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Abstract 

The using of natural convection has many applications for cooling and controlling the 

temperature of electronic components. Therefore, in the present simulation, the average Nusselt 

number and maximum temperature of surface’s electronic components are studied by adding 

Nano-emulsion phase change material (NPCM) with water as the base fluid. Because the previous 

studies show that adding NPCM to a base fluid can increase the specific heat capacity of a mixture 

in order to change the phase in the solid-liquid transition. The used NPCM consists of n-eicosane 

as a core and Sodium Lauryl Sulphate (SLS) as a shell. The geometry includes a square enclosure 

with the top wall as a cold wall and the bottom wall as a hot electronic component with constant 

heat flux. In the current study, the effects of Rayleigh numbers (102 < 𝑅𝑎 < 106), cold wall 

temperature (15 < 𝑇𝐶 < 35℃), and volume fraction of NPCM (0 < 𝜑 < 0.056) are investigated to 

understand the behaviors of NPCM on heat transfer parameters. The observations show that the 

average Nusselt number is directly related to Rayleigh number and thickness of the phase change 

zone. Moreover, the optimal value of volume fraction is 0.012 that increases average Nusselt 

number 7.3 and 5.4 % for low and high Rayleigh numbers, respectively. 

Keywords: Natural Convection; Nano-Emulsion Phase Change Material; Water-NPCM; 

Electronic Components Cooling; N-Eicosane 

 

 

Nomenclature 

𝐶𝑃 Specific heat capacity, [J kg-1 K-1] 𝜇 Dynamic viscosity, [kg m-1 s-1] 

𝑔 Gravitational acceleration, [m s-2] 𝜌 Density, [kg m-3] 
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ℎ Latent heat of core, [J kg-1] 𝜑 Volume fraction, [-] 

𝑘 Thermal conductivity, [W m-1 K-1] 𝑁𝑢 Nusselt number 

𝐿 Length of the cavity, [m] 𝑅𝑎 Rayleigh number 

𝑃 Pressure, [N m-2] Subscript  

𝑇 Temperature, [K] 𝐴𝑣𝑒 Average 

𝑇𝑀𝑟 Melting range of core, [K] 𝐶 Cold 

𝑇𝑀 Fusion temperature, [K] 𝑐 Core 

𝑈, 𝑉 Velocity vector, [m s-1] 𝑤 Water 

𝑥, 𝑦 Cartesian coordinates, [m] 𝑠𝑢 surface 

Greek symbols  𝑚𝑖𝑥 Mixture 

𝛽 Thermal expansion coefficient, [K-1] 𝑁𝐸 NPCM particle 

𝜔 Core-shell weight ratio, [-] 𝑠 Shell 

 

 

I. Introduction 

There are different ways to improve the heat transfer rate of natural convection[1–8]. One of the 

new methods is to encapsulate the phase change materials (PCMs) inside a shell that has the 

ability to exchange heat in the phase change state [9–17]. All materials that have the ability to 

change the solid-liquid-gas phases are introduced as a PCM and a special PCM can be used 

depending on the application [18–26]. These materials are dramatically developing due to the fact 

that they can receive a lot of heat at a constant temperature (in the phase change situation) [27–

35]. Many applications in the industry require fluid flow for cooling, so thermodynamic 

properties of the fluid can be increased by encapsulating PCM (EPCM) and adding to a base fluid 

such as water, which introduces EPCM slurry[36–45]. EPCM particles consist of a solid shell that 

does not change phase and a PCM core that can be melted and solidified [46–53]. The shell has a 

great effect on the morphological, mechanical, and thermal properties of EPCM. Moreover, PCMs 

can be classified as organic, inorganic, and organic-inorganic hybrid materials [54–56]. 

