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Mathematical modeling for
drying flint corn in a thin layer

Abstract — The objective of this work was to adjust the coefficients of six
mathematical models and to identify the one that best represents the drying
of flint corn grains in a thin layer. For this purpose, a drying column was
developed to obtain experimental data. Nine tests were performed for each
model, using the velocities of 0.5, 1.0, and 1.5 m s at 40, 50, and 60°C,
respectively, for drying air. The thin-layer drying models of Lewis, Page,
Thompson, Overhults, Brooker, and Midilli were tested. All adjusted models
represent the phenomenon of flint corn drying at 5% probability (y* test).
After adjusted, the models of Page, Midilli, and Overhults are the best ones for
drying corn, with a coefficient of determination equal to 1.000 for all tests and
errors lower than 1.0%. For the drying conditions of this work, the n parameter
of the model of Page does not depend on the velocity and temperature of
drying air, while the k parameter depends only on air temperature, which is
confirmed by the analysis of variance. The adjusted model of Page can be
used with precision for the prediction of thin-layer flint corn drying.

Index terms: Zea mays, drying column, fixed-bed drying,

Modelagem matematica para secagem
de milho “flint” em camada delgada

Resumo — O objetivo deste trabalho foi ajustar os coeficientes de seis modelos
matematicos e identificar aquele que melhor representa a secagem de graos
de milho “flint” em camada delgada. Para isso, desenvolveu-se uma coluna
de secagem para a obten¢do dos dados experimentais. Nove testes foram
realizados para cada modelo, tendo-se utilizado as velocidades de 0,5, 1,0 e
1,5 m s a 40, 50 e 60°C, respectivamente, para o ar de secagem. Testaram-se
os modelos de Lewis, Page, Thompson, Overhults, Brooker ¢ Midilli para
camada delgada. Todos os modelos ajustados representam o fendmeno da
secagem do milho “flint” a 5% de probabilidade (teste y?). Apds ajustados,
os modelos de Page, Midilli e Overhults sdo os melhores para a secagem de
milho “flint”, com coeficiente de determinagdo igual a 1,000 para todos os
testes e erros inferiores a 1,0%. Para as condigdes de secagem deste trabalho,
o parametro n do modelo de Page ndo depende da velocidade e da temperatura
do ar de secagem, enquanto o parametro k depende apenas da temperatura do
ar, o que ¢ confirmado pela analise de variancia. O modelo de Page ajustado
pode ser usado com precisdo na predicdo da secagem de milho “flint” em
camada delgada.

Termos para indexacio: Zea mays, coluna de secagem, secagem em leito fixo.

Introduction

Drying is the process of removing moisture from grains by
evaporation; initially, it involves the moisture migration from the
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interior of grains to the surface and, subsequently, the
evaporation. The process can be accelerated by the
insufflation of hot air through the grain bed, removal
of the surface moisture and promotion of the grain
heating. Moisture is a major factor for corn growing,
as it determines the appropriate time for harvesting
and the conditions for storage (Kucuk et al., 2014). For
an adequate storage, humidity levels close to 13% on
a wet basis (wb) are necessary, and they may present
a value of up to 11% for very long stocks (Elias et al.,
2017).

Several thin-layer models are found in the
literature, and they are applied to the most diverse
types of agricultural products; however, there is
not a universal model, since the parameters in the
equations vary with the type of product and the region
of cultivation. Thus, obtaining experimental data that
accurately represents the thin-layer drying process is
essential for choosing the best model (Kucuk et al.,
2014).

The thin layer is characterized as a very thin grain
surface that shows a maximum exposure in relation
to the air flow (Bala, 2017). The models developed
by Lewis, Page, Thompson, Overhults, Brooker, and
Midilli were chosen for the analysis in this work
because they showed good results in previous studies
on grains of different types (Liu et al., 2015; Souza et
al., 2015; Sun et al., 2016; Abasi et al., 2017; Nejadi
& Nikbakht, 2017; Jian & Jayas, 2018; Prakash &
Siebenmorgen, 2018).

