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Abstract - Many studies are being conducted to determine 

the optimal cooling arrangement for solar panels. One of 

the main issues that persists is the cooling effect used to 

lower the temperature of PV cells. The issue with natural 

convection air cooling surrounding solar panels is that it is 

thought to need to be more efficient in absorbing heat. It is 

necessary to implement effective and efficient cooling 

techniques. Phase Change Material (PCM) can be used as 

a cooling agent; the material should be chosen based on its 

melting point. The choice of a PCM depends on the climate 

and the material's thermal properties. PCM will absorb 

more heat throughout the melting process due to its higher 

latent heat than other materials. Analyzing PCM 

applications with nano-material addition was investigated 

numerically with Ansys Fluent. Pure PCM and a 

combination of nanomaterials were used in the cooling 

setup. A novel NPCM blend was made using the 

nanomaterials SiO2 and Al2O3. The mass fraction of the 

additional nanomaterial is 1%, 5%, and 10%, respectively. 

Viscous laminar and transient flow conditions were used 

as methods for this study. The aim of this study is to 

examine the impact of paraffin-40 combined with 

nanomaterials on PV cell temperature lowering. PV cell 

temperature is reduced to 85.98 
o
C by applying pure 

paraffin-40 cooling at a heat flux of 1000 W/m
2
. When 

Al2O3 composition is added at 1%, 5%, and 10%, the PV 

cell temperature decreases to 59.20, 53.46, and 48.06 
O

C, 

respectively. PV cells' temperature with the addition of 

SiO2 at compositions of 60.95, 59.62, and 57.46 
o
C, 

respectively. Blended materials with NPCM work well for 

solar panel passive cooling. A higher mass concentration of 

nanomaterials added to the composition has a more 

significant cooling effect. When added as an extra 

nanomaterial to PCM, Al2O3 performs better at cooling 

than SiO2. 

Keywords: Nanomaterial; Mass Concentration; Phase Change 

Material; Passive Cooling; PV cell temperature. 

I. INTRODUCTION 

Solar panels can produce different amounts of electricity. 

The two main variables that affect how much power is 

generated are the solar panel's area and radiation intensity. 

Radiation intensity varies widely; the daily average is 399 

W/m
2
, and the midday peak is 1068 W/m

2
 [1]. At peak 

radiation, problems with increasing the solar panel 

temperature arise. Increasing the irradiation value would 

increase the residual heat absorbed by the solar panel material. 

For example, a 120 WP solar panel can only generate 98.3 

watts of electricity when the panel temperature reaches 70 
O
C 

[2]. The loss of power generation due to heat is enormous, 

with a reduction reached in the range of 18%. Cooling is 

necessary to reduce the solar panel's temperature during 

irradiation. Passive, active, or a combination of both cooling 

technologies can be developed according to the operational 

characteristics of each solar panel.  

Problems in natural convection airflow cooling around 

solar panels are considered ineffective due to the impact of 

heat absorption. Low airflow velocity and high ambient 

temperatures are the causes of poor natural cooling. During 

midday, the ambient temperature can rise to 37 
o
C. Residual 

heat from solar radiation and ambient temperature make the 

solar panel temperature reach 75 
O
C [3]. Passive cooling 

without additional configurations will progressively lower 

efficiency if used on solar panels with larger sizes. The 

residual heat absorbed by the solar panel material also 

increases with increasing panel dimensions. Implementing 

passive cooling with excellent heat absorption capability is 

urgently needed. Passive cooling with high heat absorption 

capability can be an alternative cooling technology solution 

for solar panels. The high latent heat of PCM can be used to 

store heat from solar panels or dissipate it into the 

environment [4].  

The latent heat of PCM, which is greater than that of 

other materials, will absorb more heat during the melting 

process. Cooling solar panels using PCMs can reduce the 

temperature of the panels without consuming electricity. The 

power consumption of the cooling technology does not bury 

the power generation increase. PCM melting time can be 

selected according to the preferred cooling temperature. PCMs 

with different melting temperatures of 27, 34, and 41 
o
C were 

studied for their cooling effect on solar panels [5]. The 
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selection of the PCM is based on the maximum temperature of 

the respective reference panels of 41, 52, and 75 
o
C at 279, 

514 and 820 W/m
2
 irradiance. Each region has different 

climatic conditions and solar radiation intensity. 

A study in the equatorial region obtained highly variable 

ambient temperatures ranging from 25 
O
C to 34 

O
C throughout 

the year. The cooling method applied to solar panels in the 

area uses floating panels on the surface of a reservoir with a 

capacity of 1 MW and a central inverter system [6]. This 

research was conducted to obtain solar panels with high 

efficiency throughout the day in areas with sufficiently hot 

climatic conditions [7]. A tropical climate with hot ambient 

temperature characteristics significantly impacts power 

generation. Implementing solar panel cooling is necessary to 

maintain the stability of electricity generation and increase 

efficiency. Alternative cooling was implemented using a phase 

change material (PCM) medium.  

