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Abstract: Under particular climatic conditions, the equilibrium temperature of a PV panel can increase
excessively.This can significantly affect its electrical efficiency.The use of a cooling system, minimizing the
negative effect of this temperature increase, can improves the efficiency of the cooled PV panel. In this work,
we are interested in the cooling by a fan which blows ambient air on the rear face of a PV panel. This fan was
activated by the PV panel itself. Thus, for an efficient use of this cooling system, it was necessary to define the
activation conditions of this fan. To do this, a thermal model was used to determine the equilibrium temperature
of the uncooled PV panel. Then, numerical simulations were performed by CFD code to evaluate the new
equilibrium temperature of the cooled PV panel. This allowed to determine, by a one-diode electrical model, the
improvement of electrical efficiency. The fan will then be activated from 5% improvement. This difference is
then associated to the minimum temperature difference between the uncooled PV panel and the ambient air. For
different values of solar radiation and air temperature, a correlation was established with this minimum
difference.
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Introduction

The efficiency of photovoltaic (PV) panel is strongly linked to climatic conditions (Cuce et Cuce, 2014;
Skoplaki et Playvos, 2009). The combined effect of high intensities of solar radiation and ambient air
temperature can contribute significantly to the temperature rise of the PV panel whose efficiency is then
affected.

To overcome this negative effect, several technical cooling are used. We distinguish the hybrid systems PV/T
(Amori et al., 2012 ; Sarhaddi et al., 2010 ; Tiwari & Sodha, 2006). Moreover, Armstrong and Hurley (2010)
propose to produce electricity by the action of wind which first drives a turbine and then cools a PV panel. Thus,
they improve the electricity production by 36%. Rahimi et al. (2014) optimized a water jet design on a PV panel
under high solar concentrations. This design allowed to cool the PV panel with low water pump power
consumption.
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However, due to the difficulties of implementation, this method limits the practical implementation of this
cooling system. Other complex systems include evaporative cooling (Royne & Dey, 2007) or water spray
cooling (Bahaidarah, 2016). To overcome these implementation difficulties, the natural circulation of air
through the PV panel is used. This process is easy to perform but offers a low cooling effect (Alami, 2014).

Nebbali et al. (2020) propose an autonomous air-cooling system, composed by a fan that blow the ambient air
on the rear face of a PV panel. The fan was supplied by the PV panel itself. They showed that for the case of a
small size PV panel, the optimum operating point of this cooling system corresponds to an air flow of 8 g/s. The
objective of this work is precisely to determine the activation condition of the fan that cools this PV panel. Fan
cooling must ensure an efficiency improvement of the cooled PV panel of at least 5%

Problem Position

It is proposed here to cool a PV panel using a fan which blows ambient air on its rear face with an air mass flow
rate of 8g/s. The fan is activated by the PV panel itself. The fan is centered on a plywood mounted on the
backside of the PV panel (Nebbali et al., 2020) (Figure 1).
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Figure 1. Sketch of the domain calculation (Nebbali et al., 2020).

This cooling system has already been modeled (Nebbali et al., 2020) and it has been established that the optimal
operation is obtained for an airflow of 8g/s. With this air flow, we propose to determine from which temperature
of the uncooled PV panel this fan must be activated to ensure a satisfactory efficiency improvement of the
cooled PV panel. To do this, we need to detrmine the equilibrium temperature of the PV panel and the power it
deliver at different climatic conditions.

The equilibrium temperature results from coupled equations of motion and energy. The complexity of these
equations requires the use of the CFD tool for their resolutions. The electrical power delivered by the PV panel
is then calculated using the one-diode electrical model. By taking into account the power consumed by the fan,
we deduced the net power of the cooled PV panel. The efficiency improvement is then obtained by compared
the efficiency of the cooled PV panel to that of the uncooled one.

Associated Equations
Fluid Media
The temperature distribution is determined by solving the equations of continuity, momentum, turbulent kinetic

energy, dissipation rate and energy which are expressed by the following relationship, the variables of which are
defined in the Table 1:
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Table 1.Governing equations in fluid medium (Nebbali et al., 2020)

Symboles 6 y T Ss
Equation de Continuité 1 0 0 0

. __ . a
Momentum equation U1 0 v—| —+— [+—0, ——(ui u; )

I 12

Turbulente kinetic energy k 0 v+— v,S?—e—2eM’

O

2

D v, £ 2 £
Dissipation rate 0 v+— c,—\WwvS°)-C, —

p e o, 1e k( t ) 2

Energy equation T O S 0
Solid Media

The temperature fields in the glass and silicon layers were determined by carrying out steady-state heat
balances, which led to the following expression

@
AT QA 0

Where A istthe/ Laplace operator, and Q is a source term that correspond to the net radiative heat flux of the
short and long wavelengths, expressed as follows:

_ 4_md

Q = e8¢ EgZ(ng TW“”), for the glass layer. )

Q = 27%Rs for the silicon layer. (4)
€g

A One-Diode Electrical Model

This model is expressed by the following equation (Nebbali et al, 2020) :
V+LRg
[=1 -1, [exp (+T) — 1] (5)
Where :

1.=0.311 A, 1:=3.662 10-6 A , a=1.681 and R=0.473 Q are the constant of the one-diode model at reference
conditions.

The electrical power delivred by the PV panel is the product of the voltage and the current it generates :
P=V.I (6)
The optimal value oy is determined from the following relation:

dap -0 (7)

El:lopt
And then Vopt is obtained by the equation (5)

Moreover, the current-voltage characteristics of a PV panel highlight an operating point of maximum power
which corresponds to :
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B, = optlopt

®)

The efficiency of the uncooled PV panel is expressed by the ratio between the maximum power delivred by the

PV panel and the intensity of the incident solar radiation.

