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Effects of air movement in a hot air dryer on the drying characteristics of
colored potato (Solanum tuberosum L..) using computational fluid dynamics
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(Department of Food Science and Biotechnology, College of Agriculture and Life Science,

Kangwon National University, Chuncheon, Gangwon 200-701, S. Korea)

Abstract: The flow fields of hot air in the dryer for drying colored potatoes of which characteristics are highly sensitive to the
temperature were simulated using computational fluid dynamics (CFD) simulation. The local air velocity decreased as the
distance from the flow inlet increased. The mass and heat transfer coefficients increased from 0.666x102 m/s to 1.711x
107 m/s, and 6.555 W/(m*K) to 16.834 W/(m>-K), respectively, as the air velocity increased from 0.207 m/s to 1.567 m/s at
60°C. The drying simulation model using the heat and mass transfer model made accurate predictions. The thermal
properties of colored potato, such as the thermal conductivity and specific heat, decreased significantly from 0.440 W/(m-K) to
0.034 W/(m-K) and 3906.45 J/(kg-K) to 2198.52 J/(kg-K), respectively, as the moisture content decreased from 78% to 5%.
With the variable thermal and physical properties, the heat transfer simulation model made accurate predictions for the hot-air

drying characters for the colored potatoes, and the RMSE values for all cases were (1.85+0.27)°C.
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1 Introduction

Colored potatoes are a rich source of anthocyanins or
thermophilic (52°C). A pilot-scale test in a 3 m® household, i.e.,
natural pigments with antioxidative properties!'™. Anthocyanin
level in blue- or red-fleshed potatoes is about two times higher than
in regular white-fleshed potatoes“’5 1 and the utilization of colored
potatoes is highly suggested"”®. Potato products made from
colored (red or purple) potatoes may be an interesting alternative to
traditional products. The colored potatoes are popularly
consumed as an ingredient in a salad or processed foods such as
colored crisps and French fries.

Recently, powdered forms of dehydrated potatoes are in high
demands in the food industry because of their convenience to
apply in processed food industries’™. Potato powders can be
easily used in the processing of mashed potato, bakery products,
noodles and so forth because the powders are easy to deliver and
easy to mix with other food ingredients and also need less time
for food preparation, compared to raw potatoes. The drying
process is the most important unit operation in manufacturing
potato  powder. Food manufacturers commonly use a
conventional hot air drying system. Air-drying causes
significant changes in the vegetable and fruit structures and
textures, such as softening and firmness loss!!”!
hardening!'"l. The textures of fruits and vegetables are affected
by the drying processes and are strongly associated with the
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composition and structure of cell walls!'?],

Anthocyanin, which is a natural antioxidant in colored potatoes
such as purple- and red-fleshed potatoes, is easily degraded during
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storage and processing, particularly in heat processing
et al.l" also reported that the drying temperature significantly
affects the degradation of anthocyanins in colored potatoes.
Several researches on the stability of the anthocyanin level and the
antioxidant activity of colored potatoes during thermal processing
have been reported!*>!”], but very few studies have focused on the
operational variables affecting dryings, such as relative humidity,
velocity, and temperature of air, and material sizel'®20 In
addition, these variables are very dependent on the scale or the
dimensions of the dryer. Therefore, the effects of such processing
variables on the drying process need to be investigated by
considering dryer dimensions to achieve uniform and efficient
drying. simple approach,
‘drying-and-measure’ alone may not be suitable to understand the
complex interactions of these various variables.

The computational fluid dynamics (CFD) is efficiently utilized
to simulate many unit operations involved in food and bioproduct
processings?'?*.  Studies based on simulation models are useful
for designing dryers and also for finding suitable operating
conditions for existing drying systems. Many researchers
reported a systematic method to predict the temperature and
moisture distribution in an object containing moisture during the
convective drying. Kaya et al.”>?7 developed a mass and heat
transfer model for a convective drying using a cylindrical and 2-D
rectangular objects. Hussain and Dincer™ also successfully
estimated the temperature and moisture content distributions in a
2-D cylindrical object. A 1-D numerical model for drying a
spherical object was also developed and empirically validated™”.
Most of the reported heat and mass transfer models during the

However, a experimental

drying process simplified assumptions for simple and easy solving.
In a convective drying process, significant influences are exerted
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by the drying temperature, the air flow velocity and the transfer
coefficients associated with the drying temperature and air velocity.
Therefore, it is needed to analyze the influences of the drying
temperature and the air flow velocity in a drying chamber on the
drying of colored potatoes of which characteristics are highly
sensitive to the temperature.

