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3. Empirical

4. Nonlinear partial differential equations
5. Fick's Second Law for mass transfer

6. Effective moisture diffusivity

7. molecular diffusion

8. capillary flow

9. Knudsen flow

10. hydrodynamic flow

11. Explicit

12. Implicit
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1. Theoretical models
2. Semi-theoretical
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Table 1 Overview of some theoretical models for fruit drying.

Fruit Model characteristics

Operating conditions

References

To study the effects of external factors
Apple on drying, 2D and predicting the degree
of deformation during drying

Simultaneous mass and heat transfer
Apple modeling in a three-dimensional
diagram

Apple Two-dimensional, predicts moisture
pp loss and sample deformation
One-dimensional mass transfer
considering shrinkage and variable
thermophysical properties in the model

Quince

To predict the distribution of
temperature and humidity using the
Green analytical method.

Quince

Air temp: 25.1 °C
Air velocity: 2.34 m/s
Geometry: rectangle

Air temperature: 60 °C
Air speed: 0.64 - 2.75 m/s
Geometry: Rectangular
Air temperature: 25 °C
Air speed: 0.01 m/s
Geometry: Cylindrical

Air temperature: 40,50,60 °C

Air speed: 1-2 m/s Geometry:

slab

(W. Aregawi, Defraeye,
Saneinejad, Vontobel,
Lehmann, Carmeliet, et
al., 2014)

(Khan & Straatman,
2016)

(W. A. Aregawi, Abera,
Fanta, Verboven, &
Nicolai, 2014)
(Tzempelikos, Mitrakos,
Vouros, Bardakas,
Filios, & Margaris,

40,50,60 degrees Celsius
Air speed: 1-2 meters per

2015)
temperature:

(Vahidhosseini, Barati,

& Esfahani, 2016)
second

Geometry: Blade
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1. Convective moisture transport
2. Fickian diffusion
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1. Explicit

2. Fickian diffusion
3. Convective moisture transport
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Fig 1 Schematic diagram of the experimental set-up

Jae o (Hlaz!) C)_ﬁj}&g: e ] -Y-Y

(sl
o3liial (V) ol 51 sb)y fse 356 b Ol e )
Az s MR) cosb ) s o 0,80 skt s
ol 358 ca e JMde e ol Sl eslinl L en ) 0L
dhe Sl oS ol daly bl 5 pes 5 [Vr]as s
Oliee Oleds ool e osle s Cusb, Hlisl s
L3 S 353l 038 S Ol 3l ol Olse 4 4 ged by

]
M
>
M-M,_8 1 jex (1) 7Dyt

MR="t—¢ ="
M,—M, 7S\ 2n+l 4;

S3Ae —6}23 s Jde dnw o5 -Y-Y

3o~ Je 3 Sl Bged 53 o JEEL sy g
Bil 5 Jloe b o JUal ol S¥slae s eslizal Ciltie

spdome JolE g, Sl esliial Loy ode 5k a4 550 5 4

YAQ


http://dx.doi.org/10.52547/fsct.18.120.22
https://dorl.net/dor/20.1001.1.20088787.1400.18.120.23.5
https://fsct.modares.ac.ir/article-7-53401-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.20088787.1400.18.120.23.5 ]

[ DOI: 10.52547/fsct.18.120.22 ]

VEvr e A a3 AT ol Ol e s 5 p ke dlne

(o) oC
—=0 at t>0 for X=1L )
CcC=C, at t=0 for all x Ox
. (0)
Sl o5 Slar s 0B G50 LB, oo glads
. oC
yame adsl sl (oS Sax 0 8 lpn Sl sast) Je Da:hm(cfmd—qir) at t>-0 for x=L
alie (6500 adsl Cosby 5 b g (SG5d el
S R “"f‘“ b aped Glae ok 31 esliial L (8) Wolas (55,0 b 53 a3 (558 alasl; >
S O3 5l 5 4 ges T el .1
R R e e S R RS SR D)
oo Ge 5l oslial b Jibe (g3l yoime dislad 5,50 5 ¢
A dugles i ed ] Gl iz Ao -U)f.‘dbjs Cﬁmd ZP‘Y(TX)/(RuT) )
L el g slade 3l Lol s Kaslesl sla
il e sl o gl AT C.o = P.(T)(R,T) %
Solel oo 9 4 o —4-Y el 5l osliel b 7w s s ol osle i S LS
Slre Slmil 4+ Sle) g0 4 oS o gl @l A e 4 5 A
S e s S s e 4 (el o2 IE p(T)=a,p,,(T)) W
5 (ANOVA way-One) « b & abls 50T 51 s P(T.)=RH,P,(T,) @)
el sl wﬁjla_’)b/olﬁ;}}ﬁ)T)) 6’\\5&"’6&“ )\obLﬂ.L.a\L: AR 6&)))\}A}\J§Cu\u])l>u)wj
o3y 5 mlesl o osls o llas ke 4 pl n e sdle ssliad L 1 s o cdled 5 a5 asiie pldl by s
Z. . 2 . . 7 .
oo iy 5 R s s (b b 53 51 de sl [o]os pms Ol ds o a3 (GAB) Jus
L odbe m ewls oLl sl RMSE) "s ole W Claw
.z . . . It . I )
[IVIe 5013 eslinal 5 50 (lesD) s slaeals W, (1-kaw)(1—kaw+ Ckaw)
N > Jlasl s [ESTROP IEOP v
300, et
R =1-| =] 0 L) o Jl o b (DS sla 4855 JS3 4y b
Z(MPM_MPM Slis 3, o Sl gl dny O sltel iy, 5l eslinul
=1 sde 5hesliad L Ol o daly opl Gib S e s
N 2 \ .
IVVONY slae) 3505 e |y o, ol Ol ;
Z(Mexpi_Mprei) [ ] ’ éwu’:&’ ST dj:ﬁ el
= : ’ h L
RMSE = || = (Ov) Sh="==0.664Re"* Sc** o)
N D,
(‘3: ‘5;.).9—‘5)2.'. JJ..A
G sk, i o Mexpi s Mpre YL Ly, s oc DlocT C 22C
s L . —=—|—1| +D| —+1 OY)
N5 bl cusby s bdae Lo g ol o iy ol o3l o C, | ox C, ox’
AL e Waesls slaws S L_,\f;
C=C, at t=20 for x=0 (v
oC
—=0 at t>20 for x=L (¢
Oox
ol by
2. Root mean square error 1. Sherwood

