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Abstract: Solar energy is the most effective substitute for
fossil fuels when it comes to Produce electricity among the
numerous renewable energy sources. The efficiency may
drop as a result of overheating, and the PV cell may also be
harmed. Therefore, increasing the output of a solar PV sys-
tem at a lower cost is essential to improving its efficiency.
Additionally, by using cooling methods, the PV cells’ lifetime
is extended. By lowering the working temperature of a PV
panel’s surface, you may increase efficiency and slow the
thermal deterioration rate. This may be done by module
cooling and lowering the heat that the PV cells generate
while operating. Hence, an active cooling technology known
as optimization-aided water spraying technique is employed
to increase efficiency. This method enables the PV panels to
provide their maximum output power while taking less time
to drop down to a lower surface temperature. Beluga Whale
assisted Jellyfish Optimization (BWJO) model is suggested as
a means of achieving these goals. Finally, Simulink/ MATLAB
is used to implement the suggested method and optimize the
PV system cooling. The performances of the two components
were compared using a variety of metrics.
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Nomenclature

PV/T photovoltaic-thermal

NOCT normal operating cell temperature
WCP water-cooled plate
TEG thermoelectric generator

PV photovoltaic

PCM phase change materials

CFD Computational fluid dynamic

PEG-600 Polyethylene glycol 600

BWO Beluga Whale Optimization

JFO Jellyfish Optimization

BES Bald Eagle Search

HBO Honey Badger Optimization

WE-HHO Weighted Exploration based Harris Hawks Optimization
MAT Maximum Allowable Temperature

1 Introduction

Overconsumption of conventional fossil fuels at an alarming
rate caused a shortage of energy and corresponding envi-
ronmental issues of climate change (Chanphavong et al.
2022; Hadipour et al. 2021), emissions of greenhouse gases,
and ozone depletion, which endanger human security and
the world’s future. Therefore, there is a larger need for
renewable and clean energy solutions to lessen our reliance
on fossil fuels and the negative environmental effects that
follow. Solar energy (Jonas Piotrowski, Godoy Simdes, and
Farret 2020; Sudhakar et al. 2021) is the most widely used and
widely recognized renewable energy source because of its
purity, sustainability, ease of accessibility, and limitless po-
tential. Being able to heat and illuminate homes and other
buildings (Fakouriyan, Saboohi, and Fathi 2018), the sun is
considered the most potent renewable energy source. In
addition, several industrial operations like the production of
electricity and the heating of water employ solar energy.
Solar energy harvesting techniques (Murtadha and Hus-
sein 2022; Murtadha et al. 2022), such as terrace water heating
tubes, solar cells, and mirrors, are always changing and
becoming more effective as technology advances. Solar
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radiation and additional energy sources, such as wave, wind,
hydropower, as well as biomass, are credited with producing
the majority of the renewable energy used on Earth. It is
important to remember that just a small portion of the solar
energy (Nabil and Mansour 2022) that enters the planet is used
for energy production. Only humans can regulate the usage of
solar energy once it has been transformed into electrical en-

ergy. The main applications of solar energy (Jafari 2021;

Jurcevi et al. 2021) are cooling as well as heating systems in an

architectural layout that is based on solar energy exploitation,

potable water via disinfection and distillation operation,
daylight exploitation, heating of water, solar cooking, as well
as the maximum temperature for the industry.

