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ABSTRACT 

This study evaluates the performance of water-based Photovoltaic Thermal (PVT) systems with three 

absorber collector configurations: twin spiral, direct, and oscillatory. Simulations were carried out using 

the Computational Fluid Dynamics (CFD) ANSYS software in steady-state conditions by considering the 

influence of variations in water mass flow rate (0.015 kg/s – 0.055 kg/s) and solar irradiance levels (600 

W/m², 700 W/m², 900 W/m², and 1000 W/m²). The results showed that the absorber configuration 

significantly influenced PV cooling and energy performance. Among the three designs, the twin spiral 

configuration provided the best overall performance. At 900 W/m² and 0.02 kg/s, the twin spiral 

configuration reduced the PV temperature to 43.38 °C, compared with 56.59 °C for the direct 

configuration and 43.84 °C for the oscillatory configuration. Under the same condition, it achieved an 

electrical efficiency of 17.25% and a thermal efficiency of 77.37%, compared with 16.00% and 77.44% for 

the direct configuration, and 17.21% and 77.35% for the oscillatory configuration. The highest electrical 

efficiency obtained in this study was 18.06%, achieved by the twin spiral configuration at 600 W/m² and 

0.055 kg/s. These findings indicate that the twin spiral absorber offers the most favorable balance between 

PV cooling and combined thermal-electrical performance among the investigated configurations. 

Keywords-photovoltaic thermal systems; collector configuration; mass flow rate; solar irradiance; thermal 

performance; electrical efficiency 

I. INTRODUCTION  

The high dependence on fossil fuels to meet increasing 
global energy demand has led to serious environmental 
problems, including climate change and increased greenhouse 
gas emissions [1, 2]. To address these issues, environmentally 
friendly renewable energy is needed. Among various 
renewable energy sources, solar energy holds promise due to its 
abundant availability, pollution-free nature, and ability to be 
utilized in almost any region [3]. Photovoltaic (PV) technology 

harnesses solar energy to generate electrical energy. However, 
PV modules have a significant limitation: their electrical 
conversion efficiency decreases with increasing cell 
temperature. Increasing the temperature of PV cells above 
25°C can cause a decrease in electrical efficiency, with an 
estimated decrease of around 0.3–0.5% for every 1°C increase 
[4, 5]. This condition causes the performance of PV modules to 
decrease, especially in tropical and hot climates.  
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To overcome this problem, a Photovoltaic Thermal (PVT) 
system was developed, which combines PV modules with 
thermal collectors into a single device [6, 7]. The PVT system 
can actively cool PV modules to lower cell temperatures while 
simultaneously utilizing the resulting heat as thermal energy. 
This hybrid approach not only improves electrical efficiency 
but also generates heat energy that can be used for various 
applications, such as water heating, air conditioning, 
distillation, and more [8]. In addition, the PVT system has 
advantages in terms of land use efficiency, lower installation 
costs, and higher energy efficiency compared to separate 
thermal and PV systems [9, 10]. Furthermore, adding an 
absorber to the PV module, as implemented in PVT collectors, 
provides a cooling effect that enhances the electrical energy 
conversion efficiency [11, 12]. To optimize solar energy 
capture and simultaneously generate thermal and electrical 
energy, a PVT system must include a PV module, absorber, 
working fluid, insulation, and other essential components [13, 
14].  

The classification of PVT systems is generally determined 
by two main aspects: the type of working fluid used and the 
collector construction design. In existing configurations, 
various types of working fluids can be applied, such as air, 
water, nanofluids, and refrigerants [15, 16]. Authors in [17] 
claimed that the use of water as a working fluid is more 
effective because it has a higher heat capacity and thermal 
conductivity, thereby increasing heat transfer performance in 
the system. Meanwhile, classification based on collector 
construction can be made according to the type of tube used, 
heat pipe configuration, and variations in absorber plate design 
[18, 19]. This approach allows the development of PVT 
systems that are more flexible and can be adapted to specific 
operational needs and conditions. 

