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Abstract 

Results from a numerical study of a "latent heat thermal energy storage (LHTES)" vessel's heat storage 

system are presented in this work. By integrating a new shape of fin into the heat storage process inside 

a latent heat storage tank, the internal "phase change material" has enhanced heat transfer efficiency. 

To make sure the numerical model is accurate, we use the experimental data. This study investigates the 

impact of a variety of architectural designs on the rate of PCM melting and the “temperature 

distribution” within a "latent heat thermal energy storage (LHTES)" tank. It is also measured how 

"natural convection" affects the energy storage system. The findings indicate that altering the angle 

arrangement between fins from 90º (case 1) to 120º (case 2) may lead to a substantial reduction in 

melting time, namely by 19.6%. To optimize the “energy storage efficiency” in the PCM, it is important 

to evenly distribute the fins with a set area. This allows for maximum use of both top buoyant convection 

and lower heat conduction. Case 2 and case 3 have identical fin areas, however their shapes vary. By 

using fins of varying shapes but with identical surface area, the heat transmission is improved and the 

rate of melting is reduced by 25.5% and 7.3% compared to case 1 and case 2, respectively. Using 

different shape and angle orientation of fins in case 4, with lower fin area as compare to remaining all 

cases. It enhances heat transport and decreases melting duration by 17.6% compared to instance 1, but 

raises it by 2.4% and 10.5% compared to case 2 and case 3, respectively. 

Keyword: Heat transfer fluid, Melting rate, Liquid fraction, Latent heat thermal energy storage, Fins. 

INTRODUCTION 

The production of energy serves as the primary catalyst for worldwide 

advancements in many sectors of society, such as the economy and scientific 

endeavors. Nevertheless, the combination of an economic crisis, volatile oil and gas 

prices, geopolitical challenges, and an increasing environmental awareness has led 

to a significant adoption and advancement of renewable energy sources [1]. These 

sources are clean, globally accessible, and limitless. Furthermore, energy efficiency 

has emerged as a crucial objective due to its role in achieving energy savings and 

implementing high-efficiency systems, which are essential for advancing towards a 

more sustainable and environmentally friendly society. Global energy policy are 

influenced by this circumstance, both in Western and Eastern nations [2]–[4] 

When it comes to the use of energy, the building industry ranks high in 

industrialised nations. Take the European Union as an example: the construction 

industry is responsible for about 40% of the region's CO2 emissions and nearly 40% 

of its final energy consumption. Most of it may be traced back to rising heating and 

cooling needs as a result of higher average incomes[5], [6]. It is becoming more and 

more necessary for non-sustainable buildings to rely on active systems to maintain 

acceptable levels of internal temperature. In addition, this causes a rise in both 

energy consumption and the emissions of greenhouse gases [7], [8]. Thus, the cost 

of running a structure has increased.  
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Energy efficiency and building sustainability may be 

greatly advanced by measures such as decreasing cooling 

load and enhancing energy conservation. More importantly 

for cutting down on buildings' energy use, however, is the 

mandated usage of renewable energy sources [9]–[11]. 

There are primarily two types of applications: passive 

and active. The former includes more conventional high 

thermal inertia solutions for buildings, while the latter 

includes more modern TES units. Materials and architectural 

components with high thermal inertia are used to create TES, 

which in turn attenuates thermal oscillations inside the 

interior space to improve the thermal performance of the 

structure [12], [13]. When it comes to passive building 

design, only sensible and latent heat storage are employed 

[14]. “Thermally Activated Building systems (TABS) or 

Thermal mass activation (TMA) refers to using the building 

structure as a TES system through active applications.” [15] 

The method of operation is achieved by coupling a high-

heat-capacity building component to a thermal energy 

supply. These uses make no use of the more exotic forms of 

thermal storage, such as the photonic or magnetic kind [16]–

[18]. 

