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Abstract

Photovoltaic (PV) panels generate some of their energy as waste heat while converting solar radiation into
electricity. This heat in photovoltaic panels adversely affects the output parameters of the panels. For this
reason, there are many studies on cooling of PV panels in the literature. In this experimental study, waste heat
was removed by placing DC fans with different numbers and different consumption power on 80 W
monocrystalline panels. According to the results obtained from the experiments, while the net power of the
reference panel was 62.42W, the net power of the E4 system (with 4 fans and the consumption power of the
fans was 10W) was measured as 64.1W. The highest exergy efficiency and sustainability index values among
all systems were also obtained from the E4 system.

Keywords: Energy, exergy, DC fan, forced convection, photovoltaic, sustainability.

Zorlanmis Tasimim Altinda Fotovoltaik Panel Sogutmasinin Enerji, Ekserji ve
Siirdiirilebilirlik Gostergeleri

Oz

Fotovoltaik (PV) paneller, giines 1sinimini elektrige doniistiiriirken enerjilerinin bir kismini atik 1s1 olarak
tiretir. Fotovoltaik panellerdeki bu 1s1, panellerin ¢ikis parametrelerini olumsuz etkiler. Bu nedenle literatiirde
PV panellerin sogutulmasi ile ilgili birgok ¢aligma bulunmaktadir. Bu deneysel ¢aligmada, 80 W monokristal
paneller tizerine farkli sayida ve farkli tiiketim giicline sahip DC fanlar yerlestirilerek atik 1s1
uzaklastirilmistir. Deneylerden elde edilen sonuglara gore referans panelinin net giicii 62.42W iken, E4

sisteminin net giicii (4 fanlt ve fanlarin tiikketim giicii 10W) 64,1 W olarak 6l¢iilmiistiir. Tiim sistemler arasinda
en yiiksek ekserji verimliligi ve siirdiiriilebilirlik indeks degerleri de E4 sisteminden elde edilmistir.

Anahtar Kelimeler: Enerji, ekserji, DC fan, zorlanmis taginim, fotovoltaik, siirdiirebilirlik.

1. Introduction

The rapid progress of industrialization and the increase in the world population day by day
increase the world's demand for energy. However, the energy crisis is an obstacle to economic
growth in many countries. One of the most effective ways to solve these problems is to reduce
fossil fuel consumption and replace it with more renewable energy systems (Cuce et al., 2013;
Shukla et al., 2017). The source of renewable energy systems is the sun and radiation from the
sun can be converted into electricity and thermal energy using photovoltaic (PV) panels and
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thermal collectors. The efficiency of solar thermal systems is between 40% and 60% while the
efficiency of PV panels varies between 10% and 20% (Bashir et al., 2018; Wang et al., 2019).
As in every system, it is desirable for PV panels to work efficiently. There are many factors
that can reduce the efficiency of the PV panel, and they are classified as cell materials, PV
system devices and environmental factors (Idoko et al., 2018). Some of it emerges as heat
energy while some of the radiation coming from the sun in PV panels is converted into
electrical energy. This situation causes the PV panel to heat up and while the short circuit
current (lsc) of the panels increases, the open circuit voltage (Vo) decreases (Bayrak, et al.,
2017; Tiwari et al., 2011). In addition, the temperature distribution of the solar cells that make
up the PV panel is not uniform, which creates hot spots on the PV panels. (Bahaidarah et al.,
2016). Thermocouples were placed on the back surface of an uncooled PV panel at 10
different points, and the lowest and highest temperatures were measured as 46.32 °C and
51.54 °C, respectively (Bayrak et al., 2019). This experimental study confirms that the
temperature distribution on the PV panel surface is not uniform. Non-uniform temperature
distribution causes a decrease in efficiency in the short term and permanent structural defects
with thermal stresses in the long term. Therefore, it plays a vital role in the cooling operation
and system cost of PV panels.

In cases where the cell temperature, which can directly affect the performance of the PV
panels, cannot be reduced sufficiently under natural conditions with the outdoor temperature,
different solution proposals have been developed to increase the efficiency of the photovoltaic
panel. Cooling methods, which can generally be classified as active or passive, reduce the
temperature of the cell surface and increase the performance of the photovoltaic panel
(Bahaidarah et al., 2016; Sudhakar et al., 2017). It has been observed that active cooling
methods are more effective than passive cooling methods. However, considering the material
types used, investment cost and cost effectiveness, it has been stated that passive methods can
be applied more practically (Elbreki et al., 2017; Hasanuzzaman et al., 2016).