The adjustment of several thin-layer drying
models has been observed in recent years for several
agricultural products. Thin-layer drying composed a
set of partial differential equations, in the prediction
of thick-layer corn drying; however, the validity of the
model was limited, mainly due to the coefficients of
thin-layer equations (Liu et al., 2015). The Overhults’
model was employed with the coefficients adjusted to
the experimental data, to compose a model of mass
and energy balance and to satisfactorily simulate the
drying process of soybean seed in a fixed bed (Souza
et al., 2015)

The Midilli’s model was successfully applied by
Nejadi & Nikbakht (2017) to study the corn drying in
a fluidized bed with heating by infrared irradiation.
The variations of coefficients were studied for
the Page and Brokker’s empirical equations for
distinct maize species, and both equations showed
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a good correlation with the experimental data, and
the authors concluded that the coefficients were
significantly influenced by the grain texture (Sun et
al., 2016). The Lewis’ exponential model was applied
in the analysis of drying corn straw, grasses, and
plants for silage, and proved to be useful for planning
logistics operations (Khanchi & Birrell, 2017).

Five thin-layer models were investigated by
Doymaz (2017) for drying carrot slices; among them,
the Midilli model was the one that best characterized
drying at 50, 60, and 70°C at 2 m s air velocity.
A new theoretical model of thin-layer drying was
proposed by Jiang et al. (2017), who tested it using
experimental data from potato drying. Although
the model showed satisfactory data, it is limited, as
the diffusion of the product’s internal moisture was
neglected. The drying of different rice cultivars
was analyzed, using the Page, Lewis, and Midilli’s
models, which were considered valid for predicting
the drying of rice after adjustments (Prakash &
Siebenmorgen, 2018). The drying of saffron roots
was evaluated using eleven exponential models that
showed statistically satisfactory results in relation to
the experimental data (Karthikeyan & Murugavelh,
2018).

A diffusion model of moisture in grains was
analyzed by Giner (2019) during the drying of wheat.
Variable boundary conditions were applied and the
analytical and numerical solutions of the process
were compared, using coefficients obtained in
previous research. Other recent works are also found
in the literature for drying various products, such as
flowers and fruits (George et al., 2017; Amer et al.,
2018; Chauhan et al., 2018; Buzrul, 2022), organic
waste (Zhou et al., 2017), sawdust (Brys et al., 2021),
and minerals (Fadhel et al., 2018).

Despite the many works on thin-layer drying of
corn in the literature, only few of them give emphasis
to the variety, especially to the flint type that is the
main cultivar grown in the Brazilian territory.

The objective of this work was to adjust the
coefficients of six mathematical models and to
identify the one that best represents the drying of flint
corn grains in a thin layer. For this, a drying column
was also developed, in order to obtain experimental
data. The data obtained in the development of this
work can be used in the simulation and validation of
mathematical models for drying corn.
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Materials and Methods

In order to carry out the experiments, a drying
system consisting of a fixed-bed dryer and a thin-
layer drying chamber was designed and built. This
project was elaborated aiming to obtain an equipment
to allow of an efficient control of the temperature and
regulation of air velocity at the entrance. The system
consists of an air-blower ventilator, heating chamber,
air distribution chamber (plenum), temperature and
velocity controller, and a base to couple the drying
chamber and gauges (Figure 1). This equipment was
built by researchers from the Mechanical Engineering
Department of Centro Federal de Educagdo
Tecnologica de Minas Gerais (Cefet - MQG) for drying
studies. Drying systems with dimensions similar to
those used can also be found in Zare & Chen (2009),
ElGamal et al. (2017), and Zhao et al. (2018).

The air blower consists of a ventilator Siroco 2P
(Varivelox Industrial Ltda., Toledo, PR, Brazil) that
uses a single-phase 220 V motor, 1/3 HP, and 3,500 rpm
rotation, with a maximum flow rate of approximately
12 m® min'. The heating chamber consists of a set of
four finned electric resistors, each with 1 kW heat
dissipating power of air. The chamber was built using
galvanized sheet 22 (0.8 mm thick), and it has a central
expansion area and two reductions at the ends, with
angles of approximately 17° and 97 mm diameter.
The air distribution chamber was made of the same
material as the heating chamber; this part of the system
is necessary to obtain a more uniform air distribution

Figure 1. Diagram of the drying system parts: 1, fan;
2, heating chamber; 3 connection curve; 4, plenum; 5,
temperature controller; 6, base for attaching the drying
chamber; 7, point to measure the velocity and relative
humidity; 8, point for connecting the thermocouples. Photos
by Leonardo Alves da Costa

near the entrance of the drying column. The plenum
has 220 mm height and 35° angle, and it was thermally
insulated to obtain a better uniformity in boundary
conditions. The base for fitting the drying column has
100 mm diameter, it also includes velocity and relative
humidity meters, as well as two thermocouple inlets,
one for the temperature controller, and the other for the
measurements in the tests.