Tiny rooftop or building-based PV systems (Mahmood and
Aljubury 2022) can have the capability of a few to multiple tens
of kilowatts, while huge utility-scale power plants can have
capacities of numerous megawatts. The majority of PV systems
currently are connected to the grid, whereas standalone sys-
tems only make up a minor percentage of the market. Diverse
parameters, including incident solar insolation and running
temperature, are needed to increase a PV panel’s efficiency
(Yesildal et al. 2022). Due to this, when the PV panel is oper-
ating, a serious issue known as overheating arises (Madan and
Kumar 2020). Therefore, various cooling techniques such as
forced air, PCMs, water, thermoelectric cooling, transparent
coating, and evaporative cooling are employed to combat the
issue of overheating while increasing output power. By using a
water tube that is mounted to the back of the PV panel, the MPP
minimizes the temperature in a variety of circumstances to its
usual operating point. As a result, it becomes highly chal-
lenging to regulate the PV surface temperature, necessitating
the use of a passive or active cooling approach that eliminates
heat transfer and reduces temperature by enhancing the PV
cell’s effectiveness and performance. Therefore, via spraying
water on the surface to decrease overheating, the water
spraying cooling technology may offer improved output and
efficiency. This paper proposes a novel model water cooling
system with the following contributions:

(1) Developed the optimization-aided water spraying tech-
nique, an active coolant approach that reduces the
operating temperature of a PV panel’s surface to maxi-
mize output power and shorten the cooling time.

(2) The novel BWJO-based model is compared with the
conventional methods with a better convergence rate.

Organization of this proposed technique: Section 1 entails
the part of the introduction. Section 2 entails the part of
the overview. Section 3 entails the part of the proposed
BW]JO-aided water spraying technique. Section 4 entails the
part of the result and discussion. Section 5 entails the part of
the conclusion.
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2 Literature review

Yildirim et al. (2022) suggested a thermal collector for the use
of PV/T systems. The thermal as well as conversion to elec-
tricity efficiencies of the water-assisted PV/T system was
achieved by coupling the thermal activity of the solar mod-
ule with the specified cooling box flow. Under NOCT settings,
a range of temperatures and inflow mass flow rates were
simulated. The layers of solar modules were examined for
the distribution of temperature and average temperature.

Fathi, Mahfoud Abderrezek, and Farid (2019) examined
the effectiveness of front-side water cooling and the heating
activity of solar panels. A freestanding cooling system was
created as a prototype, and the energy calculation of this sys-
tem aided in the creation of a large-scale implementation
methodology. The first situation involved a uniform tempera-
ture distribution, whereas the second scenario involved a non-
uniform temperature distribution under partial shadowing
that produced a hot spot effect.

Liu et al. (2020) constructed a polycrystalline PV cell that
was widely accessible and developed a hybrid Bi-Te/TEG
system. A multi-layer composite infrastructure was created
by incorporating the WCP into the PV/TEG system as a
dependable cooling mechanism. As a consequence, power
density as well as the efficiency of the composite systems was
continuously observed by varying the light intensity and the
TEG’s use area. It was discovered that the usage rate of re-
sidual heat may be raised if the distribution, as well as
coverage of thermoelectric devices, were further adjusted.

Sultan et al. (2019) suggested a strategy based on a newly
discovered metric known as the temperature-based PV effi-
ciency difference factor that was determined and calculated,
for evaluating the PV cooling methods. This element high-
lighted the pertinent variables that have an impact on effi-
ciency and that result in an evaluation of the total PV cooling
method. This metric may have an opportunity to be used as a
way for producers and developers of such goods to assess the
efficacy of PV coolers. It could show that the cooling method
was contributing to a gain, loss, or neutral change in PV
efficiency.

Khalili et al. (2023) merged the TEG layer with traditional
PVT module layers to better utilise waste heat and boost ef-
ficiency. A cooling duct was present in the PVT-TEG unit’s base
to lower the cell temperature. The system’s performance
might fluctuate depending on the kind of fluid in the duct and
its construction. To create three different cross-section de-
signs, a hybrid nanofluid was used in place of pure water.

Firoozzadeh et al. (2020) centred on the investigation of
PV/PCM systems’ highest operating temperatures with and
without fans. Various melting values of PEG-600 and paraffin



DE GRUYTER

have been investigated experimentally as PCM under indoor
conditions. Additionally, the impact of employing fns was
researched. Since paraffin’s melting point was closer to the
module temperature at this crucial temperature, the results
suggested that employing it would be a superior method for
regulating the PV cells temperature.