The performance of a PVT system is significantly 
influenced by the collector design, particularly the thermal 
absorber configuration and the coolant flow path. The 
effectiveness of the absorber in transferring heat from the PV 
module to the working fluid plays a major role in increasing the 
thermal and electrical efficiency of the system [20, 21]. In-
depth studies have been conducted to develop various 
approaches capable of increasing the rate of heat transfer in 
PVT systems. The strategies implemented to optimize this heat 
exchange process are known as heat transfer augmentation 
techniques [22]. In general, these techniques are divided into 
two main categories: active and passive methods. Active 
methods use external devices, such as pumps and fans, to 
increase fluid flow rates, thereby achieving more effective heat 
transfer. In contrast, passive methods rely on internal 
modifications to the system, such as adding fins, changing the 
tube shape, or using twisted tubes, which aim to create 
turbulence and expand the heat transfer area without requiring 
additional energy. 

Although many studies have reported performance 
improvements in PVT collectors, direct comparison across the 
literature remains difficult because the investigated designs are 
typically evaluated under different boundary conditions and 
objectives. For example, authors in [23] focused on the 
addition of inner fins and reported thermal enhancement and 

PV temperature reduction, but the comparison was based on a 
different heat-transfer augmentation approach rather than an 
equivalent channel-path geometry. Authors in [24] compared 
zigzag and spiral-type arrangements with emphasis on the 
balance between thermal efficiency, electrical efficiency, and 
pressure drop, while authors in [25] reported field-test results 
for spiral, web, and direct-flow designs under site-specific 
outdoor conditions in Oman. In addition, authors in [26] 
numerically compared multiple serpentine layouts and 
highlighted the role of multi-inlet design on thermal/electrical 
performance and pressure distribution. Because these studies 
differ in collector geometry, materials, operating conditions, 
and evaluation focus, the reported results cannot be used for an 
objective one-to-one assessment of absorber flow-path 
performance. Unlike a straight direct configuration, the 
oscillatory configuration introduces periodic changes in flow 
direction, which are expected to enhance local mixing and 
disrupt thermal boundary layer development, thereby 
improving local heat transfer. At the same time, compared with 
more aggressive passive enhancement strategies, the oscillatory 
pattern provides a simpler geometry that can be evaluated 
under the same collector area and boundary conditions as the 
twin spiral and direct configurations. Therefore, a systematic 
comparison under uniform conditions is still needed to isolate 
the effect of absorber configuration on thermal uniformity, PV 
cooling behavior, and overall PVT performance. 

This study numerically compares three collector 
configurations: twin spiral, direct, and oscillatory under 
identical collector area, material assumptions, and boundary 
conditions, while varying solar irradiance and water mass flow 
rate. The objective is to provide a controlled and standardized 
evaluation of how flow-path geometry affects temperature 
distribution in the collector and PV surface, outlet-water 
temperature, and the resulting thermal and electrical 
performance of a water-based PVT system.  

II. METHOD 

This study analyzed and compared the performance of PVT 
systems with different collector configurations, namely twin 
spiral, direct, and oscillatory. The analysis was carried out 
using ANSYS Fluent software, a branch of Computational 
Fluid Dynamics (CFD) software. The simulation considered 
the effects of changing solar radiation levels and water mass 
flow rates − two factors that impact the thermal and electrical 
performance of the PVT system. The main parameters analyzed 
include the PV module temperature, which affects the electrical 
efficiency, and the outlet water temperature, which influences 
the thermal efficiency of the system. 

A. Model Geometry 

Several layers make up the PVT system's geometry, as 
illustrated in Figure 1. Table I lists the dimensions of the PVT 
collector along with the thermophysical parameters of each 
component [26]. The thermophysical properties of the solid 
PVT layers were assumed to be constant because the study 
focuses on a comparative evaluation of absorber configurations 
under identical operating conditions. Figure 2 shows the front 
view of the three different collector absorber designs: twin 
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spiral, direct, and oscillatory. The collector area for all three 
configurations is the same, namely 1.17 m². 

 

 

Fig. 1.  Layers of the PVT system. 