Encapsulated “phase change materials (PCMs)” 

constitute the basis of “thermal energy storage (TES),” 

which are used to boost the environmental performance of 

their respective systems by, for the most part, keeping the 

PCM frozen overnight so that it may be used as a cooling 

source during the day [19]. As a result, it functions as a cost-

free AC by mitigating the effects of the sun's heat throughout 

the day. “There are two broad categories for the uses of TES 

components: (1) PCM in ventilation systems for free cooling 

ventilation, and (2) PCM in PV panels for increased 

electrical yield due to a decrease in surface temperature 

increase in comparison to a system without PCMs.” [20]–

[22] 

Miniature “thermal energy storage systems”, may use 

sensible, latent, or thermochemical storage to keep your 

home comfortably warm or cold. The energy efficiency of 

HVAC&R systems may be enhanced, and/or the usage of 

renewable energy can be expanded (via seasonal or daily 

storage) [23]. “Large-scale thermal energy storage (TES)” 

systems include both UTES systems that are constructed 

underground and large-scale water tanks that are built above 

ground. Solar energy storage for use in DH systems or 

massive buildings is their primary field of use [24]–[26]. 

OBJECTIVE  

• To study the effect of changing the angle 

orientation of fin.  

• To study the effect of different orientation of fins 

with constant surface area.  

• To study the effect of reducing the fin surface area.  

• To study the effect of different shape of fin with 

constant surface area of fin. 

RESEARCH AND METHODOLOGY 

Governing equation  

Here are the assumptions that the LHTES device uses for 

its heat transmission and energy preservation processes: 

• The buoyancy-driven convection in the molten 

“phase change material” is characterized by its 

incompressibility.  

• In addition to the liquid density, all other 

characteristics of the PCM remain unchanged. 

• The “phase change process” consists of three 

phases: solid, transition (mushy), and liquid.  

• The density of molten PCM complies with the 

Boussinesq conditions. 

• Volume expansion is not taken into account when 

the “phase change material” melts. 

The following equations may describe the melting 

phenomenon given these assumptions. 

Continuity equation: 

𝜕𝑢
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Energy equation: 

For PCM: 

𝜌𝑓𝐶𝑝𝑓
𝜕𝑇

𝜕𝑡
+ 𝜌𝑓𝐶𝑝𝑓 (𝑢
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For fin: 

𝜌𝑓𝑖𝑛𝐶𝑝𝑓𝑖𝑛
𝜕𝑇
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Where S and Se are the source terms expressed by: 

𝑆 =  − 
(1 − 𝑓𝑚)

2

𝑓𝑚
3 +  𝜉

𝐶𝑚𝑢𝑠ℎ 

𝑆𝑒 =  𝜌𝑓𝐿𝑓
𝜕𝑓𝑚
𝜕𝑡

 

The "dynamic viscosity," "specific heat," "coefficient of 

thermal expansion," "temperature," "thermal conductivity," 

"pressure," and "density" for the PCM are denoted by the 

variables 𝜇, 𝐶𝑝, 𝛿, 𝑇, 𝜆, 𝑝, and 𝜌, respectively. Velocity is 

represented by u and v, while the local "liquid (melting) 

fraction" is denoted by fm. In order to prevent division by 

zero, a tiny number ξ is used, with the exact value being 

ξ=10−4. Cmush = 107 represents the mushy coefficient, 

whereas g stands for the “gravitational acceleration”. The "f" 

stands for the liquid PCM, whereas the "fin" refers to the fin 

itself. 

In order to determine the melting phenomenon and track 

and quantify the amount of material that has melted, the 

LHTES device employs the enthalpy-porosity approach. 

Functions in fm are defined by 

𝑓𝑚 = 

{
 

 
0                                 (𝑇 ≤ 𝑇𝑚1
𝑇 − 𝑇𝑚1
𝑇𝑚2 − 𝑇𝑚1

   (𝑇𝑚1 < 𝑇 < 𝑇𝑚2)

1                              (𝑇 ≥ 𝑇𝑚2)

 

Tm1 and Tm2 are the temperatures at which the PCM 

transitions from solid to liquid and from liquid to solid, 

respectively. The soft area is located between the two states. 

Latent heat thermal energy storage  

Figure 1 is a diagram of the "solar collector system", 

which includes the phase change tank. The solar receiver 

takes the sun's rays and concentrates them into usable form. 

After being heated inside the receiver tube, the "heat transfer 

fluid (HTF)" is pumped out via the pipes. The purpose of the 

LHTES tank is to allow heat to be transferred from the Heat 

passage fluid (HTF) to the phase change material (PCM). 