Wau et al. (2020) conducted a computational model based
on CFD to study the impact of solar irradiation, ambient
temperature, as well as wind speed on the efficiency as well as
mono-crystalline cell temperature. The results of the simula-
tion showed that using the applied cooling strategy for PV cells
ismore beneficial in maximum solar irradiation as well as hot
ambient temperature. Additionally, it is found that using
water to cool the cell beneath the investigated circumstances
enables the cell’s temperature to be maintained within a
range that precludes the decrease of its efficiency under high
solar irradiation and ambient temperatures.

Belyamin et al. (2021) in order to anticipate distributions
of temperature and different PV panel powers, second-
degree polynomial algorithms were developed, whilst the
linear algorithms were utilized to analyse the relationship
between solar power input and different PV panel powers.
The findings indicated that the highest electrical, thermal,
and power loss values were attained at temperatures near
midday. A PV panel research using two distinct cooling water
flow rates confirmed the identical PV panel power value
measured at two various temperatures.

2.1 Review

One of the primary drawbacks of active air cooling is that
it cannot work well at high temperatures since there
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might not be enough temperature differential between the
ambient air as well as panel temperature to provide
enough cooling. Some of the problems that researchers
had with the available techniques included in the review
Table 1 were: Lack of efficient electrical and thermal
conversion processes while using a 2-D thermal model
(Yildirim et al. 2022). The water flow rate optimization
(Fathi, Mahfoud Abderrezek, and Farid 2019) proved
difficult. It was difficult to calculate the link between the
coverage area of TEG (Liu et al. 2020) and total effective-
ness and cost. Increasing the temperature of the solar cell
(Sultan, Tso, and Efzan 2019) proved difficult. Influence of
inlet velocity on the ideal duct geometry (Khalili, Shei-
kholeslami, and Momayez 2023). Entropy generation was
difficult while using the PV/PCM model (Firoozzadeh,
Shiravi, and Shafee 2020). Consumption of fossil fuels in
the CFD model (Wu et al. 2020) is on the rise. The second-
degree polynomial technique (Belyamin et al. 2021) has an
overfitting issue.

3 Active coolant approach: system
model

3.1 PV cell temperature effects

The PV cell’s equivalent circuit including the current input
in parallel having shunt resistance as well as a single diode
and also series resistance is shown in Figure 1. In Eq. (1), the
single diode PV cell I-V features are determined, in which
G, states solar radiance, I, states of diode saturation cur-
rent, Ipy states photovoltaic current, q states electron

Table 1: State-of-the-art methods used by researchers with their features and challenges.

Author [citation] Methods Features

Challenges

Yildirim et al. (2022) 2-D thermal model

thermal energy
Fathi, Mahfoud Abder-
rezek, and Farid (2019)
Liu et al. (2020)

PV panel and front side heat-
ing behaviour analysis model
PV-TEG model

boosted.
Sultan et al. (2019) Temperature assisted PV effi-
ciency difference factor model
Khalili et al. (2023) PVT-TEG model
PV/PCM model
CFD model
Second-degree polynomial
technique

Firoozzadeh et al. (2020)
Wu et al. (2020)
Belyamin et al. (2021)

Huge potential to spread awareness of solar
energy and also capture electrical as well as

Advantageous when employing a PV panels
string with at least three panels.
The rate of use of leftover heat could be

Identified the important variables that have an
impact on efficiency
Improved electrical efficiency

Improved energy efficiency

Effective in improving cell efficiency

Gives a new viewpoint on how to handle solar
energy for both household and business uses.

Lack of efficient electrical and thermal con-
version processes

The water flow rate optimization proved
difficult.

It was difficult to calculate the link between
coverage area of TEG and total effectiveness
and cost.