TABLE I.  PROPERTIES OF THE LAYERS PVT SYSTEM 

Name  
Thickness 

(m) 

Thermal 

conductivity 

(W/mK) 

Density 

(kg/m3) 

Heat capacity 

(J/Kg K) 

Glass 0.003 2 2450 500 

EVA 0.0005 0.35 960 2090 

Solar cells 0.0003 148 2329 700 

Tedlar 0.0005 0.2 1200 1250 

Aluminum 0.002 202.4 2719 871 
 

B. Boundary Condition 

The boundary conditions used in the simulation are 
determined to represent the real operating conditions of the 
PVT system. Some of the boundary conditions applied include: 
the variations in the simulated solar radiation levels are 600 
W/m², 700 W/m², 900 W/m², and 1000 W/m². The water mass 
flow rate is varied in the range of 0.015 kg/s to 0.055 kg/s. The 
initial temperature of the cooling fluid water is set at 28°C. 

To improve the transparency and reproducibility of the 
CFD methodology, the numerical setup and validation strategy 
are reported in this study. This simulation was performed using 
ANSYS Fluent with a steady-state pressure-based solver and 
an absolute velocity formulation. The settings in this simulation 
are common to previous studies [27, 28] and include activation 
of the energy equation, while turbulence is modeled using the 
SST k-ω model. In addition, radiative heat transfer is 
considered using the Discrete Ordinates radiation model. For 
the numerical solution method, the pressure-velocity coupling 
is handled using the Coupled scheme. The spatial discretization 
scheme is defined as follows: Cell-Based Least Squares for 
gradient evaluation, Second Order for pressure, turbulent 
kinetic energy (k), specific dissipation rate (ω), and energy 
equations. Convergence is assessed using scaled residuals and 
stabilization of monitored thermal variables, including outlet 
water temperature and PV module temperature. The residual 
history shows a consistent reduction, with the energy residuals 
reaching the order of 10�� and the other governing equations 
decreasing to quite low levels, indicating steady convergence 
of the numerical solution. 

C. Grid Independence Test and Meshing Process 

The purpose of the grid independence test is to ensure that 
the CFD simulation results are no longer dependent on the 
mesh density used. This test is essential for validating the 
numerical accuracy of the model before the main simulation is 

performed. The results of the grid independence test are shown 
in Figure 3. 

The grid size variations used in the simulation ranged from 
3.9 mm to 9 mm, or from approximately 170,000 to 790,000 
mesh elements. The results showed that the average PV 
temperature stabilized after passing 256,000 mesh elements at a 
temperature of 51.9 °C.  

All three PVT systems use the hex-dominant method for 
meshing with an element size of 5 mm. The twin spiral design 
has 577,763 nodes and 355,034 elements. The direct design has 
577,857 nodes and 343,925 elements. For the oscillatory 
design, there are 559,682 nodes and 344,363 elements. 

D. Energy Analysis 

Thermal efficiency and electrical efficiency are the two 
main metrics used to evaluate a PVT system's performance. 
The study utilized ANSYS Fluent to acquire the results of the 
numerical analysis conducted under steady-state conditions. 
These results included the surface temperature of the PV 
module and the temperature of the outflow water. The thermal 
energy recovered from the collector is defined as the rate at 
which the fluid absorbs heat:  

u p o i
Q mC (T T ) ɺ     (1) 

where Cp and mɺ  denote the water heat capacity and the mass 
flow rate, respectively. During simulation, To and Ti denote the 
water output and intake temperature, respectively. The thermal 
efficiency is then normalized against the radiation entering the 
collector surface [29]: 

u

th

c

Q

GA
       (2) 

where ���  is the solar collector thermal efficiency, �	  is the 
usable heat gain, G is the solar irradiance, and 
� is the PVT 
collector area. 

The PVT system electrical efficiency (ηel) is determined 
using [30]: 

el r c r(1 (T T ))          (3) 

where rT  and cT  represent the reference temperature and the 

cell temperature, γ is the temperature coefficient (γ = 0.0041 

°C-1), r  is the PV reference efficiency ( r = 0.12), and el  is 

the electrical efficiency PV. 

III. RESULTS AND DISCUSSION 

A. Contour Temperature Distribution on Collector 

The simulation results obtained using ANSYS Fluent show 
the fluid temperature distribution in the PVT collector channel 
with three configurations, namely twin spiral, direct, and 
oscillatory. Figure 4 displays the temperature distribution 
contour in the PVT collector absorber with three different 
configurations at a mass flow rate of 0.02 kg/s, an inlet water 
temperature of 28 °C, and a solar radiation level of 900 W/m². 
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Fig. 2.  Different collector configurations: (a) twin spiral, (b) direct, and (c) oscillatory.

