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The technique of phase change thermal storage is an effective solution to overcoming 

the problem of a mismatch between the supply of energy and the demand for it. In this 

work, a numerical investigation of the influence of an air bubble placement on the 

paraffin wax melting (PCM) inside of a rectangular cavity is described. The PCM refers 

to the melting of paraffin wax. In order to conduct a numerical investigation of the 

research, the enthalpy-porosity combination (the ANSYS / FLUENT 16 program) is 

used. For the purpose of this experiment, phase change materials for paraffin wax are 

being used (RT58). As a result of examining several locations of the air bubble (top, 

center, and bottom) in the rectangular cavity, this paper investigates the influence of air 

bubbles on the dissolution process and heat transfer. Additionally, the paper investigates 

the influence of air bubbles on the amount of time that it takes for paraffin wax to melt. 

When compared to the presence of air bubbles in the center, the presence of air bubbles 

at the bottom and top of the solution has resulted in a 7% reduction in the amount of 

time needed to complete the process of dissolution. It has been shown that the presence 

of air bubbles naturally advances the dissolving process, and it has also been 

demonstrated that the dissolution process will be accelerated when it is known that the 

volume of PCMs is greater since it includes the volume of air bubbles. 
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1. INTRODUCTION

Major societal sectors that depend on energy's close 

interaction with everyday life for survival have a significant 

impact on how contemporary civilization develops. Moreover, 

people’s requirements as regards indoor comfort are 

increasing as society develops. Therefore, several 

technologies and solutions have been used to improve indoor 

comfort while saving energy and reducing CO2 emissions. 

While some energy sources are on the verge of exhaustion, 

others have a substantial negative influence on the 

environment. Researchers from all around the globe have been 

looking for alternatives to this energy, with renewable energy 

being the most significant. It offers a variety of benefits, 

including the ability to be used anywhere, the fact that it is 

environmentally friendly and cost-effective in the long term. 

The major drawback is that, unlike the sun and wind, it is not 

always there [1-3]. The storage of thermal energy was one 

strategy tried to solve the issue, and phase change materials 

are the most popular materials used in thermal energy storage 

[4, 5]. The most crucial of these methods is the use of copper 

rods. The researchers tried to examine numerous forms, 

including phase-changing materials and their impact on heat 

storage, picking the finest and seeking to boost heat 

transmission in a number of ways. The study provided 

evidence for the usefulness of using numerical predictions in 

experimental studies [6, 7]. Experimental testing of the 

melting procedure was done in a rectangular cell with PCM 

inside of it. The melting process speeds up with any 

temperature increase, according to the research [8, 9]. 

Experimental research on PCM's heat transfer was done in a 

rectangular cell. According to the research [10], any increase 

in air input temperature enhanced the pace of PCM melting 

and markedly increased the energy charge for the PCM's latent 

and reasonable heat. In a rectangular container, a 

computational and experimental examination of the PCM 

melting process was conducted. According to the research [11], 

the melting process quickens as the heat flow rises. Using a 

cylindrical cell, a numerical analysis of thermal energy storage 

packed with PCM was carried out. The temperature of PCM is 

greater in the centre and lower on the outside surface of the 

cylinder, and the first cylinders in the column melt more 

quickly than the final cylinders in the column [12]. A 

horizontal cylindrical capsule was used to conduct quantitative 

research on the melting process. The research found that the 

early stages of the PCM melting process are dominated by 

conduction, and that natural convection controls the melting 

process, changing the amount of time needed to complete the 

process [13]. Numerical analysis was used to evaluate the 

melting of partly filled PCM in a vertical cylindrical tube. The 

results show that the tube diameter, outer wall surface 

temperature, thermophysical properties, and thickness of the 

tube shell have a significant impact on the melting process [14]. 

Experimental research was done on PCM melting inside of a 

spherical container. The melting process may be sped up, 

according to the study, by increasing the heater lead's wattage 
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[15]. Experimental research was done on the PCM melting 

process in a spherical cell. The results show that expanding the 

cell's breadth causes melting to decrease [16]. A quantitative 

study of PCM melting in a spherical cell was conducted. 

