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Fig 1 Schematic diagram of laboratory scale mi-

crowave — convective dryer: (1) drying chamber (2)

air velocity sensor (3) fan and electrical motd), (

electrical heater, (5) inverter and thermostat, (6)

precision balance, (7) computer, (8) thermometer,

(9) hygrometer and (10) chassis
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Fig 5 Variation of drying rate as a function of time (hat various air temperaturd (40 °C,e 55°C ande 70

°C) drying of eggplant fruit
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Fig 6 Effect of temperature levels 40°C,e55°C andA 70 °C), microwave powers and air velocities on iigyi
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Table 2 The effect of air temperature, microwave power aindrelocity on moisture diffusivity
(m?/s) in the drying of eggplant and turnip.

Product  Air velocity 270 w- 450 w- 630 w- 270 w- 450 w- 630 w- 270 w- 450 w- 630 w-
type (m/s) 40°C 40°C 40°C 55°C 55°C 55°C 70°C 70°C 70°C
0.5 1.510° 1.6%10° 1.8%10° 2.0410° 2.10<10° 2.30x10° 2.5710° 2.80<10° 3.0%10°
Eqaplant 1.1 1.5%10° 1.7410° 1.8410° 2.05x10° 2.15¢10° 2.3%10° 2.63<10° 2.87%10° 3.14x10°
99p 1.7 1.6610° 1.8%10° 1.9210° 1.9810° 2.18&10° 2.4510°  2.71x10° 3.1410°  3.3%10°
0.5 1.37%10° 1.5%10° 1.64<10° 1.8%10° 2.11x10° 2.31x10° 2.5210° 2.6710° 2.91x10°
Turnip 1.1 1.3%10° 1.5%10° 1.7%10° 1.8%10° 2.1410° 2.35<10°  2.5%10° 2.71x10°  2.8%10°
1.7 1.6410° 1.11x10° 1.76<10° 1.94x10° 2.16<10° 2.40x10° 2.66<10° 2.77%10° 3.05¢10°
Table 3The effect of aitemperaturemicrowave poweandair velocity on specific energy
consumption (MJ/kgin thedrying of eggplant and turnip.
Product Airveloc- 270w- 450w- 630w- 270 w- 450 w- 630 w- 270w- 450w- 630 w-
type ity (m/s) 40°C 40°C 40°C 55°C 55°C 55°C 70°C 70°C 70°C
0.5 126.56 102.87 91.59 117.36 101.01 87.80 104.98.58 86.47
Egg- 1.1 149.52 14151 13959 148.62 140.48 136.79 243.930.70 115.60
plant 1.7 194.37 190.28 189.68 183.11 180.83 178.22 172.69 150.04 6.324
0.5 99.35 91.76 83.70 87.38 81.22 79.38 81.79 77.3573.18
Tumnip 9 9 136.84 126.60 121.43 132.10 117.52 116.97 225.108.60 88.32
1.7 180.01 172.93 167.30 164.01  158.37 153.74  152.17 140.95 6.551
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Table 4The results of the different arrangements of ANNMstimating moisture diffusivity and
specific energy consumption