In the literature, many studies are carried out to reduce the panel back surface temperature in
order to prevent the temperature increase that reduces the output parameters of the PV panels.
Efficiency, evaluation of waste heat, economic status and technological aspects of PV panels
cooled with different cooling methods were evaluated and classified by (Siecker et al., 2017)
and (Siah Chehreh Ghadikolaei, 2021). They stated that air-cooled systems are not as efficient
as water-cooled systems, PV panels cooled using thermoelectricity are developing
technologically, the heat absorption capacity of PCM systems decreases over time, and
climatic conditions are effective. The cooling of PV panels and their effects on performance
are discussed in detail by (Makki et al., 2015) using different thermal management techniques
such as water cooling, heat pipes, thermoelectric, phase change materials (PCM), natural and
forced convection. Bayrak et al. (Bayrak, et al., 2017) were studied a review on the exergy
efficiency of PV, PV/T collectors (air and water) and concentrating solar power systems. The
positive effects of exergy analyze on the environment and economy are mentioned while
explaining the cause of the losses in energy systems.
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Irwan et al. (Irwan et al., 2015) used two different cooling systems to increase the output
power of PV panels and compared them with uncooled PV panels. When the output power of
cooled systems is compared with uncooled PV panels; There was an increase of 32.23% in the
system cooled by DC fan and 38.98% in the system cooled by DC water pump. In addition,
the surface temperatures of the panels were reduced by 6.1 °C and 6.36 °C, respectively, by
using the fan and pump. Amelia et al. (Amelia et al., 2016) were investigated experimentally
the effects of different numbers of DC fans integrated into PV panels on cooling and output
power As the number of fans in the cooling system increased, the output power obtained from
the panels also increased. As a result, systems with 2, 3 and 4 fans increased the output power
of the PV panel by 37.17%, 41.28% and 44.34%, respectively. Syafigah et al. (Syafigah et al.,
2017) modeled the temperatures and output powers of cooled and uncooled PV systems with
different number of DC fans in their simulation. The net output powers of the systems are
64.7W, 67.08W, 67.56W, 67.34W and 67.32W for PV, PV with 1 DC fan, PV with 2 DC
fans, PV with 3 DC fans and PV with 4 DC fans, respectively. Syafigah et al. (Syafigah et al.,
2017) numerically investigated the effect of DC fans with 6 different power and flow rates on
the net output power and surface temperature of the PV panels. The flow rates and power
consumption of the fans are 1.99 m/s-4.49 m/s and 0.72 W-4.80W, respectively. According to
the results obtained, the highest output power and the lowest surface temperature were
realized at the highest DC fan speed (4.99 m/s). However, the system with a speed of 3.07 m/s
and power consumption of 1.08 W gave the highest net output power. Arifin et al. (Arifin et
al., 2020) investigated the effect of aluminum fin integrated PV panels on temperature and
output power under forced convection. In the case of 1.5 m/s air flow rate, 35 °C ambient
temperature and 1000 W/m? solar radiation, the surface temperature of the cooled and
uncooled PV panels increased by approximately 13 °C and the output power increased by
18.67%. Bevilacqua et al. (Bevilacqua et al., 2020, 2021) were investigated temperature
distribution, output power, electrical efficiency and economic analysis of spray and DC fan
cooling systems and uncooled PV panels The performance of each cooling system
outperformed the uncooled system. When the economic analysis is examined, they stated that
the spray cooling system (PV3) pays the initial investment cost in a shorter time than the
others. Fudholi et al. (Fudholi et al., 2019) studied exergy analyzes of solar collectors, drying
systems and PV/T collectors in this study. In addition, the exergy, energy efficiency and
sustainability index of the PV/T system with a V-slot absorber were investigated. At the end
of the experimental studies, the exergy efficiency of the PV/T system was found to be 13.36%
and the sustainability index was found to be 1.148.

The relationship between the output parameters of the panels and the temperature was
examined by using different cooling types in PV panels when the literature is examined.
Cooling types are divided into active and passive systems, and the consumption power of the
pump or fan used in active cooling systems is calculated and its effect on system efficiency is
examined very little. In this experimental study, the missing parts of the researchers who
previously studied the cooling of PV panels with DC fan were filled. The original aspects of
the study can be listed as follows; The effect of DC fan power and optimum DC fan number
on cooling, obtaining net power by calculating fan power, evaluating the energy and exergy

342



Direction Curves of Spherical Indicatrices of a New Framed Curve

efficiencies of the system using net power, and finally, the analysis of exergy values and
sustainability indicators were interpreted.

