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Abstract - Concentrated Photovoltaic Thermal (CPVT) systems 
play an important role in solar system development, reducing 
dependency on fossil fuels and meeting global energy demand. 
This research investigates the CPVT model, which uses point-
focus Fresnel lenses (PFFL) to amplify a significant amount of 
irradiance and focus it on photovoltaic surfaces to 
simultaneously produce electrical and thermal energy. The 
proposed model has Multi-Junction Photovoltaic (MJPV) solar 
cells, PFFL, copper heat sinks, and a copper cooling pipe. A 
numerical model was developed to investigate and evaluate the 
thermal and electrical performance of the proposed model 
under various input and output parameters. The numerical 
model has been first validated and then used to simulate the 
impact of the concentration ratio (CR), Heat transfer fluid  
(HTF) flow rates, HTF inlet temperature, incident radiation, and 
the optical efficiency of the Fresnel lens on the HTF outlet 
temperature, MJPV cell temperature, and thermal and electrical 
efficiency. The CFD model's minimum and maximum thermal 
output efficiencies were around 59.5% and 85.3%, respectively. 
The highest electrical efficiency occurred at a mass flow rate of 
0.025 kg/s, CR = 100x, and its value was 35.74%. Further, the 
results show that the maximum thermal and electrical energies 
were 618.5 W and 219.35 W, respectively. The numerical model 
was validated with experimental data and demonstrated that 
the maximum error between the experimental and CFD models 
was less than 5%, confirming that the results are satisfactory 
and agree well with the experimental results. Finally, the results 
show that CPVT is a promising renewable energy system with 
excellent opportunities to compete with conventional power 
generation systems. 
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1. Introduction 
In Canada, more than 17.4% of the energy 

consumed in the residential sector is used to heat water, 
which makes it the second-highest end-use of energy in 
this sector. About 98% of this energy is supplied from 
conventional sources, such as the general electrical grid, 
heating oil, and natural gas [1]. Although fossil fuels have 
greatly enhanced human living standards, an increase in 
cost and an awareness of their environmental impact 
make it imperative to reduce fossil fuel consumption. As 
per the Paris Agreement signed in 2015, the use of fossil 
fuels must be decreased by 20% to achieve target gas 
emissions reduction [2]. In addition, according to the 
European Union's 2050 road map, approximately two-
thirds of energy should come from renewable sources, 
and electrical energy must be produced using zero-
emission techniques [3]. 

 Although there are various renewable energy 
resources such as wind, solar, geothermal, hydropower, 
biomass, and so on, solar energy is the most plentiful 
source. The amount of solar energy that reaches the 
earth's surface in just four hours is estimated to be 
greater than the amount of solar energy consumed by the 
entire world's population in one year [4]. Additionally, 
according to the International Energy Agency's (IEA) 
technological roadmap, solar energy could provide up to 
27% of the global electricity by 2050. Specifically, the 
IEA states that 16% can be obtained by direct conversion 
via PV and 11% from solar thermal systems [5]. 

Energy from solar radiation can be directly 
collected in two forms: solar electricity and solar 
thermal. In photovoltaic technology, solar radiation is 
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directly converted to electrical energy, while in solar 
thermal technology, dissipative heat from solar radiation 
is utilized as thermal energy in useful applications. 
Integrating these two techniques enables the 
exploitation of the most significant amount of solar 
radiation. This combination leads to a hybrid system 
called the Photovoltaic/Thermal System (PV/T). The PV 
cell integrates with the thermal collector, heat 
exchanger, or flow channel underneath the PV cells to 
simultaneously produce electrical and thermal energy. 