Increasing the temperature of the solar cell
proved difficult.

Influence of inlet velocity on the ideal duct
geometry

Entropy generation was difficult
Consumption of fossil fuels was on the rise.
Overfitting issue
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Figure 1: Single diode PV cell: equivalent circuit.

variation, K states Boltzman’s constant, a states the diode
ideal factor, T states cell temperature, R, states series
resistance (Taqwa et al. 2020) as well as Ry, states shunt
resistance.

I=1Ipy —Io[exp<q(I;;;RS)) —1] - <V;ﬁRs> @

KC200GT, a maximum-efficiency Kyocera PV module, is
utilized in the suggested system. Physical as well as electrical
features of the PV module are represented in Table 2.

Table 2: PV module (Mohamed et al. 2021): physical as well as electrical
features.

Electrical features

Model KC 200GT
Maximum power current (Imp) 7.61A
Series resistance (Ry) 0.221
Open circuit voltage (Vo) 329V
Shunt resistance (Rs) 415.405
Maximum power voltage (Vi) 26.3V
Nominal operating cell temperature 47°C
Maximum system voltage (Vimax) 600V
Short circuit current (Is.) 8.21A
Power rating (Pmax) 200W

Temperature coefficients

3.18 x 103 A/°C
-1.23 x107"v/°C

Temperature coefficient: I
Temperature coefficient: Vo

Physical features

PANEL dimension (mm x mm x mm) 1425 x 990 x 36

Cells count per module 54
Weight of panel 18.5Kg
Type of cell Multi crystal
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3.2 Overheating on PV efficiency: effects

The main problem that must be addressed during the opera-
tion of the PV panel is overheating or scalding produced by the
excess solar insolation as well as maximized ambient tem-
perature, which in turn affects the efficiency of the panel to a
maximum extent (Elnozahy et al. 2015; Moharram et al. 2013).
As a PV cell’s temperature rises, its highest output power
gradually decreases (Tabaei and Ameri 2015). Thus, it is evident
that the excessive heat also has an impact on the panel’s output.

3.3 Water cooling system

The solar cells on PV panels are cooled using a water-cooling
system; as a result, the warm air or water that exits the panels can
be used for household services, such as home heating (Makki,
Omer, and Sabir 2015; Moharram et al. 2013). Yet, under cooling
the temperature of the surface of solar PV panel having water
maximize the solar cells output power via 50 percent and it does
not allow the rise of floor temperature of sun cells. The solar
panel is used with water as a cooling medium to boost efficiency.
One of the solar panels is left uncooled during the experiment,
while the other is cooled using a pump-powered water spraying
approach. Delivering a significant volume of water to the device
is the water pump’s key function. Additionally, this might be done
by pulling water out of the tank and supplying it to the sprinkler
(Mohamed et al. 2021; Odeh and Behnia 2009). Additionally, it may
provide water by raising the cost of fluid flow from lowest to
highest strain heads. As a result, a water distribution in a sym-
metrical way at the bottom of solar panels is required to properly
carry out the cleaning procedure and remove any type of dirt and
other deposits (El-Shobokshy and Hussein 1993). It was found that
cooled solar panels produce more energy than uncooled solar
panels. Thus, by boosting the PV module power, the suggested
water-cooling technology may also decrease overheating over the
surface of the PV panel. Eq. (2) provides the amount of electricity
needed by the pump to cool the panel, in which Q states the rate
of water flow as well as P states water pressure.

Pumping Power = Q x P 2

3.4 Optimization-assisted PV panel cooling
by BWJO model

3.4.1 Solution encoding and objective function
In order to achieve a precise cooling effect the proposed

work seeks to reduce the time required to cool down the PV
panel surface by 2 °C (Moharram et al. 2013).
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The main objectives of this study are as follows:

— The first and foremost goal of this work is to raise the
current offered by the PV panel,

— The second goal aims to increase the PV panel’s output
power. The PV panel’s output power is increased after
cooling, which lowers the cost and lowers the power
required by the water spraying mechanism.