Phase Change Material (PCM) has the characteristics of 

being thermal as an absorber, energy storage, and, at the same 

time, a good energy release. It can regulate the temperature of 

the environment. The PCM melting and solidification process 

occurs with high enthalpy at a constant temperature [8]. 

Applied PCM in solar panel cooling provides the benefit of 

learning the cooling effect of the decrease in PV cell 

temperature. The use of PCM is also still constrained by the 

low thermal conductivity of the substances. Thermal 

characteristics must be improved with a combination of other 

materials with better properties. Thermal characteristics can be 

improved by adding nanomaterials to a new material called 

nanomaterial PCM (NPCM). The novelty proposed in this 

research applies PCM-based passive cooling with the addition 

of nanomaterials. The NPCM mixture is expected to have 

better thermal characteristics to absorb more heat from the PV 

cell. The heat absorbed is greater, so the PV cell temperature 

cools down.  

II. METHODOLOGY 

2.1 Theory of Solar PV Panel  

Arrangements of solar cells assembled in series into a 

single solar panel unit are available in various sizes and vary 

in power. A photovoltaic cell or module's electrical generation 

depends on many factors. The spectrum of incident solar 

radiation, the orientation of the cell relative to the solar beam, 

the operating temperature of the resulting cell, and the 

electrical load affect the electricity generation [9]. The amount 

of radiation from the sun is partly converted into electrical 

energy, partly lost, and partly absorbed and stored by the solar 

panel material, which is the energy balance that occurs [10]. 

The energy balance received by solar panels for electrical 

energy generation can be calculated using equation (1). 

𝑄𝑠𝑜𝑙𝑎𝑟 =  𝑄𝑒𝑙𝑒𝑐𝑡 + 𝑄𝑙𝑜𝑠𝑡 +  𝑄𝑠𝑡𝑜𝑟𝑒𝑑   (1) 

Where is(𝑄𝑠𝑜𝑙𝑎𝑟 )Overall solar energy received, 

(𝑄𝑒𝑙𝑒𝑐𝑡 )Energy that is converted into electrical energy, (𝑄𝑙𝑜𝑠𝑡 ) 

Heat lost to the environment,(𝑄𝑠𝑡𝑜𝑟𝑒𝑑 ) Heat is stored as 

residual in the solar panel material. The overall solar energy 

received by the solar panel can be described in the equation 

(2). 

𝑄𝑠𝑜𝑙𝑎𝑟 =  𝐺. 𝐴𝑃𝑉  . ∆𝑡     (2) 

Where is(𝐺) The value of solar radiation 

received,(𝐴𝑃𝑉)The area of the solar panel used, and(∆𝑡) Time 

duration of irradiation and electricity generation.When the 

panel receives radiation, that's when the energy conversion 

process takes place. The conversion is in the form of 

electricity, with heat absorbed by the material and lost to the 

environment. The solar radiation entering the solar panel is the 

input power, which can be calculated using equation (3). 

Effects of radiation received by solar cells result in the 

occurrence of holes and movement of electrons, generating 

electricity into output power calculated by the equation 

(4).Solar energy converted into electrical energy is the 

electrical power generated over a specific period, which can 

be calculated using the equation (5). 

𝑃𝐼𝑛 =  𝐺. 𝐴𝑃𝑉             (3) 

𝑃𝑂𝑢𝑡 =  𝑉𝑂𝐶  . 𝐼𝑆𝐶  . 𝐹𝐹                               (4) 

𝑄𝑒𝑙𝑒𝑐𝑡 =  𝑉𝑂𝐶  . 𝐼𝑆𝐶  . 𝐹𝐹 . ∆𝑡                    (5) 

Where is 𝑃𝐼𝑛   The panel receive power, 𝑃𝑂𝑢𝑡   Generated 

power, (𝑉𝑂𝐶) Open circuit voltage, where no current flows (I) 

= 0, (𝐼𝑆𝐶) Current when the circuit is open, where there is no 

voltage (V) = 0. (𝐹𝐹) Fill Factor is an estimate of internal 

losses [9], and can be calculated using the equation (6). 

Internal losses of the solar panel by the solar cell material, 

impact the efficiency of the solar panel(𝜂). Electric power 

generation can be calculated using the equation (7). 

𝐹𝐹 =  
𝑉𝑚𝑎𝑥  .  𝐼𝑚𝑎𝑥

𝑉𝑂𝐶  .𝐼𝑆𝐶
                           (6) 

𝜂 =  
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
 x 100 %      (7) 

Solar cell generation efficiency based on material type 

varies widely from 7.1 to 25.6%  [11]. Energy received by 

solar cells is only slightly converted into electrical energy 

according to the value of cell material efficiency that can be 

achieved. Such low energy conversion in solar panels is 

influenced by the material characteristics, environmental 

temperature, and residual heat stored in the cell material. 

