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Low Temperature Drying Simulation of Rough Rice

H, Kim J, W, Han

This study was conducted to verify the simulation model through the drying test, and investigate effect of factors, such
as temperature of drying air, airflow rate, and velocity of the airflow, on the drying. The low temperature drying simulation
model was developed based on the circulation dry simulation model presented by Keum et al. (1987), and by modifying
low temperature thin layer drying model, equilibrium moisture content model, latent heat of vaporization model, and crack
ratio prediction model. The heat pump and experimental dryer with a capacity of 150kg were used for the test. The RMSE
between the predicted and measured value was 0.27% (drying temperature), 0.15% (crack ratio), and 2.08% (relative humidity),
so the relevance of the model was verified. In addition, the effect of drying temperature, airflow rate, and velocity of the
airflow on the drying was examined. The experimental results showed that the crack ratio at drying temperature of 25~40C
was allowable. Moreover, at below 30°C, variation of the crack ratio was slight, but drying time was delayed. Given these
results, the drying temperature of over 30°C was effective. As the airflow rate increased, required energy dramatically in-
creased. Whereas drying rate slowly increased, so loss of drying efficiency was caused. Considering these results, the dryer
needed to be designed and adjusted to lower than 30 m’/min-ton. As velocity of the airflow increased, required drying
energy increased when the velocity of the airflow was over 5 m’/hr, while crack ratio and drying rate showed little variation.
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Z—M: thin layer drying equation @)
T

where, 77 : air temperature (C)

h, : convection heat transfer coefficient
(kJ/m’*-K-h)

a : specific surface area of grain (m’/m’)

G, : air flow rate (kg/h-m’)

C, : specific heat of dry air (kJ/kg-K)

C, : specific heat of water vapor (kJ/kg-K)
H : enthalpy of dry air-(kg/kg)

6  : grain temperature-(C)

G, : grain flow rate-(kg/h-mz)

C, : specific heat of dry grain (kJ/kg-K)

M @ grain moisture content (dec.,d.b.)

¢, : specific heat of water in grain (klJ/kg-K)
: vaporization latent heat of water within grain
(kJ/kg-H,0)

V. : grain velocity (m/h)

z : axle of air flow (m)

y : axle of grain flow (m)
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where, A/R(t) : moisture ratio (dimensionless)
(M(t) —M,)/ (M, — M,)
M, : equilibrium moisture content (dec,d.b.)

M (t) : moisture content (dec,d.b.)
RH : relative humidity (dec)

T . temperature (C)

M,  : initial moisture content (dec,d.b.)

t, : drying time (min)

P : 0.01932—0.0002115( 7;) —0.0692( RH,),
—0.00000882( 7;,)*+0.00283( 7, - RH,)

Q : 0.47652+0.0218( 7)) +0.54742( RH,)

+0.0001065( 7;)* —0.02225( 7}, - RH,)
75 : drying air temperature (C)
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where, CR  : crack ratio (%)
t : drying time (min)
A © —1699.55 +15947.7(M,) — 1.28524( 7))
—37529.3(M,)* +0.05792( 7;)*
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+34.33586 (1, - T;)
t : —3087.95+31193.3 (M) —4.54745(T,)
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+23.63469 (11, - T;)
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Table 1 Drying conditions used for the validation test of simulation
program

Input grain weight (kg) 150
Initial moisture content (%o,w.b.) 24.7
Initial grain temperature (C) 19.6
Ambient temperature (C) 19.6
Ambient relative humidity (%) 50.2
Drying air temperature (C) 30.3
Drying air relative humidity (%) 423
Grain flow rate (m3/hr) 0.25
Airflow rate (m’/min) 6.4
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Table 2 Drying conditions for low temperature drying simulation

Capacity of grain dryer (kg) 3800

Size of drying chamber (m) 0.877%2.0x0.125 (HXLxW)
Initial moisture content (%,w.b.) 26.0

Final moisture content (%,w.b.) 16.5

Initial grain temperature (C) 19.0

Ambient temperature (C) 19.0

Drying air temperature (C) 25, 30, 35, 40

Drying air relative humidity (%) 50.0
3,4,5 6,7, 8
14, 18, 22, 26, 30, 34

Grain flow rate (m3/hr)

Airflow rate (m’/min-ton)
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