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In this study, the performance of a photovoltaic thermal system (PVT) is investigated in a numerical and
experimental study. In the numerical part, the Taguchi method is applied to determine the optimum
place and time of the PVT system. Moreover, the optimum parameters that are independent of the
design of the PVT system are obtained to improve the performance of the system in a specific place and
time. Using the specified optimum parameters, the performance of the system is investigated from the
energy and exergy viewpoints, experimentally. In the experimental study, using the designed setup, the
performance of a water based PVT system is compared with that of a conventional photovoltaic unit
(PV). The experiments are performed on a selected day in August at the Ferdowsi University of
Mashhad, Mashhad, Iran (Latitude: 36° and Longitude: 59°). The numerical results indicate that the
most effective parameter on the performance of the PVT system is the coolant inlet temperature and its
optimal value is 20 °C. Moreover, the total energy efficiency of the PVT system in the optimum
working condition is 69.02 %. The experimental results reveal that the average output electrical energy
of the PVT system is 6.27 % more than that of the PV unit. In addition, the average thermal energy and
exergy efficiencies of the PVT system are 34.12 % and 0.72 %, respectively.
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Table 1 Properties of photovoltaic unit.
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Fig. 1 A side view of the experimental set up.
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Fig. 2 Geometric Model.
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a. Photovoltaic cells

b. The collector flow

Fig. 3 Mesh distribution for a. photovoltaic cells and b. the collector
flow.
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Fig. 4 Investigation of grid independency.
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2 Pressure based solver
3 Simple

4 Second order upwind
5 Out flow

% No slip

" Buoyancy force

8 Ohmic losses

° Black body
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Table 4 Parameters and their levels.
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Table 5 Experimental plan.
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40 25 25 3 400 2
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60 30 25 1 600 5
50 35 20 3 600 6
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50 20 25 7 800 12
50 25 35 1 1000 13
60 20 30 3 1000 14
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Table 6 Response and signal to noise ratio values for each trial.
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Fig. 5 Numerical and experimental results of the collector outlet
temperature.
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Fig. 6 Numerical and experimental results of the photovoltaic cells
surface temperature.
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Fig. 7 Signal to noise ratio values for different levels of each parameter.
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Fig. 10 Variation of solar radiation and ambient temperature during the
test period.
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Fig. 11 Output electrical energy of the PV unit and PVT system during
the test period.
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Fig. 8 Temperature variations of the photovoltaic cells.
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Fig. 13 Electrical exergy efficiency of the PV unit and PVT system
during the test period.
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Table 10 Average of output thermal exergy, thermal exergy efficiency
and total exergy efficiency of the PVT system during the test period.
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Fig. 12 Electrical energy efficiency of the PV unit and PVT system
during the test period.
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Table 9 Average of output thermal energy, thermal energy efficiency
and total energy efficiency of the PVT system during the test period.
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