Energy loss can be calculated using the equation (8). 
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𝑄𝑙𝑜𝑠𝑡 = 𝐺. 𝐴𝑃𝑉 .  1 − 𝛼𝜏 +  ℎ𝑐𝑎  . 𝐴𝑃𝑉  (𝑇𝑃𝑉 − 𝑇𝑎𝑚𝑏 ). ∆𝑡  (8) 

Where is(𝛼) The fraction of solar radiation absorbed by 

the solar panel with values between 0.85 - 0.95, (𝜏) A fraction 

of the solar radiation transmitted by the solar panel with a 

value of 0.9 – 1.  𝑇𝑃𝑉  and  𝑇𝑎𝑚𝑏   Are the ambient 

temperature and the surface temperature of the solar panel, 

respectively, and(ℎ𝑐𝑎 ) The combined heat loss coefficient 

between convection and radiation which can be calculated 

using the equation (9). 

ℎ𝑐𝑎 = 5,7 + 3,8 𝑉𝑤           𝐼𝑓 𝑉𝑤 < 5 
𝑚

𝑠
 

ℎ𝑐𝑎 = 6,47 + (𝑉𝑤)0,78      𝐼𝑓 𝑉𝑤 > 5 
𝑚

𝑠
   (9) 

Where is(𝑉𝑤 ) The wind speed surrounding the solar 

panel. Based on the equation (1) Overall solar energy received 

by solar panels is not entirely converted into electrical energy. 

In addition to energy lost to the environment, energy is also 

stored by the solar panel material. Stored energy(𝑄𝑠𝑡𝑜𝑟𝑒𝑑 ) can 

be calculated using the equation (10) and (11). 

\𝑄𝑠𝑡𝑜𝑟𝑒𝑑 =  𝑄𝑠𝑜𝑙𝑎𝑟 − (𝑄𝑒𝑙𝑒𝑐𝑡 + 𝑄𝑙𝑜𝑠𝑡 )      (10) 

𝑄𝑠𝑡𝑜𝑟𝑒𝑑 =  𝑚. 𝑐. ∆𝑡                              (11) 

Where is(𝑚) The mass of the solar panel, which is made 

of multiple layers of material, with specific gravity(𝜌)that are 

different, symmetrical shape that can be calculated(𝑣),so that 

the mass value(𝑚 =  𝜌. 𝑣). (𝑐)Is the specific heat of each 

material layer. 

2.2 Preparation PCM-nanomaterials 

A cooling alternative for solar panels is to use Phase 

Change Material (PCM) as thermal energy storage. Passive 

cooling using PCMs can be more effective and efficient 

because no electricity consumption is generated. Cooling aims 

to improve performance by lowering the temperature of the 

entire solar panel layer. PCM is classified in phase change 

processes such as solid to liquid, solid to gas, and liquid to 

gas. A large amount of heat can be absorbed by PCM by the 

high latent heat of the phase change. The characteristic of heat 

storage by PCM occurs where a large amount of latent heat 

can be absorbed and released during phase change. During the 

phase change process, the temperature of the PCM remains 

constant. Temperature increases after the phase change to 

liquid, which is affected by sensible heat. The overall heat of 

PCM is obtained from the latent and sensible heat[12].The 

amount of calories can be calculated using the equation (12). 

𝑄𝑃𝐶𝑀 = 𝑚[𝐶𝑠𝑝 𝑇𝑚 − 𝑇𝑖 +  𝛼𝑚Δh𝑚 +  𝐶𝑙𝑝 𝑇𝑓 − 𝑇𝑖  (12) 

Where is(𝑄𝑃𝐶𝑀) The heat capacity of PCM, (𝑚) mass of 

PCM,  (𝐶𝑠𝑝) specific heat of PCM in the solid phase, 

(𝑇𝑚 )Melting Temperature , (𝑇𝑖) Initial Temperature, (𝛼𝑚 ) 

Constant, (∆ℎ𝑚 ) The difference in latent heat of melting, 

(𝐶𝑙𝑝) specific heat of PCM in the liquid phase, and(𝑇𝑓) 

temperature of the liquid phase. 

Using PCM in thermal and energy storage applications 

has various problems, such as liquid processes during melting, 

phase separation, supercooling, and low heat transfer rates 

[13]. Enhancement of heat absorption performance based on 

PCMs can use material additives with high thermal 

conductivity and porous media, using finned tubes and 

encapsulated PCMs to expand the heat transfer surface [14]. 

Nanomaterials are an alternative additive for PCMs to 

improve their thermal characteristics. The composition of 

nanomaterial additions to PCM can be compared with a mass 

or volume fraction. Phase Change Material (PCM) and 

nanomaterials used in this study have thermal characteristics 

presented in Table 1 below. 