3.4.2 The proposed BWJO model

This section provides an overview of BWJO, which draws its
inspiration from the beluga whales’ swimming, hunting, and
whale-falling behaviours. Because of the population-assisted
BW]JO model, considering beluga whale is the search agent
while the candidate solution is considered as the beluga whale
which gets updated in the optimization process. The proposed
optimization-aided water spraying technique is an active
coolant approach that decreases the operating temperature of
a PV panel’s surface to increase the output power and mini-
mize the cooling time. Besides decreasing the working tem-
perature of the PV panel’s surface, the efficiency of the
proposed method is increased and the thermal deterioration
rate can be lowered. Instead of using the random population
in Eq. (3), the proposed logic is used for JFO initialization in the
BWO model, in whichn €4.0,i=1,2, ..., pop.

X;=Lb +X?0gistic x (ub - Ib) ;XLogistic

i+1

= nX;(1-X;); X" = rand (0,1) ?)

The balancing factor B, defined using Eq. (4), de-
termines whether the BWO algorithm switches from explo-
ration to exploitation, in which T, Ty,.x states current and
maximum iteration. Beluga whale swim activity is taken into
consideration when establishing the BWO exploring phase.
The social-sexual behaviours of beluga whales in caring for
people have been observed, and these behaviours can be
displayed in a variety of postures, including the pair swim in
which two beluga whales move very closely together in a
coordinated or mirror image. As a result, the locations of
search agents are established by the beluga whale couple
swim, and the locations of beluga whales are modified in
accordance with Eq. (5).

Bfac = BO (1 - T/Tmax ()) (4)
X[t = X[+ (XD = X ) (1+ 1p)sin (27ry); j = even
X[ = X[+ (XD = X7 ) (14 ry)cos (27ry); j = odd

5

The modified position reveals the beluga whales’ syn-
chronized or mirror movements while swimming or diving,
depending on the dimension determined by odd as well as
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even numbers. The exploration phase uses two different
random numbers, ry, I3, to improve the randomized opera-
tors. The predatory behaviour of beluga whales serves as
inspiration for the BWJO exploitation phase. Depending on
the closeness of other beluga whales, beluga whales may
move as well as forage together. As a result, beluga whales
engage in hunting by discussing job postings with one
another and choosing the best candidate. The Levy flying
approach is applied to aid convergence during the oppor-
tunistic phase of the BWJO. We assumed that they could use
the Levy flying method Ly = 0.05 x ﬁw%to capture their prey,
and the numerical representation is represented as in Eq.
(6), in which u, v states normally distributed random value,

C = 2r4<1 - % ()) states randomized jump strength, and

B € 1.5 states default constant. According to our proposed
model, by hybridizing the JFO (Chou and Truong 2020) and
BWO (Zhong and Meng 2022) update equation, we obtain the
new exploitation phase position update equation of BWJO
expressed as in Egs. (8)—(12).

X =rX}

best

1 X!+ Cix Ly x (X - X]) (6)
Xi(t+1) = X;(t) + Step )

Xi(t+1) =Xl —ry[Xi(t+1) - SteP] + Cy x Ly

x (XI - [Xi(t+1) - X[Step]) ®)

Xi(t+1) =rXI

best

—CyXLpxXi(t+1)+Cy x Lp x Step )

~ 71X (t+1) +14SteP + Cy x Lp x X©

Xi(t+1) +1,X (t+1) + C x Lp x X; (t + 1)
= r3X!  +TySteP + Cy x L x X! + C; x Ly x Step  (10)

best

Xi(t+1)[1+r4 +Cq XLF] = rgXT + r;;Steﬁ) + C1 X L

best

x [XT +Step | an

P3Xpog + TaSteP + C1 x L x [X] + Ste |

Xi 1=
l(t+ ) [1+r4+C1><LF]

