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Abstract
This article is concerned with the efficiency evaluation of different photovoltaic solar panels
cooled by water-based system and phase change material (PCM) under the practical condition to

obtain the appropriate operating condition of the photovoltaic solar panel. Three different systems
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are experimentally investigated, which consist of convectional solar panel, PCM-based photovoltaic
system and water-based photovoltaic system with PCM. For the cooling system of solar panel, the
copper tube arrangement is inserted within the aluminum container attached to the bottom of the
solar panel. Inside the container, paraffin wax RT-30 of 20 kg is filled up. The experiment is presented
at three different mass flow rates: 0.0333 kg/s, 0.0495 kg/s and 0.0825 kg/s. The electrical and thermal
efficiencies are set as the indicator. For the experimental results, the average electrical efficiency of
solar panel cooled by PCM was higher than that of conventional solar panel approximately 20% when
the average temperature difference of both solar panels was 7 °C. In case of the solar panel with the
water-PCM-based system, as the mass flow rate increased, the electrical and thermal efficiencies were
steadily increased. The average electrical efficiency of the solar panel with mass flow rate of 0.0825
ke/s was higher than that of the conventional solar panel nearly 15%. In addition, it also offered the
average thermal efficiency of 37 %. Therefore, the water-based system with PCM at mass flow rate of
0.0825 kg/s had a more appropriate application for the actual operation than the PCM-based
photovoltaic system. Although, the average electrical efficiency of this system was less than the that
of PCM-based photovoltaic system approximately 4%. However, it was able to be a higher potential
system for the utilization of the accumulated thermal energy inside the PCM.

Keywords: Efficiency evaluation; Photovoltaic solar panels; Water-based cooling system; Phase change

material
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