Large areas of conventional PV arrays are required 
to harness and produce usable energy. Concentrated 
solar radiation on PV cells effectively reduces the area of 
PV receivers while harnessing the same amount of solar 
radiation; this technology is known as CPV. The main 
idea of the CPV is to replace the PV cell material with 
inexpensive concentrator optics that concentrate 
sunlight onto PV cells, enabling them to harness the same 
amount of solar radiation but with fewer PV receivers. 
The main problem with CPV is that it causes elevated PV 
surface temperature due to concentrated solar radiation, 
requiring active cooling. On the other hand, the main 
problem with a hybrid PV/T system is the limited 
thermal energy produced. We can tackle these issues by 
presenting the concept of a concentrating photovoltaic 
thermal system (CPVT). The excess heat generated in PV 
cells is harvested and converted into thermal energy in 
the CPVT system. Therefore, the PV cells maintain a 
moderate temperature. 

The hybrid CPVT system is comprised of high-
efficiency multijunction PV solar cells (MJPV) [6], [7]. 
The MJPV absorbs a large part of the solar spectrum and 
is also known as a tandem, consisting of multiple 
material layers stacked on top of one another using 
gallium indium phosphide (GaInP), gallium arsenide 
(GaAs), and germanium (Ge). Each semiconductor 
utilizes a different wavelength range of the solar 
spectrum to generate electricity [8]. Over the last 45 
years, MJPV has progressed tremendously and achieved 
higher efficiencies. Compared with the other PV cell 
technologies, the highest independently certified 
efficiencies for MJPV solar cells have grown from 29.1% 
in 2018 to the latest confirmed efficiency record of 
47.1% in 2020 [9]. Accordingly, MJPV solar cells have 
become preferred over single-junction PV cells to be 
integrated into CPV systems as they have high electrical 
efficiency, lower temperature coefficients, and better 
response to highly concentrated solar radiation. 

The CPVT is usually categorized into high and low 
concentrations. The high-concentration CPVT systems 

are divided into linear-focus and point-focus systems 
according to their concentration shape [10]. Further, in 
CPVT systems, the concentration ratio (CR) is a 
significant parameter, defined as the entrance aperture 
(area of the concentrator) divided by the exit aperture 
(area of the receiver). When the CR of the CPVT system 
increases, the conversion efficiency correspondingly 
improves. In addition, like other PV/T applications, CPVT 
is a zero-emission cogenerator system that produces 
electrical and thermal energy at high overall efficiency 
and requires fewer solar cells. 

The CPVT systems are used for both residential 
and large-scale applications. A few examples of 
applications for CPVT systems include water heating 
[11], water desalination [12], cogeneration of water and 
electrical power [13], greenhouse heating [14], 
cogeneration of electricity and cooling [15],[16], 
desiccant wheel cycle [17], building integration [18], 
textile industry application [19], and heat recovery with 
organic Rankine cycle [20]. More details of the recent 
advancements in commercial applications can be found 
in this reference [21]. 

Over the past ten years, there has been a 
significant increase in research published about the 
CPVT system. Design considerations and theoretical and 
experimental investigations have been carried out. 
These studies' results indicate that hybrid CPVT systems 
are promising and have unique merits in penetrating the 
energy market.  

The first prototype of CPVT was produced at 
Sandia National Laboratories. This early work identified 
most of the problems associated with concentration 
systems and provided satisfactory solutions to many of 
them [22]. Kribus et al. [23] studied the thermal and 
electrical performance of a miniature CPVT module. The 
results reveal that the overall efficiency was around 
80%, whereas the electrical efficiency was about 20%. 
Mittelman et al. [24] conducted a performance and 
economic feasibility study with single-effect absorption 
cooling of a CPVT system. The results demonstrated that 
integrating power generation plants and solar cooling 
can be comparable, and sometimes better than the 
conventional alternative.  

