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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 20.86 V
Maximum current 528 A 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 = exp(—kr) [25]
Page MR = expl=kt") [26]
Henderson and Pabis MR = a expl=ke) [27]
Logarithmic MR = aexpl—kt) +¢ [28]
Wang and Singh MR =1+ at+be [29]
Two term MR = aep(=kt) +bep(—k,t) [30]
Two-term exponential MR = aexp(—ke) +(1—a) expl{—kat) 71
Diffusion approach MR = aexpl—ke) + (1 —a) expl—kbr) [31]
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Fig 3 Variation of moisture content versus the duration of drying time for solar dryer containing PCM and natural
drying
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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+0.5
Final moisture content (%) 12+0.5 12+0.5

Time (min) 290 1560

e Sl Cusby psw SO 50 i bl (ol sl
QJ}MQ{}J&)WMLNJJ}\JL@S)JJAMBJ
Casbs 4 Rl gt 5l el iy Sl 5 e s
055 Kas dsl B glawl s S ad ey 35 ol
Osls s 3l Kaal Olas S (gl oS Kas L gl
o Kaal ol 0l C2dS L Js sl 5L3 il o Cogh,
,A&Q)y&m]pq}b)é\}wﬂlsjvs@)x
S e Al g glanl s 0 S Sat s s ale @
O3 oLy s el pul aS 5y, e e 51 sl ol
S Al gl 3 plad SISy e 555 Sush, e
Cl;x}claﬁ)‘\ Cosby el Sl 05 YU a5 5 058
)\o.lﬁ;k}.zl.ﬂ@)‘f)\é\owwmil}fwl)).,L.ZL:L;A
oMﬁwdmk\ééwwoxMLM)bbﬁ&
s a3 53 s e Cusby ngd e Ly Aliel el
Jime by Kol el Jime Wl mlae 4 gt U
5o Sex gu;wﬁp.;;ﬁufﬂc@;l ol
s oY 055 Six i i b il gl eols
)bo.l..iﬂ\jb\)wﬁjﬂ%)bwiimhﬂja&;q@d)b
;.e.:ﬁp}.? Jde R g..;l>'=:j\ SHe .,Lib‘)f u‘)‘f Y J).,\>_
" 2 - s . . .

Sl b el 5l e s S (oLl VT b sl e 7
S S 5 sy oS S L gl 035 S
,C,\.w\o.,\.zd\)\iJ}&))Qb))d}ﬁ&}}&uﬁ/

149

S 2l ole e 5 08 i ) 25 ke o
Ok bl 4 Oloj a4y Coed by Dl gims la 03l cplin
e £ JSSdl Jl Oley blie s ok o s
AL dsame 055 Sis Gl Ol 4 Sasby G Ol ol

.M)&Qu\)&))))

1 T T T T T T 1
b

—+— Solar Dryer
—O— Natural

SN

[ 1 | 1 [ L 1 L 1 1 | 1 I 1 1 1
0100 200 300 400 500 600 700 800 800 100011001200 13001400150018001700 1800
Drying tme{min)
Fig 4 Variation of moisture ratio versus the duration
of drying time by combined photovoltaic / thermal
solar dryer containing PCM and natural drying

d.l..; g.,<.\:.> BL ol ol 63ls QL.:.J w}:aﬁ U'-’-l B aS )}lﬁ.:l.&.ﬁ

))Q.,L.;g.g.i}&I}j))lﬁ)ﬁj&lﬁb}j)&hﬁéugﬂ
J‘<;l:{°))>w‘)>d“v<‘i}‘>ﬁ§f(’l>~d‘g;‘5};.CJ‘."‘)))
s eltl OT L Kos Jgrame o 45 A3l 0 ¢ 5050 0
Sit oy ools 55 (05 53) 3585 b o JUal iyl 5
.;ﬁ&J}SCE.NA{L;BbéLAJ\Q,Ub)JLLﬁH{QM
sl ba sl CL.&’ 03 8§ i Slalllas (ol J@.,Lwac;b
O 5 Slasl 5 [1Y] 0Lan 5 Sl (Y] LleST 0 s

sl el 1S 0]
sod adyl cele s ala b oS S js b, &> Ol
j@b@ygﬁibj}objgi.lfj\méuﬁr_m&
by ol al 2als dops 00w Of cusby aids L

2k G Sele YU le Cusb) 4 Jpame O

1. Diffusion


http://dx.doi.org/10.52547/fsct.18.119.193
https://dorl.net/dor/20.1001.1.20088787.1400.18.119.20.0
https://fsct.modares.ac.ir/article-7-53152-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-27 |

[ DOR: 20.1001.1.20088787.1400.18.119.20.0 ]

[ DOI: 10.52547/fsct.18.119.193 ]

O‘)KAA})K}}) L.b).l.n&m

photovoltaic / thermal solar dryer containing PCM and natural drying

Table 4 Statistical results of mathematical modeling of drying curves for mint leaves by combined

model type coefficients R’ r(E—4) RMSE
Newton solar dryer k= 0.0067 09911 7.501 0.0270
natural k=0.0019 0.9907 14 0.0369
k=0.008536
page solar dryer n=0.9514 0.9903 7.1 0.0259
natural NIl 0.9909 6.47 0.0251
Henderson solar dryer kizood?)gig 5 09914 5.937 0.0236
and Pabis natural b g'ggg 0.9864 1 0.0332
a= 0.9785
solar dryer k=0.0062 0.9915 6.056 0.0235
Logarithmic c=-0.0175
g a= 0.8854
natural k=0.0025 0.9989 0.776 0.0086
c=0.1181
a=-0.00505
Wang and solar dryer b=8.007e-06 0.9940 4.2827 0.0198
Singh natural b: '503;282_307 0.9840 11 0.0325
a= 0.9556
solar dryer kbO: (()) (())4(1)4?2 0.9922 5.814 0.0227
ki=2.6090
Two term a=0.9622
natural e YRR 0.9996 0.308 0.0054
k,=0.0008217
a= 0.0409
Two term solar dryer k=0.1557 0.9919 5.663 0.0231
exponential natural 1?:(())%1)363 0.9931 523 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
1y , 1 :
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¥ Predicted values o Predicted values
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Fig 5 Correlation of the variation of moisture ratio versus time for predicted model and experimental data
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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
Solar dryer, Drying kinetics, natural drying in shade as two different drying types were used to perform
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