Natural convection causes melting at the bottom of the sphere 

to proceed more slowly than at the top [17]. Experiments on 

shell and tube latent heat storage for solar dryers were carried 

out using PCMs. Natural convection has a significant impact 

on heat transfer, and the buoyant effect causes the melting rate 

to be quicker at the top [18]. Investigations were made into the 

PCM melting process in a multi-tube system. According to the 

research [19], the melting process should be increased as the 

temperature and number of tubes rise. conducted analysis on 

the PCM melting in a shell and tube. The results show that the 

heat pipe significantly affects the melting process. As the 

number of inner HTF tubes increases, the melting rate should 

be increased [20]. The addition of nanoparticles to the mixture 

was tested to determine whether it would improve heat transfer. 

The results show that incorporating nanoparticles into PCM 

enhances heat transfer and hence shortens the time needed to 

complete the melting process [21]. In order to create a novel 

phase change material for the storage of thermal energy, nano 

fluids were added to PCMs. The researchers discovered that 

by enhancing heat conductivity by adding Nano fluid to PCM, 

the melting process could be completed more quickly [22-27]. 

The authors claim that they are unaware of any prior research 

on the subject of evaluating the impact of an air bubble on the 

melting process of paraffin wax (PCMs) despite the fact that 

there have been several studies on the melting of PCMs in 

cylindrical cells.  

According to the literature survey, despite the numerous 

research on melting phase change material in different cavity 

geometries, no prior results on the problem of effect of the 

presence of air bubble location on the melting of the phase 

change material in rectangular cavity are accessible to the 

authors' knowledge. As a result, the goal of this research is to 

investigate the placement of the air bubble in the paraffin wax 

along the rectangular cavity and how that location affects PCM 

melting. 

 

 

2. NUMERICAL PROCEDURE 

 

2.1 Physical modeling 

 

The physical model of the cavity (rectangle) shown in 

Figure 1 (a) shows a 20 mm wide by 60 mm high 2-D cavity 

that is separated from the sides of the rectangular cell and 

heated by hot water flowing through the final side of the cavity. 

The air bubble's diameter is 15 mm. The center of the air 

bubble was 15 mm away from the cavity's center. The air 

bubble is shown to be situated in the center of the cell with the 

same dimensions in Figure 1 (b). The illustration in Figure 1 

(c) demonstrates that the air bubble has the same proportions 

and is located in the cell's centre. The air bubble is at the top 

with the same size, as seen in Figure 1 (d). As a comparison 

point with the situation of the air bubble's existence, Figure 1 

(e) shows the geometry without the air bubble. 

 

 
 

Figure 1. Configuration of physical model 

 

2.2 Computational procedure 

 

The melting process may be predicted using the numerical 

analysis, which takes place within the hemi-cylindrical cell. It 

was found that the flow was incompressible, laminar, and two-

dimensional. It was also found that the flow was unstable. In 

order to represent the melting process, it is assumed that both 

the liquid and the solid phases are isotropic, homogeneous, and 

continue to be in thermal equilibrium at the interface. For the 

purpose of modelling the phase-change zone included inside 

the PCM, the enthalpy-porosity approach was used. PCM 

melting is a process that is difficult to understand because of 

its nonlinearity, its behaviour in time, and the continuous 

movement of the solid-liquid interface. The modelling of the 
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melting of PCM is accomplished by taking into account the 

governing partial differential equations, which are continuity, 

momentum, and energy, which are respectively modelled as 

Eqns. (1), (2), and (3): 

 
𝜕𝜌

𝜕𝑡
+ ∇ . (𝜌𝑉) =0 (1) 

 
∂(𝜌𝑣)

∂t
+ ∇ . (𝜌𝑉) =  − ∇𝑃 +  𝜇∇2𝑉 +  𝜌𝑔 + 𝑆 (2) 