(12)

The vast majority of beluga whales are clever, and they
can communicate with one another in order to provide in-
formation that can assist them escape threats. But some of
the beluga whales have perished and are buried beneath the
surface of the ocean. The phenomenon referred to as “whale
fall” provides food for a wide variety of animals. We pre-
sume that those beluga whales are either gone or have been
shot at, plunging into the depths of the ocean. To keep the
population number consistent, beluga whale locations along
with a whale’s fall distance are utilized to establish the
current position. The mathematical formulation is given in
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Eq. (13), in which G, = 2Wyx n, Wy = 0.1 — 0.05T/Tax States
whale fall probability. As per our proposed model, Xsep, is
calculated as time-varying scalar factor (Sharma et al. 2019)
in Eq. (14).

T+1 T T
Xi = rSXl' _rGXr +r7XStep§XStep

= (ub - Ib)exp ( — CoT / Trax () (13)
Xsiep = (ub — 1b) x M (14)

Algorithm 1: Pseudocode of proposed BWJO model.

Initialize the population of BWJO using Eq. (3) as per the proposed model
While T < Trax do

Achieve Wy and achieve 8 using Eq. (4)

for X; (each beluga whale) do

if B(j) > 0.5

Create P;(j=1,2, ..., d) randomly from the dimension

Select X, (beluga whale) in a random way

Updating of i beluga whale novel location using Eq. (5)

else

if 874) < 0.5

Updating ¢; and computing of Lg

Updating /" beluga whale novel location using Eq. (12) in accordance with
the proposed model

else if

Identify novel position boundary and calculate fitness

end for

for each X; do

if B74) < W;

Updating of C; (step factor)

Calculation of Xsip, (Step size) as per Eq. (14) in accordance with the pro-
posed model

Updating of i beluga whale novel location using Eq. (13)

Identify novel position boundary and calculate fitness

end if

end for

Identify P (present best solution)

T=T+1

end while

4 Results analysis on BWJO for
water cooling system

4.1 Experimental setup

The BWJO-based water cooling system was implemented in
MATLAB. Moreover, Table 3 shows the system configuration. To
demonstrate the effective water-cooling performance of the
BW]JO, it is compared with the traditional strategies, including,
BES, HBO, JS, BWO and WE-HHO (Singh 2022). In addition, the
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Table 3: System configuration.

Device specification

Processor “11th Gen Intel (IR) core(TM) i5-1135G7 @ 2.40 GHz
2.42 GH?”

Installed RAM  “16.0 GB (15.7 GB usable)”

Software specification

MATLAB
version

2021b

outcome of PV power is calculated for four distinctive scenarios
with MAT of 40 °C, 45 °C, 50 °C, and 55 °C. In each scenario, the PV
panel is permitted to reach the MAT in an overheated state
before being allowed to cool down its surface at a rate of cooling
of roughly 2 °C (Moharram et al. 2013). Additionally, it states that
the greatest power rises with the water cooling model while the
temperature lowers. Further, by employing water as a medium
of cooling, the adverse effect of temperature at module output
might be lessened. Table 4 shows the experimental parameters.

4.2 Assessment of BWJO and conventional
schemes: varying MAT

Scenario 1 is a representation of the PV model at 40 °C. The
greatest power modification of the PV model before and

Table 4: Experimental parameters.