Study [57] shows that EPCM can be produced by physical, chemical, and combined methods. It 

is also mentioned in the study that the chemical method is the best method to encapsulate 

efficiency and structure point of view. The PCMs can be used in several types of phase change 

such as solid-liquid, solid-gas, and liquid-gas. But the best performance of phase change belongs 

to solid-liquid transition, because solid to gas or liquid to gas transition cause problems due to 

expansion [58]. EPCM slurry has many applications in the Textile[59], Slurry [60], Buildings [61], 

photovoltaic thermal [62], cooling [63–67] industries. 

With the advent of computers, numerical and simulations studies are widely developing and 

using especially computational fluid dynamics (CFD). this way is cheap, faster, and more 

accessible than laboratory methods, which have applications in fields of biomechanics [68], 

biomedical [69, 70], and natural convection simulation [71–74]. Here some studies will 



numerically investigate applying EPCM slurry for cooling and heating. Languri et al. [75] used 

numerically a mixture of water and MPCM (microencapsulated PCM) inside a helical coils for 

cooling. Their results show that adding MPCM to water increases significantly the viscosity of 

the mixture. And the low volume fraction of MPCM helps to improve heat transfer rate. Li et al. 

2020 used MPCM-water to significantly decrease the temperature of the battery surface. They 

studied various parameters including volume fraction, latent heat, and temperature of core’s 

MPCM in order to understand adding MPCM to water. Moreover, Dai et al. 2020 studied heat 

transfer of a minichannel by using MPCM to base fluid. they realized that MPCMs have increased 

the performance of heat transfer by 13.8% relative to pure water. In another numerical study by 

Yu et al. 2019, they used MPCM slurry to improve thermal photovoltaic energy and exergy. They 

found that the thermal and exergy efficiencies have been improved 8.3 and 3.23%, respectively 

[76]. Other researchers have used MPCM to improve cooling performance of different systems 

[77, 78]. 

In recent years, with the advancement of technology and the production of materials in Nano 

scales, Nanomaterials are widely used in various fields including drug delivery [79, 80], 

adsorption [81], heat transfer and natural convection [82], desalination membranes. PCMs have 

also been encapsulated in Nano scales, which are called Nano-encapsulated PCM (NPCM). Study 

[83] has paid attention to the preparation and properties of NPCM. NPCMs like MPCMs can be 

added to the base fluid, which is called NPCM slurry [84].  It can be said that NPCM slurry 

dramatically improves heat transfer rate and therefore many studies have been conducted to use 

them during natural convection. The study [85] numerically examined the natural convection of 

NPCM and water between the two cylinders. They introduced a parameter for the fusion 

temperature that indicates where the melting zone occurs between hot and cold walls. Also, they 

noted that it plays an important role in the heat transfer process. Golab et al. simulated the natural 

convection of mixture water-NPCM inside a cavity and introduced the phase change zone as the 

energy wall [86]. Their observations showed that heat transfer is directly related to the thickness 

and strength of the energy wall. Many studies have implemented NPCM in natural convection 

with boundary condition of constant temperature to improve thermophysical properties of 

working fluid [87–89]. According to their result, fusion temperature and volume fraction of 

NPCM have important roles in the natural convection process. The cooling electronic component 

is important in order to increase electronic component efficiency. The studies [90, 91] have cooled 

battery and electronic components by phase change material. 

The mentioned works have studied the natural convection of NPCM with base fluid with 

boundary condition of constant temperature, but this work investigates a hot electronic 

component with boundary condition of constant heat flux. Moreover, they have not ever studied 

NPCM with n-eicosane and Sodium Lauryl Sulphate (SLS) as core’s and shell’s NPCM. In the 

present simulation, an electronic component with constant heat flux is located at the bottom of a 

square chamber to is cooled by mixture of water-NPCM. Also, the top wall of the chamber is 

considered as cold source and reason for moving mixture due to buoyant force. The PCM core is 

made of n-eicosane with a melting temperature of 37℃. Experimental data have also been used 

for the thermal conductivity and viscosity of the mixture. In this study, the effects of cold wall 



temperature, Rayleigh number, and volume fraction of NPVM are investigated on flow and heat 

transfer parameters. 

