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Introduction: Drying of agricultural products is one of the main ways to prevent product spoilage. There are several
methods to dry agricultural products, including direct sunlight, hot, sunny weather, microwave, vacuum, and freezer
which use different energy sources. Due to constrain of fossil fuels supply, the price of this type of energy is increasing
thus the tendency to use renewable energies is increasing (Purohit and Kandapal, 2005; Purohit et al., 2006). In Iran the
drying efficiency of solar dryers is low because less solar energy is converted into thermal energy. Therefore, many
measures have been taken to increase the efficiency of solar collectors which causes to obtain the dried samples with
better quality and lower cost. In this study a combination of tracking system and phase change materials (PCM) are used
to increase the efficiency of solar dryer cabinet with three types of collectors including flat plat (FPC), parabolic trough
(PTSC) and evacuated tube (ETSC) collectors.

Materials and Methods: The dryers used in this study include a cabinet connected to a flat plat, parabolic trough and
evacuated tube collectors. In all of the dryers, PCM have been used to maximize solar energy utilization. Moreover to get
the maximum solar radiation the tracking system used in FPC and PTSC and a storage tank with fluid pump used in PTSC
and ETSC. The air flow rate inside the system was about 0.018 kg.s™* for all the experiments. The experiments were
performed in three continues days from 16 to 18 June 2018, from 8:00 to 24:00. Tomato sample with a thickness of 9 mm
was considered for drying process. To describe the drying process of the samples, the moisture ratio versus time was
considered. Also, the drying efficiency was defined considering the ratio of energy (thermal and mechanical) consumed
to heat the product and extract moisture from the product (Qm) to the total energy used for drying process, including fluid
thermal energy (Qs) and mechanical energy (Emec) (Fudholi et al., 2014). In order to evaluate the quality of the dried
product at different modes, three quality parameters including color difference, shrinkage and rehydration ratio were
considered. Color difference between the fresh and dried samples was evaluated as one of the most important factors that
the customer was considered for selection (Magdic et al., 2009). The change in the volume of the dried product compared
to the fresh product is defined as shrinkage. Moreover, to evaluate the rehydration ratio the weight of water absorbed by
the samples was considered.

Results and Discussion: The effect of variations of the intensity of solar radiation on the amount of solar energy
taken by the collectors was negligible. The time required to dry tomato slices by the dryer equipped with FPC was longer
than the other systems. The results also showed that the highest drying efficiency is related to the dryer with ETSC and it
was about 39.02%. The least value is related to the dryer with FPC and it was about 30.12%. Due to the long drying time
the use of the fan and the pump increase and the amount of energy consumed to drying the product increases as well.
Thus the efficiency of the dryer with FPC decreases. The values of specific energy for the dryer with FPC, PTSC and
ETSC were obtained as 7.12, 7.92 and 8.34 MJ/kg, respectively. The results of qualitative evaluation of dried tomato
slices showed that the product obtained from the dryer equipped with ETSC, due to the short drying time, the color
changes and the shrinkage was suitable in comparison with the other reports. The amount of rehydration ration was the
highest as well. Using PCM had no adverse effect on the quality of the dried samples. The results showed that the dryer
with ETSC had higher efficiency (about 39.02%) and the quality of the samples was suitable compared to other systems.
Using recycling system can improve the thermal efficiency of the solar dryer.

Keywords: Shrinkage, Colour, Solar radiation intensity, Phase change materials, Moisture ratio.
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