2. Material and Method

The experiments were carried out in Siirt province of Turkey, which has hot climatic
conditions. Average temperatures in June, July and August are 30 °C for Turkey and 38 °C
for the city of Siirt (Https://Www.Worlddata.Info/, 2021). Experiments were carried out in the
form of serial experiments on clear days in August 2020. The experimental set was set up in
the backyard of Siirt University Engineering Faculty. In Figure 1 are shown the pictures of the
experiment set while the connection type of the cooling system and the devices in the
measurement station is schematized in Figure 2. The layout plans of the DC fans is shown in
Figure 3.

The aim of this study is to investigate the effect of DC fan cooling systems on PV panels in
climates where solar radiation value and ambient temperature are very high, as well as low
wind speed. The technical specifications of the DC fan and PV panel used in the experiments
are given in Table 1. DC fans have been preferred as a cooling unit due to their simple
structure compared to AC fans, less cost and less power consumption. Detailed explanations
of the cooling systems are given in Table 2.

In order to calculate which of the cooling systems has the better performance, some values
need to be measured. These values are; environmental temperature, PV panel (cell)
temperature, local solar radiation, maximum current (I,) and voltage (Vi) values, wind speed
and fan speed. The ambient temperature and the back surface temperature of the PV panels
were measured using T-type thermocouples. Thermocouples are Omega brand and accuracy is
+0.1 °C. Solar radiation values were read in W/m? with MS-402 model pyranometer. The
sensitivity of the device is 7 pV/(W-m2) and accuracy is <6 W/m?. The CEM-DT-619
anemometer was used for measuring the air velocity and its sensitivity is given as +0.2 m/s.
The KEITHLEY 701 brand 40-channel data compiler was used to measure the voltage values
at the same time (current accuracy +0.9%, voltage accuracy +0.5%, resistance accuracy
+0.7%).

Figure 1. Views of the experimental setup (a) from behind (b) front

343



Direction Curves of Spherical Indicatrices of a New Framed Curve

______________ 1
. Food Space |
Applicable | grying heating HVAC |
1 i ) |
- Hot: | Measurement station Pyranometer —:
air
. (7o) | | DC power O |
| | supply |
Wattmeter
| ]
| | il |
| i I
| | Variable |
| resistor |
Ha |
==
Multimeter  Datalogger Computer
____________ e - - __ " _ |
Figure 2. The schematic view of the experimental setup
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Figure 3. Layout plans of DC fans placed behind the PV panel (a) with 1 DC fan (b) with 2

DC fan (c) with 3 DC fan and (d) with 4 DC fan
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Table 1. Technical specifications of PV panels and DC fans (Inko, 2020; Lorentz, 2020)

Parameters Values
PV panel

Maximum power (Pp) 80 W
Open circuit voltage (Voc) 22.4V
Max. power voltage (Vi) 17.2
Short circuit current (lsc) 5A

Max. power current (Iy,) 4.6
Tolerance of the rating power +%5
Temperature Coefficients of Iy 0.09 %/°C
Temperature Coefficient of Vi -0.35%°C
Temperature Coefficient of Py, -0.50%°C

Dimensions

Cell technology
DC fan
Operating voltage
Operating current

Revolutions Per Minute (RPM)

550%x1210x35 mm

Monocrystalline

12V
0.25A

2200 £%10
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Table 2. Classification of PV systems

Fan power Fan power
Case Part I\(I;:r;tr)]esr consumption  Case Part I\(I)l;rg;esr consumption

(W) (W)
Ref. - - - D D1 3 2
D2 3 3
B Bl 1 1 D3 3 6
B2 1 2 D4 3 9

B3 1 3 D5 3 10
E El 4 2
C C1 2 1 E2 4 3
C2 2 2 E3 4 6
C3 2 3 E4 4 9

E5 4 10

2.1.Analysis
2.1.1. Power analysis

The maximum electrical output power of a PV panel is calculated using the formula below
(Shmroukh, 2019):

where V,, and I, are the maximum power voltage and maximum power current, respectively.
The power of the cooling fans and the net power (Pye) obtained from the PV panels are
calculated using the formulas below (Gholampour et al., 2014; Wang et al., 2019):

I:)fan = Ifanvfan
(2)
Pnet,cooloed = I:)m - Pfan
3

346



Direction Curves of Spherical Indicatrices of a New Framed Curve

P P

net,uncooloed ~— ''m

(4)

where Vian, ltan, Pran are the voltage, current and power values of the fan under load,
respectively. Py is equal to Py, as no fan is used in the uncooled system.