 

Table 1: Thermal Properties PCM dan Nanomaterials 

Materials MT (°C) H (J/kg) TC ( W/m.K) Density (kg/m3) SH (J/kg.k) 

PCM P - 40 38 - 42 170000 0.25 800 2300 

Nano Al2O3 - - 35 3700 880 

Nano SiO2 - - 1.4 2220 745 

 

Incorporating nanomaterials has become an engineering 

method to improve heat transfer efficiency. Study results show 

that using nanomaterials can increase the heat transfer rate 

[15]. High latent heat with no subsequent increase in 

temperature during the phase change process is the main 

characteristic of PCM. During the phase change, the residual 

heat from the PV cell is absorbed. Latent heat is the cause of 

the heat absorption. The use of PCMs is the most highly 

promising technique for thermal energy storage due to their 

high energy storage density and nearly constant working 

temperature [14]. 

The preparation process of the mixture between PCM and 

nanomaterials can be done through characterization. The 

characterization is carried out in a chemical laboratory by 

melting the PCM material to a certain temperature. Liquid 

PCM is then given nanomaterials with a mass- or volume-

fraction composition. For the mixture to be homogeneous, it 
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must be stirred with a rotation of 720 RPM for 38 minutes 

[12]. Mixtures are cooled to room temperature, and then the 

value of their thermal properties can be measured in the 

laboratory. The PCM+ nanomaterial characterization results in 

a material with new thermal properties. The material can be 

applied to solar panel cooling experimentally. In a numerical 

study involving NPCM, the value of thermal properties can be 

calculated using several equations. Density, specific heat, 

thermal conductivity, and latent heat of NPCM can be 

calculated using the equations (13), (14), (15), and (16). 

ρNPCM =  ϕ ρnm  + ( 1 - ∅ ) ρPCM    (13) 

Cp NPCM  
=  ϕ Cp nm  

+ ( 1 - ∅ ) Cp PCM
  (14) 

KNPCM  =
2K

PCM  
  1 − ϕ  + K

nm  
( 1+2ϕ ) 

KPCM    2+ ϕ  + Knm  ( 1 − ϕ ) 
  (15) 

𝐿𝑁𝐸𝑃𝐶𝑀 = 𝐿𝑃𝐶𝑀 ( 1 −  ∅ )      (16) 

Where is( ρNPCM  ) The density of the PCM nano-mixture 

(ρnm  ) The density of pure nanomaterials, ( ρPCM  ) The 

density of pure PCM, (Cp NPCM  
) The specific Heat of PCM 

nano blends, (Cp nm  
) The specific Heatof pure nanomaterials, 

(Cp PCM  
) The specific Heatof pure PCM, (KNPCM   ) Thermal 

conductivity of PCM nano blends,( KPCM  )Thermal 

conductivity of pure PCM, ( Knm ) Thermal conductivity of 

pure nanomaterials,  ( LNEPCM ) Latent Heat  of PCM nano 

blends, ( LPCM )  Latent heat of Pure PCM, and (∅) 

Composition of the mass fraction of nano material added to 

the pure PCM. The results of the calculation of the mixture of 

PCM and nanomaterials produce nano material PCM (NPCM) 

with new thermal properties. The NEPCM mixture with the 

composition of Al2O3 and SiO2 nanomaterials of 1%, 5%, and 

10% respectively is presented in Table 2 below. 

 

Table 2: Thermal Properties NPCM 

Materials  NPCM MT (°C) H (J/kg) TC ( W/m.K) Density (kg/m3) SH (J/kg.k) 

P40 Al2O3 1 % 38 - 42 168300 1.5 829 2285.8 

P40 Al2O3 5 % 38 - 42 161500 1.6 945 2229 

P40 Al2O3 10 % 38 - 42 153000 1.8 1090 2158 

P40 SiO21 % 38 - 42 168300 1.3 814.2 2284.5 

P40 SiO25 % 38 - 42 161500 1.3 871 2222.3 

P40 SiO210 % 38 - 42 153000 1.4 942 2144.5 

 

2.3 Numerical Simulation 

Numerical simulation was used to solve the solar panel 

cooling problem. The simulation process was carried out using 

the ANSYS program. The numerical method was used to 

solve various experimental problems. Problems such as PCM 

leakage, unstable solar irradiation, and other environmental 

factors reduce the accuracy of data acquisition. Numerical 

simulation only requires a few supporting properties when 

research is conducted experimentally. 

Modeling is a simplified research method. A program such 

as ANSYS software can perform numerical analysis or 

simulation of an event for fluid behavior or heat 

transfer[17].CFD solution is carried out computationally by 

solving and analyzing software. The fluid flow is modeled 

based on the law of conservation of energy and mass with the 

following explanation. 

