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microwave drying process of potato slices

L Ol s Geios ol 3 ool s 4y 0 b a3
035 iz gl Olime s by odd SIS b
ol () Jsax) 58 anlis GlIE 5 (gioslaS SN s
A o SV s 058 S Gl 5L 3)se 550 (S
sl Cushy W pmame 15 gla Shy ahex Sl (gauae Lol ge
a3 00 S Sl 5 e ¢ 5 sae 06 s
Sz sl eslatal 540 e 55 L LUl s (Jbe Olgs
Slar sl SSis 5 S b ayas il Ol Ol o 05 S
Jsame 4y Jole Jlw 31 ool Jlal MKA AR ‘pf
IV il b5 Sl B me 8550 5 035 SV sb Al 3 0l
St sl pras,Sle Ol 5l eslizal ol b= 55 ol
W5 s bl s S Oy 0 0 ol JEH s 4 05 8
osle S IESS 5 e GRb S 4 e (g 050 LS

LYV 55 oo B e 551 5 0Ly S Culg 5 s
Oy Sl (IS ob 4 el s 4 mls il
GIA ORIBl 4 e Sl A BY e ea g 5 55,0l
Erv Yoo SIOLS i b (B e 551 RIB1 AL (B ae
0 Jlex=| clz.ﬂ 05 addlles 3550 slacselbs bl gl Ol
SV O X0 Glacubs gl oS (ssb 4 ss (6,13 pme Lo
S e Sl b Ol s e (Bae S5 e e 8
Yoo Ol 5l i desys 00/8) 5 £V/0T YO/EY FE/AL 5 s
Sl b e 8351 Sl sk S sl o S

OB sl i 55 Spe @ Sl s b e Ol

oY)
Pxt=[(mXex)g,—(mXex),,+ (EXpap X t)] + [Expep + Exprq]
St dbais 53 s @ by e (306 2 J50) 581 £
sl 53 O go 4 (E.".‘i.'m_.ﬂp)

, T, )
X opap = (1 - ?°) X My, A (Y)
& My omzear ool (Lo ks o 53) Laes slos T S
S 4 Do 4 S wap (W e SS) Cusb, s
. — Messe (nw)

m,, = — =

wbu (\i) 4.@\) )\ salaul l; (4.;4[5 2 J‘jj ‘ex) oj'”._a'j ng)ﬁ]
o] Sgd o

T,
ex =C,[(T - 1) - TIn()] 00)

o
ol LS G o 4 (o) 51 Ol
A dwls 5 iy x5 (635,55 S50 4 ek (S a0

Exaps

Nex = ﬁ (Vo)
Aol s 4 (VD) daly 3l eslizad U 55 (D) ol etls
YY)

1

SI = (ChY;

1-Mes
bl Jobow 5 4 5o —0-Y
Slaas s s 5 559 Sols 0155 U s e o
L eslazuld .L.a)b 0 JLQ.:}‘ Ch-ﬂ B Q_i.”} uj.n)T 9 (Vlg)

U'.«:ra”g@w—\'

059 Pbrae 54 -
a5 S anlp (b s ens e 55 o Sl
(S b ) 0V Wyl coyb)y 5lesl cwe s sladd s
s Ll i s (St aly ) /Y s ole Sk o
s (551 e el als olad (V) IS s Jalesl
Lol Jal & by (o S5hS 2 J38e Y/T) a3
351 ek 4 Gladised Cubis 5 Dl Are 555,k Ol
53 (pS5kS » Js3Ke +/AY) OF Jllis oy eSS J= o

el s e e ¥/0 s 5 Sl Yoo ol



e s 03,5 St Aol b Salusy 5 o

tpn olerl 5 sl adie (ol

Slpohy Brae G5 alg 00w You 5l 0l 2ol &S
O ek &5 T Cals Lo 6sS gbadsel guKis
G pma (s )3 TATA 5 YO/NA TAY falS 4 e 5 5
(Y1) 0L 5 1 pm Ko i o [VV] s (g5
SLOIF 5o amasy 0385 Ko Gl ens 551 Sas
T T SR PR Y S A LS 2 - A A

DAT WS 58 AN 5 Ve/ree VAV (YY/EA

Sl p s 255,00 SYL GOl 5o s OV s
LS 5 6l (YY) OLes 5 S 0 (S5 Al puiines
Ao S5 Sl (TVE) OS5 o550 5 [YO] S gl
b ol b Fslize ml Jb nl bicad s 5,158 D]
s e b acd sad 218 Sldlas ) aa s
Olf ol Bl g gazme 53 a8 Ls S Sl (V) 0L s
Ll 3ol 0Ll AS (5551 G [EAS el g Sl

Table 1 Specific energy consumption (SEC) reported by some researchers for drying of different
products.

