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Abstract

The drying characteristics of fluidized bed drying with different drying conditions using naked barley
were carried out. This fluidized drying mechanism of naked barley was consisted of consecutive two
falling rate parts, first falling rate period and second falling rate period without showing constant
rate period. The drying rate constant was increased with decreasing charged amount and relative
humidity and increasing air temperature and air velocity. Since the drying rate constant expressed
by Arrhenius type equation in the falling rate period showed good linearity, the falling rate period
was considered as the controlling step. The activation energy of first falling step was 1,900 cal/gmol,
while for second falling step the values showed 2,500 cal/gmol.
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Table 1. Physical properties of drying air at atmosphe-
ric pressure

TAC) pKy/m?) peX 10 SKo/ms) C,KI/K,°K) k(W/m,°K)

25 1.1085 1.8461 1.0125 0.02545
35 1.1095 1.9803 1.0135 0.02615
45 1.0745 1.9319 1.0150 0.02685
55 1.0410 1.9711 1.0165 0.02755
65 1.0105 2.0153 1.0175 0.02825
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Fig. 1. Meisture content vs. drying time at various cha-
rged amount for fluidized bed of naked barley
(U,=3.0 m/s, RH=30%, T,=35C)
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Fig. 2. Drying rate vs. moisture content at various char-
ged amount for fluidized bed of naked barley.
(U,=3.0 m/s, RH=30%, T,=35C)
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Fig. 3. Moisture content vs. drying time at various air
velocity for fluidized bed of naked barley
(RH=30%. T,=35C. W,=300g)
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Fig. 4. Drying rate vs. moisture content at various air
velocity for fluidized bed of naked barley
(RH=30%, T,=35C, W,=300g)
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Fig. 5. Moisture content vs. drying time at various air
temperature for fluidized bed of naked barley
(W,=300g, U,=3.0 m/s, RH=30%)
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Fig. 6. Drying rate vs. moisture content at various air
temperature for fluidized bed of naked barley
(W;=300g, U,=3.0 m/s, RH=30%)
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Fig. 7. Bed temperature vs. drying time at va¥ous inlet
air_temperature for fluidized bed of naked barley
(W,=300g, U,=3.0 m/s, RH=30%)
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Fig. 8. Moisture content vs. drying time at various rela-
tive humidity for fluidized bed of naked barley
(W,=300g, U,=3.0 m/s, RH=35%)
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Fig. 9. Drying rate vs. moisture content at various rela-
tive humidity for fluidized bed of naked barley
(W,=300g, U,=3.0 m/s, T,=35%)

Moisture

400g

3009
2009

1 A )
0 05 10 15 25 45
{ hr. )

Drying time

Fig. 10. In W/W, vs. drying time at various charged
amount for fluidized bed of naked barley
(T,=35C, U,=3.0 m/s, RH=30%)
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Fig. 11. In W/W, vs. drying time at various air velocity
for fluidized bed of naked barley
(T,=35C. RH=30%, W,=300g)
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Fig. 12. In W/W, vs. drying time at various air tempe-
rature for fluidized bed of naked barley
(RH=30%, W,=300g, U,=3.0 m/s)
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Fig. 13. In W/W, vs. drying time at various relative
humidity for fluidized bed of naked barley
(T,=35¢C, W,=300g, U,=30 m/s)
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Table 2. Drying rate constant of naked barley (hr™')

. . Drying constants
Drying variables
k, k:
Charged 200 1.171 0.061
amount 300 1.049 0.053
G 400 0.967 0.040
Air 1.5 0.967 0.040
velocity 2.0 0.994 0.050
(m/s)® 3.0 1.049 0.053
Air 35 1.049 0.053
temperature 45 1.108 0.057
Ty 55 1273 0.068
Relative 20 1171 0.061
humidity 30 1.049 0.053
(%)® 40 0.967 0.040

2U,=30 m/s, T,=35C, RH=30%, *W,=300g, T,=35C,
RH=30%, “W,=300g, U,=3.0 m/s, RH=30%, YW,=2300
g U,=3.0 m/s, T,=35C
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Fig. 14. In K vs. inverse of temperature on drying rate
constant (K, K;) of naked barley
(W, =300g, U,=3.0 m/s, RH=30%)
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Nomenclature
A : constant (—)
C, :specific heat (k]/kg°K)
D, :diffusivity of water vapor (m?/min.)
d : thickness of slab (m)
db. :dry basis (—)
E. :activation energy (cal/gmol)
KKK, : drying rate constant (1/hr)

K, :mass transfer coefficient (kg/m’hr)

K : thermal conductivity of air (W/m, hr)
R :gas constant (cal/mol, °K)

RH :relative humidity (%)

S : surface area (m?)

T : absolute temperature (°K)

T, :air temperature (C)
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:time (hr)

:air velocity in fluidized bed (m/s)

: moisture content of dry basis of barley (—)
: critical moisture content (—)

: equilibrium moisture content (—)

:initial moisture content (—)

: moisture content at the surface (—)

: equilibrium moisture content at a drying time
(=)

: charged amount (kg)

: distance from centre of eligible dried substance
(m)

: viscosity of gas (kg/m, s)

: fluid density (kg/m®)
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