Hmouda et al. [25] have designed a new CPVT 
hybrid system based on a point-focus Fresnel lens and 
embedded multi-junction photovoltaic cells. Their 
proposed model was experimentally investigated and 
numerically modelled under indoor conditions. The 
results showed that the thermal and electrical 
performance of the CPVT system improved under testing 
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conditions. The overall efficiency was 68.7% and 73.5% 
for the experimental and CFD models, respectively. To 
evaluate the thermal and electrical performance of 
different configurations of CPV/T systems, Renno and 
Petito [26] developed a mathematical model for 
domestic application. They used Fresnel lenses and 
parabolic mirrors as optical devices. The results revealed 
that since the fluid output temperature is about 90 °C, 
using an absorption heat pump with a CPV/T is possible. 
Ning et al. [27], [28] studied the performance of the 
HCPV/T system based on a point-focus Fresnel lens with 
triple-junction solar cells experimentally and 
numerically. The experimental results showed an 
electrical efficiency of 28%, a thermal efficiency of 54%, 
and a total system efficiency of 80%. When they 
compared numerical and experimental results, they 
found excellent agreement. 

In summary, several researchers have studied the 
CVPT system. However, a limited number of studies have 
focused on the CPVT system that uses a point-focus 
Fresnel lens, MJPV cells, a heat sink, and active cooling. 
The most critical parts in the manufacture of a CPVT 
model are widely considered to be the layers between 
the solar cells and the heat transfer fluid HTF. A 
significant technical design difficulty for the CPVT 
system is finding materials for integrating the solar cells 
that can effectively conduct the heat from the solar cells 
to HTF while maintaining several critical characteristics, 
such as high thermal conductivity, low thermal 
resistance, and high electrical insulation. Moreover, 
providing good thermal contact between MJPV solar cells 
and the heat sink under a high concentration ratio while 
being able to avoid cell cracking from thermal expansion 
and contraction are significant design considerations in 
CPVT system development. Consequently, more 
research, assessment, investigation, and development 
work related to these design considerations are still 
necessary. 

The objective of this work is to develop a numerical 
model for the assessment of a CPVT system. The 
proposed model consists of point-focus Fresnel lens 
concentrators equipped with high-efficiency 
GaInP/InGaAs/Ge triple-junction solar cells, copper heat 
sinks, and an absorber tube as an active cooling system. 
Further, a more extensive assessment is necessary due 
to the system's complexity and the fact that various 
characteristics impact its efficiencies. In addition, since 
many parameters affect the CPVT system's output, the 
most important parameters have been selected to study 
their influence on the proposed model. For this purpose, 

a three-dimensional CFD model using the Ansys code 
was developed.  

 
2. Methodology 

This research aims to evaluate the thermal and 
electrical performance of a point-focus hybrid 
concentration photovoltaic thermal CPVT system. A 
numerical model was developed to study the influence of 
various operating and design parameters on the overall 
performance of the CPVT model. Figure 1 shows a 
schematic diagram of the CPVT model, consisting of 12 
point-focus Fresnel lenses, 12 MJPV cells, 12 heat sinks, 
and a flow loop containing a 1/2-inch copper pipe. The 
area of the Fresnel lens is 280×280 mm2, and the solar 
cell size is 10×10 mm2. The heat sinks have been 
designed to work as adapters to provide a planar surface 
for MJPV mounting and a round contour on the backside 
for attachment to the pipe. Epoxy adhesive glue was used 
to paste the MJPV onto a copper heat sink. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The top-section view of the proposed CPVT model 
depicts PFFLs, the flow loop, heat sinks, and MJPVs. 

 
2. 1. Thermal and Electrical Analysis 

The performance analysis of the CPVT model is 
based on an energy balance around the CPVT 
components. The energy balance includes the incident 
solar radiation, optical losses from the Fresnel lens, 
thermal losses from the CPVT, heat flow into the HTF, 
and electrical energy. Figure 2 shows a side view of the 
one-dimensional steady-state energy balance and 
boundary conditions for the CPVT model's longitudinal 
section of a single cell. There are three heat transfer 
mechanisms: convection, conduction, and radiation. 
Some of this heat is transferred within the MJPV solid 
layers by conduction, with the remaining parts of the 
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heat lost to the surrounding environment by convection 
and radiation [25]. 