The aims of this study are: (a) to evaluate the influence of the
colored potato slices and the air temperature on drying kinetics; (b)
to investigate the relationship between the flow field in the dryer
and heat and mass transfer of the colored potato; and (c) to simulate
heat transfer and mass transfer during the hot air drying of colored
potatoes with variable property models.

2 Materials and Methods

2.1 Raw Materials
Purple-fleshed potatoes were donated from KIST (Korea
Institute of Science and Technology) at Gangneung, S. Korea.

600 mm

Figure 1

2.3 Measuring the colored potato temperature and velocity

For the model validation, experiments were carried out to
measure both the temperature and velocity during drying.
Thermocouples (Vernier, Beaverton, AL, USA) were affixed to the
inside body wall of the dryer to measure the chamber temperature.
Additionally, a wireless temperature sensor (Tracksense®™ Pro, Ellab,
Hilleroed, Denmark) monitored the temperature at the geometrical
center of the colored potato. Temperature changes of the internal
body of the colored potato during drying were measured and recorded.
2.4 Material properties

A KD2 Pro Thermal Properties Analyzer (Decagon Devices

The potatoes were carefully stored at 4°C and 80% relative
humidity.
2.2 Drying process

The hot air drying experiments were carried out in a model
drying system prepared by altering a commercial lab scale tray
dryer (NB-901M, N-BIOTEK, Bucheon, Gyeonggi, S. Korea).
The size of the chamber of the tray dryer was 550 mm x 520 mm x
600 mm. Three different sample sizes (diameter = 50 mm,
thickness = 10 mm, 15 mm and 20 mm) were used to investigate
the size dependence of the drying characteristics. The processing
variables for the drying experiment were as follows: relative
humidity (RH) of the air (10%), air velocity (3 m/s), and three
levels of air temperature (50°C, 60°C and 70°C). Samples were
placed at 5 different positions during the drying process (Figure 1b).
The temperature in the dryer was accurately controlled within +1°C.
The RH during the drying experiment was maintained at (10£0.5)%
by circulating and ventilating air in the drying chamber.
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General view of the 3-D geometrical model of the hot-air dryer and the position of sample during hot-air drying

Inc., Pullman, WA, USA) was used to measure the thermal
properties, such as thermal conductivity and the specific heat, of
the colored potato®®. The thermal properties were measured at
30°C, 40°C, 50°C, 60°C and 70°C over the moisture range of 5% to
78%. Ten replicate measurements were performed for each
sample.

Because the density of colored potatoes is similar to those of
regular potatoes, the density of a potato was determined as a
function of the moisture content. The thermal and physical
properties of air were determined as a function of temperature
(Table 1).

Table 1 Thermal and physical properties of air, colored potato and aluminum

Property Air Aluminum Potato Colored potato
Density (p) /kg'm™ Ideal-gas model 2700 1.080+0.188exp(—0.433M7)
Thermal Conductivity (k7) /W-(m-K)" 7-10°7+0.0238 232.4 0.0281exp(0.0637M0.0003 7M7)
Specific Heat (Cp) /J-(kg'K)"' 6-107T°-4-10°T+1 900 1776.526+6.1097-+0.0269M*
Viscosity () /Pa‘s 4-10%7+2-10°
Thermal Expansion Coefficient (8) /K™ 0.003325
Source [46] COMSOL 5.1 (47