Product Drying system and conditions

SEC (MJ kg") Reference

White mulberry

Microwave power
Power levels: 100-500 W

3.97-6.73 [16]

Microwave power
Kiwi Sample thicknesses: 3-9 mm

7.79-16.20 [17]

Power levels: 200-500 W

Combined hot air/microwave power

Green pepper

Air flow rate: I ms™

7.20-9.26 [24]

Power levels: 180-720 W

Microwave power
Power levels: 200-800 W

4.58-5.89

Samples bed thickness: 10 mm

Peppermint leaves Hot air
Air temperatures: 50-70 °C
Air flow rate: 0.4 ms™

[25]
42.72-64.71

Samples bed thickness: 10 mm

Hot air
Air temperatures: 50-70 °C
Air flow rate: 0.7 m s
Samples bed thickness: 50 mm

Wormwood leaves

17.64-32.09 [26]

Infrared power
Power levels: 200-500 W

422-10.56 [1]

Samples bed thickness: 30 mm
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Table 2 Increment in specific energy consumption by increasing samples thickness at the studied
microwave powers.

Microwave power (W)

Variation in samples thickness

Increment in SEC (%)

800 3.5—-5 mm 42.19
5—7 mm 42 31
7—9 mm 27.02
600 3.5-5 mm 27.07
5—7 mm 57.39
7—9 mm 19.55
400 3.5-5 mm 36.61
5—7 mm 58.17
7—9 mm 19.83
200 3.5—-5 mm 46.99
5—7 mm 3443
7—9 mm 1341
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Table 3 Average specific energy loss of microwave drying process of potato slices.

Microwave power

Specific energy loss (MJ kg™)

(W) Samples Thickness (mm)

3.5 5 7 9
800 0.69 0.94 1.31 1.72
600 0.85 1.16 1.73 2.09
400 1.07 1.41 191 245
200 1.33 1.71 230 271
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Fig 3 Average exergy efficiency of microwave
drying process of potato slices.

Table 4 Exergy efficiency reported by some researchers for drying of different products.

Product Drying system and conditions %)
0

Exergy efficiency Reference

Microwave oven
Power levels: 270-900 W

Turmeric slices

2.18-12.77 [19]

Microwave oven
Power levels: 100-500 W

White mulberry

33.63-57.08 [16]

Microwave oven
Power levels: 200-500 W

Kiwi slices

11.35-2468 [17]

Samples thicknesses: 3, 6 and 9 mm

Semi-industrial continuous band microwave

dryer
Paddy Power levels: 90,270 and 450 W

4.13-13.88 [18]

Thickness of paddy bed: 6, 12 and 18 mm
Conveyor belt speed: 0.24-1.2 m min™

Microwave-assisted fluidized bed dryer
Microwave power densities:0.0-5.3 W g’!

Soybeans

Air temperatures: 30-60 °C

9.21-13.81 [29]

Air velocities: 1.2,1.85and22 ms™
Bed heights: 3,4.5 and 6 cm
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Table 5 Average specific exergy loss of microwave drying process of potato slices.

Microwave power

Specific exergy loss (MJ kg™)

(W) Samples Thickness (mm)

3.5 5 7 9
800 1.39 1.36 1.30 1.22
600 1.29 1.27 121 1.19
400 1.26 1.22 1.19 1.16
200 1.21 1.19 1.14 1.11
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Thermodynamic analysis of potato drying process in a microwave
dryer
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In the present research, microwave drying process of potato slices were thermodynamically analyzed and
evaluated. During the experiments, potato slices with thicknesses of 3.5, 5, 7 and 9 mm were dried using
powers of 200, 400, 600 and 800 W. Specific energy consumption was obtained to be the range of
0.83-3.29 MJ kg, and significantly increased (p < 0.05) with increasing samples thickness. Energy
efficiency of the process (13.23-35.59) was significantly (p < 0.05) improved with increasing microwave
power and decreasing samples thickness. Average specific energy loss of the process varied from 0.69 to
2.71 MJ kg'. Exergy efficiency and sustainability index of the process changed from 10.03 to 28.17 %
and from 1.11 to 1.39, respectively. In General, according to the results obtained in this research,
practicing higher microwave powers to dry thinner samples improved the thermodynamical performance
and reduced the environmental footprints of the process.

Keywords: Microwave power, Thin-layer drying, Energy efficiency, Exergy efficiency, Sustainability
index
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