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quantitatively. This can be accomplished by increasing the efficiency of the
collector. In this research employs hybrid photovoltaic panels through electrical
generation and, on the other hand, takes advantage of the lost heat, which has
reduced efficiency to useful heat, by transporting them through fluid and
benefiting from them through industrial and domestic applications. The model
was studied numerically by ANSYS computational code, where simulations were
carried out on CFD and steady state thermal, as well as the effect of solar radiation,
at a value of 10, on the layer of photovoltaic cells. Besides, several values of flow
rate (0.02, 0.025, and 0.03) were used and compared. The current findings show

Keywords: that the efficiency of the current panel under consideration increased
Hybrid PV; Enhancement; Wasting thermal significantly, and the value of flow of 0.03 was the optimal value that led to
energy; Recovery and development; CFD obtaining suitable efficiency and a relatively acceptable water temperature.

1. Introduction

As fossil fuels are being depleted, there is an urgent need to find alternative energy sources to
meet the rising energy demands of the future and of future generations. Solar power has quickly
become the most widely adopted alternative energy source. It's superior in quality and quantity,
readily available everywhere, consistently effective in practical applications, and environmentally
benign once turned into useful forms and put to use. One of the most common and simplest ways
to harness the power of the sun's rays for later use is with a solar collector. Around the world, many
new technologies and initiatives are being undertaken to help reduce fossil gas intake [1]. While the
emphasis has been on the electricity and transportation sectors, the commonplace subject of
renewable energy and heat manufacturing has advanced on the basis of photovoltaic thermal
collectors (PV/T) [2, 3].
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Das et al., [4] designed and tested experimentally and numerically a thorough heat transfer
analysis for a hybrid PVT that takes heat transfer impedance and conductivity heat production. Their
findings show that taking into account thermal contact resistance and Ohmic loss at the PV layer
greatly minimizes the inaccuracies. Numerically, Rejeb et al., [5] desighed a model and analyzed it for
a unique PVT collector with the best improvements, optic coating, and heat transfer resistance across
PVT sheets. Besides, Maadi et al., [6] designed a PVT model and test it by include fluid movement,
heat transport, and the tracking of sun rays in a glass collector. Herrando et al., [7] designed
numerically a modal with CFD-FEM and assess the effectiveness of sheets and tubes with various
absorption sizes and materials.

Numerically and experimentally, Barone et al., [8] designed and created a reduced-cost model of
a liquid PVT collector, as well as testing and dynamical analytical model research to access the results
of energy, economy, and ecology under various conditions. Ibrahim et al., [9] numerically
investigated the effectiveness of several absorber models in order to select the one with the best
average efficiency. Numerically and experimentally, Souliotis et al.,, [10] studied the functional
temperature range (40-60 C), the variations among the highest electrical efficiency for glazed and
unglazed systems are just 0.3-0.4%.

Wodotazski et al., [9] is co-simulated with a single-phase inverter to show its full transient
behavior. Variables like as wind speed, solar radiation intensity, and ambient temperature were also
studied in relation to the PV-TEG system. Ansys software was used to create the numerical model
that took into consideration the effects that Thomson, Seebeck, and Joule's heat have on the TEG
system. Its effect on overall electricity efficiency was also investigated. Passive heat sink's heat
transfer surface and forced air circulation had a favorable effect on total heat transfer, which kept
electrical efficiency high. It is possible to determine the power characteristics of a PV-TEG system in
real time by simulating the single-phase inverter. The research presented has the potential to serve
as a starting point for optimizing the performance of a real-world PV-TEG-inverter hybrid system
design.

Khan et al.,, [10] consider the aerodynamic lift force operating on the solar structure when
developing a counterbalance for rooftop-mounted solar systems. Because of their one-of-a-kind
layout, solar power facilities may have an overestimated or underestimated load when compared to
global construction requirements. Estimating wind loads on solar panels for design purposes and
finding important design scenarios is a common application of Computational Fluid Dynamics (CFD)
simulations. Simulations using Computational Fluid Dynamics (CFD) typically necessitate a lot of
computing power, and it might take a long time to determine the best possible geometry
configuration through iteratively tweaking the geometry. This research proposes using
Computational Fluid Dynamics (CFD) and genetic algorithms to optimize a strategy for reducing the
impact of lift force on solar photovoltaic (PV) arrays mounted on rooftops. A genetic algorithm was
used to find a layout of a solar photovoltaic plant in which the wind lift force was minimized by varying
the tilt angle and pitch between two rows of solar panels. Only combinations with an efficiency ratio
of 80% or above were considered. In this study, we compare and contrast three distinct solar
photovoltaic (PV) plant architecture designs for use on rooftops. To optimize a 2D array of
photovoltaic (PV) panels, ANSYS Fluent was applied to a model including two parallel rows of panels.
For all three of these scenarios, the results showed that the difference in wind-liftforce between the
optimum design and the highest lift force configuration was 50%.