Two coaxial tubes make up the LHTES apparatus. Figure 

2(a) shows that the "heat transfer fluid" flows through the 

inner tube, while the phase change material (PCM) fills the 

outer tube. The inner tube's exterior is covered with gradient 

fins that are spaced out in a strategic manner. The length of 

the fin progressively increases as it extends from the base of 

the fin towards the inner wall of the tube. A two-dimensional 

system is used to depict the LHTES device since the radial 

temperature difference is bigger than the axial one, as seen 

in Figure 2(b). The thermal insulating layer on the LHTES 

device makes it safe to presume that the boundary wall heat 

loss is negligible. 

 

Figure 1 A solar energy-collecting device that 

includes a heat storage tank. 

 

 

Figure 2 The LHTES tank is shown in both (a) three-

dimensional and (b) two-dimensional. 
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Computational model 

Based on the local distribution of fins, the current 

research employs four configurations of fins in LHTES 

devices. In case 1, and case 2, fins are same in dimension but 

different in angular distribution in surface of HTF tube. Fin 

configure in case 1 is attach to downward at 90º with each 

other, dimension of the fins and other part illustrate in figure 

3. In case 2, fin surface area and dimension of fin branches 

is same as use in case 1 but the angle between each fins are 

120 ºand dimension of the computational model is illustrate 

in figure 3. In case 3, redesign the fin with different 

dimension of the branches and angle between each fins is 

120º, which is illustrate in figure 3. In this case fin area is 

increases as compare to case 1 and case 2. In case 4, redesign 

the fins and angle between each fins is 120º, dimension of 

the fin is illustrate in figure 3. The table 1 displays the areas 

of the fins for each case, which are used to improve the heat 

transfer between the HTF fluid and PCM. 

 

(a) Case 1 (b) Case 2 

 

(c) Case 3 (d) Case 4 

Figure 3 Computation model of all Case with dimension 
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Table 1 Area of the Fin 

 

Table 2 Meshing details 

 

Mesh generation  

Meshing is a method of partitioning computational 

domains into smaller volumes for the purpose of calculation. 

The ANSYS Fluent application was used to conduct the 

meshing procedure. For all the cases of configuration of fins 

select default meshing method in which element shape is 

both triangular and quadrilateral. There are two type of 

element size performed, which is 0.0008 m for PCM 

domain, and 0.0002 for fin domain. Meshing of all cases for 

considered configuration of fins illustrate in figure 4 and the 

detail are mention in table 2. 

 

Figure 4 Representative mesh for the computational 

domain 

Numerical method and boundary condition  

In order to provide a more streamlined computation 

model, the beginning conditions and boundary conditions 

are merged together. The "ANSYS-Fluent 23" program 

solves the governing equations using the "finite volume 

technique" (FVM). This procedure discretizes the three 

governing equations. In the solution technique, pressure-

velocity coupling is implemented using the SIMPLE 

approach. The second-order upwind approach is used for the 

spatial discretization of the momentum, energy, and pressure 

equations. For "pressure", "momentum", "energy", and 

"liquid fraction" selection in the solution control, the 

corresponding values are 0.3, 0.7, 1, and 0.9. 1e−5, 1e−5, 

and 1e−6 are the convergence criteria for continuity, 

velocity, and energy, respectively. Aluminum and Paraffin 

(RT56) select as HTF tube and PCM material, “thermos-

physical properties” of these material show in the table 3. 

Outer shell body work as adiabatic and HTF tube and fins 

coupled with constant temperature of 80ºC. When the 

melting process starts, the "phase change material" is at a 

temperature of 20ºC. 