2.5 Numerical simulation
2.5.1 Modeling of external flow

The configuration of the dryer was measured and used for the
model geometry for this study. The problem domain was
schematically illustrated in Figure 1. The colored potato samples

were placed inside a rectangular chamber (length: width: height =

550 mm: 520 mm: 600 mm), and hot air flows were continuously
circulated in the chamber (Figure 1). The k-¢ turbulence model
was used to simulate the forced convection motion of the air fluid
in the chamber. This model uses a specific relation to determine
the local value of the eddy viscosity from the turbulent kinetic

energy (k) and its dissipation (¢). The k-¢ turbulence model is the
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most widely used method to describe the behavior of the turbulent
flow in the simulation with an assumption that the turbulence is
isotropic®' . This assumption is highly efficient in that the
amount of time for the calculation is dramatically reduced, while
the accuracy is nearly maintained. The solution domain for the
CFD simulations for the flow field was set to the space in the
chamber excluding the sample geometry. Thus, the interior
boundaries were placed around the sample to separate it from the
domain for the CFD simulation. The standard k-¢ model employs
the following turbulence transport equations[34]:
The turbulent kinetic energy equation is:

o)+ V- (k) =V -| Lok |+ G, pe (1)
Ot o,
The dissipation rate equation is:

a(pa)+V-(p178)=V~['u’Va]+S(Cle - C,pe) 2)
ot o, k

&

Combining Equations (1) and (2), the turbulent viscosity (u,)
can be written as:

Gk

&

3)

where, k is the turbulent kinetic energy, m%/s% p is the density,

Hy

kg/m3, v is the velocity, m/s; G, is the production of turbulent
kinetic energy, kg/(m's); ¢ is the dissipation rate, m%/s®, and G, G
and C, are the empirical constants in the turbulence model, and o,
and o, are the turbulent Prandtl numbers for the kinetic energy and
the dissipation rate, respectively. Standard values of the model
constants of the k-¢ model used in the model are referred from
Pope[33]:

C,=0.09, C =144, C,=192,0,=1.0,0,=13 4)

Simulations were carried out for the same inlet flow velocity
(3 m/s). The CFD simulation was performed to calculate the heat
and mass transfer coefficient around the sample placed inside the
channel because the mass transfer coefficient is independent of the
imposed air velocity at the inlet of the dryer.

The local mass and heat transfer coefficients are determined
using the following equations adjusted for the turbulent flow
around cylinder bodies, and the flow field used to estimate these
coefficients was obtained from the flow filed simulation described
abovel*:

Nu =0.683Re"** Pr®** )
Equation (5) is the same as the following:
0.466 0.333
%L - 0.683% ;” 6)
The heat transfer coefficient is:
L 0.466 C 0333
h=loes3tl Stk %
14 k L

where, Nu is Nusselt number; Re is Reynolds number; Pr is Prandtl
number; /4 is the heat transfer coefficient, W/(mZ'K); kr is the
thermal conductivity, W/(m'K); L is the diameter of the cylinder, m,
v is the air velocity, m/s; V is the kinematic viscosity, m%/s; C, is
the specific heat, J/(kg-K) and p is the dynamic viscosity, Pas.

The mass transfer coefficient was estimated based on the
analogy of Fourier’s law and Fick’s law. Prandtl number and
Nusselt number are replaced by Schmidt number and Sherwood

number, respectively, giving the following relationship™®:

Sh = 0.683Re™**Sc*** (8)
Equation (8) is the same as following:

0.466 0.333
L g3l L )
D v D

The mass transfer coefficient is:

0.466 0.333
h,n:{o.éggw v }Dm (10
V. D L
where, Sh is Sherwood number; Sc is Schmidt number; 4, is the
mass transfer coefficient, m/s and D is the mass diffusivity, m?/s.

