








 
Figure 3: Photo of rear of PVT panel showing the heat 

exchanger bonded to the back surface of the PV module. 

 
Figure 4: Photo of the PVT array used to evaluate the 

accuracy of the new TRNSYS Type 348. 
 

Experimental Methodology 
For this study, a commercially available, fully-wetted 
absorber plate design (manufactured by DualSun) was 
modelled. Two versions of the product are available, 
consisting of: conventional PV panels with plate heat 
exchangers bonded to the back of the panel to extract heat 
– the plate heat exchangers were not insulated from the 
ambient (Figure 3) and, conventional PV panels with plate 
heat exchangers bonded to the back of the panel to extract 
heat – the plate heat exchangers were insulated from the 
ambient in a manner similar that described by Zondag, et 
al. 2003 (DualSun, 2017).  
The PV/T model was compared to experimental data of 
DualSun Wave PV/T collector without back insulation. 
The test apparatus used for this study consisted two parts; 
a thermal loop and an electrical loop. Local mains water 
was run through two DualSun Wave PV/T (Figure 4) 
collectors connected in series and the temperature at the 
inlet and outlet of the of the collector rig and the flow rate 
of the mains water were recorded. The PV panels of each 
collector were also connected in series and to a resistor 
bank that was set to the estimated maximum power point 
of the collectors. The voltage and amperage output of the 
PV/T panels was monitored. Two inclined pyranometers 
were used to measure the total and diffuse radiation 
incident on the PV/T array. The ambient temperature was 
monitored using a shaded and shielded thermocouple and 
the local wind speed in front of the panels was monitored 
using a weather station. All measurements, except for 
wind speed, were monitored every four seconds. Due to 

limitations of the weather station the wind speed was only 
recorded every twelve minutes. The PV/T array’s 
performance was tested using the operating conditions in 
Table 2. 

Results 
To determine the accuracy of the new TRNSYS PV/T 
model, Type 348, a series of tests were performed on two 
commercially available fully wetted liquid PV/T panels as 
shown in Figure 4. Table 2 details the operation 
conditions under which the tests were performed. The 
total rate of collection is designated as “Qtotal”, the rate 
of thermal energy collection is designated as “Q” and the 
rate of electrical energy collection is designated as “QPV” 
in Figures 6 and 10. 
Figure 5 displays the rate at which thermal energy was 
collected during the test period on July 29th, 2017. The 
average percentage difference between the experimental 
and simulated collection rate was 2.60% or 35.4 W. The 
outdoor air temperature was above the inlet temperature 
of the collector fluid for the duration of the experiment. 
Figure 6 shows the plot of the thermal and electrical 
energy collection rate predicted by Type 358 and the 
collection rates calculated from the experimental data for 
July 31st, 2017. The collector fluid was below the ambient 
temperature for the entire test. The average difference in 
the rate of thermal and electrical collection was 7.5% and 
8.4%, which is within estimations of the error of the 
experimental data. It was also observed that Type 348 
reacted more rapidly to changes in the

 
Table 2: Operating conditions used to evaluate the PV/T collector. 

 

Test Date 
Average Inlet 
Temperature 

(¡C) 

Average Flow Rate 
(kg/min) 

Average Ambient 
Temperature 

(¡C) 
PV On/Off 

July 29th, 2017 24.6 3.60 18.9 Off 

July 31st, 2017 18.6 3.40 27.0 On 

August 21st,2017 40.1 2.35 27.0 Off 

August 23rd, 2017 37.9 2.33 23.3 On 
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Figure 5: Experimental and model thermal collection 

rate of the DualSun PV/T panel on July 29th, 2017. 