1. Transient Flow 

Simulation is completed with a Transient Flow model, 

where the flow that occurs changes over time. The selection of 

the transient model recognizes that solar irradiation also 

changes every time. 

2. Incompressible Flow 

When the density (ρ) of the fluid is constant, the flow is 

regarded as incompressible, which means there is no change in 

the density value in the presence of flow. If the air velocity of 

the flow velocity is below 100 m/s, it falls into the category of 

incompressible flow[18]. Three-dimensional incompressible 

fluid flow is expressed in the following Equation (17). 

𝜕𝜌

𝜕𝑥
= 0; 

𝜕𝜌

𝜕𝑦
= 0; 

𝜕𝜌

𝜕𝑧
= 0                                (17) 

3. The Continuity Equation 

At steady flow, the amount of mass in the control volume 

is fixed and can be expressed as in Equation (18).These 

statements are relevant to the law of conservation of mass, 

which states that mass cannot be created and destroyed. 

𝜕𝑢

𝜕𝑥
+  

𝜕𝑣

𝜕𝑦
= 0       (18) 

Where is (u) The vector of velocity in the x-direction, and 

(v) The vector of velocity in the y-direction. 
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4. Navier–Stokes Equation 

In this study, the ANSYS Fluent program modeled the 

case of natural convection and heat transfer. The natural 

convection that occurs simulates the natural airflow that hits 

the solar panel. Heat transfer occurs when the solar panel 

receives solar radiation and flows through each layer of the 

solar panel until it reaches the PCM. This program can 

simulate the solar radiation acting on the solar panel by 

entering the heat flux value on the surface of the solar panel. 

In a constant state of viscous, incompressible, velocity flow, 

and density (ρ), the momentum is expressed by the equation 

(19), (20), and (21). 

𝜌  
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+  𝑤

𝜕𝑢

𝜕𝑧
 =  −

𝜕𝜌

𝜕𝑥
+ 𝑣  

𝜕2
𝑢

𝜕𝑥2
+

𝜕2
𝑢

𝜕𝑦2
+

𝜕2
𝑢

𝜕𝑧2
 (19) 

𝜌  
𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
+  𝑤

𝜕𝑣

𝜕𝑧
 =  −

𝜕𝜌

𝜕𝑦
+ 𝑣  

𝜕2
𝑣

𝜕𝑥2
+

𝜕2
𝑣

𝜕𝑦2
+

𝜕2
𝑣

𝜕𝑧2
             

(20) 

𝜌  
𝜕𝑤

𝜕𝑡
+ 𝑢

𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
+  𝑤

𝜕𝑤

𝜕𝑧
 =  −

𝜕𝜌

𝜕𝑧
+ 𝑣  

𝜕2
𝑤

𝜕𝑥2
+

𝜕2
𝑤

𝜕𝑦2
+

𝜕2
𝑤

𝜕𝑧2
             

(21) 

2.3.1 Model dan Meshing 

Simulations began by creating an engineering model that 

was used as a reference. The model is made by following the 

geometry, layer model, dimensions, and materials according to 

real conditions. The model design refers to previous 

research[19][20][21]. Reference solar panel has an electrical 

efficiency of 12% at 1000 W/m
2
 irradiance with a temperature 

of 25
O
C. The geometry model was created using the design 

modeler application.  

The geometry model was made as a reference solar panel 

without cooling configuration composed of several layers of 

different materials. The solar panel with added coolant is the 

reference solar panel plus a Phase Change Material (PCM) 

coolant layer case. The results of the geometry modeling are 

presented in Figure 1 below. The modeled solar panel 

constituents have different material properties and dimensions, 

as presented in Table 3. 

 

Figure 1: Model Solar Panel + PCM Layer 

 

Table 3: Thermal Properties and Dimensions of Solar Panel + PCM Layer 

Component Density (kg/m3) TC ( W/m.K) SH (J/kg.k) Dimensions(mm) 

Glass cover 2200 0.76 830 1640 × 200 × 3.2 

EVA layer 960 0.35 2090 1640 × 200 × 0.5 

PV cells 2330 148 700 1640 × 200 × 0.3 

Tedlar film 1200 0.20 1250 1640 × 200 × 0.1 

PCM layer As per applied PCM/NPCM 1640 × 200 × 15 

 

Geometry modeled is then generated for meshing. The 

meshing process in each part of the domain is made into 

element cells of a certain size. Meshing was selected using the 

body sizing method. Scoping method using geometry 

selection. Each domain is selected, and the element size value 

is determined based on the dimensions of the solar panel 

model layer that is meshing. Skewness uses the default setup 

of 0.90000. Quality mesh is made with a smooth transition. 

Each surface layer and body domain is given a name to 

facilitate setting boundary conditions during the setup process. 

The meshing results of the geometry model created are 

presented in Figure 2. 