The temperature control is carried out by a
proportional, integral, and derivative controller (PID),
coupled to a solid state relay, a type J thermocouple,
allowing of the automated control of temperature at
the entrance of the drying column, and enabling or
disabling the resistances in the heating chamber. The
system enables the temperature at the inlet to be kept
constant throughout the grain drying experiment,
allowing of the user to turn the resistors on and off
independently by means of switches, in addition to
controlling the ventilator.

To carry out the experiments in a thin layer, a
drying column was built (Figure 2) with a diameter
close to that of the accommodation base (Figure 1)
and low height. The column was designed with 200
mm maximum height and 130 mm diameter, and
the manufacturing material was galvanized steel
26 (0.50 mm thick). In order to contain the grains
inside the chamber and allow of upward air passage,
a perforated steel plate was used. The perforated plate
was positioned 50 mm from the base of the column to
enable a satisfactory fitting surface with the plenum.
Despite the 200 mm height, only 30 mm were used as
a grain bed for drying. To monitor air temperatures,

Figure 2. Column manufactured to study the drying of flint
corn (Zea mays) in a thin layer. Photos by Leonardo Alves
da Costa
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two thermocouples were positioned on the column:
the first at 60 mm (thermocouple 02), and the second
at 140 mm (thermocouple 03) from the base. The
thermocouple connected to the coupling base was
used to monitor the temperature of the incoming air
and was designated as thermocouple O1.

Temperature measurements were performed using
100 mm type J stainless steel thermocouples, which
were previously calibrated using a thermostatic bath
and bulb thermometer (uncertainty of + 0.2°C, in the
range of -10 to 62°C). To measure the velocity of the
drying air, a hot wire thermo-anemometer was used,
with a 0.01 m s resolution in the 0 to 30 m s range.
The relative humidity measurements were performed
with a digital thermohygrometer, from 15 to 95%
measurement range and 1% resolution.

To monitor the air temperatures at the entrance and
in the drying column, thermocouples 01, 02, and 03
were coupled to a multifunctional data acquisition
system. The system consists of a computer, a data
recording unit, and a module with the necessary
channels for the application. The moisture content
of the corn samples was determined with the use of
an airrenewal oven, of 40 L capacity and adjustment
of the desired temperature by thermostat. Sample
masses were measured using a digital scale with 0.1 g
resolution and 500 g maximum capacity.

In order to carry out the experiments, grains of
the BG7640VYH corn cultivar were used, which is a
hybrid of the flint type (glassy texture) provided by
Embrapa, with wide adaptation to tropical regions and
without any restriction for the growing season. The
grains were harvested and threshed mechanically by
a grain harvesting machine, and the plant was in the

ideal stage of physiological maturation, with a moisture
content close to 22% in dry basis (18% wet basis).

The tests were carried out following an experimental
factorial design (3%) at three temperatures and three air
flow velocities (Table 1). During the experiments, the
mass of the corn bed, relative humidity, and temperature
of the thermocouples were recorded every 10 min.
Drying time was 150 min for each test. The experiments
were carried out on clear days, with relative humidity
between 50 and 60%, which guaranteed a satisfactory
degree for comparison between the tests.

Corn initial moisture content was determined by
weighing a mass of approximately 100 g of wet corn;
then the mass was taken to the oven for drying at
105£1°C and, after 24 hours, the sample was removed
from the oven and a new weighing was carried out.
The sample for drying in a thin layer was homogenized
and, immediately after weighing its mass (Table 1), it
was taken to the drying column. The drying system
was turned on and the velocity value was adjusted,
using the thermo-anemometer and the temperature
controller. The temperature was stabilized at +1°C.
Thermocouples 02 and 03 were coupled to the thin-
layer column and to the data acquisition system.

Initial measurements of grain bed temperature,
temperature, and relative humidity of the drying air
were performed. Soon after, the thin-layer column
was coupled to the drying system and the test started.
Measurements of temperature and relative humidity of
the drying air, temperature, and mass of the grain bed
were taken every 10 min, for 150 min. At the end of
the experiment, the experimental data were processed.

The moisture content of the grains on a dry basis
(My) was determined in the thin layer, using successive

Table 1. Planning of the experiment of thin-layer flint corn (Zea mays) drying. Nine tests were carried out at different
temperatures and drying air velocities. The results of these tests were used to evaluate the prediction efficiency of the

mathematical models tested.