II. Description problem 

As shown in Fig. 1, the geometry consists of a square enclosure with width and Height 𝐿, and an 

electronic component with width 𝐿 2⁄  at whose bottom. The top wall of the enclosure is constant 

temperature as a cold wall and its bottom wall is constant heat flux as a hot electronic component. 

Also, the other walls of the enclosure are insulated and the enclosure is filled mixture of water 

and NPCM. The shell’s and core’s NPCM are made with n-eicosane and Sodium Lauryl Sulphate, 

respectively. Due to changing of the mixture density with temperature, the buoyancy force leads 

to produce natural convection inside the enclosure and it cools the electronic component. 

 

Fig. 1. Problem geometry consisting of a hot electronic component and a cold wall filled with 

water and NPCM. 

 

II.I. Assumptions and governing equations 

The continuity, momentum, and energy equations of the present simulation for natural 

convection of two-dimensional, steady, incompressible, Boussinesq’s approximation for density 

changes of mixture with temperature, Neglecting the effects of dissipation, No deformation of 

NEPCM particles during solidification and melting processes [92] and homogeneous mixture are 

as follows  Ghalambaz et al. 2020): 



Continuity equation: 

𝜕𝑈

𝜕𝑋
+
𝜕𝑉

𝜕𝑌
= 0.  

(1) 

Momentum equations for X-Y coordinate: 

𝜌𝑚𝑖𝑥 (𝑈
𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑈

𝜕𝑦
) = −

𝜕𝑃

𝜕𝑋
+ 𝜇𝑚𝑖𝑥 (

𝜕2𝑈

𝜕𝑋2
+
𝜕2𝑈

𝜕𝑌2
). 

(2) 

𝜌𝑚𝑖𝑥 (𝑈
𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑌
) = −

𝜕𝑃

𝜕𝑌
+ 𝜇𝑚𝑖𝑥 (

𝜕2𝑉

𝜕𝑋2
+
𝜕2𝑉

𝜕𝑌2
) + (𝜌𝛽)𝑚𝑖𝑥(𝑇 − 𝑇𝐶)𝑔. 

(3) 

Which 𝑈, 𝑉, 𝑃, 𝑇, 𝑎𝑛𝑑 𝑔 are velocity components in X and Y-directions, pressure, temperature, and 

gravity, respectively. 

Energy equation: 

(𝑈
𝜕

𝜕𝑋
[(𝜌𝐶𝑃)𝑚𝑖𝑥𝑇] + 𝑉

𝜕

𝜕𝑌
[(𝜌𝐶𝑃)𝑚𝑖𝑥𝑇]) = 𝑘𝑚𝑖𝑥 (

𝜕2𝑇

𝜕𝑋2
+
𝜕2𝑇

𝜕𝑌2
). 

(4) 

Which 𝜌, 𝜇, 𝛽, 𝐶𝑃 , 𝑎𝑛𝑑 𝑘 represent density, dynamic viscosity, thermal expansion coefficient, 

specific heat capacity, and thermal conductivity, respectively. 

The velocity on the all of the walls is no slip, the boundary conditions of energy equation are as 

follows: 

Uniform heat flux 𝑞′′ = 63 𝑊
𝑚2⁄  for bottom wall. 

Uniform temperature 15 < 𝑇𝐶 < 35℃ for top wall. 

Zero temperature gradient for insulated walls. 

 

II.II. Properties 

In current simulation, n–eicosane is used as core of NPCM with latent heat ℎ = 243 𝑘𝐽 𝑘𝑔⁄ , 

melting temperature 𝑇𝑀 = 37℃, and temperature difference of Phase change 𝑇𝑀𝑟 = 2℃. Also, The 

SLS (Sodium Lauryl Sulphate) is used as a surfactant for shell’s NPCM to encapsulate phase 

change material [92]. The thermophysical properties of used material is presented in Table 1. 