 

Figure 2: The Meshing Model 
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2.3.2 Set Up and Simulation Procedure 

At the setup process, parameter values, material 

properties, and solver methods are determined to complete the 

calculations. The simulation uses a viscous laminar model, 

with energy on, which involves solidification and melting due 

to the PCM material used. The boundary condition setup for 

the simulation is guided by Figure 3. 

 

Figure 3: Boundary Condition 

Figure 3 shows the boundary condition between the solar 

panel wall and PCM with the environment in the adiabatic 

wall state. Setting the adiabatic wall condition during 

simulation is done by entering the value of heat flux = 0, or 

convection wall[22].Solar radiation into the solar panel can be 

input as the heat flux value on the top layer of the glass 

surface. The heat flux values in this simulation are 50 W/m
2
, 

240 W/m
2
, 540 W/m

2
, 740 W/m

2
, 940 W/m

2
, and 1000 W/m

2
. 

The simulation modeled air velocity and ambient temperature 

as 1 m/s and 30 
O
C, respectively. A pressure-based solution 

method was used to solve the problem. The SIMPLE 

algorithm was used with the PRESTO scheme to interpolate 

the pressure values at the surface. A second-order upwind 

scheme is used for spatial discretization. 

III. RESULTS AND DISCUSSIONS 

3.1 Result in Independent Grid Testand Validation 

Computational Fluid Dynamic studies meshing produces 

a domain divided into many cells. Cell sizes vary, so the 

meshing process generates different elements. An independent 

grid test process needs to be performed to determine the 

number of cell elements for simulation. The PV-only model 

without cooling and the PV + PCM model were simulated for 

the independent grid test. Heat flux of 1000 W/m2was 

simulated for 1 hour for each cell element. The element cells 

created are 150000, 300000, 450000, 600000, 750000, and 

900000. The grid test results and validation of the model are 

presented in Figure 4-7. 

 

Figure 4: Grid Independent Test PV Only 

 

Figure 5: Error Grid Independent Test PV Only 

Figure 4 above presents temperature data of Glass, PV 

Cell, and Tedlar. Temperature plot data is taken to calculate 

error and validation. The error between grids is calculated 

based on the temperature value of each number of cell 

elements. The error value is presented in Figure 5 above. The 

highest and lowest errors are 0.05% and 0.00% for the PV 

Only model. 

 

Figure 6: Grid Independent Test PV + PCM 
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Figure 7: Error Grid Independent Test PV + PCM 

Glass, PV Cell, and PCM temperatures were measured 

for the grid-independent test of the PV + PCM model 

presented in Figure 6 above. Figure 7 shows the error between 

grids calculated based on the measured temperatures. The 

highest grid error is 1.20%, and the lowest is 0%. 

The highest error in the PV-only model is observed in the 

number of cell elements, 300000. The PV + PCM model has 

an error in the number of cell elements of 300000 and 600000. 

Depending on these results, the number of cell elements 

selected is 600000. Based on the results, the number of cell 

elements was decided to be 600000, considering that the error 

value is smaller and the number of cell elements is not too 

high. After the number of cells is determined, then validation 

is carried out. 

 

Figure 8: Temperature PV Cell Validation 

Validation results are shown in Figure 8. Validation was 

performed on PV-only geometry without any cooling 

provided. Simulated PV cell temperature without PCM 

coolant is used as a reference for validation of the model 

made[20].The average temperature error from the model is 

1.69%, with the lowest and highest errors of 0.32% and 

5.33%. 

 

3.2 Effect of Heat Flux on PV Cell Temperature 

PV cells are part of solar panels that produce electrical 

power due to the flow of electrons. The power generated is 

strongly influenced by the radiation received, the area, and the 

PV cell's temperature when irradiating. Figures 9-16 present 

graphs of the effect of the heat flux value and the application 

of PCM paraffin-40 coolant as the base material. The PCM is 

also combined with nanomaterials in various mass fractions, 

and the cooling effect that can be achieved. 

 

Figure 9: PV Cell Temp – PV Only 

Results of the simulation of the PV-only model without 

cooling are presented in Figure 9. The model was simulated at 

various heat fluxes. Duration time is 3600 seconds for each 

given heat flux. The lowest and highest PV cell temperatures 

were 32.10 
O
C and 97.31 

O
C at heat fluxes of 50 W/m

2
 and 

1000 W/m
2
, respectively. Each heat flux given gives the effect 

of different temperature values. 