 

Fig. 3.  Grid independence test for average PV temperature for mesh 

element counts ranging from 170,000 – 790,000. 

As illustrated in Figure 4, the collector absorber 
configuration has a strong influence on the spatial temperature 
distribution of the PVT collector. The direct configuration 
(Figure 4(b)) presents a highly non-uniform thermal field, 
characterized by a concentrated high-temperature zone in the 
middle channels (approximately 40.6–42.0 °C) and 
comparatively cooler regions near the channel extremities 
(approximately 28–32 °C). The average outlet water 
temperature reaches 37.46 °C. This pattern indicates uneven 
heat extraction and a greater tendency towards thermal 
concentration. 

In comparison, the twin spiral configuration (Figure 4(a)) 
exhibits a more homogeneous contour distribution, with most 
of the collector area remaining within a relatively narrow 
temperature band (approximately 31–39 °C) and an average 
outlet water temperature of 36.11 °C. The oscillatory 
configuration (Figure 4(c)) also shows improved thermal 
distribution relative to the direct channel, with temperatures 
generally distributed within 30–39 °C and an average outlet 
water temperature of 35.08 °C, although a moderate 
temperature gradient is still observed along the flow path. 
These contour-based observations provide qualitative support 
for the quantitative results, where the twin spiral and oscillatory 

configurations achieve better PV cooling performance than the 
direct configuration.  

B. Contour Temperature Distribution on the PV Module 

Surface 

Figure 5 presents the surface temperature contours of the 
PV module for each absorber collector configuration under a 
solar radiation of 900 W/m², an inlet water temperature of 28 
°C, and a water mass flow rate of 0.02 kg/s.  

The direct configuration (Figure 5 (b)) exhibits the most 
pronounced non-uniform temperature distribution, with a 
distinct high-temperature region concentrated in the central part 
of the PV surface. Based on the contour scale, the local PV 
surface temperature in this region reaches approximately 55–62 
°C, while cooler regions near the inlet-side channels remain 
around 34–45 °C, indicating uneven cooling and a higher risk 
of localized hotspot formation. The average temperature of the 
PV module is 56.59 °C. 

In contrast, the twin spiral configuration (Figure 5 (a)) 
demonstrates a more homogeneous surface-temperature 
distribution, with most of the PV area remaining within a 
narrower range of approximately 44–56 °C, and with no 
dominant hotspot concentrated in a single region. This contour 
pattern suggests more effective heat spreading and more 
uniform convective heat removal across the PV module 
surface. The average temperature at the PV module surface is 
56.59 °C. 

The oscillatory configuration (Figure 5 (c)) also improves 
the PV surface temperature distribution compared with the 
direct configuration. Although a warmer region is still visible 
along part of the channel path, the thermal field is more evenly 
distributed than in the direct case, with the PV surface 
temperature generally ranging from approximately 40–58 °C. 
Thus, the oscillatory design reduces thermal non-uniformity 
relative to the direct configuration, but the twin spiral 
configuration remains the most uniform.  
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Fig. 4.  Temperature contour plots of PVT collector: (a) twin spiral, (b) direct, and (c) oscillatory at an irradiance of 900 W/m² and a mass flow rate of 0.02 

kg/s.

 

Fig. 5.  Temperature contour plots of the PV module surface: (a) twin spiral, (b) direct, and (c) oscillatory at an irradiance of 900 W/m² and a mass flow rate of 

0.02 kg/s.

C. Electrical Performance of the PVT Collector 

Figure 6 depicts the simulation results for several PVT 
collector configurations under variations in water mass flow 
rate (0.015 kg/s – 0.055 kg/s) at a radiation level of 900 W/m², 
which affects the temperature of the PV module and electrical 
efficiency. More detailed results under different levels of solar 
radiation with several solar collector configurations are 
presented in Tables II - V. 