 

Table 1 The thermophysical properties of used materials in 𝑇 = 25℃ [92]. 

 

MATERIAL 𝝆(
𝒌𝒈

𝒎𝟑
)  𝑪𝒑(

𝑱

𝒌𝒈𝑲
) 𝜷 × 𝟏𝟎−𝟓(

𝟏

𝑲
) 𝒌(

𝑾

𝒎𝑲
) 𝝁 × 𝟏𝟎−𝟔(

𝒌𝒈

𝒎𝒔
) 

WATER 995 4200 36 0.63 700 

N- EICOSANE 780 2460 90 - - 

SLS 1050 1300 - -  - 



The density, specific heat capacity of NPCM, and specific heat capacity of the core with a 

sinusoidal function are as follow [93]: 

𝜌𝑁𝐸 =
(1 + 𝜔)𝜌𝑐𝜌𝑠
𝜌𝑠 +𝜔𝜌𝑐

 (5) 

𝐶𝑝,𝑁𝐸 =
(𝐶𝑝,𝑐 +𝜔𝐶𝑠)𝜌𝑐𝜌𝑠
(𝜌𝑠 +𝜔𝜌𝑐)𝜌𝑁𝐸

 (6) 

𝐶𝑝,𝑐 = 𝐶𝑝,𝑐𝑙𝑠 + {
𝜋

2
(
ℎ

𝑇𝑀𝑟
− 𝐶𝑝,𝑐𝑙𝑠)(sin𝜋

𝑇 − (𝑇𝑀 −
𝑇𝑀𝑟

2⁄ )

𝑇𝑀𝑟
)}

×

{
 
 

 
 0 𝑖𝑓                        𝑇 < 𝑇𝑀 −

𝑇𝑀𝑟
2

 1 𝑖𝑓 𝑇𝑀 −
𝑇𝑀𝑟
2
< 𝑇 < 𝑇𝑀 +

𝑇𝑀𝑟
2

0 𝑖𝑓                        𝑇 < 𝑇𝑀 +
𝑇𝑀𝑟
2

 

    (7) 

 

Which subscripts 𝑁𝐸, 𝑐, 𝑠, 𝑎𝑛𝑑 𝑐𝑙𝑠 represent NPCM, core, shell, and specific heat capacity of core 

in phase change state, respectively. The mass ratio of core to shell is 𝜔 = 0.25.  

The specific heat capacity, and thermal expansion coefficient of the mixture water-NPCM can be 

estimated as following [23]: 

𝐶𝑃,𝑚𝑖𝑥 =
(1 − 𝜑)𝜌𝑤𝐶𝑃,𝑤 + 𝜑𝜌𝑁𝐸𝐶𝑃,𝑁𝐸

𝜌𝑚𝑖𝑥
 (8) 

𝛽 𝑚𝑖𝑥 =
(1 − 𝜑)𝜌𝑤𝛽𝑤 + 𝜑𝜌𝑁𝐸𝛽𝑐

𝜌𝑚𝑖𝑥
 (9) 

In Eqs. 8 to 9, subscripts 𝑚𝑖𝑥, 𝑎𝑛𝑑 𝑤 are mixture and water. In current study, the density, dynamic 

viscosity, and thermal conductivity of mixture with dependence to mass fraction are used by 

experimental data [92], where they are converted to volume fraction and are presented in Table 

2. 

 

Table 2 The density, dynamic viscosity, and thermal conductivity of mixture in 𝑇 = 25℃ [92]. 