YAV


http://dx.doi.org/10.52547/fsct.18.120.22
https://dorl.net/dor/20.1001.1.20088787.1400.18.120.23.5
https://fsct.modares.ac.ir/article-7-53401-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-03 ]

[ DOR: 20.1001.1.20088787.1400.18.120.23.5 ]

[ DOI: 10.52547/fsct.18.120.22 ]

wlasby Sk s e Gl Ol e S ann s

Table 2 Parameters used in the model

Property Value
Diffusivity 2.75x10°” m/s
Convective mass transfer coefficient 2.0x10" m/s
Air velocity 1 m/s
Product density 860 kg/m’
GAB constant (C) 0.058
GAB constant (W0_monolayer water) 2.865
GARB constant (k) 0.99
Equilibrium moisture content 0.072 kg H,O/kg dry matter
Initial moisture content 0.875 kg H,O/kg dry matter
Number ofnode in axial direction 20
Time step 5s
§
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Fig 2 Moisture Content versus Drying Time as a
function of dryer temperature
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1. Dry basis moisture content
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Moisture Content (Dry basis)
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Fig 4 Comparison of moisture content (Dry basis)
determined by experimentation and prediction using
the numerical model (Eq. 2)

1. Convective mass transfer coefficient
2. Rosaceae
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Fig 3 Comparison of moisture content (Dry basis)

determined by experimentation and prediction using
the analytical model (Eq. 1)
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Fig 7 Comparison between experimental data and
data predicted by the combined model
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Fig 5 Comparison of moisture content (Dry basis)
determined by experimentation and prediction using
the numerical model (Eq. 12)

S Sl ol 5 e S B ol s S o
Cbjen) Jol Jde (650 sl i Gl e 5 A esls ana
3550 (VY dslas) 53 (538 o JUisl oles 5 (o 53 o
o3ls OLES (V) JSa 55 ot Je ool gl i S 515 eolin

el 0

=——Prediction

O Experimental

Moisture content (dry basis)

0 10000 20000 30000 40000 50000 60000 70000
time (5)
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determined by experimentation and prediction using
the combined numerical model
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Table 3 Statistical results obtained for experimental data and numerical methods

Model R’ RMSE
Analytical model (Eq. 1) 0.948 0.603
Numerical model (Eq. 2) 0.990 0.107
Numerical model (Eq. 12) 0.992 0.301
Numerical model (combined) 0.999 0.060
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The efficiency of several theoretical models to predict the moisture
content of pear slices during drying were evaluated and compared. Pear
slices were dried at 5 different temperatures (30-40-50-60-70°C) and the
moisture diffusivity and convective mass transfer coefficient were
estimated. In the next step, mass transfer model was developed by using
mathematical solution of Fick's second law of diffusion with different
numerical and analytical approaches. The results of the studied models
indicated that the both numerical models were substantially more
accurate than analytical model in describing the experimental drying
curves. However, the best result was obtained with the combined model
developed in this study. This model presents the highest coefficient of
determination (R*) value (0.999), and the lowest root mean square
error (RMSE) value (0.06). The higher accuracy of this model can be
attributed to the fact that this model takes into account the term that
simulate the convective moisture transport and chooses the appropriate
boundary conditions. By applying this model, it is possible to predict
moisture variations in pear slices with high accuracy as a function of
internal variables (thickness, chemical composition) and external factors
(temperature, relative humidity and air velocity).
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