Figure 6 generally shows two main trends: a decrease in PV 
module temperature and an increase in electrical efficiency 
with increasing mass flow rate. At low mass flow rates 
(approximately 0.015–0.02 kg/s), all configurations exhibit 
relatively high module temperatures. The direct configuration 
produces the highest temperature, reaching approximately 60 
°C, followed by the oscillatory (45°C) and the twin spiral 
configuration (43°C). When the mass flow rate is increased to 
0.05 kg/s, a significant temperature decrease occurs in all three 
configurations. The direct configuration shows a decrease to 
approximately 49°C, whereas the twin spiral and oscillatory 
configurations maintain module temperatures in the range of 
39–42°C. This phenomenon indicates that increasing the mass 
flow rate enhances the fluid's ability to absorb and transport 
heat from the bottom surface of the PV module. However, at 
flow rates above 0.03 kg/s, the temperature drop tends to slow, 
indicating that the heat transfer process has approached 
saturation. 

 

 

Fig. 6.  Effect of mass flow rate on PV module temperature and electrical 

efficiency for different collector configurations at 900 W/m². 

Based on Tables II - V, the results show that increasing the 
fluid mass flow rate is inversely proportional to the PV module 
temperature and directly proportional to the increase in 
electrical efficiency. Conversely, increasing solar radiation 
intensity causes an increase in module temperature and a 
decrease in electrical efficiency.  
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TABLE II.  PV TEMPERATURE AND PV EFFICIENCY UNDER 
VARIOUS MASS FLOW RATES AT A SOLAR IRRADIANCE 

OF 1000 W/m² 

mɺ
(kg/s) 

Twin spiral Direct Oscillatory 

Tpv (°C) Eff. PV Tpv (°C) Eff. PV Tpv (°C) Eff. PV 

0.015 47.61 16.85% 63.05 15.39% 48.01 16.81% 

0.02 45.19 17.08% 60.05 15.67% 45.77 17.03% 

0.025 43.69 17.22% 57.99 15.87% 44.39 17.16% 

0.03 42.67 17.32% 56.48 16.01% 43.44 17.25% 

0.035 41.92 17.39% 55.32 16.12% 42.75 17.31% 

0.04 41.36 17.45% 54.43 16.20% 42.23 17.36% 

0.045 40.91 17.49% 53.60 16.28% 41.81 17.40% 

0.05 40.54 17.52% 52.93 16.35% 41.47 17.44% 

0.055 40.20 17.56% 52.37 16.40% 41.19 17.46% 
 

TABLE III.  PV TEMPERATURE AND PV EFFICIENCY UNDER 
VARIOUS MASS FLOW RATES AT A SOLAR IRRADIANCE 

OF 900 W/m² 

mɺ
(kg/s) 

Twin spiral Direct Oscillatory 

Tpv 

(°C) 
Eff. PV 

Tpv 

(°C) 
Eff. PV 

Tpv 

(°C) 
Eff. PV 

0.015 45.56 17.05% 59.29 15.74% 45.85 17.02% 

0.02 43.38 17.25% 56.60 16.00% 43.85 17.21% 

0.025 42.05 17.38% 54.53 16.19% 42.61 17.33% 

0.03 41.12 17.47% 53.13 16.33% 41.78 17.41% 

0.035 40.46 17.53% 52.12 16.42% 41.16 17.46% 

0.04 39.95 17.58% 51.24 16.51% 40.70 17.51% 

0.045 39.55 17.62% 50.57 16.57% 40.33 17.54% 

0.05 39.22 17.65% 49.95 16.63% 40.03 17.57% 

0.055 38.90 17.68% 49.47 16.67% 39.78 17.60% 
 

TABLE IV.  PV TEMPERATURE AND PV EFFICIENCY UNDER 
VARIOUS MASS FLOW RATES AT A SOLAR IRRADIANCE 

OF 700 W/m² 

mɺ  

(kg/s) 