Net- Training Threshold function ~ Number MSE R R MAE MAE  Epoch
work algo- of layers (Deff)  (SEC) (Deff) (SEC)
rithm and neu-
rons
FFBP LM  TAN-TAN-TAN 3-20-20-2  0.00014 0.9821 0.9952 a8’ 71.88 42
PUR-LOG-TAN 3-16-15-2 0.00027 0.9784 0.9941 4201 84.24 34
TAN-LOG-TAN 3-15-10-2 0.00068 0.9678 0.9917 51 104.76 18
BR TAN-TAN-PUR 3-14-12-2 0.00044 0.9755 0.9929 (5% O 89.69 27
PUR-TAN-TAN 3-20-2 0.00095 0.9624 0.9884 810t 118.06 69
TAN-TAN-TAN 3-20-10-2 0.00106 0.9619 0.9868 82! 127.66 47
CFBP LM TAN-TAN-TAN 3-10-8-2 0.00032  0.9775 0.9934 4.2810" 87.18 25
TAN-TAN-LOG 3-15-15-2  0.00061  0.9695 0.9928 %36 97.66 19
TAN-PUR-TAN 3-5-5-2 0.00098 0.9619 0.9872 838" 121.28 17
Table 5The results of the different arrangements of ANMs$timating drying rate and moisture ratio
of eggplant and turnip
. Number
Net- Training . MSE R R MAE MAE
work algorithm Threshold function  of layers (MR) (OR) (MR) (OR) Epoch
and neurons
FFBP LM TAN-TAN-PUR 4-20-20-2 0.00011 0.9983 0.9687 0.0047 0.0094 177
PUR-TAN-TAN 4-15-15-2 0.00037 0.9903 0.9598 0812 0.0163 89
TAN-LOG-LOG 4-20-15-2 0.00015 0.9951 0.9652 0806 0.0112 182
BR LOG-TAN-TAN 4-18-18-2 0.00021 0.9936 0.9631 (@8O 0.0126 145
TAN-LOG-PUR 4-20-20-2 0.00032 0.9915 0.9618 0®10 0.0141 55
TAN-TAN-TAN 4-15-10-2 0.00012 0.9977 0.9681 0.0051 0.0098 128
CFBP LM TAN-TAN-LOG 4-20-20-2 0.00010 0.9988 0.9698 0.0045 0.0087 135
TAN-PUR-TAN 4-20-2 0.00033 0.9911 0.9611 0.0112 .0149 192
LOG-TAN-LOG 4-10-10-2 0.00012 0.9975 0.9665 0205 0.0099 287
BR TAN-TAN-TAN 4-16-16-2 0.00019 0.9940 0.9638 033 0.0122 144
TAN-TAN-TAN 4-10-8-2 0.00013 0.9966 0.9662 0.0058 0.0104 75
LOG-PUR-TAN 4-15-2 0.00018 0.9944 0.9643 0.0078 .01@8 177
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Table 2 The effect of air temperature, microwave power aindrelocity on moisture diffusivity
(m?/s) in the drying of eggplant and turnip.

Product  Air velocity 270 w- 450 w- 630 w- 270 w- 450 w- 630 w- 270 w- 450 w- 630 w-
type (m/s) 40°C 40°C 40°C 55°C 55°C 55°C 70°C 70°C 70°C
0.5 1.5%10° 1.6%10° 1.8%10° 2.0410° 2.10x<10° 2.30<10° 2.5%10° 2.80x10° 3.0%10°
Egg- 1.1 1.5%10° 1.7410° 1.8410° 2.05<10° 2.15¢10° 2.3%10° 2.63<10° 2.8%10° 3.14<10°
plant 1.7 1.6610° 1.89%<10° 1.9210° 1.9810° 2.1810° 2.45¢10° 2.71x10° 3.1410° 3.3%10°
0.5 1.3%10° 1.5%10° 1.6410° 1.8%10° 2.11x10° 2.31x10° 2.5210° 2.6%10° 2.91x10°
Turnip 1.1 1.3%10° 1.5%10° 1.7%10° 1.8%10° 2.1410°  2.35¢10° 2.5%10° 2.71x10° 2.8%10°
1.7 1.6410° 1.11x10° 1.76<10° 1.9410° 2.16<10°  2.40<10° 2.66<10° 2.7%10° 3.05¢10°
Table 3The effect of aitemperaturemicrowave poweandair velocity on specific energy
consumption (MJ/kgin thedrying of eggplant and turnip.
Product Airveloc- 270w- 450w- 630w- 270w- 450 w- 630 w- 270w- 450w- 630 w-
type ity (m/s)  40°C 40°C 40°C 55°C 55°C 55°C  70°C  70°C 70°C
0.5 126.56 102.87 91.59 117.36 101.01 87.80 104.598.58 86.47
Egg- 1.1 14952 14151 139.59  148.62 140.48 136.79  243.9430.70 115.60
plant 1.7 194.37 190.28 189.68 183.11 180.83 178.22 172.69 150.04 6.324
0.5 99.35 91.76 83.70 87.38 81.22 79.38 81.79 77.3573.18
Turnip 1.1 136.84 126.60 121.43 132.10 117.52 116.97  225.108.60 88.32
1.7 180.01 172.93 167.30 164.01 158.37 153.74 152.17 140.95 6.551
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Table 4The results of the different arrangements of ANNs$timating moisture diffusivity and
specific energy consumption