MASS 

FRACTION 

𝝋 𝒌𝒎𝒊𝒙(
𝑾

𝒎𝑲
) 𝝁𝒎𝒊𝒙(

𝒌𝒈

𝒎𝒔
) 𝝆𝒎𝒊𝒙(

𝒌𝒈

𝒎𝟑
) 

0.01 0.012 0.68 0.8 × 10−3 994 

0.02 0.024 0.61 0.87 × 10−3 992 

0.05 0.056 0.66 1.1 × 10−3 985 

 

Rayleigh and Nusselt numbers can be calculated as follow: 

𝑅𝑎 = 
𝑔𝛽𝑓𝑞

′′𝐿4

𝑘𝑓𝛼𝑓𝑣𝑓
 (10) 



𝑁𝑢𝐴𝑣𝑒 =
1

0.5𝐿
∫

𝑞′′𝐿

𝑘𝑚(𝑇𝑠𝑢 − 𝑇𝐶)

0.75𝐿

0.25𝐿

𝑑𝑥 (11) 

 

III. Numerical method 

The FVM method is implemented to discretize and solve the governing equations by using C++ 

code and mentioned boundary conditions. Also, the momentum and pressure equations are 

coupled together using an algorithm that is called Semi-Implicit Method for Pressure Linked 

Equations (SIMPLE). The SIMPLE algorithm in the present simulation works as follow: 

1. Initial guesses for pressure, velocity, and temperature (uses previous values) 

2. Update mixture properties  

3. Solve discretized momentum equation  

4. Solve pressure correction equation (derived by continuity equation) 

5. Solve discretized energy equation  

These steps iterate to converge simulation. Moreover, first-order upwind (bounded Gauss 

upwind) and central schemes (Gauss linear orthogonal) have been used for convection and 

diffusion terms in momentum and energy equations, respectively. The velocities and pressure, 

and the temperature residuals are 10−5, 𝑎𝑛𝑑 10−7, respectively. 

The used mesh for the present geometry is structured and uniform. Fig. 2 is presented for mesh 

sensitivity which shows the variations of Average Nusselt number with mesh number for 𝑅𝑎 =

106, 𝑇𝐶 = 30℃, 𝑎𝑛𝑑 𝜑 = 0.056. In this study, mesh 64000 is applied for other simulations. 

 

 

Fig. 2. The variations of average Nusselt number of electronic component relative to mesh 

number. 

 



Ghalambaz et al. simulated the free convection of water and Nano-encapsulated PCM with n-

octadecane core and PMMA shell inside a cavity with hot and cold vertical walls. The validity of 

the present code is compared by study [93] for heat capacity ratio of mixture to base fluid contours 

(Fig. 2) and average Nusselt number (Table 3). As can be seen, the results are well matched with 

low error. 

 

Table 3 The comparison of average Nusselt number of present code with Ghalambaz et al. 2019 

for 𝑅𝑎 = 105, 𝜃𝑓 = 0.3, 𝜆 = 0.4, 𝑎𝑛𝑑 
𝜌𝑝

𝜌𝑓
= 0.9. 

 𝑵𝑪 𝑵𝑪 GHALAMBAZ ET AL. 

2019 

PRESENT CODE ERROR (%) 

CASE 1 3 3 5.193 5.175 0.34 

CASE 2 3 6 5.003 4.965 0.76 

CASE 3 6 3 5.653 5.583 1.2 

CASE 4 6 6 5.447 5.398 0.9 

 

 

 

Fig. 3. The heat capacity ratio contours to compare results of present study with Ghalambaz et 

al. 2019 when 𝑅𝑎 = 105, 𝜑 = 0.05, 𝑎𝑛𝑑 𝜃𝑓 = 0.3. 

 

 

IV. Results and discussions 

This section investigates the results of natural convection of water-NPCM inside a chamber, in 

which an electronic component with uniform heat flux is located bottom of the cavity when the 

top wall of the chamber is uniform temperature as a cold wall. The results include investigation 



of the streamlines, temperature, specific heat capacity contours, the maximum temperature of 

surface’s electronic component, and the average Nusselt number for Rayleigh numbers (102 <

𝑅𝑎 < 106), the temperature of the cold wall (15 < 𝑇𝐶 < 35℃), and volume fraction of NPCM (0 <

𝜑 < 0.056). 

before investigating the results, two important properties of mixture that affect momentum and 

energy equations are dynamic viscosity and thermal conductivity of mixture. dynamic viscosity 

and thermal conductivity of mixture by adding volume fraction of NPCM 0.012, 0.024, and 0.056 

changes +14.28, +24.28, and +57.14 % for 𝜇𝑚𝑖𝑥, and +7.93, -3.17, and +4.76 % for 𝑘𝑚𝑖𝑥 relative to 

pure water. 