Test Drying temperature Drying air velocity Wet mass corn Corn layer height Initial moisture Time of drying
(°C) (ms™) (2) (cm) content (% db) (min)

Test 01 40

Test 02 50 0.5 250 3 22 150
Test 03 60

Test 04 40

Test 05 50 1.0 250 3 22 150
Test 06 60

Test 07 40

Test 08 50 1.5 250 3 22 150
Test 09 60

Pesq. agropec. bras., Brasilia, v.57, ¢02845, 2022
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measures of wet (m,) and dry (my) corn mass, and
calculated according to the following equation:

my (1)

The grain moisture ratio (MR) is a useful quantity
used in drying research area; it allows of the
comparison of experiments carried out with different
initial humidity values, and it can be expressed in the
following form:

(Md —Mej

MR=| —/——

M, -M, )

The initial moisture content (M;) was determined
before the start of the tests, while the equilibrium
moisture content (M,) was determined using the
Henderson’s (Liu et al., 2015) equation, as follows:

_{_ In(1-RH) T
“ | (A(T+273.16)) 3)

where: RH and T are respectively the relative humidity
and the temperature of the drying air, under equilibrium
conditions. The values of the coefficients (A and B)
in Equation (3) were confirmed experimentally, being
given by the constants: A=3.1x10" and B=1.76

The six thin-layer drying tested models are shown in
mathematical equations (Table 2). The analysis of these
models was carried out in order to select the one that
best represents the drying-curve equation for the corn
cultivar used. For that, the values of the parameters of
the equations were evaluated for temperature changes
and velocity of the drying air.

The results of the thin-layer drying models were
compared with the experimental ones, to identify the
best model that represented the phenomenon and, for
this purpose, the determination coefficient (R?), the
estimated standard error (SE), and the relative average
error (P) were used as statistical parameters for the
selection of the model. Better quality models have high
values for R?, and lower values for other parameters,

which are expressed as:
2 (MR, ~MRey )(MR .—l\ﬁm)T

~MRn) @)

exp,i

~MRey ) 23, (MR

R’ =
=¥, (MR

exp,i pre,i

N 2
SE _ \/Zi—l (Mchp,i - MRprc,i )
DFM ®)

_ @ N (MRexp,i_MRpre,i)
N i=l MRexp,i (6)

P

where: MR,,,; and mxp are the instantaneous and
average experimental moisture ratios, respectively;
MR,,.;and me are the moisture ratios predicted by
the instantaneous model and average, respectively; and
DFM are the degrees of freedom of the model (number
of experimental measurements minus the number of
parameters considered in the model).

The statistical analysis was complemented with the
chi-squared test (y%*) of adherence, and the values of
x> were calculated according to Equation (7) for each
model, in each drying condition, and compared to the
critical value, as follows:

2 _ Efil (MRexp,i - MRpre,i )2

X DFM (7)

The values of the humidity ratio in each model were
initially calculated using the parameters suggested by
the literature, and then the value of each parameter was
adjusted to the experimental data. For this purpose,
the Microsoft Excel “solver” function was used, which
performs non-linear data regression by adjusting the
values of the equation parameters. After choosing the
best quality model for drying corn, an analysis was
performed for the dependence of the parameters on
the temperature and air velocity. For this purpose, the
analysis of variance was applied using the Microsoft
Excel “data analysis” function. For all statistical tests,
5% probability (o) was assumed.

Table 2. Thin-layer mathematical drying models tested for
flint corn (Zea mays).

Model Model equation Reference
Page MR =exp(—kt") San()e]t;)lL
Thompson MR = exp(%;‘lbt)mj Ku(c;i(1 Zt) al.
Overhults MR =exp((—kt)") S“E‘f&?)al'
Brooker MR =c exp(kt) D(g())/rln%z
Midilli MR = ¢ exp(—k¢" ) +dt D(%rln%z

MR, moisture ratio; a, b, c, d, k, n: empirical parameters of the equations.

Pesq. agropec. bras., Brasilia, v.57, €02845, 2022
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Results and Discussion

The experimental results of thin-layer drying corn
in the drying conditions used are presented (Figure 3).
The final moisture ratio of corn was between 0.49 and
0.62, representing moisture contents between 12.1 and
16.7% dry basis (db). Measurement uncertainties were
adequately identified and estimated quantitatively,
considering all measurement cycles and expansion
formulae, and the results generated in Microsoft
Excel and Engineering Equation Solver (EES) showed
uncertainty of £0.05% (db) for the moisture content,
and +0.004 for the grain moisture ratio.