PV cell parameters

Ambient temperature 326.15
Nominal short circuit current 8.21
Nominal open-circuit voltage 32.9

Number of solar cells or panels 54

Boltzmann constant 1.38e-23
Elementary charge 1.6e-19
Number of diodes 2

Algorithm parameters

Honey Badger algorithm Beta =6

=2

a=05

Bmin=0.5

y gamma = 1

alpha = 3/2

KD =0.05

Crossover rate = 0.6
Mutation sigma = 0.1
Elite = 2

Acceleration constants ¢1 =2; c2=2
Maximum weight = 0.9
Minimum weight = 0.1

FireFly

Beluga whale optimization

Genetic algorithm

Particle swarm optimization
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after 40 °C cooling is illustrated in Table 5. In addition, when
cooling a PV panel, the BWJO method offers an average
difference of 10 W in comparison to BES, HBO, JS, BWO, and
WE-HHO, and its highest possible PV power will be 260 W.
Scenario 2 is a representation of the PV model at 45 °C.
The PV module’s maximum power modifications before and
after cooling at 45°C are represented in Table 6. In com-
parison to BES, HBO, JS, BWO, and WE-HHO during PV panel
cooling, the BWJO method offers an average difference of
40 W, and the highest PV power output will be 280 W.
Scenario 3 is a representation of the PV model at 50 °C.
The greatest power variation of the PV module before and
after 50 °C cooling is illustrated in Table 7. In addition, when
cooling a PV panel, the BWJO method offers an average
difference of 20 W in comparison to BES, HBO, JS, BWO, and
WE-HHO, and the highest possible PV power will be 280 W.
Scenario 4 is a representation of the PV model at 55 °C.
The PV module’s maximum power modifications before and
after cooling at 55 °C are represented in Table 8. In addition,
when compared to BES, HBO, ]S, BWO, and WE-HHO during
PV panel cooling, the BWJO method offers an average differ-
ence of 40 W, and the highest PV output power will be 300 W.

4.3 Convergence evaluation on BWJO and
conventional schemes for water cooling
system

Figure 2 explains the convergence analysis on BWJO is
contrasted with the BES, HBO, ]S, BWO and WE-HHO for the
water cooling system. Here, the analysis is carried out for
four distinct temperatures, such as 40 °C, 45 °C, 50 °C, and 55 °
C. For the efficacious water cooling system, the model should
acquire a lower fitness value with quicker convergence.
Similarly, at 40 °C, the BW]JO converges faster than the BES,
HBO, ]S, BWO and WE-HHO as well and it obtained a mini-
mal fitness value ranging from —6550 to —6000. In addition,
the BWJO accomplished the lowest fitness rate of 0.4128 at
55 °C, though the BES, HBO, JS, BWO and WE-HHO obtained

Table 5: Scenario 1-PV model's maximum power modification before
and after cooling at 40 °C.
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Table 6: Scenario 2-PV model’s maximum power modification before
and after cooling to 45 °C.

Methods Before cooling After cooling
BES 142.3400 115.5200
HBO 142.3400 129.8600
JS 142.3400 114.5900
BWO 142.3400 110.3900
WE-HHO 142.3400 129.8600
BWJO 142.3400 130.2300

Table 7: Scenario 3-PV model’s maximum power modification before
and after cooling to 50 °C.

Methods Before cooling After cooling
BES 128.8400 115.6700
HBO 128.8400 99.7770
IS 128.8400 118.6500
BWO 128.8400 110.9100
WE-HHO 128.8400 118.6500
BWJO 128.8400 118.9900

higher fitness values with slower convergence. Similarly, the
superiority of the BWJO method is revealed in the respective
graphs for the other scenarios too.

4.4 Analysis of optimized results for BWJO and
conventional schemes

The evaluation of BWJO strategy and conventional approaches
(BES, HBO, JS, BWO and WE-HHO) about average power, best
fitness, optimal solution and computational time for distinct
scenarios at 40 °C, 45 °C, 50 °C and 55 °C as well as the outcomes
are displayed from Tables 9-12. Regarding Table 8, the BW]JO
acquired the average power of 144.7800, meanwhile, the
traditional schemes recorded the least average power rate,
notably, BES = 1231400, HBO = 125.7500, JS = 134.3800,

Table 8: Scenario 4-PV model’s maximum power modification before
and after cooling to 55 °C.