 

VI. I. The investigation of different parameters on streamlines, temperature, and specific 

heat capacity contours 

Fig. 4 shows the temperature and streamline contours for pure water at 𝑇𝐶 = 25℃. The first row 

shows 𝑅𝑎 = 102, two clockwise and counterclockwise vortices rotate in the middle of the 

chamber, which its center is lower than the center’s chamber. By increasing 𝑅𝑎 to 104, the two 

vortices join together and form a strength counterclockwise vortex in the center’s chamber. Also, 

with increasing 𝑅𝑎 to 106, the vortex breaks again into two clockwise and counterclockwise 

vortices, which its centers are located in the center’s chamber. On other hand, the strength of the 

vortices has been increased 104 times relative to 𝑅𝑎 = 102. It can be noted that with the increasing 

𝑅𝑎 from 102 to 106, the strength of the streamline first has been increased and then decreased. 



 

 

 

Fig. 4. The temperature and streamline contours to compare effects of Rayleigh number when 

𝜑 = 0, 𝑎𝑛𝑑 𝑇𝐶 = 25℃. 

In 𝑅𝑎 = 102, the temperature contours are uniform and density of isothermal has not been 

observed in the chamber in order to be the low strength of the vortices, which the effects of 



conductive heat transfer are predominant. Also, the isothermal lines are symmetrical relative to 

y-axis due to two clockwise and counterclockwise vortices inside the chamber. By increasing the 

𝑅𝑎 to 104, the density of the temperature contours has been increased on the left side of the 

electronic component and on the right side of the cold wall. It can be said that the 

counterclockwise vortex becomes cold flow on left of the hot electronic component and hot flow 

on the right of cold wall. So, both the effects of conductive and convective heat transfer are 

dominant. In 𝑅𝑎 = 106, the temperature contours are denser near the center’s hot electronic 

component and the cold wall, because these strong vortices become cold flow on the center’s hot 

electronic component and cold wall. According to observations can be said that convective heat 

transfer is higher than conductive heat transfer. 

Figs. 5 to 7 show the temperature, streamline, and specific heat capacity contours for different 𝑅𝑎 

when 𝜑 = 0.056. As shown in Fig. 5 for 𝑅𝑎 = 102 and all of 𝑇𝐶, the strength of streamlines has 

been decreased 36.3% in order to add volume fraction of NPCM 0.056 to pure water, in the event 

that the dynamic viscosity of mixture had been changed +57.14% relative to pure water. 

Although, distributions of isothermal are similar to pure water, which can say that NPCM has 

not affected isothermal, and the effects of conductive are predominant. specific heat capacity 

contours say us that the phase change zone is thin and straight, which is closed to the cold wall 

by rising 𝑇𝐶. On other hand, the thermal conductivity has been increased by adding NPCM, but 

it has no effect on isothermal density inside the chamber. It can be mentioned when there is the 

boundary condition of heat flux, increasing thermal conductivity reduces the temperature 

difference (or temperature gradient) between heat flux and cold walls (according to 𝑞′′ = 𝑘𝑚𝑖𝑥∇T). 

In this Rayleigh number, increasing 𝑇𝐶 does not affect the temperature and streamlines counters. 

