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EXTENDED ABSTRACT

Introduction

The use of fruit drying to produce dried fruit
chips is becoming increasingly widespread.
The simultaneous exchange of mass and heat
in the drying process has made this
phenomenon a complex process in terms of
mass transfer and moisture removal. Citrus
fruits are among the horticultural products
that can be converted into fruit chips. Citrus
fruits are among the most important
subtropical fruits, native to South Asia, East
Asia, Southeast Asia, and Australia. Drying
fruits has always been a challenging task.
Conventional methods of drying, such as
sunlight or hot-air drying, negatively impact
flavor, color, nutritional quality, and the
preservation of bioactive compounds due to
exposure to high temperatures. Fruits are
major sources of vitamins and minerals, but
these nutrients are vulnerable to oxidation
during conventional drying processes at high
temperatures. One of the important processes
in drying operations is knowing how mass and
moisture are removed from the product being
dried. Knowing the moisture distribution and
temperature of the products is necessary for
process design, quality control, appropriate
storage selection, and proper product
transport. The purpose of this research is to
investigate and evaluate internal and external
mass transfer parameters using two models:
Crank and Dinser and Doost, and to evaluate
energy in drying orange layers in a refractivity
window dryer.

Material and Methods

This study was conducted to evaluate the
energy parameters of a refractance window
dryer for drying sliced orange slices. A
refractance window dryer system designed at
the Mashhad Agricultural Engineering and
Technical Research Center was used for the
experiments. Orange fruit samples were
selected for their uniform color, shape, and
size, then washed and after being transported
to the testing site, cut into slices with a
diameter of 8 cm and thicknesses of 4, 6, and
8 mm. Mass transfer phenomena in the drying

of agricultural products and food are complex
and are usually classified into pressure
diffusion, forced diffusion, and normal
diffusion as pure mass transfer without fluid
motion. Accordingly, Fick's second law for
unsteady conditions by cranking can describe
the moisture transfer in the descending stage
of the drying process. Drying curves occur
mainly in the descending stage and moisture
diffusion is controlled by internal diffusion.

Results and Discussion

To determine the internal mass transfer
coefficient by the crank method, In(MR) was
plotted against time (minutes) at different
temperatures and thicknesses of sliced orange
slices, and the slopes of the resulting graphs
were determined. As shown in the graphs,
with increasing drying air temperature, the
drying time decreases and the slopes of the
plots increase, indicating faster moisture
removal from the middle layers to the surface
and, as a result, faster drying. This process of
moisture removal in the dryer is carried out
more quickly and in less time. Also,
comparing the thicknesses of the samples
shows that increasing the temperature
increases the rate of moisture removal at
lower thicknesses, and the slopes of the
graphs increase. As the drying air temperature
increases, the slope of the plotted graphs
increases, indicating faster moisture removal
from the middle layers to the surface and,
consequently, faster drying. This process of
moisture removal in the dryer is carried out
more quickly and in less time. The results
showed that the highest activation energy by
the crank method was 36.35 kJ/mol in a
cabinet dryer at 60 degrees Celsius, and the
lowest value of this parameter was 20.13
kJ/mol in a refractance window by the Dinser
and Dost method at 90 degrees Celsius. The
lowest energy consumption and specific
energy requirement were 2.53 kW and 6.75
kWh/kg, respectively, at 90 degrees Celsius
and 4 mm thickness in the cabinet dryer, and
the highest values of these two parameters
were 5.8 kW and 2.17 kWh/kg, respectively,
at 60 degrees Celsius and 8 mm thickness in
the refractance window dryer. The reason for
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this is that, as drying temperature increases,
the faster rate of moisture removal from the
product and the reduction in saturated vapor
pressure increase the ability of the drying air
to absorb moisture from the product's surface,
allowing the product to dry in less time.

Conclusions

In this study, a refractance window system
was used to dry orange slices with three
thicknesses of 4, 6 and 8 mm at three
temperatures of 60, 75 and 90 degrees
Celsius, and the mass and energy transfer
parameters including activation energy,
convective mass coefficient, specific energy,
drying efficiency and specific moisture
evaporation rate were calculated using the
two models of Dinser and Dost and the Crank
model. The results showed that the drying rate
constant and the effective moisture diffusion
coefficient (internal mass transfer coefficient)
increased with increasing temperature and
slice thickness. The highest activation energy
was obtained by the Denser and Dost method.
The highest convective mass coefficient was
calculated at 75 degrees Celsius and 6 mm
thickness at 7.95x107. The minimum and
maximum specific energy required were 2.5
and 17.2 kWh/kg, respectively. Also, the
highest drying efficiency and specific
moisture evaporation rate (SMER) were
obtained at 90°C and 8 mm thickness,
respectively, which were 11.8% and 0.167%.
Therefore, it can be said that the energy
parameters of the refractivity window dryer
are affected by the thickness of the fruit slices
and the dryer temperature.
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