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Genetic algorithm for the selection of rough rice drying model
for the free-fall paddy dryer
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Abstract

The purpose of this study was to seek the proper thin-layer rough rice model for the free-fall dryer. Experimental data for
drying temperatures 100, 130 and 150°C, drying velocity 2 m/s and rest period between drying round of 1 minute were fitted into
the 9 theoretical models by a genetic algorithm (GA). The GA Toolbox in MATLAB was used to generate the correlation
coefficients of the models. The best fitting of the experimental data by these models was specified by comparing the correlation
coefficients, standard errors and mean square deviations. The Midilli model was found to be the most suitable model for drying
condition at high relative humidity of ambient air while the Two-term exponential model was most appropriate for ambient air of
low relative humidity.

Keywords: emissions/ fluidized-bed/ rice husk/ vortex
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M3 4 MsARs LY aeseuis nsiinEudninsemmadengs 1qamaieuntta 100°C
Model Parameter Value Standard Error Correlation MSD (Xz)
(e) coeff. (r)

Newton Drying Coefficient, k 0.002025 0.010379 0.998621 0.000110

Page Drying Coefficient, k 0.001937 0.010336 0.998609 0.000111
Exponent, n 1.007810

Henderson and Pabis Drying Coefficient, k 0.002041 0.010199 0.998639 0.000108
Coefficient, a 1.004016

Logarithmic Drying Coefficient, k 0.002358 0.009514 0.998813 0.000096
Coefficient, a 0.921174
Coefficient, a, 0.088505

Two-term exponent Coefficient, a, 1.008498 0.010027 0.998687 0.000109
Drying Coefficient, k, 0.002057
Coefficient, a, -0.012349
Drying Coefficient, k, 0.042789

Geometric Coefficient, a 1.721333 0.089304 0.906856 0.008282
Exponent, n 0.192390

Wang and Singh Coefficient, a, -0.001979 0.008041 0.999221 0.000067
Coefficient, a, 1.491E-06

Midilli Coefficient, a 0.986112 0.005809 0.999558 0.000036
Coefficient, b 0.000386
Drying Coefficient, k 0.000823
Exponent, n 1.218109

Diffusion Approach Coefficient, a -0.007795 0.010059 0.998683 0.000107
Coefficient, b 0.053501
Drying Coefficient, k 0.038408
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4 oa . PN -
M3d 5 MR TziiuUTiaeseunia nsdinnuFuduiniommnadengs 1gangleuuds 130°C

Model Parameter Value Standard Error  Correlation MSD (Xz)
(e) coeff. (r)

Newton Drying Coefficient, k 0.002025 0.010379 0.998621 0.000110

Page Drying Coefficient, k 0.001852 0.008386 0.999065 0.000074
Exponent, n 1.047085

Henderson and Pabis Drying Coefficient, k 0.002454 0.007948 0.999135 0.000066
Coefficient, a 1.012401

Logarithmic Drying Coefficient, k 0.002574 0.007879 0.999150 0.000067
Coefficient, a 0.982580
Coefficient, a, 0.031457

Two-term exponent Coefficient, a, 1.019035 0.007246 0.999283 0.000058
Drying Coefficient, k, 0.002486
Coefficient, a, -0.020826
Drying Coefficient, k, 0.062342

Geometric Coefficient, a 1.683932 0.086039 0.915322 0.007755
Exponent, n 0.190412

Wang and Singh Coefficient, a, -0.002271 0.008351 0.999250 0.000073
Coefficient, a, 1.845E-06

Midilli Coefficient, a 0.995787 0.005266 0.999620 0.000031
Coefficient, b 0.000392
Drying Coefficient, k 0.001186
Exponent, n 1.181532

Diffusion Approach Coefficient, a -0.019029 0.007254 0.999282 0.000056
Coefficient, b 0.042598
Drying Coefficient, k 0.058348
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M3 6 M3ARsEiLYTaeseuuia nsdiindudninsemmnadengs 1gamaieuntta 150°C
Model Parameter Value Standard Error  Correlation MSD (Xz)
(e) coeff. (r)

Newton Drying Coefficient, k 0.002788 0.007933 0.999178 0.000065

Page Drying Coefficient, k 0.002258 0.006497 0.999411 0.000045
Exponent, n 1.040081

Henderson and Pabis Drying Coefficient, k 0.002814 0.007630 0.999155 0.000061
Coefficient, a 1.004362

Logarithmic Drying Coefficient, k 0.002199 0.006259 0.999429 0.000043
Coefficient, a 1.188866
Coefficient, a, -0.191337

Two-term exponent Coefficient, a, 1.055264 0.005842 0.999503 0.000038
Drying Coefficient, k| 0.003023
Coefficient, a, -0.062611
Drying Coefficient, k, 0.013871

Geometric Coefficient, a 1.628474 0.083954 0.918454 0.007440
Exponent, n 0.188328

