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Table (2) The value of the Biot drying coefficient, lag factor and drying rate constant coefficient at different drying treatment with hot air

methods
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Fig (3) The effect of different temeratures and pretreatment on effective moisture diffusivity and convective mass transfer coefficient
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Fig (5) Change of the moisture ratio by using of different ultrasound
pretetment (tank) in powers a)90, b) 180 and c) 360 W
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Fig (4) Change of the moisture ratio by using of different ultrasound
pretetment (probe) in powers a)90, b) 180 and ¢) 360 W
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Table (3) The value of the Biot drying coefficient, lag factor and drying rate constant coefficient at different drying treatment with
microwave methods
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Fig (7) Change of the moisture ratio of quince fruit in freeze drying methods with different pretreatment a) tank ultrasound, b) probe
ultrasound
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Table (4) The value of the Biot drying coefficient, lag factor and drying rate constant coefficient at different drying treatment with freeze

methods
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Fig (8) The effect of different pretreatment on effective moisture diffusivity and convective mass transfer coefficient in freeze drying
methods
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Table (5) Statistical parameters derived from the fitting of the Midilli model on expremintal data
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Microwave Drying

P Gled gl (o 5 Sl

Hot Air Drying

e R? SSE RMSE R? SSE RMSE
Treatment
MIC90 W -Control 0.9990 0.001472 0.009906 T 40 °C- Control 0.9992 0.0009375 0.009232
MIC 90 W-TU10min 0.9997 0.0004374 0.005589 T 40 °C -TU 10 min 0.9988 0.001177 0.01297
MIC 90 W-TU20min 0.9997 0.0005016 0.006465 T 40°C-TU 20 min 0.9991 0.0008043 0.01072
MIC 90 W-TU30min 0.9992 0.0009979 0.00999 T 40 °C -TU 30 min 0.9992 0.0006559 0.01145
MIC 90 W-PU10min 0.9971 0.004353 0.0183 T 40 °C -PU 10 min 0.9977 0.002725 0.01651
MIC 90 W-PU20min 0.9988 0.001679 0.01183 T 40 °C -PU 20 min 0.9988 0.001399 0.01247
MIC 90 W-PU30min 0.9992 0.0009324 0.009207 T 40 °C -PU 30 min 0.9992 0.000933 0.01018
MIC180 W -Control 0.9974 0.004171 0.01726 T 50 °C- Control 0.9917 0.01035 0.03391
MIC180 W-TU10min 0.9996 0.0005743 0.006918 T 50 °C -TU 10 min 0.9986 0.001012 0.0159
0.02904

MIC180 W-TU20min 0.9984 0.002134 0.01393 T 50 °C -TU 20 min 0.9957 0.003373
MIC180 W-TU30min 0.9978 0.003057 0.01667 T 50 °C -TU 30 min 0.9992 0.0006364 0.01261
MIC180 W-PU10min 0.9986 0.0021 0.01271  T50°C -PU 10 min 0.9931 0.008159 0.03194
MIC180 W-PU20min 0.9982 0.002545 0.01456 T 50 °C -PU 20 min 0.9998 0.0002183 0.005585
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0.002812
MIC180 W-PU30min 0.9984 0.002145 0.01396 T 50 °C -PU 30 min 0.9999 0.00003954
MIC360 W -Control 0.9931 0.01045 0.02951 T 60 °C- Control 0.9909 0.007333 0.0383
MIC360 W-TU10min 0.9961 0.005021 0.02241 T 60 °C -TU 10 min 0.9899 0.007584 0.04354
MIC360 W-TU20min 0.9985 0.001803 0.01415 T 60 °C -TU 20 min 0.9930 0.005181 0.04156
MIC360 W-TU30min 0.9957 0.00539 0.02447 T 60 °C -TU 30 min 0.9973 0.001994 0.02578
MIC360 W-PU10min 0.9972 0.003769 0.01851 T 60 °C -PU 10 min 0.9904 0.007492 0.04328
MIC360 W-PU20min 0.9935 0.009533 0.02944 T 60 °C -PU 20 min 0.9956 0.004435 0.02517
MIC360 W-PU30min 0.9987 0.00175 0.01261 T 60 °C -PU 30 min 0.9669 0.02558 0.07996

Goloxil (4o S Sis
Frezze Drying
R? SSE RMSE R? SSE RMSE

Control- Freeze 0.9904 0.01109 0.0333 Control- Freeze 0.9904 0.01109 0.0333
Freeze-TU10 min 0.9978 0.002907 0.01906 Freeze-PU10 min 0.9964 0.004287 0.02475
Freeze-TU20 min 0.9990 0.001122 0.01266 Freeze-PU20 min 0.9978 0.002228 0.01927
Freeze-TU30 min 0.9982 0.001575 0.01775 Freeze-PU30 min 0.9979 0.0021 0.01871
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Abstract

In this research, the thin slices of quince fruit pre treated by ultrasonic bath and probe methods (in
three levels of 10, 20 and 30 min) and then the samples were dried using three drying methods
including hot air (at three levels of temperature), microwave (at three levels of power), and freeze
drying. In all treatments, mass transfer parameters including effective coefficient of moisture
diffusion, convective mass transfer coefficient, constant drying rate, lag factor, non-algebraic root and
Biot number were calculated by Dincer and Dost method. The results showed that the variation of
effective coefficient of moisture diffusion using ultrasonic probe pretreatment was from 44.274E-8 to
110.884E-8 m’/s, 72.317E-8 to 201.893E-8 m%s and 7.663E-8 to 11.112E-8 m%s for hot air,
microwave and freeze drying methods, respectively. These values for ultrasonic bath were 41.652E-8
to 104.369 E-8 m?/s, 59.270E-8 to 183.813E-8 m?/s and 7.210E-8 to 9.829E-8 m%s for hot air,
microwave and freeze drying methods, respectively. Also the variation of the convective mass
transfer coefficient in the hot air drying was from 49.241E-6 to 92.216E-6 m/s, in the microwave
method from 76.542E-6 to 134.308E-6 m/s and the freezing method from 7.630E- 6 to m/s 14. 969E-
6. Also, the results showed that the trend of drying rate changes was increased with increasing pre-
treatment time, but the lag factor, non-algebra first root and Biot number had a downward trend. The
overall results from the study of mass transfer data showed that the use of 30 min ultrasonic probe
pretreatment and microwave drying method could produce the highest amount of mass transfer during
the drying process of the fruit.

Keywords: Drying rate constant coefficient, Moisture diffusion coefficient, Convective mass

transfer coefficient, Ultrasound pretreatment, Quince fruit
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