It was observed that in experiments carried out at
the same velocity, there was a reduction of the grain
moisture ratio with the increase of temperature. Due to
the increase of the rate of energy supplied to the bed by
the resistances, this observation was more accentuated
in the drying at a lower velocity (tests 01, 02, and 03).
There were no significant changes of the moisture
content with the increase of the flow velocity at the
same temperature, although this variable is important
in the displacement of the drying front.

An approximately linear behavior was observed
during the drying time, with small deviations during

the first minutes of the process because of the transient
heating of the grains. This behavior is typical of drying
curves and shows the control of the process by convective
phenomena of heat and mass on the surface of the grains.

The statistical parameters calculated for each corn
drying model were analyzed according to different
temperatures and air velocities (Table 3). The available

LOm oTest 01 - 40°C - 0.5 m/s aTest 05 - 50°C - 1.0 m/s
oTest 02 - 50°C - 0.5 m/s aTest 06 - 60°C - 1.0 m/s
x ~Test 03 - 60°C - 0.5 m/s xTest 07 - 40°C - 1.5 m/s
£ . aTest04-40°C- 1.0m/s oTest08 - 50°C - 1.5 m/s
Ve aTest 09 - 60°C - 1.5 m/s
208 3 s X
g g s X
% é : a x x -4
% = I X g
g & FL % g g
= 0.6 £ 4 " 8 2
& 8 g
[ Y |
]
LI
0.4

0 20 40 60 80 100 120 140 160
Drying time (min)

Figure 3. Moisture ratio data obtained during the thin-
layer drying of flint corn (Zea mays), for all experimental
tests carried out in the drying column manufactured for the
present work.

Table 3. Determination coefficient (R?), relative average error (P, %), estimated standard error (SE) and chi-square (¥?)
test for the thin-layer drying models analyzed. These statistical parameters were calculated for each flint-corn (Zea mays)
drying model, and analyzed according to different temperatures and air velocities. The available data were obtained after
adjusting the model equations in relation to the experimental values of thin layer drying.

Model Air Temp. R? SE P 1 (x 107)
(°O) 05ms! 1.0ms!' I.5ms! 05ms!' 1.0ms! 1.5ms! 05ms! 1.0ms! 1.5ms! 05ms! 1.0ms' 1.5ms"!
40 0.942 0.951 0.951 0.048 0.045 0.045 5.3 5.0 5.0 2.293 2.054 2.055
Lewis 50 0.957 0.944 0.942 0.053 0.055 0.055 6.7 6.6 6.6 2.783 2.972 3.044
60 0.946 0.945 0.932 0.058 0.061 0.066 7.5 7.9 8.5 3.407 3.675 4324
40 0.935 0.944 0.944 0.028 0.027 0.027 2.5 2.4 2.4 0.804 0.747 0.748
Brooker 50 0.949 0.935 0.933 0.033 0.034 0.034 35 33 32 1.117 1.137 1.128
60 0.937 0.934 0.920 0.037 0.038 0.041 39 4.1 42 1.379 1.462 1.680
40 0.998 0.996 0.996 0.006 0.010 0.010 0.7 1.1 1.1 0.038 0.099 0.099
Thompson 50 0.993 0.997 0.998 0.017 0.010 0.008 1.9 1.0 0.9 0.275 0.091 0.059
60 0.997 0.997 0.999 0.012 0.011 0.005 1.3 1.2 0.6 0.146 0.114 0.028
40 1.000 1.000 1.000 0.002 0.002 0.002 0.2 0.2 0.2 0.003 0.005 0.005
Page 50 1.000 1.000 1.000 0.002 0.003 0.002 0.3 0.3 0.2 0.005 0.010 0.003
60 1.000 1.000 1.000 0.003 0.002 0.002 0.3 0.2 0.3 0.007 0.004 0.004
40 1.000 1.000 1.000 0.002 0.002 0.002 0.2 0.2 0.2 0.003 0.006 0.006
Midilli 50 1.000 1.000 1.000 0.002 0.003 0.002 0.3 0.3 0.2 0.005 0.010 0.003
60 1.000 1.000 1.000 0.002 0.002 0.002 0.2 0.1 0.2 0.003 0.002 0.004
40 1.000 1.000 1.000 0.002 0.002 0.002 0.2 0.2 0.2 0.003 0.005 0.005
Overhults 50 1.000 1.000 1.000 0.002 0.003 0.002 0.3 0.3 0.2 0.005 0.010 0.003
60 1.000 1.000 1.000 0.003 0.002 0.002 0.3 0.2 0.3 0.007 0.004 0.004

Pesq. agropec. bras., Brasilia, v.57, ¢02845, 2022
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data were obtained after adjusting the parameters in
relation to the experimental values of thin-layer drying.