 

Figure 2. Schematic description of CPVT assembly layers. 

 
The heat transfer analysis between the CPVT 

layers can be facilitated by considering the electrical 
analogy scheme equivalent. Figure 3 presents the 
thermal resistance diagram corresponding to the CPVT 
assembly layers. Several assumptions are adopted in this 
model, including: 

1) The material properties of MJPV are homogeneous 
and isotropic. 

2) The flow is incompressible. 
3) The thermal properties of the HTF are constant. 
4) The temperature gradients between cells and their 

substrates are negligible. 
5) The radiation was concentrated uniformly along 

the area of the MJPV cells. 
 

 
Figure 3. Thermal resistance diagram corresponding to the 

CPVT assembly layers. 

 

The solar radiation energy received by the MJPV 
solar cell is partially used to generate electrical energy, 
and the remains are converted to heat. The simple 
thermal model assumes a steady state operation. The 
temperature in the heat sink is uniform due to its high 
thermal conductivity and adiabatic sides. Applying the 
first law of thermodynamics, the energy balance 
equation of the CPVT model is: 

 
𝑄𝑖𝑛 =  𝑄ℎ𝑒𝑎𝑡 + 𝑃𝑒𝑙𝑒 + 𝑄𝑜𝑝𝑡 (1) 

 
𝑄𝑖𝑛 =  𝑄𝑡ℎ + 𝑄𝑛/𝑐 + 𝑄𝑟𝑎𝑑 + 𝑃𝑒𝑙𝑒 + 𝑄𝑜𝑝𝑡 (2) 

 
Where 𝑄𝑖𝑛 is the solar radiation flux which reaches 

the MJPV cell surface in (W), 𝑄ℎ𝑒𝑎𝑡 and 𝑃𝑒𝑙𝑒 are the 
amounts of energy that are converted to heat and 
electrical power, respectively in (W), and 𝑄𝑜𝑝𝑡 is the 

optical losses of the Fresnel lens in (W). 𝑄𝑡ℎ is the thermal 
energy  absorbed by HTF in (W), 𝑄𝑛/𝑐 is the natural 

convection heat transfer rate in (W), 𝑄𝑟𝑎𝑑  is the surface 
to ambient radiation energy in (W). 

The solar radiation flux can be evaluated from the 
following relation: 
 

𝑄𝑖𝑛 =  𝑞𝑖𝑟𝑟 × 𝐶𝑅 × 𝐴𝐶  (3) 
 

Where qirr is the solar radiation flux in (W/m2), AC 
is the solar cell area in (m2), and CR is the maximum 
concentration ratio of the CPVT system and is calculated 
as follows [29]: 

 

𝐶𝑅 =
𝐴𝐹𝑟

𝐴𝐶
× 𝜂𝑜𝑝𝑡 (4) 

 
Where AFr is the Fresnel lens area in (m2), and 𝜂𝑜𝑝𝑡 

is the optical efficiency of the concentrator system, and it 
is typically around 80%−90% [30]. While the following 
equation can be used to calculate the amount of energy 
that converts to heat [31]: 

 
𝑄ℎ𝑒𝑎𝑡 = 𝑄𝑖𝑛 × (1 − 𝜂𝑠𝑐) (5) 

 
Where 𝜂𝑠𝑐  is the cell’s electrical efficiency of the 

MJPV and can be calculated as follows [32]: 
 

𝜂𝑠𝑐 = 𝜂𝑟𝑒𝑓[1 − 𝛽𝑟𝑒𝑓(𝑇𝑐 − 𝑇𝑟𝑒𝑓)] (6) 

 
Where 𝜂𝑟𝑒𝑓 is the cell's electrical efficiency at the 

solar cell reference temperature 𝑇𝑟𝑒𝑓 , which is equal to 
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the ambient temperature of 25 °C, 𝑇𝑐  is the solar cell 
temperature, and the βref is the temperature coefficient 
of the MJPV solar cell (%/K) . The values of𝜂𝑟𝑒𝑓 , 𝛽𝑟𝑒𝑓  are 

usually provided by the manufacturer of the solar cell. 
The thermal energy absorbed by HTF is expressed 

as: 
 

