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Using fossil fuels causes environmental problems such as greenhouse
emissions and air pollution. In this study, theuse
of solar dryers greatly reduced fossil fuel consumption in Yazd
area and reduced environmental pollution in addition to increasing
the quality of dried products. This dryer operates by passing natural
convection or forced convection between the products and directly
depends on the solar radiation received by the collector. To simulate
the performance of the dryer, its 2D dimensions were modeling in
Gambit software. Using Ansys Fluent software, by applying the
amount of heat flux created at different hours in July 2020 for the
geographical conditions of Yazd city on the collector, air flow and
outlet temperature was reported. Based on the contours and
diagrams, it was concluded that with a mass flow rate of 0.16 kg / s
and a temperature of approximately 35C°, the drying conditions of
grains and vegetables can be provided in the sunny conditions of Yazd.
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EXTENDED ABSTRACT

Introduction

One of the main axes in the field of energy is the energy efficiency of energy supply
systems. Iran is a country where less attention is paid to how energy is consumed and
optimized energy-consuming systems due to the abundance of fossil fuels. Therefore,
designing and building systems that can use new and renewable energy independently or
in combination is both important and necessary. Iran is geographically located between 25
to 40 degrees north and 43 to 55 degrees east, has an average of 300 sunny days and is one
of the most prone areas to use solar radiation in various fields, particularly in drying. The
use of solar dryers in agricultural production areas such as farms and gardens saves energy,
optimizes the conversion of agricultural products, and reduces production costs.

Methodology

According to Figure (1), the indirect solar dryer consists of the following parts: 1- Flat
plate solar air heater which includes glass, copper absorber; Plate 2- Dryer chamber; and 3-
Interface channels. The mechanism of the dryer is such that by exposing the sunlight to the
air of the flat plate solar heater; after passing through the glass layer; it reaches the copper
absorber and causes the absorber to heat up. As air flows through the channel between the
glass sheet and the absorber; the air heats up due to the convection, and the density of air on
this plate decreases and moves upwards, and the colder air moves downwards. Finally it
moves towards the dryer chamber and exits through an outlet, which reduces the moisture
in the dryer chamber in the middle of the path.

Outlet
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Inlet\

Figure 1. Two-dimensional geometrical diagram of the solar dryer studied

Boundary conditions at the inlet and outlet of the inlet and outlet pressure type were
selected and a heat flux of 400 w/m was applied to the glass taking into account the glass
and other coefficients of 114 watts per square meter entering the control volume. The
surface below the collector and the walls of the dryer were insulated. Since the Riley number
in the collector was much higher than10°, the turbulent flow regime was selected and the
standard K — & model used.
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Results and discussion

Figure 2 (a) shows the pressure contour as shown in the areas of the solar dryer where
there is high speed and as a result the pressure is low, and vice versa. Figure 2 (b) shows
the velocity contour created in different parts of the solar dryer with a maximum of 0.983
m/s at the inlet of the air heater and in the inlet area to the dry chamber. Due to the
changes in velocity, a vortex was generated. In Figure 2 (c), the contour of the streamlines
in the solar collector and the drying chamber can be observed. There was a higher
temperature near the absorber plate because of the absorber plate and the solar radiation
intensity being directly related.
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Figure 2. (a) Pressure contour, (b) velocity contour, (C) streamline contour in a solar dryer

The temperature contour is shown in Figure 3 where the maximum temperature is 328
Kand is on the absorber plate because the absorber plate behaves like a black body and has
the highest absorption coefficient and the lowest emission coefficient.
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Figure 3. Static temperature contour of solar dryer

Conclusion

Based on the simulation, the following results were obtained. With a mass flow rate of
0.16 kg/s and a temperature of approximately 35 ° C inside the solar dryer chamber, the
drying conditions of various grains and vegetables with a lower drying temperature than
agricultural products can be created in the sunny climate of Yazd city without the use of
fossil fuels. Thus, it is recommended that a solar dryer be used in the process of
dehumidification and drying.
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