Farhan et al., [11] used to harness the energy contained inside sunshine. Panel heating during the
day, however, reduces voltage output and leads to wasted energy-electricity. Computational Fluid
Dynamics (CFD) was used to model and evaluate the effectiveness of the water and aluminum oxide
(Al203) nanofluid cooling system used in this PV panel. The thermal performance of uncooled, water-
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cooled, and Al203 nanofluid-cooled solar panels are compared in this study. The solar panel's lowest
temperature was found by experimenting with several input coolant temperatures and mass flow
rates (20, 25, 30, 35, and 40 °C) and coolant flow rates (16.5, 33, 66, and 99 L/h). The lowest possible
solar panel temperature, essential for energy storage, was promised by Al203 nanofluid-cooled solar
panels at the greatest flow rate and the lowest input coolant temperature, 99 L/h and 20°C,
respectively. The temperature of solar panels was reduced by 41% to 60% with the use of nanofluid
coolant. These findings provide evidence of nanofluid's potential as a coolant.

In this paper and based on the above survey, it's clear that PV/T collectors are generally the best
sort of sun-powered gatherers. Therefore, the work aims to focus on hybrid photovoltaic thermal

(PV/T) collectors and comparing two types under different flow rates.

2. Computational Methodology

The design process was done using Solid Works software. The computational model consists of
photoelectric cells, a glass panel, and curved Risers, as shown in Figure 1. Dimensions of the Panel:
214x1.4 [cm], hydraulic diameter (DH) = 0.03 [m]. The modelling and simulation process was done
by Ansys software version 15. In the PV panel, just the PV cell surface wasused for modelling since it

has consistent heat transfer across layers.

Fig. 1. Panel parts of the current study

Table 1 displays the design panel specifications with all dimensions, while Figure 2 shows themesh

grid of the current model.

Table 1

Design panel specifications under consideration

Material [Tutmu;:'all((]:onductlwty Dimensions[Cm] Number Density [K g/m¥]
RISER 390 3 20 8830

PV 148 0.5 677 2330
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Fig. 2. Mesh of panel and risers

After the design process by Solid Works, the model was entered into the Ansys programme, and
the finished elements were applied to the board in order to obtain the most accurate solutions. The
nodes and elements are on rows 418247 and 1361894. The working fluid is water, and the outlet
pressure is atmospheric pressure. Table 2 shows the boundary conditionsof the current study.

The mathematical formulation for fluid flow and heat transfer in natural ventilation in a room
integrated with solar chimney and evaporative cooling with different modes and absorber media
models was developed under the following assumptions:

i.  Conservation equations with three dimensions.
ii. Incompressible flow in a steady state
iii.  Heat transfer through the glass cover and absorber plate in three dimensions is
iv.  accomplished through conduction.
v. Air flow in the channel has been considered turbulent.

vi.  For the density variation, the Boussinesq approximation was used.
vii.  All properties are evaluated at a temperature that is considered to be standard.
Table 2
Boundary conditions
Parameter Value
Ambient temperature 288 [K]
inlet temperature 288][K]
Water specific heat 4180 [J/K g. K]
Irradiance 1000 [W/m?]
Convection heat transfer coefficient 10 [W/m?)
water Flow rate 0.02[K g/5] 0.025[K g/s] 0.03[K g/5]

2.1 CFD Model Setting and Parameter

For the present work, a second-order upwind scheme was used for momentum and energy
equations, standard simple was used for pressure. Under — relaxation factors were used, 0.3 for
pressure, 1 for density, 1for body forces, 0.7 for momentum equation, and 1 for energy equation. To
have converged, the flow solution must be stable after all equation residuals have been reduced to
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approximately 1000-800 for energy equation and 1000-400 for continuity equation, they required
(1200 — 1400) iterations as shown in Figure 3.
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Fig. 3. ANSYS FLUENT iteration of the work