Training Number
Net- algo-  Threshold function of layers MSE R R MAE MAE Epoch
work fithm and neu- (Deff)  (SEC) (Deff) (SEC)
rons
FFBP LM TAN-TAN-TAN 3-20-20-2 0.00014 0.9821 0.9952 a8t 71.88 42
PUR-LOG-TAN 3-16-15-2 0.00027  0.9784 0.9941 41" 84.24 34
TAN-LOG-TAN  3-15-10-2 0.00068  0.9678 0.9917 %56 104.76 18
BR TAN-TAN-PUR  3-14-12-2 0.00044  0.9755 0.9929 6480 89.69 27
PUR-TAN-TAN 3-20-2 0.00095 0.9624 0.9884 &18 118.06 69
TAN-TAN-TAN 3-20-10-2 0.00106  0.9619 0.9868 8«28™ 127.66 47
CFBP LM TAN-TAN-TAN 3-10-8-2 0.00032 0.9775 0.99344.28<10"* 87.18 25
TAN-TAN-LOG 3-15-15-2 0.00061 0.9695 0.9928 Y %1 97.66 19
TAN-PUR-TAN 3-5-5-2 0.00098 0.9619 0.9872 836! 121.28 17
Table 5The results of the different arrangements of ANMs$timating drying rate and moisture ratio
of eggplant and turnip
Net-  Training Threshold function ~ Number MSE R R MAE MAE Epoch
work algo- of layers (MR) (DR) (MR) (DR)
rithm and neu-
rons
FFBP LM TAN-TAN-PUR 4-20-20-2 0.00011 0.9983 0.9687 0.0047 0.0094 177
PUR-TAN-TAN 4-15-15-2 0.00037 0.9903 0.9598 0812 0.0163 89
TAN-LOG-LOG 4-20-15-2 0.00015 0.9951 0.9652 0806 0.0112 182
BR LOG-TAN-TAN 4-18-18-2 0.00021 0.9936 0.9631 @soe 0.0126 145
TAN-LOG-PUR 4-20-20-2 0.00032 0.9915 0.9618 010 0.0141 55
TAN-TAN-TAN 4-15-10-2 0.00012 0.9977 0.9681 0.0051 0.0098 128
CFBP LM TAN-TAN-LOG 4-20-20-2 0.00010 0.9988 0.9698 0.0045 0.0087 135
TAN-PUR-TAN 4-20-2 0.00033 0.9911 0.9611 0.0112 .0149 192
LOG-TAN-LOG 4-10-10-2 0.00012 0.9975 0.9665 0BD05 0.0099 287
BR TAN-TAN-TAN 4-16-16-2 0.00019 0.9940 0.9638 033 0.0122 144
TAN-TAN-TAN 4-10-8-2 0.00013 0.9966 0.9662 0.0058 0.0104 75
LOG-PUR-TAN 4-15-2 0.00018 0.9944 0.9643 0.0078 .0108 177
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Fig 7 Predicted values of moisture ratio and drying teieg artificial neural networks versus experinaént
values for testing data set for eggplant and turnip
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Table 4The results of the different arrangements of ANNs$timating moisture diffusivity and
specific energy consumption

