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Fig 1 Scematic view of semi industrial continuous
dryer with microwave pretreatment (1- inlet air, 2-
belt conveyor, 3- heater elements, 4- centrifugal
fan, 5- on/off keys of elements, 6- on/off keys of
apparatus, 7- inverters of belt conveyors, 8-
inverters of fans, 9- thermostat, 10- signal lamp,
11- ammeter, 12- microwave, 13-computer, 14-
digital scale, 15-electrical motor)
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Table 1 Applied models to fit the experimental data

Model name Equation Reference
Midilli et al. MR = aexp(-kt")+ bt [23]
Modified Henderson and Pabis MR = aexp (-kt)+ bexp (-gt)+ cexp (-ht) [24]
Logarithmic MR = aexp (-bt)+c [25]
Page MR =exp (-kt™) [26]
Henderson and Pabis MR = aexp (-kt) [27]
Wang and Sing MR =1+ bt +at® [28]
Newton MR =exp (-kt) [29]
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Table 2 Values ofR?, y2 andRMSE for all models in prediction of drying kineti€ aimond kernels
under semi industrial continuous drying with miceawe pretreatment

Model name =2 X2 RMSE

Midilli et al. 0.9984 0.0900 0.0031
Modified Henderson and Pabisg 9981 0.0946 0.0056
Logarithmic 0.9978 0.0977 0.0042

Page 0.9968 0.1077 0.0065

Henderson and Pabis

Wang and Sing
Newton

0.9929 0.1281 0.0152
0.9894 0.1429 0.0222
0.9857 0.1533 0.0311
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Table 3The obtained results of midilli et al. model foegdiction of almond kernels dryingnder

semi industrial continuous with microwave pretreain

Variables Model coefficients
Microwave
Belt speed Temperature
P power P a k n b R RMSE z2
(mm/s) W) )

55 570 75 0099 1.841 0003 0078 00983 0.0915 004G,
6.5 270 45 0085 1384 0843 0028 009992 0.0758  0.0022
10.5 270 45 0983 1481 1010 0005 09988 00856 0.0036
25 450 45 0977 1.746 0890 0.047 0.988  0.0837 0024,
65 450 45 0990 1931 0927 0091 09987 00858 0032
105 450 45 0089 2265 0981 0130 0.9993 0.0738.0018
25 630 45 0985 2050 0885 0100 009978  0.0974 0042
65 630 45 0971 2685 1143 0164 09975  0.1050 0059,
105 630 45 0068 2486 1199 0.144 0.9973  0.1069.0057
25 270 60 0982 2042 00961 0100 09992  0.0760 0018.
6.5 270 60 0978 1.446 0.848 0.018 09990 0.0813  0.0026
10.5 270 60 1.000 1.432 0.891 0.009 09995 0.0677 0.0012
25 450 60 0976 1971 0959 0080 0.986  0.0889 0020
65 450 60 0980 2126 1158 0.101 09984 0.0956  0.0035
10.5 450 60 0981 1.765 0991 0047 0.9986  0.0892.0030
2.5 630 60 0980 1.503 0.853 0.004 009983 0.0919  0.0025
65 630 60 0988 2243 1077 0121 09981 0.0977  0.0031
10.5 630 60 0980 1.863 0982 0068 0.9984 0.0917.0026
25 270 75 0984 1725 0894 0038 09992 0.0773 0010.
6.5 270 75 0981 1.283 0826 0067 09984 0.0906 0.0035
10.5 270 75 0083 1.991 1102 0.094  0.9993  0.0774.0010
2.5 450 7 0982 0983 0722 0174 09979 0.0977  0.0029
6.5 450 7 0981 1.202 0998 0.084 09979 0.1002  0.0031
10.5 450 75 0985 1.608 00995 0011 0.9988  0.0867.0020
2.5 630 75 0081 1387 0921 0026 09984 0.0918  0.0020
6.5 630 7 0993 1.486 1.037 0.005 09950 0.1243  0.0060
10.5 630 75 0984 1286 0916 0.048 09978 0.0986  0.0027
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Table 5 Statistical analysis of almorarnelsdrying in semi industrial continuous dryer

p-value
Effective Specific
moisture energy
Variables diffusivity ~ consumption Shrinkage Total color change
Deit (M/s)  SEC (GJ/kg) S(%) AE
Inlet air 0.0017* 0.6527 < 0.0001* 0.0044**
temperature (T)
Microwave - 5o 0.1883 0.0092* 0.0017*
power (P)

Belt speed (y) 0.1047 0.8028 0.5236 0.0082**
TxP 0.0029** 0.0013** 0.7951 0.0593
Txu, 0.0108* 0.0456* 0.5250 0.7641
Pxuy, 0.0025** 0.0497* 0.3083 0.1464

T2 0.3093 0.0526 0.1683 0.8171
P 0.7878 0.0677 0.3732 0.1386
Up? 0.0394 0.8984 0.5318 0.6456

** Significance at 1%
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Table 4 Activation energy values and the relaRdaluesfor different drying conditions ailmond
kernels dryingunder semi industrial continuous with microwaveti@atment

Microwave power Belt linear speed A tivation energy R
(W) (mm/s) (kd/mol)
270 25 14.02 1
450 25 19.41 0.9845
630 25 18.95 0.9711
270 6.5 10.29 1
450 6.5 24.46 0.9812
630 6.5 28.15 0.9924
270 10.5 13.62 0.9970
450 10.5 18.67 0.9997
630 10.5 14.35 0.9750
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In this study, the drying properties of Azar vayiet almondkernels in a semi industrial continuous
dryer with microwave pretreatment were investigafBoe aim of this research work was study the
effects of air temperature, microwave power antllbedar speed on drying process of almond kernel.
Three drying air temperatures (45, 60, 75 °C),ghrécrowave powers (270, 450 and 630 W) and
three belt speeds (2.5, 6.5 and 10.5 mm/s) werkeapmder constant air velocity of 1.5 m/s. Seven
mathematical models were fitted to the experimedtth of almond kernels drying. The results
indicated that the Midilli et al. model had the tbeerformance. The highest values of effective
moisture diffusivity (4.73x18 m?s) achieved at air temperature of 75°C, microwpewer of 630

W and belt speed of 10.5 mnaad the lowest value (4.96x3Dm?s) at air temperature of 45°C,
microwave power of 270 W and belt speed of 2.5 mifife activation energy for almond kernels
was between 10.29 and 28.15 kJ/mol. The highestaamet values of specific energy consumption
were 83.17 and 8.17 GJ/kg, respectively. Maximumh mmimum values of shrinkage were 10.86%
and 6.12%, respectively, computed. The highesi@médst values of total color change were 9.46 and
4.76, respectively. Based on the quality indicéss irecommended to achieve the least values of
shrinkage and color changes, the almond kernelswitlry in air temperature of 45 °C, microwave
power of 270 W and belt speed of 6.5 mm/s.

Keywords: Almond, Microwave power, Drying, Semi industri@ntinuous dryer, Belt speed
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