 
𝜕

𝜕𝑡
(𝜌𝐻) +  𝛻. (𝜌𝑉𝐻) =  𝛻. (𝐾𝛻𝑇) (3) 

 

The specific enthalpy H is the sum of the sensible enthalpy 

(h) and the latent heat (ΔH), 

 

𝐻 = ℎ + ΔH (4) 

 

where, 

 

ℎ = ℎ𝑟𝑒𝑓 + ∫ 𝐶𝑝 𝑑𝑇

𝑇

𝑇𝑟𝑒𝑓

 (5) 

 

∆𝐻 = 𝛽Lf (6) 

 

The content of the latent heat can vary between zero (for a 

solid and one for a liquid) and the liquid fraction (β) can be 

written as: 

 

𝛽 =

{
 

 
0 solidus if 𝑇 < 𝑇𝑠
1 liquidus if 𝑇 > 𝑇𝑙
𝑇 − 𝑇𝑠
𝑇𝑙 − 𝑇𝑠

 if 𝑇𝑠 ≤ 𝑇 ≤ 𝑇𝑙

 (7) 

 

The Darcy's law damping term is the source term S in the 

momentum equation. This term was introduced to the 

momentum equation as a result of the phase shift impact on 

the convection, and it can be found in the momentum equation. 

That may be deduced from the fact that the source term in the 

momentum equation can be deduced from the following: 

 

𝑆 =
𝐶(1 − 𝛽)2

𝛽3
𝑉 (8) 

 

where, the coefficient C is a mushy zone constant which 

reflects the morphology of the melting front. This constant is 

a large number, usually 104 to 107. In the current study C is 

assumed constant and is set to 105.  

 

2.3 Boundary conditions 

 

In order to provide a source of heat, hot water at a 

temperature of 77 degrees Celsius and 0.3 meters per second 

is circulated through the wall. Isolating the cell on the 

rectangular cell ensures that there will be no heat transfer and 

eliminates the possibility of heat being lost when traveling 

from the wall to the whole PCM. As a phase transition material, 

paraffin wax, also known as RT58, is used. The Table 1 [28, 

29] provides an overview of the thermophysical characteristics 

of paraffin. 

 

Table 1. Thermophysical proprieties of the PCM material 

[28, 29] 

 
Thermal properties Paraffin RT58 

Density [kg/m3] 840 

Specific Heat [J/kg K] 2100 

Thermal Conductivity [W/m K] 0.21 

Dynamic Viscosity [kg/m s] 0.0269 

Thermal expansion Coefficient [1/K] 0.00011 

Heat of Fusion [J/kg] 180000 

Solidus Temperature [℃] 48 

Liquidus Temperature [℃] 62 

 

2.4 Assumptions 

 

In order to develop a mathematical model depicting the 

process of melting within a rectangular cell, the following 

assumptions must be taken into account: 

1. The process of melting is shown as a model in two 

dimensions. 

2. A solid PCM is loaded into the cell until it is totally full 

at the outset. 

3. The flow is not constant, but it is laminar, and it cannot 

be compressed. 

4. It is believed that the thermo-physical characteristics of 

the PCM are unaffected by its transition from the solid phase 

to the liquid phase. 

5. The term's contribution to the viscous dissipation is 

insignificant. 

6. The consequences of the change in volume that are linked 

with the transition from solid to liquid are neglected. 

7. There is neither a loss of heat nor an increase in heat from 

the environment, and there is neither a loss of heat nor an 

increase in heat from the environment. 

 

 

3. RESULTS AND DISCUSSION 

 

The significance of phase-changing materials in the storage 

of heat and the clarification of the effect of the presence of air 

bubble on the melting process have been studied in four 

different cases. The first case involves the presence of air 

bubble at the bottom of the rectangular cavity, the second case 

involves the presence of air bubble at the middle of the cavity, 

the third case involves the presence of air bubble at the top of 

the cavity, the fourth case involves the presence of air bubble 

at the middle-middle of the cavity, and the fifth case involves 

the absence of In order to get a better understanding of how 

the existence of air bubbles influences the melting process, the 

quantity of phase-changing materials was measured using the 

same capacity of the cylinder, which was not lowered. 