𝑄𝑡ℎ = �̇�𝐶𝑝(𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛) (7) 
 
Where �̇�,𝐶𝑝, 𝑇𝑖𝑛and 𝑇𝑜𝑢𝑡 are mass flow rate (Kg/s), 

specific heat (J/kg.K), inlet, and outlet temperatures of 
the HTF respectively. The forced convection heat 
transfer coefficient inside the pipe (W/m2.K) can be 
calculated as follows: 

 

ℎ =
𝑄𝑡ℎ

𝐴(𝑇𝑤 − 𝑇𝑚)
 (8) 

 
Where 𝐴 is the contact area between the inner pipe 

surface and HTF (m2), 𝑇𝑤 is the average wall temperature 
of the pipe (K), 𝑇𝑚 is the average mean temperature of 
HTF (K). The solar radiation flux that is received by the 
MJPV cell and converted into electrical power can be 
determined as follows: 

 
𝑃𝑒𝑙𝑒 = 𝑄𝑖𝑛 × 𝜂𝑠𝑐  (9) 

 
The thermal efficiency can be determined as 

follows: 
 

𝜂𝑡ℎ =
𝑄𝑡ℎ

𝑄𝑖𝑛
 (10) 

 
The electrical efficiency of the system can be 

calculated as follows: 
 

𝜂𝑒𝑙𝑒 =
𝑃𝑒𝑙𝑒

𝑄𝑖𝑛
 (11) 

 
The overall efficiency of the CPVT system can be 

calculated using the following equation: 
 

𝜂𝑡𝑜𝑡 =
𝑃𝑒𝑙𝑒 + 𝑄𝑡ℎ

𝑄𝑖𝑛
 (12) 

 
2. 2. Numerical Analysis 

The CPVT system's heat transfer mechanism and 
thermal performance were investigated using a 
numerical model, which included heat transfer from the 

MJPV to the HTF and the total heat losses to the 
surroundings. The simulation was carried out in Ansys 
Fluent 19.0 using computational fluid dynamics (CFD). A 
three-dimensional CPVT model was designed using 
Ansys Design Modeller. The numerical simulation is 
performed by applying the Ansys Fluent solver, which 
uses the Finite Volume Method (FVM) to discretize the 
governing equations of continuity, momentum, and 
energy. Furthermore, the energy and laminar flow 
models are used for this simulation. In addition, a hybrid 
unstructured tetrahedral and hexahedral mesh was 
employed in this simulation. The meshing was done 
using the Ansys Fluent Meshing tool to generate small 
elements to solve flow and energy equations for the 
CPVT model computationally. Figure 4 depicts part of the 
side and isometric views of the meshed CPVT model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Isometric and side view of the meshed CPVT model.  

 
2. 2.1. Mesh independence study 

 A mesh independence study was conducted, and 
six mesh independence tests were completed to obtain 
mesh-independent solutions and sustain credible 
results. These tests aim to eliminate the influence of 
discretization, rounding, and iterative errors. The 
number of mesh elements ranges from 4.0 to 35.0 
million, and the study was undertaken in terms of cell 
temperature. As shown in Figure 5, the results 
demonstrate that the cell temperature does not vary 
significantly with further increasing the grid elements. 
With these results, the number of mesh elements used in 
this study is sufficient for accuracy and simulation run 
time.  
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Figure 5. Mesh independence study for solar cell 
temperature.  