Wang and Singh Coefficient, a, -0.002591 0.006150 0.999472 0.000040
Coefficient, a, 2.263E-06

Midilli Coefficient, a 0.990905 0.005975 0.999480 0.000040
Coefficient, b 0.000032
Drying Coefficient, k 0.001815
Exponent, n 1.081782

Diffusion Approach Coefficient, a -0.189910 0.006220 0.999457 0.000042
Coefficient, b 0.490094
Drying Coefficient, k 0.006591
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aleu 100°C
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a

Model Parameter Value Standard Error  Correlation MSD (Xz)
(e) coeff. (r)

Newton Drying Coefficient, k 0.002499 0.007898 0.999201 0.000064

Page Drying Coefficient, k 0.002110 0.006984 0.999416 0.000051
Exponent, n 1.031077

Henderson and Pabis Drying Coefficient, k 0.002506 0.007872 0.999193 0.000065
Coefficient, a 1.001308

Logarithmic Drying Coefficient, k 0.001955 0.006032 0.999523 0.000039
Coefficient, a 1.180027
Coefficient, a, -0.186477

Two-term exponent Coefficient, a, 1.092848 0.005630 0.999585 0.000035
Drying Coefficient, k| 0.002773
Coefficient, a, -0.103703
Drying Coefficient, k, 0.009044

Geometric Coefficient, a 1.684437 0.090860 0.906380 0.008640
Exponent, n 0.195613

Wang and Singh Coefficient, a, -0.002319 0.006551 0.999533 0.000045
Coefficient, a, 1.818E-06

Midilli Coefficient, a 0.987202 0.005790 0.999561 0.000037
Coefficient, b -0.000006
Drying Coefficient, k 0.001616
Exponent, n 1.074260

Diffusion Approach Coefficient, a -6.892263 0.006530 0.999490 0.000046
Coefficient, b 1.077549
Drying Coefficient, k 0.001483
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M3 8 3T EiuYSaeseuis nsdinEudTn T Immnadend 1¥aamgleounts 130°C
Model Parameter Value Standard Error  Correlation MSD (Xz)
(e) coeff. (r)

Newton Drying Coefficient, k 0.002839 0.015112 0.997238 0.000234

Page Drying Coefficient, k 0.001738 0.010929 0.998665 0.000126
Exponent, n 1.092773

Henderson and Pabis Drying Coefficient, k 0.002880 0.014721 0.997138 0.000228
Coefficient, a 1.006908

Logarithmic Drying Coefficient, k 0.001283 0.007934 0.999161 0.000068
Coefficient, a 1.830550
Coefficient, a, -0.842124

Two-term exponent Coefficient, a, 1.472332 0.006614 0.999417 0.000049
Drying Coefficient, k| 0.003951
Coefficient, a, -0.493440
Drying Coefficient, k, 0.008079

Geometric Coefficient, a 1.645632 0.094285 0.901445 0.009370
Exponent, n 0.193092

Wang and Singh Coefficient, a, -0.002488 0.009157 0.999071 0.000088
Coefficient, a, 1.700E-06

Midilli Coefficient, a 0.976039 0.007116 0.999325 0.000056
Coefficient, b -0.000064
Drying Coefficient, k 0.001010
Exponent, n 1.176772

Diffusion Approach Coefficient, a -16.891285 0.009205 0.999032 0.000092
Coefficient, b 1.087098
Drying Coefficient, k 0.000985
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' K 1l
MIH 9 MIAATLHIDDTIAI VRS nFalANNFUFUINToIMmnadeud Hgam

aleuua 150°C

«

a

Standard Error ~ Correlation R
Model Parameter Value MSD (X))
(e) coeff. (r)
Newton Drying Coefficient, k 0.003224 0.012280 0.997859 0.000155
Page Drying Coefficient, k 0.002378 0.010304 0.998689 0.000113
Exponent, n 1.059478
Henderson and Pabis Drying Coefficient, k 0.003236 0.012253 0.997837 0.000160
Coefficient, a 1.001644
Logarithmic Drying Coefficient, k 0.001467 0.005410 0.999574 0.000032
Coefficient, a 1.810819
Coefficient, a, -0.826184
Two-term exponent Coefficient, a, 1.912572 0.005408 0.999574 0.000033
Drying Coefficient, k| 0.001419
Coefficient, a, -0.928188
Drying Coefficient, k, 0.000068
Geometric Coefficient, a 1.601385 0.087277 0.913909 0.008093
Exponent, n 0.190451
Wang and Singh Coefficient, a, -0.002883 0.008493 0.999318 0.000077
Coefficient, a, 2.439E-06
Midilli Coefficient, a 0.984691 0.005452 0.999567 0.000034
Coefficient, b -0.000627
Drying Coefficient, k 0.002047
Exponent, n 1.002924
Diffusion Approach Coefficient, a -0.528344 0.008214 0.999308 0.000074
Coefficient, b 0.000317
Drying Coefficient, k 6.408306
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