In the equations above, all properties are evaluated at a mean
boundary layer temperature (1), also called the film temperature.
The film temperature is given by:

T, +T,
2
where, T, is the air temperature, °C; T is the temperature on the

surface of sample, °C.
2.5.2 Modeling of the internal temperature and moisture fields of
the sample

A mathematical model is developed to interpret the mass and
heat transfer occurring in the samples being dried. The shrinkage
and deformation of the sample, the internal heat generation, and the
radiation effect were ignored in the simulation. Under the
assumptions above, the governing heat and mass transfer equations
can be written as"*%:

T, =

)

10T &T o°T
- = +
adt o ot
1LoM oM oM
—= +
D ot 0z° or?
The initial conditions are:
1(z,r,0)=T; and M(z,r,0)=M; (14)
The boundary conditions are:

(12)

(13)

z=0,6—T=0 and —aMzo (15)
Oz Oz
r=0, 2L 0 anda M _g (16)
r or
and on the surface:
kraﬂzh(Tw—Ts) and kra—Tzh(Tw—Ts) 17)
oz or

Dﬁﬂ:hm(Mw—Mx) and Daﬂ:hm(Mw—Ms) (18)
0z or
where, a is the thermal diffusivity; 7; is the initial temperature and
M; is the initial moisture content. The moisture diffusivity in this
study were determined from the highly-referenced work of Moon et
al.l'" The experimental study of Moon et al.l'"? focused on the
convective drying of purple-fleshed potato with 50 mm of diameter
and 10 mm of thickness to study the effects of the drying
temperature on the moisture diffusivity. The initial temperature of
the sample was 15°C measured experimentally, and the heating
medium temperatures were controlled to 50°C, 60°C and 70°C. A
no-slip condition was applied on the outer boundaries to solve the
momentum equations.
2.6 Simulation
A commercial finite element analysis software, COMSOL
Multiphysics 5.1 program (COMSOL Multiphysics, Stockholm,
Sweden), was utilized to simulate the drying process. Density,
specific heat, and thermal conductivity are taken as variable
properties depending on the moisture content and temperature
while solving the heat and mass transfer equations. Local mass
and heat transfer coefficients of each sample are also taken as
variable properties with respect to the flow field around the sample.
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The mass and heat transfer equations are coupled and solved where, MR is the moisture ratio (M/M;). The temperatures
simultaneously. ~ Simulations were carried out with an Intel® experimentally measured at the geometrical center during thermal
Core™ i7-3770 3.4 GHz PC with 16 Gigabytes of RAM running treatment along with those obtained from the simulation were used
Windows 7 64-bit edition. to calculate the RMSE.

2.7 Evaluation of the validity of the simulation results

The results of the simulation for the transient temperature and 3 Results and discussion

moisture content during drying were evaluated by comparing to the 3.1 Flow fields of hot air in the dryer

experimental data. In general, the validity of the model is The flow ficlds of hot air in the dryer were simulated using

assessed by the root mean square error (RMSE)"*"*”". CFD. The velocity vectors are illustrated in Figure 2. Flow
The RMSE is given by: fields, which influenced the drying efficiency of the hot air dryer,

for moisture content, were highly dependent on the layout of the dryer. The local air

velocity was estimated at each sample position (Table 2). It
slightly deviated from the symmetricity. Generally, the exact
for temperature, analytical solutions for the turbulent boundary layer is not provided,
which was inherently unsteady™>.

(19a)