Table 3 Thermo-physical characteristics of Paraffin 

and aluminum 

Parameters  Units  Paraffin 

(RT56) 

Aluminium  

Latent heat (ℎ) (𝐽 𝑘𝑔⁄ ) 232,400 - 

Melting 

temperature 
(𝑇𝑚) 

(°𝐶) 55-57 - 

Specific heat 
(𝐶𝑃) 

(𝐽 𝑘𝑔 ∙ 𝐾⁄ ) 2176 871 

Thermal 

conductivity (𝜆) 
(𝑊 𝑚 ∙ 𝐾⁄ ) 0.089 

(solid/liquid) 

202.4 

Viscosity (𝜇) (𝑘𝑔 𝑚 ∙ 𝑠⁄ ) 0.00356 

(solid/liquid) 

- 

Thermal 

expansion 

coefficient (𝛽) 

(𝐾−1) 0.00075 - 

Density (𝜌) (𝑘𝑔 ∙ 𝑚−3) 771.2 

(solid/liquid) 

2719 

 

MODEL VALIDATION  

In the experiment described by (Z. Liu et al., 2023)[27], 

the LHTES tube's partial computational domain is shown in 

Figure 3 (a). The "computational domain" for the LHTES 

tube, which was used to verify the model in this study. Two 

tubes, 60 mm and 20 mm in diameter, are arranged in a 

concentric pattern to form the LHTES device. Fin dimension 

are illustrate in figure 3(a). Aluminium and paraffin (RT56) 

material use for HTF tube and PCM respectively. The phase 

change material (PCM) is initially in a solid state at a 
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constant temperature of 20ºC. The PCM is completely filled 

inside the aluminum container. Outer shell body work as a 

adiabatic. For melting the PCM apply constant temperature 

of 80ºC in HTF tube. Figure 5 depicts the duration required 

to completely melt the PCM, which is 50 minutes for (Z. Liu 

et al., 2023)[27] and 51 minutes for the current work. 

 

Figure 5 Complete melting time comparison 

RESULT AND DISCUSSION  

Liquid fraction  

Figure 6- 9 Illustrate the melting behavior of PCM in all 

four cases at 6 different time. In case 1, two fins attach in 

horizontal and one in vertical down axis. In case 2, equally 

distribute the angle between each fin, in which two fins are 

in down side and one is upside of the LHTES device. Case 

3, having 3 fins equally distributed angle between each fins 

with different dimension of the fin. In which one fin 

downside and other two are in upside of the LHTES device. 

Case 4, having 3 fins equally distributed angle between each 

fins with different dimension. In which two are in downside 

and on in upside. At the completing the 1 minute of melting 

liquid fraction contour illustrate the PCM start melting 

around circular HTF tube and slowly moving around fins 

surface in all four cases. Liquid fraction contour illustrate 

the after completing the 5 minute of melting PCM melt 

around the HTF tube and fins and after 10 minutes of melting 

PCM get 50% melt due to natural convection. After 5 

minutes of processing, the PCM will have melted entirely 

surrounding the fins and HTF tube owing to natural 

convection, and then it will have melted entirely due to 

conduction. In all cases, melting process is same at the 10 

minutes of melting. Case 1 having a maximum melting rate 

because of all fin are in downside of the LHTS device. After 

equally distribution of angle between each fins, illustrate the 

enhancement in heat transfer.

       

At 1 minute At 20 minute At 51 minute 

Figure 6 Liquid fraction contour of case 1 

           
At 1 minute At 20 minute At 41 minute 

Figure 7 Liquid fraction contour of case 2 
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At 1 minute At 20 minute At 38 minute 

Figure 8 Liquid fraction contour of case 3 

           
At 1 minute At 20 minute At 42 minute 

Figure 9 Liquid fraction contour of case 4 

Temperature distribution  

Phase change materials (PCMs) possess the potential to 

undergo physical state transitions within a certain 

temperature range. Within this document, it is seen that 

when the “phase change material” is subjected to an increase 

in temperature reaching its melting point, a transformation 

from a solid state to a liquid state will take place. During the 

process of melting, the “phase change material” integrates 

and retains a substantial quantity of latent heat. The 

fluctuation in temperature is a crucial indicator for assessing 

the efficiency of the system. The performance of the various 

fins is analyzed by examining the temperature diagram 

(Figure 10-13). The temperature control diagram in Figure 

10-13 and the liquid phase fraction contour diagram in 

Figure 6-9 share the same time period.  In one minute, the 

phase change material (PCM) between the inner tube's 

surface and the surface of the "heat transfer coefficient" tube 

will be in direct touch with the heat source, causing the 

PCM's temperature to begin to rise. The aluminum fin has a 

higher conductivity than the PCM. Like a tree's branches, the 

fins allow heat to radiate outward from the inner tube wall's 

base. Consequently, the PCM around the fin undergoes 

progressive heating, leading to the transmission of heat to 

the surrounding PCM. This demonstrates that by adjusting 

the fins' angle, the heat transmission process may be 

enhanced, leading to improved energy storage efficiency. 