Net- Training  Threshold func- (l)\#l:;nkéer; MSE R R MAE MAE

work algorithm tion Y (Deff)  (SEC) (Deff) (SEC) P
and neurons

FFBP LM TAN-TAN-TAN 3-20-20-2 0.00014  0.9821 0.9952 3xae™! 71.88 42

PUR-LOG-TAN 3-16-15-2 0.00027 0.9784 0.9941 410 84.24 34

TAN-LOG-TAN 3-15-10-2 0.00068 0.9678 0.9917 a6 104.76 18

BR TAN-TAN-PUR 3-14-12-2 0.00044  0.9755 0.9929 6B 89.69 27

PUR-TAN-TAN 3-20-2 0.00095 0.9624 0.9884 &10't 118.06 69

TAN-TAN-TAN 3-20-10-2 0.00106  0.9619 0.9868 82!t 127.66 47

CFBP LM TAN-TAN-TAN 3-10-8-2 0.00032  0.9775 0.9934 4.28<10% 87.18 25

TAN-TAN-LOG 3-15-15-2 0.00061  0.9695 0.9928 361 97.66 19

TAN-PUR-TAN 3-5-5-2 0.00098 0.9619 0.9872  &a38Y 121.28 17
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Table 5The results of the different arrangements of ANMs$timating drying rate and moisture ratio
of eggplant and turnip

. Number
Net- Training . MSE R R MAE MAE
work algorithm Threshold function of layers (MR) (OR) (MR) (DR) Epoch
and neurons
FFBP LM TAN-TAN-PUR 4-20-20-2 0.00011 0.9983 0.9687 0.0047 0.0094 177
PUR-TAN-TAN 4-15-15-2 0.00037 0.9903 0.9598 0812 0.0163 89
TAN-LOG-LOG 4-20-15-2 0.00015 0.9951 0.9652 0806 0.0112 182
BR LOG-TAN-TAN 4-18-18-2 0.00021 0.9936 0.9631 @O 0.0126 145
TAN-LOG-PUR 4-20-20-2 0.00032 0.9915 0.9618 o®10 0.0141 55
TAN-TAN-TAN 4-15-10-2 0.00012 0.9977 0.9681 0.0051 0.0098 128
CFBP LM TAN-TAN-LOG 4-20-20-2 0.00010 0.9988 0.9698 0.0045 0.0087 135
TAN-PUR-TAN 4-20-2 0.00033 0.9911 0.9611 0.0112 .01a9 192
LOG-TAN-LOG 4-10-10-2 0.00012 0.9975 0.9665 0BD05 0.0099 287
BR TAN-TAN-TAN 4-16-16-2 0.00019 0.9940 0.9638 053 0.0122 144
TAN-TAN-TAN 4-10-8-2 0.00013 0.9966 0.9662 0.0058 0.0104 75
LOG-PUR-TAN 4-15-2 0.00018 0.9944 0.9643 0.0078 .0108 177
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Using artificial neural networks (ANNs) method in nvestigation
and estimation of some drying characteristics of egplant and
turnip in a combined microwave — convective dryer
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In this research work, in order to estimate thardyproperties of eggplant and turnip in a combined
microwave-convection dryer it was used artificialmal network method in order to estimate the Dry-
ing process was accomplished in three temperaguedd (40, 55, and 70 °C), three inlet air velocity
levels (0.5, 1.1 and 1.7 m/s) and three microwameep levels (270, 450 and 630 W) in a combined
microwave-convection dryer that the three pararsetere utilized as input in predicting the effeetiv
moisture diffusion coefficient and specific enemynsumption in artificial neural network. A feed
forward and cascade forward back propagation netsfork with training functions of Levenberg -
Marquardt (LM) and Bayesian Regulation (BR) foriritag of patterns. According to results, the
highest value of the effective moisture diffusiooefficient for eggplant and turnip was obtained
3.39x10° and 3.05x18 n/s, respectively. Results of ANN investigationswshd that the optimum
feed forward back propagation network with 3-202t®pology and training function of Levenberg —
Marquardt could predict the effective moisture ufbn coefficient and specific energy consumption
with determination coefficients of 0.9821 and 03%mnd mean square error of 0.00014 in various
drying conditions of eggplant and turnip. Also tiighest determination coefficienfsr prediction of
drying rate and moisture ration obtained 0.9698 @9@88 with the value of mean square error of
0.0045 in cascade back propagation neural netwath tvaining algorithm of Levenberg —
Marquardt.

Keywords: Eggplant and turnip, Microwave-convection dryerfeEfive moisture diffusion coeffi-
cient, Specific energy consumption, ANN.
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