Methods Before cooling After cooling Methods Before cooling After cooling
BES 135.5100 123.1400  BES 131.0600 107.5200
HBO 135.5100 125.7500 HBO 131.0600 84.2980
JS 135.5100 134.3800 JS 131.0600 122.3900
BWO 135.5100 120.8600 BWO 131.0600 84.2980
WE-HHO 135.5100 1444300 WE-HHO 131.0600 122.3800
BWJO 135.5100 144.7800 BWJO 131.0600 122.7400
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Figure 2: Convergence study on BWJO and conventional schemes for water cooling system at varied allowable temperatures. (a) 40 °C, (b) 45 °C, (c) 50 °C

and (d) 55 °C.

Table 9: Optimized results for BWJO and conventional schemes at 40 °C.

Table 10: Optimized results for BWJO and conventional schemes at 45 °C.

Methods Average Best Optimal Computational Methods Average Best Optimal Computational

power fitness solution time power fitness solution time
BES 123.1400 -6091.1000 9.2177 1062.6000  BES 115.5200 0.6245 6.0477 1062.6000
HBO 125.7500 -5966.8000 8.9477 907.3500 HBO 129.8600 0.6222 6.0477 963.4000
JS 134.3800 -6028.9000 8.0476 950.2400 JS 114.5900 0.6277 6.0476 1008.9000
BWO 120.8600 -5904.6000 9.0356 848.4000 BWO 110.3900 0.6249 6.0356 900.8100
WE-HHO 144.4300 -6215.4000 9.2812 706.9900 WE-HHO 129.8600 0.6207 6.0512 750.6600
BWJO 144.7800 -6339.7000 9.2042 467.1400 BWJO 130.2300 0.6197 6.0477 467.1400
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Table 11: Optimized results for BWJO and conventional schemes at 50 °C.

Methods Average Best Optimal Computational

power fitness solution time
BES 115.6700 0.6243 5.4386 1059.2000
HBO 99.7770 0.6222 5.4386 832.2700
JS 118.6500 0.6300 5.4387 871.6100
BWO 110.9100 0.6222 5.4391 778.2000
WE-HHO 118.6500 0.6206 5.4375 648.4900
BWJO 118.9900 0.6194 5.4386 474.9800

Table 12: Optimized results for BWJO and conventional schemes at 55 °C.

Methods Average Best Optimal Computational

power fitness solution time
BES 107.5200 0.4140 8.9022 2092.0000
HBO 84.2980 0.4134 8.9022 2190.9000
IS 122.3900 0.4166 8.9022 1956.1000
BWO 84.2980 0.4134 8.8895 2054.6000
WE-HHO 122.3800 0.4124 8.9010 1630.0000
BWJO 122.7400 0.4115 8.9021 493.1300

BWO = 120.8600 and WE-HHO = 144.4300, respectively. In
addition, for the 55°C, the BW]JO offered the best fitness of
0.4115, whereas the BES is 0.4140, HBO is 0.4134, ]S is 0.4166 and
WE-HHO is 0.4124, respectively. Moreover, the optimal solution
and computation time attained using the BWJO scheme is
6.0477 and 467.1400 for the 45 °C.

5 Conclusions

By using cooling techniques, the PV cell lifetime was
extended, boosting the module’s output power. By lowering
the working temperature of a PV panel’s surface, we might
maximize efficiency and slow the thermal deterioration rate.
This might be done by module cooling and lowering the heat
that the PV cells generate while operating. Because of this, an
active cooling technology known as an optimization-aided
water spraying technique was used to increase efficiency.
This technique enabled the PV panels to provide their
maximum output power while taking less time to drop down
to a lower surface temperature. BWJO was employed as a
means of achieving these goals. Finally, Simulink/MATLAB
was used to implement the proposed method and optimize
the PV system cooling. The performances of the two com-
ponents were compared using a variety of metrics, including
convergence accuracy, solution quality and net power
generated after cooling.
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