2.1.2. Energy and exergy analysis

The first law of thermodynamics states that energy can change from one form to another, but
the total amount of energy remains constant (Dincer & Cengel, 2001). The Second Law of
Thermodynamics states that processes will occur in a particular direction, not in any one
direction. Accordingly, exergy analysis; It plays an important role in the design and
development of systems as it can accurately determine the location, type and amount of
exergy destructions and losses. Exergy efficiency, on the other hand, is an indicator of how
close a system or the process under consideration is to ideal conditions. In addition, by
reducing the thermodynamic inefficiencies in the system or process handled with this method,
it provides how to design a more efficient system and define the current conditions correctly
(Dincer, 2002).

The energy efficiency of the PV panel is expressed as (Akyuz et al., 2012; Bayrak et al.,
2019).

_Eou _
n E

in

P
1A
(5)

Considering the use of DC fans in the system, the effective efficiency or overall efficiency of
the PV panel system is expressed as: (Gholampour et al., 2014; Shmroukh, 2019; Wang et al.,
2019).

P —P

m fan

I.A

77| ,SyS =
(6)

The exergy input of a PV system is calculated using the following formula (Petela, 2008):

4
Ex, =1.A 1—ﬂ L +1 T
3\ T, ) 3\ T,

where T; is the temperature of sun which is taken as 5777 K. The exergy output and exergy
power of the photovoltaic systems can be expressed as follows (Bayrak et al., 2020; Wang et
al., 2019)

(7)
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E.Xout = E.Xelectric
8)
E.Xelectric = I:)m = Ime
)
I:)m - I:>fan
77|| = ( ) 4
P AR
3T, ) 3\T,
(10)

2.1.3. Exergetic sustainability indicators

In order to better evaluate the thermodynamic performance of the systems, it is necessary to
examine the sustainability indicators that deal with exergy values. The exergy loss per given
exergy input, the recovery ability and life of the system can be evaluated by WER, IP and SI
values, respectively. By analyzing these indicators, an optimum cooling can be easily
designed by reducing the irreversibility in the PV cooling system. Exergetic sustainability
indicators are calculated from the following equations (Bayrak et al., 2013; Hammond and
Stapleton, 2001; Ndukwu et al., 2017, 2020; Oztop et al., 2013):

IP = (177 ) (X ~ EXo )

(11)
WER = s
Exin

(12)
e
1-my

(13)

2.1.4. Uncertainty analysis

The fact that experimental studies are based on a measurement system has always been ahead
of numerical and analytical studies in terms of realism. However, the error and uncertainty of
the measured values in experimental studies are very important. The analysis applied to
determine these errors and uncertainties is called “Uncertainty Analysis”. Uncertainty analysis
should be applied both in the interpretation of the experimental results and in the design
studies before the system installation (Bayrak and Oztop, 2020; Hepbasli and Akdemir, 2004).

In order to determine the accuracy of the calculated parameters, it is necessary to determine
the uncertainties of the measured values. On condition that a dependent variable (R) is
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presented, which affected by some of the independent variables (Xi; X2; X3, ..., xp), its
uncertainty value (Wg) can be estimated using the equation below (Holman, J.P., 1994;
Selimefendigil et al., 2018). The uncertainty values calculated can be seen in Table 3.

R Y (R Y R.Y %
W, —[(—le +[—W2} o +[—an }
oX, OX, OX,

(14)
Table 3. Uncertainty analysis of measured values

Parameters Unit Result
Ambient temperature °C +0.925
PV panel temperature °C +0.925
Air velocity ms™ +0.24
Solar radiation Wm +0.096
Voltage measurement \% +0.0075
Current measurement A +0.0091
PV power W +0.849
DC fan power W +0.17