After the adjustment, all statistical parameters
proved to be satisfactory, obtaining a coefficient of
determination (R?) of 0.920 minimum and 1.000
maximum. The Page, Midilli, and Overhults’ models
showed R? values equal to 1.000 for all tests. The
values for the relative average error (P) below 8% were
obtained for all tests, and those below 1% were obtained
for the Page, Midilli and Overhults’ models. Regarding
the estimated standard error (SE), all models showed
very low values, with emphasis on the Page, Midilli,
and Overhults’ models with values very close to zero.

The chi-square test was performed on all models,
and very small values were obtained, always below the
critical value (ycritical > 20), in addition to presenting
a p-value equal to one (p=1.000) in all tests. Therefore,
as p>0.05 and calculated y* values do not belong to the
region of critical values, it can be stated that, at 5%
probability, the distance between the moisture ratio
values predicted by the models and those obtained
experimentally was very small in all analyzed
cases; that is, the models apply to the results of the
experiments. The Page, Midilli, and Overhults’ models
stood out again, with y* values about 1,000 times lower
than the others. It is important to mention that the
lower is the value of ¥, the better will the model fit the
experimental data (Kucuk et al., 2014).

The results of the statistical analysis (R?, P, SE, and
v?) were evaluated according to Brooker et al. (1992),
Dinger & Zamfirescu (2016), and Bala (2017). Similar
works are found in the literature (Hemis et al., 2011; Yi
et al., 2012; Doymaz, 2017; Khanchi & Birrell, 2017,
Prakash & Siebenmorgen, 2018; Ramaj et al., 2021),
and the accuracy of the models is assessed by the same
statistical tests, and with similar compatibility.

As the adjusted models of Page, Midilli, and
Overhults showed higher quality, and their results
showed a very great similarity, only the Page’s
model was chosen for a more in-depth study for the
dependence of the parameters on temperature and air
velocity, and it was selected to represent the thin-layer
drying of corn analyzed in the present work (Figure 4).

The dependence of the Page’s model parameters
on temperature and velocity was performed using the
analysis of variance. For all tests, a significance level
(o) of 0.05 was assumed. For the k parameter, the F-test
of global significance showed F <0.05, indicating the

statistical evidence that at least one of the variables
(temperature and / or velocity) is related to the variation
in the k value.

10 » v=05ms"
o Test 01 - 40°C - Experimental
0.9 1 a Test 02 - 50°C - Experimental
= Test 03 - 60°C - Experimental
o) i
g 08 —Values estimated by the model
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Figure 4. Experimental and estimated moisture ratio by
the Page’s model, obtained for the drying of flint corn (Zea
mays) at different values of temperature and drying-air
velocity.
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The individual significance test showed a p-value
<0.05 for the intersection of the curve and for the
temperature variable, and a p-value >0.05 for the air
velocity variable, indicating statistical evidence of
a relationship between the k value and temperature,
while no evidence was observed for velocity. The
analysis of variance for the parameter n showed
p-value >0.05 for the global and individual significance
test for both variables; therefore, there is no evidence
of a relationship between the values of n and the
temperature or air velocity for drying corn in a thin
layer. The value of n was determined by the simple
average of the obtained values, which is given as
n = 0.562 + 0.021. The equation for the parameter k of
the Page model was determined by linear regression
of the data obtained at different temperatures (T), as
follows: Ink =-0.019T + 1.951, R=0.99.

Conclusions

1. The drying column constructed can be used for
drying flint corn (Zea mays) grains, as the aspect of the
drying curves of the nine experimental tests is similar
to those obtained by other authors in the literature.

2. All adjusted models represent well the
phenomenon of flint corn drying with precision; the
Page, Midilli, and Overhults’ models are the best ones
for drying flint corn, after the adjustment, and any of
these three models can be used for drying of thin-layer
flint corn precisely; the Brooker and Lewis’ models
are the least indicated ones.

3. The Page’s model adjusted in the present work
can be used with precision in the prediction of thin-
layer flint corn drying, and it can also be coupled to
other differential equations in the study of thick-layer
drying.
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