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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 Air temp: 25.1 °C (gi'n':ifeg.zgl’vzzi?;e’
Apple on drying, 2D and predicting the degree Air velocity: 2.34 m/s Jad, .
. . . Lehmann, Carmeliet, et
of deformation during drying Geometry: rectangle al., 2014)
Simultaneous mass and heat transfer Air temperature: 60 °C (Khan & Straatman
Apple modeling in a three-dimensional Air speed: 0.64 -2.75 m/s 2016) ’
diagram Geometry: Rectangular
. . . . Air temperature: 25 °C (W. A. Aregawi, Abera,
Two-dimensional, predicts moisture .
Apple loss and sample deformation Air speed: 0.01 m/s Fanta, Verboven, &
P Geometry: Cylindrical Nicolai, 2014)
One-dimensional mass transfer Air temperature: 40,50,60 °C (Tz\e/r;;l) s;k%s;rlzi/glt;askos,
Quince considering shrinkage and variable Air speed: 1-2 m/s Geometry: Filios 8’4 Mar aris’
thermophysical properties in the model slab ’201 5) £aris,
temperature:
To predict the distribution of 40,50,60 degrees Celsius . . .
Quince temperature and humidity using the Air speed: 1-2 meters per (Vahidhosseini, Barati,

Green analytical method.

& Esfahani, 2016)
second
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1. Convective moisture transport
2. Fickian diffusion
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Fig 1 Schematic diagram of the experimental set-up
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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 of node 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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Fig 4 Comparison of moisture content (Dry basis)
determined by experimentation and prediction using
the numerical model (Eq. 2)
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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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Table 3 Statistical results obtained for experimental data and numerical methods
2

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

S § S it

53 Sl 5 b g 035 Ut wie > Dbl 4 S
€ 03 o5 Dl DBBE 5 osls sy o8y 4 mle
Ol o 5 Ulnl 53 (Gpmm (35 o pade (IS 05 5 S
53 e Dbl Llg oGS pl S 5 2 s
Sodl B sl ap Solg s 5 08 SeF Ll d s
Jdo i (Gad ol s s Gl 3 Sl s el
P03 S Sl e 2 e JWEl o5 sl B 5L
MATLAB i3 pr S 2 S 056 > el
L a2 @L:_'. 0l o3l anw g Jde LU (gl o osls anw i
58S 5 alis sppe e b el o i
dbe s obal bl sl axls plol  Jae o e
O s Casby Ola ol sl aS sls OlES gade WS S
Sl dde ol 5hsles oo e VL s LT, 0s 5 S
S sl by s s e J! e
g CHESS s Vo CakS b Vs 5 G 350 Ol
L s ol JUEl sladis U155 Galos Sulny ¢85 55 5500
Jhe ol oo 1) 038 Kis e 53 Jseme K0 Ol s

.DJS (L.GJ‘

z — — Surface
g 4 Centre
2
= T N Interface
a
=1
-
|
&
=
g
p 2
£
]
<
=

0

0 10000 20000 30000 40000 50000 60000 70000

time (5)
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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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