The "phase change material" near the fin reaches its melting 

point after 10 minutes. Case 1, having the low heat transfer 

rate as compare to other case, due to all fins are place in 

downside of the LHTES device. Initially, it depends on the 

process of heat conduction. When a "liquid phase change 

material" melts, it transports to the melting point and 

enlarges it. Herein, high temperature area are present in 

lower side in case 1, and upper side in other cases.  

       
At 1 minute At 20 minute At 51 minute 

Figure 10 Temperature distribution contour of case 1 
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At 1 minute At 20 minute At 41 minute 

Figure 11 Temperature distribution contour of case 2 

           

At 1 minute At 20 minute At 38 minute 

Figure 12  Temperature distribution contour of case 3 

           

At 1 minute At 20 minute At 42 minute 

Figure 13 Temperature distribution contour of case 4 

DISCUSSION  

Temperature distribution behaviour in all cases are same 

which is illustrate in figure 16. For melting behaviour of 

PCM in all cases is same until 10 minute or process after that 

it increases. Temperature of the PCM start with 20ºC, PCM 

feel sudden increment under one minute of melting. At the 5 

minute of melting temperature is slightly increases due to 

conduction. PCM temperature riches to 55ºC in 5 minute of 

melting. After that temperature of PCM get uniformly 

increases due to natural convection take place, it is illustrate 

in figure 16. In cases 1, 2, 3, and 4, the final PCM 

temperatures are 75.38 ºC, 74.48 ºC, 73.83 ºC, and 75.28 ºC, 

respectively, after the melting process. At the 5 minute of 

melting liquid fraction is slightly increases due to 

conduction. After that, it get uniformly behaviour due to 

natural convection take place. Case 1, having maximum 

melting time of 51 minute because of all fins are place in 

lower part of the LHTES device. By equally distributing the 

angle between each fins decreases the melting time as 

enhancing the heat transfer. Melting time of case 2, case 3, 
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and case 3, is 41 minute, 38 minute, and 42 minute 

respectively. Fin area is same in case1, case2, and case 3 but 

in case 4, it reduces as compare to other cases.  

 

Figure 14 Liquid fraction of PCM with respect to 

time in all cases 

 

Figure 15 Complete melting time of PCM in all cases 

 

Figure 16 Temperature of PCM with respect to time 

in all cases 

CONCLUSION  

An improved sun harvesting system that makes use of a 

finned LHTES tank is proposed in this study. A unique 

design has been devised for the form of the gradient fin, with 

particular emphasis on the layout of its placement. The 

LHTES tank's gradient fins are arranged at a lower angle, or 

an angle that is distributed uniformly over all of the fins. The 

melting point and rate of melting of the "phase 

change materials" were investigated using verified 

numerical simulations. Compare the two cases of "phase 

change material" melting: one in which the fin's surface area 

is equal to that of the PCM, and another in which the fin's 

surface area is decreased. The following inferences may be 

made: 

• To maximize the energy storage efficiency in the 

PCM, it is beneficial to evenly distribute the fins 

with a set area. This allows for optimal use of both 

upper buoyant convection and lower heat 

conduction.  

• By replacing the fin angle of 90º (case 1) with 120º 

(case 2), the heat transmission rate is improved and 

the melting rate is reduced by 19.6%.  

• Case 2 and case 3 possess identical fin areas, 

although exhibit distinct shapes. An improvement 

in heat transmission efficiency—a 25.5% decrease 

in the melting rate relative to case 1 and a 7.3% 
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decrease in case 2—is achieved by utilizing fins of 

different shapes with the same surface area.  

• Case 4 utilizes fins with varying shapes and angles, 

and has a smaller fin area compared to the other 

cases. When compared to case 1, it improves 

thermal conductivity and shortens melting time. As 

opposed to case 1, this situation results in a 17.6% 

reduction in melting time. 

• In case 4, the melting time rises by 2.4% compared 

to case 2, and by 10.5% compared to case 3. 
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