_ Pm
Nuncooled = RG.S

©)

While the efficiency of the cooled PV panel , which considered the part of the energy consumed by the fan, is

defined by this equation:

Ncooled = loo(PrﬁOOled - Pfan)/(RGS)

and:

T\ (@
Pran = 1.88 10 (T—)( )

0
air Pair

and

Pair = 1.185 kg/m? and q = 8 gs~* (Nebbali et al.2020)

(10)

(1)

In addition, in order to quantify the improvement in the efficiency of the performance of the PV panel, the

efficiency improvement is evaluated by:

nr = 100 (ncooled - nuncooled)/nuncooled

Results and Discussion

Equilibrium Temperature

(12)
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Figure 2. Temperature difference of the PV panel in absence of wind.

Figure (2) illustrates, in the absence of wind, the effect of the intensity of solar radiation on the temperature
difference between the ambient air and the uncooled or cooled PV panel. We observe that in both uncooled and
cooled PV panel situations, their equilibrium temperatures increases when the solar radiation increases.
However, the temperature of the uncooled PV panel rises more than that of the cooled PV. Thus, the fan
contributes to the cooling of the PV panel by about 30°C at RG=1000 W/m? and 15°C for RG= 400 W/m?
(Table.2). Indeed, the ambient air blown by the fan improves the covective heat exchanges with the PV panel.
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Figure 3. Temperature difference of the PV panel for a wind speed equal to 5m/s

In the presence of the wind speed of 5m/s (Figure 3, table.2), the temperature difference decreases to about 20°C
at 1000W/m? and 5°C at 400 W/m?. With 10 m/s of wind speed, the cooling occured by the fan is less important
(Figure.4, table.2). The temperature difference between the uncooled and cooled PV panel reaches 10°C at
1000W/m? and only 2°C at 400 W/m?. It appears that for appreciable wind speed, the cooling by the fan could
be useless, consequently it is impotant to determine the activating conditions of this fan.
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Figure 4. Temperature difference of the PV panel for a wind speed equal to 10 m/s

Table 2. Temperature difference between uncooled PV and cooled PV

Wind speed (m s Rc (W/m?) Temperature difference (°C)
0 400 15
1000 30
5 400 5
1000 20
400 2
10 1000 10
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Efficiency of the PV Panel

Through the figure (5) which highlights the evolution of the efficiency of the uncooled PV panel with the solar
radiation intensity at different wind speeds, it is observed that this efficiency decreases when the solar radiation
increases. However, this efficiency improves significantly, with a wind speed of 5 m/s, compared to that
obtained in the absence of wind. Whereas from 10m/s of wind speed, the effect of the wind becomes less
important.
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Figure 5. Efficiency evolution of the uncooled PV panel at different wind speed.
For the cooled PV panel (Figure.6), the same observation is made but with efficiencies more imprtant of those
of the uncooled PV panel. However, The presence of wind with an intensity of 5 m/s compared to the situation

of the absence of wind, improves the efficiency of the PV panel. Moreover, increasing the wind speed does not
further improve the efficiency.
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Figure 6. Efficiency evolution of the cooled PV panel at different wind speed.
As shown in figure (7), the efficiency improvement, in the absence of wind, is greater than that obtained in the
presence of wind (Figure 7). We can observe the the presence of wind generates low or even negative efficiency

improvements. Thus, the improvement provided by the PV panel is totaly consumed by the fan.
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Figure 7. Efficiency improvement of the cooled PV for different wind speed.

Table 3. Efficiencies of the PV panel for various solar radiation intensities and wind speeds

Wind speed(m S'l) RG (W/m?) Tuncooled (%) Ncooled (%0) nr (%)

0 400 6.50 7.00 5
1000 5.25 6.70 22.5

5 400 6.95 7.10 5
1000 6.75 6.88 8

10 400 7.25 7.10 -1
1000 6.75 6.92 4

It can be seen from the table 3, that there are situations where the activation of the fan is not recommended.
Indeed with a wind speed of 10m/s , the efficiency improvement of the cooled PV panel is negative. Thus, the
excess electrical power delivered by the cooled PV panel may be totally consumed or insufficient to supply the
fan. To overcome this, it is necessary to determine the activationconditions of the fan. To do this, we represent
in Fig. 8 the evolution of the efficiency improvement of the cooled PV panel according to the temperature
difference between the uncooled PV panel and the ambient air at different wind speeds. It appears that the
efficiency improvement still greater than 5% from a temperature difference of 20°C. Therefore, the fan can be
activated as soon as the temperature of the uncooled PV panel exceeds that of the ambient air by 20°C.

* wind speed =0m/s
28 ® Wind speed =5m/s
25 * Wind speed =10m/s

nr %

S, = }l:""""

0 20 40 60

(Tuncooled PV — Tair) (OC)
Figure 8. Efficiency improvement of PV panel as a function of temperature difference
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Conclusion

Through this study we have shown that the use of a fan to cool a PV panel, allows significant efficiency
improvement. It can be high in the absence of wind and low when the wind speed increases. Moreover, in the
presence of wind, the efficiency improvement of the cooled PV panel can reach negative values. In order to
overcome this negative effect, the fan must be activated as soon as the temperature difference between the
uncooled PV panel and the ambient air exceeds 20°C. This ensures a minimum efficiency improvement of 5%.
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