.

(II) The volume of the heater bed is

) = =X 30%(120 - 2 X 30)

3
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The fraction void of a spouting bed is approximately 0.45(7)°

The volume of corn in the heater is

The absolute deneity of the heater product is 1.301 gm/om3 at a
moisture content of 0,063 gm/gm dry basis,
The hold-up in the heater is  1.56 X 10° X 1.301

= 2,03 X 105 gm, wet basis

or 2,03 X 10° A '2.03 X 10°

1+m 1 + 0,163

¥)22g75 X 102 gm, dry basise

Therefore, the feed rate is 1,75 X 107 Na 365 gm/sec, dry basis,
479

(III) %ue the~  energy requirements of the heater are

() To heat the feed to heater outlet temperature
w(cc + mocw) (te— te) = 365 (0,17 + 0,230 X 1,0) (54 - 19)
= 5110 cal/sec.

where W i +the feed rate, gm/sec.

(b) To evayorate moisture in the heater, hfg = 560 cal/gmu(lz)

W(mo- m) (hfg) = 365 (0.230 = 0,163) X 560
= 13695 cal/sec.

Therefore, the total energy requirements = 5110 + 13695 = 18805 cal/aec.
(IV) Allowing 10% excess air, the total air flow to the

heater ig



86

GA - 1,301 X X30
= .311 gm/sec.
The heater inlet air temperature is
ty =t + (total heat from item III)
Ge As Cp

= 54 + 18805 = 253
311 X 0.24

Therefore, the heater inlet air temperature is 253°C.
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APPENDIX D

CALTBRATION CURVE OF ROTAIRTAR
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