3. Result and Discussion

In this study, electrical values, energy and exergy values of PV panels were analyzed by using
DC fans with different numbers and different power consumptions. In addition, exergetic
sustainability indicators of all experimental studies were examined. Experiments were tested
sequentially on days when the weather was not cloudy. In Figure 4, the maximum values of
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output powers and net output powers values of cooled and uncooled PV panels are given. The
Pm and Ppe values produced by the reference PV panel were measured as 62.42 W when
Figure 4 is examined. The red and dashed line in Figure 4 shows the output power produced
by the reference panel. In addition, this line will help us to evaluate the output power of PV
panels in all cooling conditions applied in this study. In Figure 4, the Py, and Pne values
produced by the PV panels in the B1, C1, D1 and E1 cases are lower than the power produced
by the reference panel. The reason for this is that the back surface of the cooling panels is
covered with a metal surface, so more heat accumulation has occurred on the back surface of
the PV panels. Due to insufficient fan number and fan speed, the temperature on the back
surface of the cooled PV panels (B1, C1, D1 and E1) was higher than the surface temperature
of the reference panel. Looking at Table 1, it is seen that the temperature coefficient of the
output power of the PV panels has a negative value. As the number of fans and fan speed
increase, the P, values of the PV panels increase up to 12 W, but when the power consumed
by the fans is subtracted from the power produced by the PV panels, critical decreases have
occurred in the P values. As a result, the net power (Pnet) produced by the reference panel is
62.42 W, and in the case of E4 it is 64.1 W.

In Figure 5, the variation of the energy and overall efficiency values of the systems with 1 and
2 DC fans placed on the PV panel and the uncooled (reference) panel according to time are
given. In Figure 4 (a), the efficiency values of B1 and C1 cases were below the efficiency
value of the reference panel. The reason for this was that the heat formed on the back surface
of the panel could not be discharged sufficiently by the DC fans, which had a negative effect
on the efficiency. In Figure 4 (b), although the energy efficiency value of the C2 case was
higher than the reference panel, the overall efficiency value remained below the overall
efficiency value of the reference panel. In Figure 4 (c), the increase in the speed of the DC fan
has a positive effect on the cooling of the PV panel. The energy efficiency of reference PV,
B3 and C3 systems is 9.18%, 9.65% and 9.90%, respectively. The overall efficiencies of these
systems are 9.18%, 9.19% and 9.44%, respectively. When Figure 5 is evaluated in general,
the reason why the efficiency values of some fan-cooled cases (B1, B2 and C1) are lower than
the uncooled condition (reference) is that the number of fans and their speeds are insufficient.
For these reasons, the PV panel surface temperature caused a higher temperature than the
reference situation. In this experimental study, it is aimed to optimize the waste heat removal
on PV panels by using DC fans in PV panels.
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Figure 4. Electrical values of cooled and uncooled PV panels

The temperature coefficient of PV panels will give information about the variation of panel
power with temperature. It is important to pay attention to the temperature coefficient in the
selection of PV panels, but it is definitely not enough. Because efficiency; It depends on many
parameters such as wind speed, ambient temperature, panel surface temperature, panel surface
area, cell temperature, radiation intensity, placement of panels. The efficiency values in the
first parts (B1, C1, D1 and E1) of all cases (B, C, D and E) in the experimental study were
lower than the efficiency value of the reference panel when Figure 6 is examined. The reason
for this is that no matter how much the number of fans increases, the airflow passing through
the back surface of the PV panel is insufficient and causes more heating instead of cooling,
thus reducing both output power and efficiency (energy and exergy) values.
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Figure 5. Efficiency values of PV panels with 1 and 2 DC fans

In Figure 6, the comparison of D and E cases with 3 and 4 DC fans with uncooled PV panels
is given. It is seen in Figure 5 (a and b) that the number of revolutions of DC fans is
insufficient to cool the PV panels, and in Figure 5 (c, d and e), DC fans have a positive effect
on cooling. In Figure 5(c), the maximum overall efficiency values of the reference, D3 and E3
panels are 9.59%, 9.63% and 10.38%, respectively. In Figure 5 (d), the maximum overall
efficiency values of the reference, D4 and E4 panels are 9.52%, 9.48% and 10.12%,
respectively. In Figure 5 (e), the maximum overall efficiency values of the reference, D5 and
E5 panels are 9.38%, 9.69% and 9.87%, respectively.

The lowest and highest exergy output, exergy loss, exergy efficiency, IP, SI and WER values
of cooled and uncooled PV panels are given in Table 4. With the positive effect of the cooling
systems, the output exergy of the photovoltaic panels increased and the exergy loss decreased.
This situation also had a positive effect on the exergy efficiency. While the highest exergy
efficiency of the reference PV panel was 9.03%, the highest exergy efficiency of the E4
system was calculated as 12.47%. While the sustainability index was 1.148 in the results of
Fudholi et al. (Fudholi et al., 2019) on PV/T collectors, it was 1.249 in the current study (E4).
Since the IP and WER values are directly related to the exergy losses, as the mass flow rate of
the air in the DC fans increases, the temperature drop and exergy losses of the PV panels
decrease. This explains that the IP and WER values are lower especially in the E4 system
compared to the reference PV panel.
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Table 4. Exergy and sustainability values of DC fan cooled and uncooled PV panels