 

Figure 10: PV Cell Temp – PV + P40 

Pure paraffin-40 PCM is employed for cooling 

simulations at various heat flux values. Figure 10 above 

presents the PV Cell temperature due to the given cooling 

effect of P40. At a heat flux of 1000 W/m
2
, PV Cell 

temperature decreases to 85.98 
O
C and is the highest 

temperature. The cooling effect is also visible at lower heat 

flux from the lower PV Cell temperature compared to no 

cooling. At heat flux 50 W/m
2
 and 240 W/m

2
 PV Cell 

temperature at constant conditions below 41 
O
C. 
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Figure 11: PV Cell Temp – PV + P40 + Al2O3 1 % 

PV Cell temperature with a coolant mixture of NPCM 

P40 + Al2O3 1% produces a temperature graph in Figure 11 

above. PV Cell temperature is highest in the range of 59.20 
O
C 

at a heat flux of 1000 W/m
2
. Adding Al2O3 1% mass fraction 

improves PV cell cooling temperature to 26 
O
C lower than 

PCM pure P40. 

 

Figure 12: PV Cell Temp – PV + P40 + Al2O3 5 % 

A mixture of NPCM P40 + 5% Al2O3 produces the graph 

in Figure 12 above. Adding 5% Al2O3 composition mass 

fraction further improves the cooling performance of the PV 

Cell—the PV Cell temperature at a heat flux of 1000 W/m
2
 

drops to 53.46 
O
C. The temperature is 6 

O
C lower than the 1% 

mixed composition. The temperature becomes lower at the 

same boundary condition. 

 

Figure 13: PV Cell Temp – PV + P40 + Al2O3 10 % 

The cooling performance of the NPCM PV + P40 + 

Al2O3 10% mixture is the best. Based on the graph in Figure 

13, the PV cell temperature drops 5 
O
C lower than the 5% 

composition at a heat flux of 1000 W/m
2
. PV Cell temperature 

that can be achieved in the range of 48.06 
O
C. 

 

Figure 14: PV Cell Temp – PV + P40 + SiO2 1 % 

Different compositions using other materials make the 

blended material NPCM P40 + SiO2 1%. The impact of 

cooling on PV cell temperature is presented in Figure 14 

above. The PV cell temperature drops by about 25 to 60.95 
O
C 

compared to pure PCM at a heat flux of 1000 W/m
2
. 

 

Figure 15: PV Cell Temp – PV + P40 + SiO2 5 % 

The composition of NPCM P40 + 5% SiO2 has the 

cooling performance presented in Figure 15 above. Compared 

to the 1% composition, adding 5% SiO2 has a less significant 

cooling impact. The decrease in PV Cell temperature at a heat 

flux of 1000 W/m
2
 is only about 1.5 

O
C until the temperature 

drops to 59.62 
O
C. 
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Figure 16: PV Cell Temp – PV + P40 + SiO2 10 % 

The temperature reduction effect of PV cell application of 

P40 + 10% SiO2 mixed coolant is presented in Figure 16 

above. The 10% SiO2 composition can reduce the PV cell 

temperature to 2 
O
C lower than the 5% mixture. At a heat flux 

of 1000 W/m
2
, the temperature becomes 57.46 

O
C. 

Analysis of each graph in Figures 9-16 shows that adding 

nanomaterial to paraffin-40 improves cooling. More mass 

concentration improves the heat absorption of the PV cell so 

that the temperature decreases. Nanomaterial of Al2O3 

material has better cooling ability than SiO2 material. 

3.3 Effect of Heat Flux to PCM Temperature 

The cooling process is a heat transfer process to reduce 

temperature. During the irradiation period, the cooling process 

also takes place. PCM material will absorb heat during phase 

change as a material that quickly changes phase. During phase 

change and melting, latent heat can absorb heat without 

increasing temperature. The increase in PCM temperature 

occurs when sensible heat works. Figures 17 - 23 present the 

temperature of PCM and NPCM during the simulation process 

at several heat fluxes. 

 

Figure 17: PCM Temp – P40 Pure 

They used pure P40 as the cooling medium, increasing 

PCM temperature. The impact of temperature increase is 

presented in Figure 17 above. At a heat flux of 540 W/m
2
, the 

PCM P40 temperature could stay at a melting temperature of 

40 
O
C until 2700 seconds. At Heat flux 50 and 240 W/m

2
 

during irradiation 3600 seconds, there is no increase in 

temperature because the amount of heat entering cannot make 

PCM melt. At heat flux 1000 W/m
2
, the PCM temperature 

continued to increase until 3600 seconds reached the highest 

temperature of 59.93 
O
C. 

 

Figure 18: PCM Temp – P40 + Al2O3 1 % 

A graphic of the temperature increase of NPCM P40 + 

Al2O3 1% is presented in Figure 18 above. At 1000 and 940 

W/m
2
 heat fluxes, the NPCM temperature can stay below 43 

O
C until 2700 seconds. After that, there was an increase in 

temperature because it was in the liquid phase and the 

influence of sensible heat so that it reached the highest 

temperature of 56.06 
O
C when the time reached 3600 seconds. 

At lower heat flux temperatures, NPCM does not increase in 

temperature significantly. NPCM can survive at low 

temperatures during phase change. This condition is because 

the phase change process has not ended. 

