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1. Introduction

One of the main axes in the field of energy is the
energy efficiency of energy supplying systems. As
Iran is a country that due to the abundance of fossil
fuels, less attention is paid to how to consume
energy and optimize energy consuming systems.
However, in recent decades, due to the depletion
of fossil fuel sources and pollution that comes from
consumption of this type of energy sources, the
comprehensive development document of the
country stipulates that by 2051 at least 30% of the
electricity generation network must be provided
from new and renewable energy sources, of which
more than 15% will be from solar energy.
Therefore, designing and building systems that can
use new and renewable energy independently or in
combination is important and necessary. More
than 30% of the world's energy production is used
in agriculture, of which about 12% is used to dry
agricultural products. The use of fossil fuels causes
environmental problems such as greenhouse gases
and air pollution. The use of solar dryers can
greatly prevent the consumption of fossil fuels in
this area. Moreover, the quality of the dried
product increases and the environmental pollution
decreases considerably. In this research, using
laboratory data, the drying process of the product
using apple slices was evaluated and the thermal
efficiency of the storage tank and the drying
efficiency were obtained and the required volume
and mass flow rate were obtained to get the highest
thermal efficiency.

2. Experimental Setup

The dryer used in this research is a cabinet dryer
including a vacuum tube solar collector, storage
source with PCM, heat exchanger, electric fan and
dryer cabinet. Vacuum tube collector (SK-H15-45)
consists of 15 double-walled tubes with a length of
1800 mm, with an effective area of 1.9 m? with a
copper absorber with internal and external
diameters of 45 and 58 mm. The schematic of the

drying system assisted with collector, cabinet and
storage system is depicted in Figure 1. The fluid
flow rate at two levels of 0.2 and 0.4 I/min and
three levels of PCM mass 1.54, 2.45 and 3.6 kg
were considered to do the experiments.

Figure 1. Details of cabinet solar dryer including: 1)
vacuum tube collector, 2) fluid storage tank, 3) air
blower fan, 4) heat exchanger, 5) dryer cabinet, 6)
chassis, 7) sample tray, 8) electric fan controller, 9)
output, 10) fluid transfer tube, 11) thermocouples

3. Solar Collector and Drying Efficiency
The energy absorbed during the heating process
consists of two parts: the first part of the container
is the PCM, the copper coil tube, and the second
part, paraffin. Figure 2 shows the heat circuit of an
energy storage source including fluid, adsorbent,
and adsorbent (copper) shell. Heat is transferred by
the fluid through convection to the copper wall and
then through conduction to paraffin inside the
helical tube. In this case, the heat transferred from
the solar collector is stored or released by the fluid
and paraffin. Dryer efficiency was used to describe
the effect of using PCM and thermal energy
storage system on the drying process of the
product. The ratio of energy (thermal and
mechanical) used to heat the product and extract
moisture from the product to the total energy used
during the drying process, including fluid thermal
energy and mechanical energy as the drying
efficiency considered to calculate drying
efficiency.

4. Results and Discussion

The rate of change of drying temperature under
different test conditions as a function of time is
shown in Figure 2. Due to the fact that it took one
hour to stabilize the temperature of the whole set
with the environment, the data collection of the
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drying process started at 8:00 AM. For two fluid
discharges (0.2 and 0.4 I/min) as the intensity of
solar radiation increases, the solar energy
transferred to the fluid increases and as a result the
temperature inside the dryer cabinet increases.
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Figure 2. Dryer temperature changes at different weights
of PCM in the storage tank at two fluid flow rates, 0.2 and
0.4 l/min

Figure 3 shows the thermal energy input to the
solar dryer by the vacuum tube solar collector in
different conditions with flows of 0.2 and 0.4 I/min
and PCM 1.54, 2.45 and 3.6 kg. Changes in the
overall efficiency of the solar dryer in Figure 7 as
well. It shows that with increasing PCM, the
efficiency also increased and its value for flow of
0.2 I/min from 32.92 to 35.55 percent and for flow
of 0.4 I/min varies from 32.19 to 36.02%.

The rate of change of electrical energy used for
drying apple slices increases with increasing
volumetric flow rate, and considering the
abundance and freeness of solar energy, it can be
concluded that the drying system with a flow rate
of 0.2 I/min and the amount of PCM to 3.6 kg is a
good option for drying apple slices.
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Figure 3. Thermal energy input to the dryer by solar
collector and total efficiency of the solar dryer in different
conditions

5. Conclusion

In this study, the performance of a solar dryer
equipped with a vacuum tube collector with PCM
was evaluated. To evaluate the collector and dryer,
experiments with phase change materials in three
masses of 1.54, 2.45 and 3.6 kg and volumetric
flow of fluid flowing in the system at two levels of
0.2 and 0.4 I/min was performed on continues days
in July 2017. During the day, when the intensity of
solar radiation is maximum, the heat energy
absorbed by the solar collector is stored in fluid
and PCM, and is used during the night when there
is no solar radiation, and consequently the drying
process continued. Collector thermal efficiency for
the fluid flow of 0.2 and 0.4 1/min varies between
59.9 and 62.4% in the middle of the day to 20.4
and 20.2% at the end of the day, respectively.
Energy changes for fluid volume flow of 0.2 I/min
vary from 13.31 to 13.63 MJ, and this value for
volume flow rate of 0.4 I/min from 14.45 to 14.92
MJ. Changes in the overall efficiency of the solar
dryer show that with increasing PCM, the
efficiency increases and its value for 0.2 I/min
from 32.92 to 35.55 % and for flow of 0.4 I/min it
varies from 32.19 to 36.02%. The economic
analysis of the solar dryer showed that the return
period of the investment, considering six months
of the year for drying apple slices, is 20 months,
which is within the acceptable range.
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