2.2 Grid Independence Test

An investigation of grid independence was carried out to find the proper mesh. The test was
performed on the velocity along the chimney. Seven different grids were checked (187,353 elements,
356,753 elements, 591,543 elements, 842,651 elements, 966,531 elements, 1,162,122 elements, and
1,296,425 elements). There are relatively small (typically less than 5 percent) differences between
the respective grid no. 6 (1,162,122 elements) and grid no. 7 (1,296,425 elements) results for the
most stringent quantities of the velocity along the chimney. This indicates that both of the two grids
are approaching grid independence as shown in Figure 4.
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Fig. 4. Grid Independency Test: Mean air velocity of solar chimney with
number of grid elements
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2.3 Data Reduction

The primary objective of the development of PVT hybrid solar collectors is to increase the
efficiency of the photovoltaic panels [11]. The working principle of PVT hybrid collectors is that they
contain compact PV cells with tubes for the heat exchange process, where heat is absorbed and then
transferred to HTF [12, 13]. This process aims to benefit from electricity generation and will not
benefit from the resulting heat. For example, to heat household water or use high-temperature heat
to generate electricity through thermoelectric plants [14, 15]. Toget the amount of thermal energy
Qu for a PVT collector under the right conditions, use equation [16].

Qu =Ac/ta. IT - UL(Tom - Ta)] (1)
Where:

Qy : Useful heat gain (W)

Ac: Absorber plate area (m?)

T : Glass cover transmittance coefficient

a: Absorber plate absorptance coefficient

IT: Irradiance incident normal to the absorber plate (W/m?)
UL: Overall heat loss coefficient (W/ (m? C’))

Tpm: Absorber plate mean temperature (C)

Ta: Ambient temperature (C)

To get the thermal payback of the hybrid PVT collector through the equation [17-19]:
nc=Qu/Ac.IT (2)

The useful heat gain Qy can be represented in terms of working fluid mass flow rate m inletand
outlet temperatures Tfj and Tfo respectively as follows [19-22]:

Qu =m . Cpf(Tfo - Tfi) (3)
Where:

m: Mass flow rate (kg/s)

Cpf: Working fluid specific heat (J/kg k)
Tfi: Inlet temperature (k)

Tfo: Outlet temperature (k)

3. Results and Discussion

In order to investigate how coolant influences the board, the experiment was carried out in two
stages: during the first stage, the impact of solar radiation was investigated in the absence of water,
and during the second stage, water was used.

As can be seen in Figure 5, the temperature of the PV Panel was 314.6 when the firststep of the
process was applied. In the second phase, numerous other values of water flow wereapplied. The
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panel temperature dropped to 311 [K] when the value of 0.02 was utilized, as canbe seen in figures
6,7, and 8.
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Fig. 5. Temperature gradient in PV panels without using water
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Fig. 6: Water temperature gradient for the value is 0.02
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Fig. 7. Changes in outlet temperature value
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Fig. 8. Panel temperature gradient

For water flow at a value of 0.025, the panel temperature dropped to 306 [K]. The results are
shown in Figure 9, 10, and 11.

2.949e+002 L
2.922+002 3
'908e+002 i :
2.894e+002
2.880e+002 5
K] L
j |
L
§
1§
| §
L
| §
¢
0 0.500 1.000 (m) I— A
[ — —

0.250 0.750

Fig. 9. Water temperature gradient for the value is 0.025
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Fig. 10. Changes in outlet temperature values for the value is 0.025
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Fig. 11. Panel temperature gradient for the value is 0.025

In regard to flow 0.03, the plate temperature dropped to 302 K; the outcomes are depicted in

Figure 12, 13, and 14.
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Fig. 12. Water temperature gradient for the value is 0.03
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Fig. 13. Changes in outlet temperature values for the value is 0.03
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Fig. 14. Panel temperature gradient for the value is 0.03

Based on the temperature values at different mass flow rate values, the efficiency was deduced
based on the two equations, Eqg. (1) and Eqg. (1). The related results shown in Table 3.

Table 3

Efficiency values depending on the temperature and flow
Mass flow rate Temperature[K] th
0.02 314.18 73%
0.025 313.41 88.50%
0.03 312.5 95%

By the way, comparisons of flow rate values, water temperature, and efficiency are shown in
Figure 15, while Figure 16 presents comparisons of flow rate values and water temperature in terms

of flow rate.