Additionally, the volume of the air bubble was not reduced. 

 

3.1 Case one (air bubble at the bottom of the rectangular 

cavity) 

 

In this instance, the research demonstrates that the 

dissolving process takes 180 minutes to complete. As the PCM 

melting process relies first on conduction and later on natural 

convection, it has been discovered that the presence of air 

bubbles affects the dissolving process. Figure 2 demonstrates 

how melting occurs. At the beginning of the melting process, 

conduction is said to be necessary for heat transport. 

Additionally, the PCM melting across the cylinder wall was 

impacted and the heat transmission was enhanced by the air 
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bubble that was present at the bottom of the rectangular cavity. 

Natural convection is then used to transport the heat since 

melting becomes less rapid the farther, we are from the 

rectangular hollow wall. It was discovered that the melting 

process, which takes place over time, begins from the top due 

to the acceleration effect and the transfer of the hot phase-

change materials to the top and the solid part to the bottom, 

where the presence of the lower air bubble affects whether the 

melting process is successful. The temperature distribution is 

further explained in Figure 3 by the inclusion of an air bubble 

in the rectangular cavity's bottom portion. It demonstrates how 

heat is first transferred across the rectangular cavity wall 

during the melting process, and how as we go away from the 

rectangular cavity wall, the heat is subsequently transferred by 

natural convection and takes a long time. However, the impact 

of air bubbles on heat transport is more significant. Figure 4 

depicts the velocity distributions and melting speed with an air 

bubble present in the lowest portion of the rectangular cavity. 

The conclusion reached is that the existence of air bubbles 

increases melting, which subtly influences the dissolving 

process. 

 

 
 

Figure 2. Predicted evolution of the melting process with the presence of air bubble at the lower of the rectangle 

 

 
 

Figure 3. Temperature distributions with the presence of air bubble at the lower of the rectangle 
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Figure 4. Velocity distributions with the presence of air bubble at the lower of the rectangle 

 

3.2 Case two (air bubble at the middle of the rectangular 

cavity) 

 

According to the research, the dissolving process in this 

instance takes around 170 minutes to complete. The dissolving 

process is impacted by the presence of air bubbles since the 

PCM dissolution process first relies on conduction and then 

later on a healthy pregnancy. In figure, the melting process is 

shown in Figure 5. Conduction at the beginning of the melting 

process is necessary for heat transmission, and the presence of 

an air bubble in the rectangular cavity's center speeds up PCM 

melting and heat transfer along the wall. Natural convection is 

necessary for heat transfer since staying away from a wall 

causes the melting process to slow down. It was discovered 

that the acceleration effect causes the melting process to begin 

from the top down over time. In addition, the transfer of hot 

phase-change materials to the top and solid material to the 

bottom occurs with the existence of an intermediate air bubble, 

which affects how well the melting process is completed. The 

impact of air bubbles is, however, smaller than their presence 

in the bottom section. The temperature distributions are shown 

in Figure 6 with an air bubble located in the center of the 

rectangular chamber. It demonstrates that during the first 

stages of melting, heat is transmitted across the wall. Later, 

however, heat transmission depends on natural convection and 

must be conducted further away from the wall. In this case, the 

heat transmission is impacted by the existence of air bubbles. 

Figure 7 illustrates the melting process' speed. The dissolving 

process is impacted by the melting movement, which is 

influenced by the presence of air bubbles. 
 