According to Fig. 6 that is for 𝑅𝑎 = 104, the values of the strength of streamlines and distribution 

of isothermal for all of 𝑇𝐶 are close  together. Also, adding a volume fraction of NPCM 0.056 

decreases approximately the strength of streamlines by 32.2% relative to pure water. Moreover, 

increasing 𝑇𝐶 has no effect on the temperature and streamlines counters. Also, by comparing 

between isothermal of Fig. 6 and pure water, isothermal density of 𝜑 = 0.056 is more than pure 

water in nearby of left side of electronic component.  This event occurs due to phase change of 

core’s NPCM not due to reducing of the strength of streamlines (because it reduces isothermal 

density) or increasing of thermal conductivity. 

According to Fig. 7 for 𝑅𝑎 = 106, adding volume fraction of NPCM 0.056 leads to decrease 

strength of streamlines by 14.2% relative to pure water in same Rayleigh number. 𝑇𝐶 does not 

affect the streamlines contours, but it changes distribution of isothermal specially in the 

isothermal of the center’s chamber. It has not been changed by strength of streamlines or thermal 

conductivity, it has been changed by position of phase change zone. On other hand, at 𝑇𝐶 = 15℃, 

adding NPCMs has no effect on the position of phase change zone. But, with increasing 𝑇𝐶, the 

phase change zone first has been appeared in the nearby the electronic component and then 

approaches the cold wall. Furthermore, the thickness of phase change zone has been increased 

by rising 𝑇𝐶. 



 

Fig. 5. The temperature, streamline, and specific heat capacity contours to compare the effects of 

different temperature of the cold wall when 𝑅𝑎 = 102, and 𝜑 = 0.056. 



 

Fig. 6. The temperature, streamline, and specific heat capacity contours to investigate the effects 

of various temperature of the cold wall when 𝑅𝑎 = 104, and 𝜑 = 0.056. 



 

Fig. 7. The temperature, streamline, and specific heat capacity contours to investigate the effects 

of various temperature of the cold wall when 𝑅𝑎 = 106, and 𝜑 = 0.056. 

 

IV. II. The investigation of different parameters on average Nusselt number and maximum 

temperature of surface’s electronic component 

This section will Simultaneously investigate with Figs. 4 to 7 in order to realize the effects of each 

parameter on the average Nusselt number and the maximum temperature of the surface’s 



electronic component. Fig. 8 shows the average Nusselt number of electronic component for 

different parameters. In 𝑅𝑎 = 102 and for all volume fractions of NPCM, 𝑇𝐶 has no effect on the 

average Nusselt number, because it has not changed the strength of streamlines and isothermal. 

On the other hand, for all of 𝑇𝐶, increasing the volume fraction of NPCM from 0 to 0.012, 0.024, 

and 0.056 leads to change average Nusselt number +7.3%, -3.4, and +4.5% relative to pure water. 

It can be mentioned that variations of 𝑁𝑢𝐴𝑣𝑒 are directly related to variations of thermal 

conductivity of mixture in this Rayleigh number. In 𝑅𝑎 = 104 and for 𝜑 = 0.012, 𝑎𝑛𝑑 0.024, 𝑇𝐶 

does not affect the average Nusselt number. But, in 𝜑 = 0.056, the average Nusselt number is 

constant for 15 < 𝑇𝐶 < 25℃ and then has been decreased for 𝑇𝐶 > 25℃, because the volume of 

the phase change zone has been decreased (see the third column of Fig. 6). Moreover, adding 

volume fraction of NPCM 0.012 causes to decrease the strength of streamlines by enhancement 

of dynamic viscosity and increase the thermal conductivity of mixture, so variations of these 

parameters frustrate each other. As result, the average Nusselt number remains constant. But 

adding more NPCM to water (𝜑 = 0.024, 𝑎𝑛𝑑 0.056), the effects of decreasing strength of 

streamlines outweigh the effects of enhancement of thermal conductivity of mixture. At 𝑅𝑎 = 106 

and for non-zero volume fractions, the average Nusselt number is constant for 15 < 𝑇𝐶 < 25℃; 

then it varies as parabolic with negative concavity, which 30℃ is the optimal value of 𝑇𝐶. Fig. 8 