 
Figure 6: Experimental and model outputs of the 

DualSun PV/T panel on July 31st, 2017. 
 

outdoor conditions. This is due to the model assuming that 
the PV/T panels do not have thermal capacity. 
Figure 7 shows the outlet temperature of the PV/T panels 
for August 21st, 2017 obtained experimentally and from 
Type 348. The temperature of the collector fluid was 
above the ambient temperature for the duration of the test. 
Average difference of the predicted and experimental 
outlet temperatures was 0.91°C or a 2% difference. It is 
observed that the lack of thermal capacitance in the model 
results in a quicker reaction to changes in the conditions. 
The difference in the rate of thermal energy collection for 

August 21st, 2017 was 146.7 W and Figure 8 show the 
models rapid reaction to changes in operating conditions. 
Figures 9 and 10 show the results of the August 23rd test. 
The ambient air temperature was below the inlet fluid 
temperature  for the duration of the test  and the PV  cells 
were connected. The average fraction of diffuse radiation 
was 0.442 and ranged during the testing period between 
0.198 and 0.931. Figure 9 show the recorded and 
simulated collector fluid outlet temperatures. The average 
difference between the model and the

 

 
Figure 7: The experimental and predicted outlet fluid 
temperatures of the PV/T panels on August 21st, 2017. 

 

 
Figure 8: The experimental and predicted rates of 
thermal energy collection on August 21st, 2017. 
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Figure 9: The experimental and predicted outlet fluid 
temperatures of the PV/T panels on August 23rd, 2017. 

 

 
Figure 10: Experimental and model outputs of the 

DualSun PV/T panel on August 23rd, 2017. 

experimental outlet temperature was 1.47°C. Figure 10 
shows the total rate of thermal and electrical energy 
collection on August 23rd. The average difference 
between the experimental and predicted output was 172.5 
W. This is within the experimental error for the apparatus. 
Analysis  
The experimental and simulation performance of the 
PV/T panels had very good agreement when the collector 
fluid inlet temperature was lower than the ambient air as 
seen in Figures 5 and 6. Figure 8 illustrates the impact of 
this lack of capacitance as the experimental thermal 
energy collected is very small and relatively constant for 
the entire test while the rate of the thermal energy 
collector predicted by Type 348 does vary with changes 
in outdoor conditions. Both the thermal and electrical 
performance were well within the range for the duration 
of the test. It was also observed that Type 348 reacted 
more rapidly to changes in the outdoor conditions as was 
seen in Figures 8 and 10 during fluctuating test conditions 
as the model is steady state. This issue was seen when the 
PV/T panels operate above the ambient temperature. The 
small difference in the outlet fluid temperature of the 
experimental and simulated results resulted in a much 
larger difference in thermal energy collection. This 
difference was still within the experimental error.  

Conclusion  
A new TRNSYS model of a fully wetted liquid 
photovoltaic/thermal collector that includes the 
absorption of ambient energy was developed. The model 
was used to compare the simulated and experimental 
performance of commercially available PV/T panels 
under a range of operating conditions.  
The model showed very good agreement when tested with 
inlet temperatures above and below ambient temperature. 

As the model is steady-state, the simulated performance 
tended to react more rapidly to changes in temperature 
and incident radiation on the panel. 
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Nomenclature 
A area [m2] 

cp specific heat [kJ/(kg·K)] 

D diameter [m] 

F’ collector efficiency factor [-] 

FR overall heat removal efficiency factor [-] 

Ġ incident solar radiation [W/m2] 

h convective heat transfer coefficient [W/(m2·K)] 

k conduction heat transfer coefficient [W/(m·K)] 

L length [m] 

ṁ mass flow rate [kg/s] 

Nu Nusselt number [-] 

P perimeter [m] 

PF packing factor [-] 

Pr Prandtl number [-] 

Q̇ rate of energy collection [W] 

R thermal resistance [(m2·K)/W] 
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Re Reynolds number [-] 

Ṡ absorbed solar radiation [W/m2] 

T temperature [°C, K] 

U heat loss coefficient [W/(m2·K)] 

UA overall heat transfer coefficient [W/K] 

V wind speed [m/s] 

α absorptivity [-] 

βr temperature coefficient of photovoltaic cells 

[%/°C] ε emissivity [-] 

η collector efficiency [%] 

θ incident angle [°] 

σ Stephan-Boltzmann constant [W/(m2·K4)] 

τ  short-wave transmittance [-] 

(τα) effective transmission-absorption product [-] 
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