 
2. 2.2. Numerical model validation 
CFD model validation aims to verify the accuracy and 
reliability of the CPVT model results. The proposed CPVT 
model was compared with the experimental results 
conducted by Hmouda et al. [25] at the same number of 
cells, geometry dimensions, material properties, and 
operating and boundary conditions. Cell temperature is 
a significant parameter. Therefore, we chose it as a 
comparative element. Figure 6 compares cell 
temperature for both the CFD and the experiment. The 
maximum error between the experimental and CFD 
models was about 4.42%. In contrast, the minimum error 
was 1.54%, confirming that the results are satisfactory 
and agree well with the experiment results. 
 
 
 
 

 
 
 
 
 
 

Figure 6. Variation of the solar cell temperature for the CFD 
and the experiment. 

3. Results and discussion 
This paper assesses the concentrated photovoltaic 

thermal CPVT system using point-focus Fresnel lens 
PFFL concentrators. The model consisted of 12 PFFL, 12 
MJPV solar cells, 12 copper heat sinks, and a 1/2-inch 
copper pipe flow loop with a serpentine configuration. 
The thermal and electrical performance of the CPVT 
system was investigated at different mass flow rates 
within the laminar regime flow and at various 
concentration ratios. It is worth mentioning here that the 
connections between the points in the graphs are not 
based on any regression analysis. They have been used 
to visualize data and display trends and patterns of the 
variables. 

Figure 7 shows the variation in thermal efficiency 
of the CPVT model against increasing mass flow rate and 
concentration ratio. As we can see, the thermal efficiency 
increased as the mass flow rate and concentration ratio 
increased. The lowest and highest thermal efficiency of 
the CFD models were 59.5% and 85.3%, respectively. In 
fact, thermal efficiency increases with two simultaneous 
effects: (i) An increase in the mass flow rate determines 
an increase in the amount of thermal energy absorbed by 
HTF. (ii) An increase in concentration ratio determines 
an increase in the MJPV temperature, making more heat 
available for thermal conversion. 

 

 
 

 
 
 
 

 
 

Figure 7. Variation of the thermal efficiency against increasing 
mass flow rate and CR.  

 

Figure 8 shows the CPVT model's electrical 
efficiency variation against increasing mass flow rate 
and concentration ratio. As depicted in the figure, an 
increase in mass flow rate results in a rise in the 
electrical efficiency of the CPVT model. This indicates 
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that the increase in mass flow rate allows evacuating a 
high amount of heat from the MJPV, thereby decreasing 
the operating solar cells' temperature.  Further, an 
increase in the concentration ratio results in a rise in the 
temperature of the solar cells. The electrical efficiency is 
inversely connected to the cell temperature. 
Consequently, the electrical efficiency is increased as the 
cell temperature decreases. Moreover, it is observed 
from Figure 8 that the increase in the concentration ratio 
results in an elevated cell temperature. Accordingly, the 
electrical efficiency decreases. In other words, the 
concentration ratio has an inverse relationship with 
electrical efficiency. In addition, Figure 8 illustrates that 
by increasing the HTF flow rate, the electrical efficiency 
of the CPVT system increases significantly at low HTF 
flow rates. However, a slight increase in the electrical 
efficiency appears when the HTF flow rates exceed 0.01 
kg/s, especially at low concentration ratios. The highest 
electrical efficiency occurred at a mass flow rate of 0.025 
kg/s, and its value was 35.74%. 

 
 
 
 

 
 
 
 
 
 

 
 
 
 

 
 

Figure 8. Variation of the electrical efficiency against 
increasing mass flow rate and CR. 

 
Figure 9 describes the average pipe wall 

temperature of the CPVT model at different 
concentration ratios and mass flow rates. As we can see, 
the average wall temperature decreases significantly 
with an increased mass flow rate. In addition, the 
average wall temperature at the lowest concentration 
ratio (CR = 100x) ranged from 17.13 °C to 23.53 °C. On 
the other hand, the average wall temperature at the 
highest concentration (CR = 500x) varied from 25.63 °C 
to 57.67 °C. These changes are due to the increased heat 
generated through the MJPV solar cell caused by the 
increased concentration of solar radiation intensity.  