  
 

Figure 5. Predicted evolution of the melting process with the presence of air bubble at the middle of the rectangular cavity 
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Figure 6. Temperature distributions with the presence of air bubble at the middle of the rectangle 

 

  
 

Figure 7. Velocity distributions with the presence of air bubble at the middle of the rectangle 

 
3.3 Case three (air bubble at the upper of the rectangular 

cavity) 

 

In this instance, the research demonstrates that the 

dissolving process takes 180 minutes to complete. Since the 

PCM dissolving process relies first on conduction and then 

secondly on a healthy pregnancy, the presence of air bubbles 

affects the dissolution process. Figure 8 illustrates the melting 

process. Conduction is necessary for heat transfer at the start 

of the melting process. Additionally, the air bubble that is 

present in the rectangular cavity's center has an impact on 

speeding heat transport and PCM melting over the wall. 

Finally, natural convection is used to transmit heat, which 

causes melting to occur further from the wall and over a longer 

period of time. As a consequence of the acceleration effect and 

the transfer of the hot phase change materials to the top and 

the solid portion to the bottom, it was discovered that the 

fusion process gradually begins from the top. Additionally, the 

existence of the top air bubble has an impact on the melting 

process, having a greater impact than the presence of the air 

bubble in the middle and having an effect that is identical to 

that of the bottom section. The temperature shown in Figure 9 

shows that heat is first transferred along a rectangular cavity 

wall during the melting process, and that this is followed by a 

longer and further distant transfer of heat that depends on 

natural convection. As a result, it is possible to infer that the 

existence of air bubbles affects heat transport. Figure 10 shows 

how quickly the melting happens. It is possible to say that the 

presence of air bubbles influences the melting motion, which 

impacts the dissolving process. 
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Figure 8. Predicted evolution of the melting process with the presence of air bubble at the upper of the rectangle 

 

 
 

Figure 9. Temperature distributions with the presence of air bubble at the upper of the rectangle 

 

  
 

Figure 10. Velocity distributions with the presence of air bubble at the upper of the rectangle 
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3.4 Case four (air bubble at the middle of the rectangular 

cavity) 

 

The research demonstrates that the dissolving procedure in 

this instance takes around 170 minutes to complete. Because 

the PCM dissolving process relies first on conduction and 

subsequently on a healthy pregnancy, the presence of air 

bubbles affects how quickly the PCM dissolves. Figure 11 

depicts the melting process. The speed of the melting of the 

PCM and the heat transfer along the wall are both accelerated 

by the presence of an air bubble in the center of the rectangular 

cavity. The heat transmission depends on conduction at the 

beginning of the melting process. Since the melting process 

slows down when you move away from a wall, heat transfer is 

reliant on natural convection. Due to the influence of 

acceleration, it was discovered that the melting process over 

time begins at the top. Additionally, the transfer of hot phase-

change materials to the top and the solid portion to the bottom 

occurs with the existence of an intermediate air bubble, which 

affects how well the melting process is completed. Air bubbles 

do have an impact, although they do so less so in the lower 

section of the body. A rectangular chamber with an air bubble 

in the center is shown in Figure 12 to show the temperature 

distributions. It shows that during the first stages of melting, 

heat is transmitted across the wall; but, as the melting process 

progresses, heat transmission depends more and more on 

natural convection, requiring a greater distance from the wall. 

The transport of heat is impacted in this way by the presence 

of air bubbles. Figure 13 illustrates how quickly the melting 

process moves. The dissolving process is impacted by the 

mobility of the melting due to the presence of air bubbles. 

 

 
 

Figure 11. Predicted evolution of the melting process with the presence of air bubble at the upper of the rectangle 

 

 
 

Figure 12. Temperature distributions with the presence of air bubble at the upper of the rectangle 
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Figure 13. Velocity distributions with the presence of air bubble at the upper of the rectangle 

 

3.5 Case five (without air bubble in the rectangular cavity) 

 

The analysis shows that the dissolving process in this 

instance takes 170 minutes to complete. In particular, as the 

PCM dissolving process relies first on conduction and then 

later on a healthy pregnancy, it is evident that the lack of air 

bubble has an impact on the dissolution process. Figure 14 

displays the melting process. Conduction is required at the 

start of the melting process for the heat to be transmitted. 