 

Figure 19: PCM Temp – P40 + Al2O3 5 % 

Figure 19 above presents the NPCM P40 + 5% Al2O3 

temperature increase graph. The trend of the NPCM 

temperature graph changes to be lower. At a heat flux of 1000 

and 940 W/m
2
, it can hold the NPCM temperature below 42 

O
C until the simulation time of 2700 seconds. The end of the 

phase change can be seen after the NPCM temperature has 

increased drastically due to the influence of sensible heat. 
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Until the simulation time reaches 3600 seconds, the highest 

temperature is in the range of 50.51 
O
C. 

 

Figure 20: PCM Temp – P40 + Al2O3 10 % 

Increasing the concentration of NPCM to P40 + Al2O3, 

10%, can keep the NPCM at a low temperature for longer. 

Figure 20 above shows that the highest PCM temperature is in 

the range of 44.65 
O
C when a heat flux of 1000 W/m

2
 is 

applied for 3600 seconds. When heat flux of 1000 and 940 

W/m
2
 is applied, the latent heat of NPCM can hold the PCM 

temperature at around 41 
O
C. The NPCM blend can provide a 

better heat transfer effect, with the cooling duration being 

longer. 

 

Figure 21: PCM Temp – P40 + SiO2 1 % 

Figure 21 above presents the graph of the temperature 

increase of NPCM with different nanomaterials. NPCM 

composition P40 + SiO2 1% was used as the cooling agent. 

The mixture held the PCM temperature at 57.31 
O
C with a 

heat flux of 1000 W/m
2
 for 3600 seconds. During the 

simulation time of 2700 seconds, the PCM temperature was 

below 43 
O
C. 

 

Figure 22: PCM Temp – P40 + SiO2 5 % 

The composition of the SiO2 mixture was increased to 

produce NPCM P40 + SiO2 5%. The NPCM temperature 

graph is presented in Figure 22 above. During the simulation 

of 2700 seconds with a heat flux of 1000 W/m
2
, it could hold 

the NPCM temperature below 43 
O
C. The highest temperature 

is 56 or 1 
O
C lower than the 1% mixture composition. 

 

Figure 23: PCM Temp – P40 + SiO2 10 % 

Figure 23 presents the PCM temperature data with P40 + 

SiO2 10% composition. The highest NPCM temperature with a 

heat flux of 1000 W/m
2
 for a simulation duration of 3600 

seconds is 54.12 
O
C. The temperature is 2 

O
C lower than the 

5% composition. The NPCM temperature can stay below 42 
O
C at this heat flux for 2700 seconds. 

Based on the analysis of each graph in Figures 17 - 23, 

adding nanomaterial has a better effect than pure PCM. 

Increasing the amount of nanomaterials mass composition in 

PCM has the impact of lowering the temperature of the 

mixture to be lower than the pure condition. Nanomaterials 

have better potential when applied to cooling solar panels with 

passive methods. 

3.4 Temperature Contour 

Visualisation of simulation results in contours can be 

used as a basis for analysis. The temperature of the simulated 
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model is displayed in the form of contour images with 

different colours. Based on the colour condition, the higher or 

lower temperature and the value of the temperature will be 

known. Figure 24 below presents the temperature contour of 

the solar panel with the application of pure paraffin PCM - 40-

based coolant, with the NPCM provided with additional 

nanomaterial in various mass fractions. 

 

 

Figure 24: Static Temperature Contours with Cooling Paraffin - 40 + Nanomaterials 

Figure 24 presents the temperature counts of solar panels 

with various cooling configurations with a heat flux of 1000 

W/m
2
. The effect of using PCM and NPCM can be seen from 

the color count; the temperature is highest on the top surface 

of the glass. More heat transfer occurs through the edges of 

the solar panel. This can be seen from the color gradation at 

the edges becoming lighter. This condition indicates that the 

PCM melting process is faster at the edges. The color in the 

middle of the glass layer looks darker, indicating that the 

temperature is higher than the edges. 

IV. CONCLUSION 

This article presents the results of a numerical study 

using Paraffin-40 with the addition of nanomaterials. This 

study helps to determine the ability of pure PCM and PCM 

with nanomaterial mixtures (NPCM) at several mass fraction 

concentrations. Based on the review of the simulation and 

analysis results, the following conclusions are obtained: 

1) The value of heat flux received by the solar panel affects 

the temperature of the PV cell and the rise of PCM 

temperature during irradiation. 

2) Pure paraffin-40 provides a good enough cooling effect 

so that the PV cell temperature drops by 12 
O
C compared 

to the PV cell without cooling. 

3) Nanomaterial Al2O3 gives a better cooling effect, with a 

1-2 
O
C lower temperature when compared with SiO2 at 

the same mixture composition. 

4) Adding nanomaterial mass compositions mixed in PCM 

can increase the thermal conductivity value and improve 

the cooling effect. 
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