) 2
simulation

1 N
RMSE = \/ﬁ > (MR- MR

1 N
RMSE = \/N ! Zi:l(T - ]Tv[mulan'nn)2 (19b)
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Figure 2 Velocity vector field in the 3-D hot-air dryer domain at 60°C.
Table 2 Effect of the position in the tray dryer on the air velocity and heat and mass transfer coefficients
Position
1 2 3 4 5
Air velocity/m-s™ 1.560 1.573 0.753 0.208 0.206
Heat transfer coefficient/W:(m*-K)"' 16.83 11.97 6.555
Mass transfer coefficient/10” m-s™ 14.82 +0.047107; 10.15 +0.033487; 5.562 +0.018347;
Even though the estimated local air velocity slightly deviated hot air drying must be examined for drying colored potatoes.
from symmetricity, this variation could be neglected due to the 3.2 Drying characteristics of the colored potato and validation
variation at a different position being much higher. The local heat of the simulation model
and mass transfer coefficients were estimated at different positions The effect of the local air velocity on the drying of the colored
of the sample (Table 2). The effect of the film temperature on the potato at different positions was shown in Figure 3. As expected,
heat transfer coefficient was relatively minor within the range of the air velocity significantly affected the drying rate of the colored
temperature studied (<0.0403 W/m*K) while the mass transfer potato during the hot air drying. Usually, it is known that an
coefficient increased linearly as the film temperature increased. increase in the air velocity results in a decreasing moisture ratio at
The average air velocity was evaluated from the two symmetrical each axial position due to increasing convective heat and mass
points such as 1 and 2, and 4 and 5 described in Figure 1. The transfer between the hot air and food. According to Aghbashlo et
highest velocity was observed at position 1 and 2 where the flow al."%, the higher drying air temperature and air velocity caused an
inlet is nearly located. The local air velocity decreased as the increase of drying rate because of a higher rate of mass transfer.
distance from the inlet flows increased. The maximum heat and Vega-Gélvez et al.*!l reported that increasing the air velocity
mass transfer coefficients at 60°C film temperature were obtained increased the drying rate of an apple slice because of a higher rate
at position 1 and were 16.83 W/(m?K) and 0.01755 m/s, of heat and mass transfer. These results clearly demonstrated that
respectively. These values were much higher than the heat and a faster air velocity leads to faster drying.
mass transfer coefficients at position 5, which were 6.555 W/(m?-K) The simulation using the mass transfer model was validated
and 0.006835 m/s. Because the different heat and mass transfer with experiment data (Figures 3 and 4). The validity of the mass
coefficient distributions by the flow field within a dryer may cause transfer model was estimated by comparing the simulation results
a non-uniform drying quality, the effect of air velocity in with the experimental results at different air flows and thickness,

accordance with the position on the heat and mass transfer during and the RMSE values for all cases were less than 0.057. Generally,
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Figure 3 Comparison of mass transfer simulation results with the
experimental data of the colored potato with 10 mm of thickness
during hot-air drying at different positions in the dryer

RMSE value of less than 0.060 was used to validate the prediction
model of drying process***). The results indicated that the
moisture content predicted from the model closely agreed with the
moisture content measured experimentally. The model developed
in this study can predict the drying times at different flow fields
and temperatures. The stability during conservation is highly
dependent on the residual moisture content of the final product.
Figure 5 shows the moisture distribution predicted at different
positions in the dryer and temperatures. As expected, the
differences in the moisture distribution caused by the effect of the
flow field in the hot-air dryer increased as the drying time and
temperature increased. Therefore, this study suggested that the

moisture content for a stable preservation should be estimated
based on the local moisture content rather than on the average
moisture content. If there is a moisture gradient in the products
being dried, the moisture content at certain points may exceed the
critical moisture content which guarantees a stable preservation
during storage and distribution. As a result, microbiological
deterioration might take place in a specific portion of the product
before reaching the equilibrium moisture content. The simulation
results from this study clearly demonstrated that local moisture
content could be estimated based on the mass and heat transfer
models, and it provides useful information to control the shelf life
of the dried products.

90 -
80 &
70
- - ———
S 60 s
5 .
§ 50
% 40 + 10 mm experiment
-2 ® 15 mm experiment
Z30F L 20mm experiment +
T 10 mm s?mulntion
=== 15 mm simulation
10 F — 20 mm simulation
0 L L L L L L L |
0 50 100 150 200 250 300 350 400
Drying time/min
a. 50°C
90
80 &
70
= 60 v
£ 50 e
7] -
o ]
z 40 + 10 mm experiment
3 30 * 15 mm experiment
= 4 20 mm experiment
20k — 10 mm simulation
=== 15 mm simulation
10F  — 20 mm simulation
0 '} 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
Drying time/min
b. 60°C
90
80
70
= 60 —
=1 —
g i S e
£ 50 e e
[5] [
o -
l.g 40 + 10 mm experiment E: S
g 30k 15 mm experiment
4 20 mm experiment
20 F — 10 mm simulation
=== 15 mm simulation I
107 — 20 mm simulation

g 0 SIO 1 (;l] | ;0 200 250 300 350 400
Drying time/min
c.70°C
Figure 4 Comparison of mass transfer simulation results with the
experimental data of the colored potato during hot-air drying at

position 5 in the dryer




January, 2018 Park HW, etal. Effects of air movement on the drying characteristics of colored potato using computational fluid dynamics ~ Vol. 11 No.1 237