Twin spiral Direct Oscillatory 

Tpv 

(°C) 
Eff. PV 

Tpv 

(°C) 
Eff. PV 

Tpv 

(°C) 
Eff. PV 

0.015 41.23 17.46% 51.32 16.50% 41.41 17.44% 

0.02 39.60 17.61% 48.99 16.72% 39.95 17.58% 

0.025 38.59 17.71% 47.56 16.86% 39.04 17.67% 

0.03 37.92 17.77% 46.47 16.96% 38.41 17.73% 

0.035 37.42 17.82% 45.75 17.03% 37.95 17.77% 

0.04 37.03 17.86% 45.16 17.08% 37.60 17.80% 

0.045 36.72 17.89% 44.71 17.13% 37.32 17.83% 

0.05 36.47 17.91% 44.37 17.16% 37.09 17.85% 

0.055 36.26 17.93% 44.07 17.19% 36.90 17.87% 
 

TABLE V.  PV TEMPERATURE AND PV EFFICIENCY UNDER 
VARIOUS MASS FLOW RATES AT A SOLAR IRRADIANCE 

OF 600 W/m² 

mɺ  

(kg/s) 

Twin spiral Direct Oscillatory 

Tpv 

(°C) 
Eff. PV 

Tpv 

(°C) 
Eff. PV 

Tpv 

(°C) 
Eff. PV 

0.015 39.11 17.66% 47.40 16.87% 39.16 17.65% 

0.02 37.73 17.79% 45.58 17.05% 37.96 17.77% 

0.025 36.86 17.87% 44.16 17.18% 37.20 17.84% 

0.03 36.29 17.93% 43.36 17.26% 36.69 17.89% 

0.035 35.86 17.97% 42.76 17.31% 36.31 17.93% 

0.04 35.53 18.00% 42.35 17.35% 36.01 17.95% 

0.045 35.28 18.02% 42.03 17.38% 35.77 17.98% 

0.05 35.07 18.04% 41.74 17.41% 35.57 18.00% 

0.055 34.91 18.06% 41.49 17.43% 35.40 18.01% 

 

Across all solar radiation levels, a consistent trend indicates 
that increasing the mass flow rate from 0.015 kg/s to 0.055 kg/s 
results in a significant decrease in PV module temperature. For 
example, at a solar radiation intensity of 1000 W/m² (Table II), 
the twin spiral configuration shows a decrease in Tpv from 
47.61°C to 40.20°C, with an increase in electrical efficiency 
from 16.85% to 17.56%. This phenomenon is caused by the 
increased convective heat transfer rate between the absorber 
surface and the cooling fluid, which accelerates heat dissipation 
from the solar cell and reduces internal resistance due to the 
temperature increase. This impact implies a higher electrical 
conversion efficiency. Reducing the irradiance from 1000 
W/m² to 600 W/m² consistently decreased the PV module 
temperature for each configuration and mass flow rate. This 
decrease occurred due to the reduced heat energy absorbed by 
the module surface, thereby reducing heat accumulation in the 
absorber layer. 

Comparative results show that the twin spiral configuration 
consistently provided the lowest module temperature and the 
highest electrical efficiency across all variations in irradiance 
and mass flow rates. For example, at an intensity of 900 W/m² 
with a flow rate of 0.055 kg/s, the twin spiral configuration 
achieved a Tpv of 38.90°C and an efficiency of 17.60%, while 
the direct and oscillatory configurations produced Tpvs of 
41.69°C and 39.78°C, respectively, with lower efficiencies. 
This demonstrates that the twin spiral flow design offers more 
effective cooling capabilities due to its turbulence and 
increased heat transfer area. 

D. Thermal Performance of the PVT Collector 

Figure 7 illustrates the impact of the changes in water mass 
flow rate on outlet water temperature and thermal efficiency at 
a radiation level of 900 W/m².  

