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Development of a Rice Circulating Concurrent—flow Dryer (Ii)
— Validation of Drying Simulation Model —

J. W, Han

D, H. Keum

H. Kim S, J. Hong

This study was performed to develop a simulation model of circulating concurrent-flow rice dryer. The simulation model
consists of drying model, tempering model and crack prediction model. The drying and tempering models were developed
based on mathematical analysis, and the crack prediction model was developed by thin layer drying tests. Rice drying tests
were done with three replications by use of a pilot scale dryer of holding capacity of 700 kg. Experimental values for
moisture content, rice temperature, tice crack, and drying energy were compared with predicted values by simulation model.
The RMSEs of predicted moisture contents were ranged from 0.5807% (d.b.) to 1.1951% (d.b.). and the coefficients of
determination were 0.9688 to 0.9812. The RMSEs of predicted rice temperatures at the exit of the drying chamber were
1.83 to 3.81°C and the coefficients of determination were 0.8834 to 0.9482. The results for moisture contents and rice
temperatures showed very good relationships between predicted values and experimental values. The RMSEs of predicted
value of crack ratio were 0.4082 to 0.7967% and the coefficients of determination were 0.8742 to 0.9547.
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Fig. 2 Flow chart of the simulation program.

Table 1 Input and output data in the simulation program

Input data Output data

* Initial moisture content

* Initial grain temperature

* Initial head rice yield

* Grain bulk density

* Final moisture content

* Ambient air temperature
and relative humidity

* Drying air temperature

* Air flow rate

* Length of drying section

* Length of tempering section

* Grain flow rate

* Number of pass

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

* Drying rate (%, w.b./h)

* Fan power (kW)

* Water removal rate (kg/kg)

* Total energy consumption
(k)/kg-water)

* Final head rice yield (%)
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Fig. 3 Comparison of the experimental and simulated moisture
contents.
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Fig. 4 Comparison of the experimental and simulated grain termperature
at the exit of drying section.
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Table 3 Comparison of the experimental and simulated drying results

FEAZ7) W) - AgelodRdY 33 -

Initial Final Drvin .
Test No moisture moisture gteg RMSE Determination2 coefficients
; content content (%,d.b./h) (%,d.b.) (R)
(%,d.b.) (%,d.b.) 85
Measured 17.7 0.79
Test-1 - 29.2 0.82 0.9812
Predicted 17.4 0.82
Measured 18.1 0.90
Test-2 - 28.5 1.20 0.9738
Predicted 17.4 0.96
Measured 18.2 1.46
Test-3 - 27.0 0.58 0.9688
Predicted 17.2 1.68
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Hg. 5 Comparison of the experimental and simulated crack generation
rate of rice kernels.
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