Moisture
5
80
70
90 min 180 min 270 min 360 min 60
a. 70°C
1.567 m/s
150
- - - - o 40
90 min 180 min 270 min 360 min 130
b. 60°C

1.567 m/s

0.753 m/s

0.207 m/s

dd)
)
I
I

90 min 180 min 270 min
c. 50°C
Figure 5 Moisture distribution of the colored potato at different
positions in the dryer during hot-air drying at 70°C, 60°C and 50°C

360 min

3.3 Heat transfer characteristics of the colored potato and
validation of the simulation model

The specific heat of the colored potato with the moisture
content range of 5 to 78% was measured at 30°C, 40°C, 50°C,
60°C and 70°C. Because the specific heat of a solid is highly
dependent on the temperature, increasing the moisture content
significantly affected the specific heat of the colored potato
(p<0.05)""1. A higher specific heat is found in food with higher
moisture contents*>*”.  Wang and Brennan™*® reported that the
specific heat of a potato was between 0.4 cal/(g-°C) and
0.9 cal/(g-°C), which was similar to the specific heat of the colored
potato measured in this study. A model for the specific heat of the
colored potato as a function of temperature (7) and moisture
content (M) was developed by fitting the experimentally measured
values (R*=0.99) (Table 1).

Thermal conductivity increased with increasing moisture
content from 5% to (78+0.2)% while it was not significantly
influenced by the temperature (30°C, 40°C, 50°C, 60°C and 70°C).
The thermal conductivity increased from 0.034 W/(m'K) to
0.440 W/(m-K) as the moisture content increased from 5% to 78%.
The increased thermal conductivity with increasing moisture
content was because of the high thermal conductivity of water
compared to that of other components in the colored potato.
Similarly, the thermal conductivity of the potato (0-5 kg/kg d.b.)
ranged from 0.03 W/(m-K) to 0.46 W/(m-K) over the temperature
range of 40°C to 70°C*”. A model was developed for the thermal
conductivity of the colored potato as a function of the moisture
content with an R? of 0.99 (Table 1). Our study demonstrated that
the thermal conductivity of colored potatoes changed significantly
regarding the moisture content.

The temperature distribution of the colored potatoes during the
drying process needs to be predicted accurately because the

anthocyanins in colored potatoes are easily degraded during
thermal treatment. During the drying process, thermal and
physical properties such as thermal conductivity, specific heat, and
density are highly dependent on the moisture content. Therefore,
to predict the temperature distribution of the colored potato during
the drying process, thermal and physical properties should be
considered as variable functions when the drying process of the
colored potato is simulated. The simulation of the drying process
was implemented in the COMSOL Multiphysics 5.1 program to
predict the transient temperature profiles of samples at different air
temperatures of 50°C, 60°C and 70°C. Thermal conductivity,
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Figure 6 Comparison of heat transfer simulation results with the
experimental data of the colored potato during hot-air drying at
position 3 in the dryer
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specific heat, and density were taken as variable properties
depending on the temperature and the moisture content of the
samples while solving the heat and mass transfer equations. Local
heat and mass transfer coefficients of each sample are also taken as
variable properties with respect to the flow field at the sample
position. The heat and mass transfer equations are solved
simultaneously. The model was validated by comparing the
temperatures with the experimental results (Figure 6). The RMSE
values calculated using Equation (19) for all cases were (1.85+
0.27)°C. In general, RMSE value for the heat transfer simulation
model should be less than 5°CP73?.  The results demonstrated
that the simulation model suitably described the temperature
profiles in the dryer with variable thermal and physical properties.
With constant values of thermal properties, such as k and C,,
the temperature distribution in the colored potato was simulated
and plotted every 50 min during drying at 70°C (Figure 7). The
constant values of the thermal properties were calculated with the
initial moisture content of the colored potato (78.45%). The
thermal conductivity of the colored potato was highly dependent on
the moisture content rather than the temperature within the range
studied (30°C-70°C). In the constant & model, there were no
significant temperature gradients because of the thermal
conductivity, which was high enough for constantly conducting
heat from the surface to the inside. This was in contrast with the
variable model result in that the local thermal conductivity
decreased from 0.4270 W/(m-'K) to nearly 0 W/(mK) at the
surface of the colored potato. In the variable model, the local C,
at the surface decreased rapidly as the moisture content at the
surface decreased. The decreased C, easily increased the surface
temperature, producing a temperature gradient for heat transfer,
which was in contrast to the results of the constant C, model in that
the local C, at the surface was the same as that on the inside.