73% 88.50%

0.02 0.025

Mass flow rate

b Tempreiture[K]A 314.18 313.41

* ntt \ 73% | 88.50% |

* Tempreture[K] ¥ nth

Fig. 15. Comparison of flow rate values, water temperature and efficiency
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Tempreture[K]
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* Mass flow rate 0.025
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® Mass flow rate 0.03 * Mass flow rate 0.025 ¥ Mass flow rate 0.02

Fig. 16. Comparison of flow rate values and water temperature

Comparison of flow rate values and water temperature is shown in Figure 16, while Figure 17
presents a comparison of flow rate values and panel efficiency, and Figure 18 presents a comparison

of flow rate values and panel temperature.

0% 20% 40% 60%

‘; M_ass flow rate 0.03
| ¥ Mass flow rate 0.025 88.50%
¥ Mass flow rate 0.02 73%
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Fig. 17. Comparison of flow rate values and panel efficiency
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Fig. 18. Comparison of flow rate values and panel efficiency
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Due to the accumulation of all of the heat produced by solar radiation and the absence of a heat
exchanger such asrefrigerant, it can be seen in Figure 5 that the temperature of the panel risesto 314.6
[K]. This is the case because the panel does not have a heat exchanger. Figure 6, 9, and 12 illustrate
the process of heat transfer and heat exchange that occurs between the panel and the risers when
water is used as a refrigerant. This process takes place while the water actsas a cooling medium. In
addition, as can be seenin Figure 8, 11, and 14, there was a discernibledrop in the temperature of the
panel in comparison to what is presented in Figure 18. In termsof the effectiveness of the panel,
according to Table 4 and Figure 15 and 17, a rise in the efficiency ratio was noticed whenever the
value of the flow rate increased. This was the case even if the flow rate remained constant.

Table 4

Nomenclature and abbreviations
S. No. Abbreviation Description
1 Co Heat capacity (4168 J/Kg. K)
2 I Heat flux (W/w?)
3 m Mass of water (Kg)
4 PVT Photovoltaic thermal collectors
5 CFD Computational Fluid Dynamics
6 PV Photovoltaic
7 T Initial water temperature (°c)
8 T, Final water temperature (°c)
9 Tajav Average ambient temperature
10 Tw)av Average water temperature
11 Al203 Aluminum oxide
12 TEG A Triethylene Glycol

However, among the experimental conditions, the solar radiation is held at a constant value of
1000 [W/m?], and the convection heat transfer coefficient is held at 10 [W/m?]. The previous results
showed that there was a decrease in the temperature of the panel, an increase in the efficiency, and
an increase in the temperature of the water. In all three of the trials, this value was utilized, and each
one had the same water-based refrigerant, the same distribution ofrisers, and the same number of
risers overall. The only adjustment that was made to the parameter was since this is the water flow
rate, the question that naturally follows is, "What isthe relationship of the flow to the efficiency
change and the degree of the panel?" Going backto the first two equations, Eqg. (2) and Eg. (3), you
will observe that there is a clear connection betweenthe total amount of useable heat and the
efficiency in the third equation. When there is a greaterdemand for heat, there is a corresponding rise
in the value of efficiency. Concerning the flow rate, we see in the equation for the quantity of usable
heat that there is a correlation between the amount of useful heat and the flow rate. This can be
seen by looking at the flow rate variable. When the flow rate is increased, there is a corresponding
increase in the amount of heat that can be utilized. As evidence of this, Figure 17 demonstrates that
the efficiency was lower at a flow value of 0.02 than it was at a flow of 0.03, confirming what was just
said.

4. Conclusion
For the purpose of the present numerical investigation, the circular-section PV/T collector flow
was modeled using ANSYS. A heat flux of 1000 W/m?, 288 K for the ambient temperature and the

water's input, and flow rates of 0.02, 0.025, and 0.03 [Kg/s] were utilized in order to evaluate the PV
panel area as well as the water outlet temperature. The first model was carried out using ANSYS
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STEADY STATE without the utilization of a glass, while the second model was carried out by CFD with
the utilization of water cooling. According to the findings, when the water flow rate was increased
from 0.02 to 0.03, the heating rate of the panel surface reduced dramatically, which resulted in a gain
in efficiency but a reduction in water production. These collectors can be developed in the future by
developing photovoltaic cells that are capable of absorbing the greatest number of photons. This will
enable us to generate electrical energy while also benefiting from the heat that is generated at the
same time. Additionally, layers can be added to the panel in order to improve heat transfer and
preserve it for the maximum amount of time. The ability of these cells to generate electrical energy
and thermal energy throughout the day despite the presence of atmospheric elements such as dust,
clouds, and snow is a feature that is not present in traditional collectors and highlights the importance
of these cells. Traditional collectors are unable to generate either type of energy.
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