Based on the simulation results (Figure 7), there is an 
inverse correlation between the water mass flow rate and the 
outlet water temperature. At a radiation level of 900 W/m², 
along with an increase in the mass flow rate of water from 
0.015 kg/s to 0.055 kg/s, the outlet water temperature decreases 
for all three configuration types. With this flow rate, the 
oscillatory configuration achieves the lowest outlet water 
temperature from 37.75 °C to 29.98 °C, for the twin spiral 
configuration from 39.19 °C to 30.4 °C, whereas for the direct 
configuration from 40.99 °C to 31.07 °C. This effect is very 
significant at lower mass flow rates and tends to slope at higher 
rates. The impact of different mass flow rates on thermal, 
electrical, and total PVT efficiencies for the three collector 
configurations is portrayed in Figure 8. In general, increasing 
the mass flow rate results in a rising trend in electrical, thermal, 
and total PVT efficiency. At a mass flow rate of 0.02 kg/s, the 
direct configuration provides the highest thermal efficiency 
(77.44%), followed by the twin spiral (77.37%) and the 
oscillatory (77.35%). The electrical efficiency of the twin spiral 
configuration (17.25%) is slightly higher than that of the 
oscillatory (17.21%) and direct (16%) configurations. This 
indicates that the cooling mechanism in the twin spiral 
configuration is more effective in reducing the temperature of 
the PV cell, thereby increasing the performance of electrical 
energy conversion. Overall, the combination of thermal and 
electrical efficiency affects the total PVT efficiency. The twin 
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spiral configuration produces the highest total efficiency 
(94.62%), followed by oscillatory (94.56%), whereas the direct 
configuration is slightly lower (93.44%).  

 

 

Fig. 7.  The influence of different mass flow rates on water outlet 

temperature at different collector configurations under 900 W/m² solar 

irradiance. 

Validation evidence is provided by the PVT study 
conducted in [28]. Authors in [28] reported an average 
deviation of 5.1% for thermal efficiency and 3.7% for electrical 
efficiency between the numerical and experimental results. In 
Figure 9, it can be observed that the effect of increasing mass 
flow rate on PV temperature in the present study and in [28] 
shows an identical trend. Quantitatively, the deviation between 
the present study and the reference data ranges from 4.73% to 
7.47%, with an average percentage deviation of 6.91% and an 
average absolute deviation of 2.69 °C. The present study 
consistently predicts slightly lower PV temperatures than those 
reported in [28], with differences ranging from 1.94 to 2.89 °C. 
Nevertheless, the overall agreement indicates that the adopted 
numerical model can reproduce the thermal behavior of the 
PVT system with reasonable accuracy. 

 

 

Fig. 8.  The influence of mass flow rate on electrical, thermal, and PVT 

efficiencies across various collector configurations at 900 W/m². 

 

Fig. 9.  Comparison of PV temperature between the present study and the 

published data reported in [28] at different mass flow rates under an irradiance 

of 600 W/m². 

IV. CONCLUSIONS 

The present study evaluated the performance of 
Photovoltaic Thermal (PVT) collectors with different collector 
configurations, namely twin spiral, direct, and oscillatory. 
Simulations were carried out by considering the effect of 
different water mass flow rates and variation in solar 
irradiance. The results indicate that collector configuration 
plays a key role not only in heat absorption but also in 
temperature uniformity on the PV module surface. Among the 
three configurations, the twin spiral configuration provided the 
best overall performance. At 900 W/m² and 0.02 kg/s, it 
reduced the PV temperature to 43.38 °C, compared with 56.59 
°C for the direct configuration and 43.84 °C for the oscillatory 
configuration. Under the same condition, the twin spiral 
configuration achieved an electrical efficiency of 17.25% and a 
thermal efficiency of 77.37%, compared with 16.00% and 
77.44% for the direct configuration, and 17.21% and 77.35% 
for the oscillatory configuration. 

From a practical engineering perspective, the twin spiral 
configuration can be considered the most advantageous choice 
for water-based PV systems, especially in hot climates. This is 
due to its ability to maintain a balance between thermal and 
electrical performance and to produce a more even cooling 
distribution across the module. Meanwhile, the oscillatory 
configuration can still be considered a viable alternative, 
especially if a slight performance reduction is tolerable for ease 
of design or manufacturing. Conversely, the direct 
configuration tends to be less suitable for applications where 
stable electrical output is a top priority. Nevertheless, this study 
is subject to several limitations. The analysis was conducted 
under steady-state Computational Fluid Dynamics (CFD) 
simulations and did not include exergy analysis, pumping 
power assessment, or economic evaluation. Future research 
should therefore incorporate transient analysis under real-world 
operating conditions and integrated exergy–economic analyses, 
together with hydraulic performance evaluation, to further 
optimize collector absorber design and support large-scale 
implementation. 
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