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Fig 1 The combined photovoltaic / thermal solar
dryer containing PCM

1: Blowers 2: Air channel 3: Photovoltaic panel 4:

Solar collector 5: Air channel 6: Air tube
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Table 1 Characteristics of the photovoltaic panel used in the experiment

Cells type Mono-crystalline silicone Cells dimensions 125%125 mm
Number of cells 40 Module dimensions 1049*683*35mm
Open circuit voltage 2524V Short circuit current 549 A
Maximum output Power 110 W Maximum voltage 2086V
Maximum current 528A Maximum system voltage 1000 V

Fig 2 The dryer chamber with the electric motor as
actuator for opening/ closing the air valve
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Table 2 Mathematical models widely used to describe the drying kinetics

Model name Model equation Reference
Newton MR = expi —kz) [25]
Page MR = exp(—ke") [26]
Henderson and Pabis MR = a exp(—kz) [27]
Logarithmic MR = aexpl—kt) +¢ [28]
Wang and Singh MR =1+at+be [29]
Two term MR = ampl—k,t) = bexp(—k,t) [30]
Two-term exponential MR = aexp(—ke) +(1—a) expl{—kat) 71
Diffusion approach MR = aexpl=ke) = (1=a) expl =kbz [31]
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Fig 3 Variation of moisture content versus the duration of drying time for solar dryer containing PCM and natural
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Table 3 Comparison of moisture content and drying time of mint leaves by two drying methods

Parameter Photovoltaic / thermal solar dryer Natural drying
Initial moisture content (%) 80+ 0.5 80+05
Final moisture content (%) 12+0.5 12+0.5

Time (min) 290 1560
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Fig 4 Variation of moisture ratio versus the duration
of drying time by combined photovoltaic / thermal
solar dryer containing PCM and natural drying
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Table 4 Statistical results of mathematical modeling of drying curves for mint leaves by combined
photovoltaic / thermal solar dryer containing PCM and natural drying

model type coefficients r(E—4) RMSE
Newton solar dryer k= 0.0067 0.991 I 7.501 0.0270
natural k=0.0019 0.9907 14 0.0369
page solar dryer k0008236 0.9903 7.1 0.0259
natural NIl 0.9909 6.47 0.0251
a= 0.9650
Henderson solar dryer k= 0.006405 0.9914 5.937 0.0236
and Pabis natural o 0.9864 3 0.0332
a= 0.9785
solar dryer k=0.0062 0.9915 6.056 0.0235
Logarithmic i -0.0175
a= 0.8854
natural k=0.0025 0.9989 0.776 0.0086
= 0.1181
Wane and solar dryer 0508 0.9940 42827 0.0198
Singh a=-0.0013
natural vy 0.9840 1 0.0325
a= 0.9556
solar dryer o 0003 0.9922 5.814 0.0227
ki=2.6090
Two term a=0.9622
k= 0.002197
natural S YRELD 0.9996 0.308 0.0054
k,=0.0008217
Twe term solar dryer oy 0.9919 5.663 0.0231
exponential natural o 0.9931 5.23 0.0226
a=9.1180e-08
solar dryer k= 0.0403 0.9913 7.303 0.0258
Diffusion b= 0.1674
approach a=0.03795
natural k=0.0007473 0.9995 0.323 0.0056
b 2.986
1 _ 1 :
Exprimental values \2 Exprimental values
¥ Predicted values (@) Predicted values

0.8} : ] 0.8 [

© 0 100 200 300 400 © 0 500 1000 1500 2000
Drying time(min) Drying time(min)
a b
Fig 5 Correlation of the variation of moisture ratio versus time for predicted model and experimental data
a) solar dryer containing PCM b) natural drying
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Fig 6 Observed and predicted values of moisture ratio
by the Two term model for natural drying and the
Wang and Singh model for the combined
photovoltaic / thermal solar dryer containing PCM
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In this research, a combined photovoltaic / thermal solar dryer containing phase
change materials (PCM) was designed and fabricated for drying mint leaves. The
performance of this dryer was evaluated under the climatic conditions of Mashhad
city with a longitude of 59.62% and a latitude of 36.26%. The components of this
dryer mainly include: photovoltaic panel, solar collector, blowers, phase change
material chamber containing paraffin wax and drying chamber. Solar dryer and
natural drying in shade as two different drying types were used to perform
experiments on mint leaves. The initial moisture content of the mint leaves was
80% which reduced to 12%. The required drying time for the combined solar
drying and natural drying was 290 minutes and 1560 minutes, respectively. Eight
thin layer drying models available in the literature were fitted to the experimental
data in which the Two-term model and the Wang and Singh model were the best
fit models for natural and combined solar drying respectively. These models have
the highest correlation (highest coefficient of determination and least root mean
square error and Chi-square) with the experimental moisture ratio among the other
models.