 
 

 
Figure 9. Average pipe wall temperature with mass flow rate. 

 
Figures 10 and 11 show the variation of the CPVT 

model's extracted thermal and electrical energy under 
different concentration ratios. It is observed that the 
thermal and electrical power produced is synchronized 
with the evolution of the mass flow rate and 
concentration ratios. The maximum thermal and 
electrical energies were 618.5 W and 219.35 W, 
respectively. Besides, the highest thermal and electrical 
energy occurred at a concentration ratio of 500x and a 
mass flow rate of 0.025 kg/s. 

 
 

 
 

 

 
 
 
 

 
 

 
Figure 10. Variation of the thermal energy against increasing 

mass flow rate and CR. 
 

Figure 12 shows the variation of the average cell 
temperature of the MJPV with the mass flow rate at 
different concentration ratios. The highest average cell  
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Figure 11. Variation of the electrical energy against 
increasing mass flow rate and CR. 

 
temperature was observed (179 ℃) at a mass flow rate 
of 0.0029 kg/s and a CR of 500x. The lowest average cell 
temperature was observed (38.9 ℃) at a mass flow rate 
of 0.025 kg/s and a CR of 100x. In general, increasing the 
mass flow rate reduced the average temperature of the 
MJPV positively. Furthermore, Figure 12 reveals that 
when the MJPV operates at high concentration ratios, a 
significant heat load is subjected to the MJPV. 
Accordingly, they should be cooled to maintain electrical 
output power at optimum performance in all conditions 
for a longer life span. As a result, some MJPV solar cell 
manufacturers have set a recommended operating 
temperature (ROT) for the MJPV at 110 °C to avoid 
damage to the solar cell [33],[34]. 
 

 
 
 

 
 

Figure 12. Variation of the average solar cell temperature 
against increasing mass flow rate and CR. 

Also, as shown in Figure 12, decreasing the MJPV cell 
temperature can be achieved by increasing the mass flow 
rate, but at nearly 0.02 kg/s and above, the MJPV cell 
temperature does not decrease because the thermal 
resistances of the CPVT model have reached their 
maximum limits. 
 

In addition, the heat transfer coefficient has been 
studied too. Figure 13 illustrates the variation of the heat 
transfer coefficient of the CPVT model at different 
Reynolds numbers and concentration ratios. The results 
demonstrate that the heat transfer coefficient increases 
with the increase in the Reynolds number, and the 
variation of the convection heat transfer coefficient up to 
Re 2000 was between 517 and 1045 W/m2K. In contrast, 
concentration ratios have no effect on the heat transfer 
coefficient. 

 

 
 

Figure 13. Heat transfer coefficient of the CPVT model at 
various Reynolds numbers and CR. 

 
Figures 14 and 15 depict the I-V and P-V curves for 

a single MJPV cell based on the numerical model at 
different concentration ratios when the solar cell 
operates at the same standard measured temperature, 
i.e., 25 °C. The most common approach to evaluating the 
electrical characteristics of a CPVT system is to get its 
response curves, which give short-circuit current Isc, 
open-circuit voltage Voc, and maximum power output. 
The changes in Isc and maximum power output with 
concentration ratios are more significant than in Voc. 
Nevertheless, both of them increase with the 
concentration ratios. 
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Figure 14. I-V characteristics of MJPV in various 
concentration ratios at 25 °C PV temperature.  

 

 
 
Figure 15. P-V characteristics of MJPV in various 

concentration ratios at 25 °C PV temperature.  

 
As an example of the whole temperature 

distribution, Figure 16 depicts the temperature contours 
of the CPVT model at CR 100x and a mass flow rate of 
0.0029 kg/s. As indicated in the figure, that the highest 
and lowest temperatures for the CPVT model were 55.79 
°C and 15.0 °C, respectively. 