(d) illustrates the specific heat capacity contours to show the phase change zone of NPCM for 

𝑅𝑎 = 106, 𝑇𝐶 = 25, 𝑎𝑛𝑑 𝜑 = 0.056 that is thick. So, it can be said that the pick of in the plot of the 

average Nusselt number is due to thickness or volume of phase change zone. The mentioned 

arguments for 𝑅𝑎 = 104 are true for the effects of adding NPCM to pure water. It can also be 

mentioned that the maximum value of the average Nusselt number occurs at 𝜑 = 0.012, Which 

increases the average Nusselt number 5.4% relative to pure water. 



 

Fig. 8. The average Nusselt number of electronic component to compare the effects of each 

parameter when a) 𝑅𝑎 = 102, b) 𝑅𝑎 = 104, c) 𝑅𝑎 = 106, and d) specific heat capacity contours 

for 𝑅𝑎 = 106, 𝑇𝐶 = 25, 𝑎𝑛𝑑 𝜑 = 0.056. 

 



 

Fig. 9. The maximum temperature of surface of the electronic component to compare the effects 

of each parameter when a) 𝑅𝑎 = 102, b) 𝑅𝑎 = 104, and c) 𝑅𝑎 = 106. 

In electronic components, its surface temperature greatly affects its performance, and each 

electronic component has a bearable maximum temperature of the surface. According to Fig. 9 

(a) for 𝑅𝑎 = 102, adding NPCM to pure water doesn’t change the maximum temperature of the 

surface. It can be explained that the average Nusselt number has been changed by NPCM volume 

fraction, but it cannot be said that the heat transfer coefficient has been changed by investigating 

newton's law of cooling (ℎ∆𝑇). So, adding NPCM doesn’t change the heat transfer coefficient. The 

observations of 𝑅𝑎 = 104, 𝑎𝑛𝑑 106 demonstrate that adding NPCM to pure water increases the 

maximum temperature of the surface in order to reduce the heat transfer coefficient. But 

increasing Rayleigh number leads to decrease the maximum temperature of the surface, which 

43℃ has been reduced by rising Rayleigh number from 102 𝑡𝑜 106 in all cases of temperature of 

cold wall and volume fraction of NPCM. 

 

V. Conclusion 

In this study, the natural convection was simulated inside a square chamber consisting of an 

electronic component at its bottom, a cold wall at its top, and other insulating walls. The chamber 

was filled with a mixture of water and NPCM, which the core’s and shell’s NPCM were made of 



n-eicosane and SLS, respectively. The Effects of the temperature of the cold wall, Rayleigh 

number and volume fraction of NPCM were investigated on the temperature, streamline and 

specific heat capacity contours, the average Nusselt number, and the maximum temperature of 

the surface’s electronic component. The important observations can be listed as follow: 

• Adding NPCM led to increase the dynamic viscosity of mixture by +57.14% for the volume 

fraction of NPCM 0.056 and decrease the strength of streamlines 36.4% for 𝑅𝑎 = 106.  

• Increasing 𝑇𝐶 caused to close the phase change zone to the cold wall. 

• The optimal volume fraction is 0.012 and more than this amount reduces the average 

Nusselt number. 

• The optimal value 𝑇𝐶 is 30℃ for high Rayleigh numbers 106, which increases average 

Nusselt number by 6.3% for 𝜑 = 0.056. 

• In Rayleigh numbers 102, 𝑎𝑛𝑑 104, the appearance and strength of vortices were 

independent of 𝑇𝐶. 

• The maximum temperature of the surface’s electronic component was reversely related to 

Rayleigh number, which increasing 𝑅𝑎 = 102 𝑡𝑜 106 decreases 43℃. 

• The highest enhancement of the average Nusselt number is 7.3% for 𝑅𝑎 = 102, and 5.4% 

for 𝑅𝑎 = 106 at 𝜑 = 0.012. 
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