However, the acceleration of the PCM and heat transmission 

along the wall are both impacted by the lack of air bubbles in 

the rectangular hollow cell. As melting occurs further from the 

wall and over a longer period of time, natural convection is 

then required for heat transmission. It was also discovered that 

the fusion process over time begins at the top due to the 

acceleration effect and the transfer of the hot phase change 

materials to the top and the solid portion to the bottom, where 

the dissolving process is quicker without the presence of air. 

In light of this, it may be said that the phase change material's 

volume is greater since it also contains the volume of the air 

bubble. Figure 15 shows the temperature distributions within 

the rectangular chamber devoid of air bubbles. According to 

this research, heat is first transferred through the cylinder wall 

during the melting process before switching to natural 

convection and taking a considerable amount of time away 

from the rectangular hollow wall. Therefore, heat transport is 

impacted by the lack of air bubbles. Figure 16 demonstrates 

that the acceleration of the melting process in the absence of 

an air bubble impacts the melting process' movement, which 

affects the dissolution process and the time needed to complete 

the process. 

 

 
 

Figure 14. Predicted evolution of the melting process without air bubble in the rectangle cell 
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Figure 15. Temperature distributions without air bubble in the rectangle cell 

 

  
 

Figure 16. Velocity distributions without air bubble in the rectangular cavity 
 

3.6 A comparison of the four cases 

 

To further understand how the existence of an air bubble 

affects the dissolving process, it is important to compare the 

five situations that were explained previously. It is obvious 

that the air bubbles at the top and bottom have cut the amount 

of time needed to complete the dissolving process by 7%. 

However, compared to the first two situations, the presence of 

an air bubble in the center of a rectangular cavity has less of 

an impact. In addition, the lack of the air bubble speeds up the 

dissolving process, making it necessary to use a higher volume 

of PCMs when determining the air bubble's volume as seen in 

Figure 17. It took less time to complete the process of melting 

when PCMs were fused in a rectangular chamber without the 

presence of an air bubble. This is attributable to the heat 

transfer that occurs at the start of melting and relies on 

conduction along the rectangular hollow wall. The melting 

process also depends on natural convection, which takes 

longer time since the heat transmission was delayed and the 

presence of air bubbles affects the melting process. In Figure 

18, we can see that the melting process is influenced by the 

existence of an air bubble and that the heat transfer relies on 

natural convection after the melting process first depends on 

the conduction load. Because the form was analyzed with the 

same size, it was found that more phase-changing materials 

were present when the shape was studied without an air bubble. 
 
 

4. CONCLUSION 
 

In this paper, the effect of air bubbles on the melting of 

paraffin wax (PCM) within a rectangular cavity is studied 

numerically. To examine the topic quantitatively, the 

enthalpy-porosity combination (ANSYS/FLUENT-16) was 

employed. Four scenarios were used in the research to 

examine the impact of air bubbles on the dissolving process. 

The time needed to complete the dissolving operation is 
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reduced by 7% as a result of the presence of air bubbles at the 

top and bottom, it can be inferred. The presence of an air 

bubble in the center, however, has a less significant impact 

than in the first two examples. Due to the amount of PCMs 

being more than the volume of air, the disintegration has also 

happened spontaneously and more quickly in the absence of 

an air bubble. 

 

 
 

Figure 17. Variation of melt fraction with time for flow rate of 25 L/min at Tin= 90 °C 
 

 
 

Figure 18. Comparison of the melting process between the four cases 
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NOMENCLATURE 
 

C specific heat, J.kg-1.K-1 

h average heat transfer coefficient, W.m-2.K-1 

k thermal conductivity, W.m-1.K-1 

L latent heat of melting, kJ.kg-1 

te elapsed time for each test run, s 

T temperature, K 
 

Greek symbols 
 

β melt fraction 

α thermal diffusivity (m2/s) 

βf liquid thermal expansion coefficient (1/K) 

ρ density (kg/m3) 

v kinematic viscosity (m2/s) 

 

Subscripts 

 

H hot water 

l liquid PCM 

m melting 

PCM phase change material 

S solid PCM 
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