 
Moreover, Figure 17 displays the temperature 

contours of the local temperature distribution of the 
outlet HTF at CR 100x and CR 500x, and HTF flow rates 
of 0.0029 kg/s and 0.025 kg/s. At CR 100x, the highest 
and lowest outlet HTF temperatures were 28.09 °C and 
15.74 °C, respectively. At CR 500x, the highest and lowest  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Temperature contour at CR 100x and an HTF flow 
rate of 0.0029 kg/s for the CPVT model. 

 
outlet HTF temperatures were 80.54 °C and 18.69 °C, 
respectively. The outlet HTF temperature contours 
observed that the highest temperature distribution 
occurred near the wall because the flow regime was 
laminar. Also, we can see that the outlet temperature of 
the HTF decreases with an increase in HTF flow rates and 
increases with an increase in the concentration ratio. 

 
 

 
Figure 17. Outlet temperature distribution at CR 100x, CR 
500x and HTF flow rates of (a 0.0029 kg/s, b 0.025 kg/s). 

 
4. Conclusion 

A 3D numerical model has been developed for 
assessing the CPVT system using CFD analysis software. 
The proposed CPVT model is equipped with MJPV solar 
cells and point-focus Fresnel lenses. The design is simple 
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and reliable and can produce electricity and heat 
simultaneously. The thermal and electrical performance 
of the proposed CPVT model was investigated and 
evaluated under various parameters such as HTF flow 
rates, HTF inlet temperature, MJPV cell temperature, 
incident radiation, concentration ratio, and the optical 
efficiency of the Fresnel lens. A 3D CPVT steady-state 
heat transfer model was established in the thermal 
simulation according to concentrated solar radiation on 
the MJPVs. Based on the predicted results, we found the 
following: 

1) The changes in thermal efficiency of the CPVT 
model against increasing mass flow rate and 
concentration ratio. The results demonstrate 
that the thermal efficiency increased as the mass 
flow rate and concentration ratio increased. The 
lowest and highest thermal efficiency of the CFD 
models were 59.5% and 85.3%, respectively.  

2) The changes in electrical efficiency of the CPVT 
model against increasing mass flow rate and 
concentration ratio. The results indicate that an 
increase in mass flow rate increases the electrical 
efficiency of the CPVT model. Further, the results 
revealed that the concentration ratio has an 
inverse relationship with electrical efficiency. 
The highest electrical efficiency occurred at a 
mass flow rate of 0.025 kg/s, CR = 100x, and its 
value was 35.74%. 

3) The effect of varying the average pipe wall 
temperature of the CPVT model at different 
concentration ratios and HTF flow rates. The 
average wall temperature decreased 
significantly with an increased HTF flow rate and 
decreased CR. 

4) The effect of varying the CPVT model's extracted 
thermal and electrical energy under different 
concentration ratios and HTF flow rates. It is 
observed that the thermal and electrical power 
produced is synchronized with the evolution of 
the mass flow rate and concentration ratios. The 
maximum thermal and electrical energies were 
618.5 W and 219.35 W, respectively. 

5) The variation of the heat transfer coefficient of 
the CPVT model at different Reynolds numbers 
and concentration ratios. The results 
demonstrate that the heat transfer coefficient 
increases with the increase in the Reynolds 

number, and the concentration ratios have no 
effect on the heat transfer coefficient. 

6) I-V and P-V characteristics of the MJPV at various 
concentration ratios with a constant cell 
temperature of 25 °C. The changes in Isc with 
concentration ratios are more significant than in 
Voc. Nevertheless, both of them increase with the 
concentration ratios. 

7) The variation of the outlet HTF temperature at 
different HTF flow rates and concentration 
ratios. The results show that the HTF's outlet 
temperature decreases with an increase in HTF 
flow rates and increases with an increase in the 
concentration ratio. Furthermore, the highest 
temperature distribution occurred near the wall 
because the flow regime was laminar.  

Finally, although CPVT technologies are among the 
most attractive to be developed in renewable energy 
over the last decades, many challenges still need to be 
addressed to mature and optimize their functioning.  
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