Temperature
| e
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T __h"‘;\l
Constant ky ' ' ~
& i "
v J [ ’ 60
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Figure 7 Temperature distribution of the colored potato with
thicknesses of 20 mm, 15 mm and 10 mm during hot-air drying
at 70°C.

Obviously, the temperature distribution difference increased as the
thickness of the sample decreased because the drying rate of the
colored potato increased as the sample thickness increased. It
should be noted here that the constant &k and C, models showed
significant differences with the variable model. This result clearly
demonstrated that the thermal properties during hot-air drying
should be considered as variables for the heat transfer model,
especially in the simulation of a material that has a high moisture
content and is easily susceptible to deterioration through
temperature.

4 Conclusions

The flow fields of the hot air in the dryer were simulated using
CFD. The local air velocity decreased as the distance from the
flow inlet and outlet increased, which is in the range of 0.207 m/s
to 1.566 m/s. Since the different heat and mass transfer
coefficient distribution by the flow field within a dryer may cause a
non-uniform drying quality, the effect of air velocity at the different
positions on the heat and mass transfer during hot air drying must
be examined for colored potatoes because of the high heat
sensitivity of anthocyanins. The drying simulation model using
heat and mass transfer models accurately predicted the drying
characteristics of colored potatoes in the hot-air drying system.
Thermal properties of colored potato, such as specific heat and
thermal conductivity significantly decreased from 3906.45 J/(kg-K)
to 2198.52 J/(kg-K) and from 0.440 W/(m-K) to 0.034 W/(m-K) as
the moisture content decreased 78% to 5%, respectively. The
temperature and the moisture distribution in the colored potato
samples were successfully predicted by the step-by-step simulation
suggested from this study. The flow filed was simulated in the
first step, then the heat and mass transfer coefficients were
estimated based on the flow filed simulation results. Finally, the
moisture and the temperature distribution was predicted by solving
the governing partial differential equations using CFD. The
model verification was performed by comparing the simulation
results with the experimental results, and the RMSE values for all
cases were less than (1.854+0.27)°C. Therefore, the simulation
model was successfully developed with the variable thermal and
physical properties to predict the moisture and temperature changes
of colored potato during drying. The simulation model in this
study can provide useful information to control the quality of the
colored potato products, such as moisture content and anthocyanin,
during drying by predicting moisture and temperature distribution
of the products.
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Nomenclature

C, specific heat (J/(kg-K))

D moisture diffusivity (m%/s)

h heat transfer coefficient (W/(m?-K))
hy, mass transfer coefficient (m/s)
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k Turbulent kinetic energy (m%/s?)
kr thermal conductivity (W/(m-K))
L diameter of cylinder (m)

M moisture content (g/g d.b.)

T temperature (°C)

Ty film temperature (°C)

% air velocity (m/s)

Vv kinematic viscosity (m%s)
Greek symbols

a thermal diffusivity (m%/s)

p density (kg/m®)

I dynamic viscosity (Pa-s)

e dissipation rate (m%/s°)
Subscripts

i initial condition

o0 air condition
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