Exergy values

Sustainability Indicators

Exergy Exergy Exergy
Cases II_—IOi\g,;Vh/ output loss efficiency (:;) SI WER
(W) (W) (%)
Ref. Low 24.40 345.16 6.60 32237  1.071 0.871
High 56.06 559.58 9.30 508.98  1.103 0.929
Bl Low 21.32 375.01 5.38 354.82  1.057 0.922
High 45.70 566.19 7.82 52595 1.085 0.946
B2 Low 20.30 361.73 4.72 336.93  1.050 0.917
High 49.99 573.48 8.26 528.32  1.090 0.953
B3 Low 23.42 342.72 5.70 317.82  1.060 0.908
High 56.44 558.77 9.17 50751 1.101 0.943
Cl Low 23.86 372.47 6.02 350.04  1.064 0.916
High 49.11 561.89 8.37 517.97  1.091 0.940
C2 Low 24.90 359.45 5.79 332.67 1.061 0.914
High 52.87 570.65 8.55 523.11  1.094 0.942
C3 Low 25.77 340.92 6.27 31450  1.067 0.906
High 57.78 557.43 9.42 505.08 1.104 0.937
D1 Low 23.93 309.52 7.03 287.32  1.076 0.901
High 57.82 546.41 9.82 49593  1.109 0.923
D2 Low 25.82 318.89 7.49 295.00 1.081 0.894
High 59.96 538.83 10.56 484.86  1.118 0.925
D3 Low 19.59 332.10 5.57 31359  1.059 0.896
High 60.01 539.14 10.35 486.29  1.115 0.944
D4  Low 27.33 342.23 7.39 316.92  1.080 0.883
High 69.80 545.80 11.66 48433  1.132 0.926
D5 Low 28.57 367.66 7.21 341.14  1.078 0.897
High 62.10 549.69 10.31 498.09 1.115 0.928
El Low 24.86 308.59 7.45 285,58  1.081 0.897
High 58.17 546.76 10.26 496.58 1.114 0.925
E2 Low 22.29 322.42 6.49 301.56  1.069 0.889
High 62.11 536.71 11.10 481.04  1.249 0.935
E3 Low 23.85 327.83 6.78 30559 1.073 0.889
High 63.41 534.60 11.09 478.13  1.125 0.932
E4  Low 32.02 337.54 8.66 308.29  1.095 0.876
High 72.92 542.14 12.47 477.86  1.142 0.913
E5 Low 30.53 365.69 7.70 33751  1.084 0.894
High 63.65 551.44 10.62 49437  1.119 0.923
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4.

Conclusions

In this study. forced convection cooling of PV systems with different DC fan numbers and
different DC fan powers was investigated experimentally. Detailed power analyzes. energy
efficiency. exergy outputs and sustainability indicators of all systems were examined. The
main important findings can be summed as follows:

The maximum output powers of the PV systems are 73.78 W, 73.1 W and 62.42 W at the
ES, E4 and reference panel. respectively.

The maximum net output powers of the PV systems are 64.1 W, 63.86 W and 62.42 W at
the E4, E3 and reference panel. respectively.

Performance ratios are 0.791 for the reference panel. 0.866 for the E2 system, 0.863 for
the E3 system and 0.841 for the E4 system.

When the efficiency values of the cases with 1 and 2 DC fan systems (B1-B3 and C1-C3)
according to the PV panel sizes used in the experiments were examined. It did not have a
positive effect on the cooling of the PV panels.

The highest values were calculated as 10.38% and 10.12% in E3 and E4 cases when the
overall efficiency values of all systems were compared.

The highest exergy efficiency and sustainability index were obtained from the E4 case
with 12.1% and 1.137%. respectively.

Nomenclature

A area of PV (m?)

Ex Exergy (W)

hea  heat transfer coefficient (W/m?K™)
I current (A)

ls solar radiation (W/m?)

lsc short circuit current (A)

P power (W)

Q  heat emitted to the surrounding (W)
T temperature (°C)

\Y voltage (V)

Voc  Open circuit voltage (V)

v wind velocity (m/s)

n, energy efficiency

77” exergy efficiency

Subscripts

a ambient

c cell

m maximum

S sun

sys  system
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Abbreviations

IP Improvement Potential
PV Photovoltaic
Sl Sustainable Index

WER West Exergy Ratio
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