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Performance optimization for solar
photovoltaic thermal system with
spiral rectangular absorber using
Taguchi method
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Solar collector systems efficiently transform sunlight into energy that may be used to meet various
needs. This research aimed to use the Taguchi method to determine the ideal operating parameters
for a solar thermal collector with a rectangular spiral absorber. Controllable parameters including
mass flow rate, solar radiation, and absorber design were manipulated during the energy recovery
process, and features like PV temperature and outlet water temperature were used to assess the
system’s effectiveness. The findings indicate that certain criteria significantly affect response
indicators. The observed percentage contribution of absorber design, solar radiation, and the mass
flow rate was 69.19%, 27.99%, and 2.83% in PV surface temperature. In comparison, the individual
percentage contributions were 73.63%, 13.51%, and 10.57% for absorber design, solar radiation and
mass flow rate for water output temperatures. The present model’s R? values for PV and outlet water
temperatures are 97.24% and 99.67%, respectively. The Predictive regression model was found in fine
harmony and the maximum percentage error is limited to 0.68%. The maximum analytical electrical
efficiency was observed with a spiral rectangular absorber of 14.57% at the lowest mass flow rate

of 0.04 kg/s at the lowest radiation level of 600 W/m?Z. In comparison, maximum analytical thermal
efficiency was observed with a spiral rectangular thermal absorber of 63.56% at the highest flow rate
of 0.06 kg/s and the highest solar radiation level of 1000 W/m2. The analytical and experiment findings
were in better agreement in this study, with the highest relative error of 7.52%. According to the
study’s findings, the rectangular absorber-based PVT system is at its best at a higher mass flow rate to
lower PV temperature and boost thermal energy recovery via water. The present research work can be
extended for exergy, environmental, and economic feasibility analysis.
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During 2020, the amount of solar power generated was 724.09 terawatt-hours, which is roughly a 10.30% share
of total renewable energy generation'. Solar thermal collectors capture solar radiation and transform it into heat,
while solar photovoltaic collectors convert solar radiation into electrical power. Because solar PV technology
generates electricity directly without the need for moving parts, it has grown in popularity. According to the
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