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This computer study seeks to identify the most effective rod material—copper, iron,
aluminum, or silver—for heat transfer to phase-changing materials within a rectangular
cell. This study utilizes the enthalpy-porosity formulation and the ANSYS/FLUENT 16
software to investigate the impact of various rod materials on the heat transfer dynamics in
paraffin wax-based phase transition materials (RT58). The findings indicate that heat
transmission efficiency is contingent upon the rod material, with iron rods resulting in an
11% reduction in the phase change process and aluminum rods generating a 6% reduction
compared to copper and silver rods. These findings underscore the need of choosing
suitable materials to enhance heat transfer in phase change systems. This work is
significant due to its possible uses in improving the thermal management of contemporary

electronic devices through the use of phase transition materials.

1. INTRODUCTION

Energy has a tremendous effect on how contemporary
human civilization evolves since it is required by many service
businesses and impacts people's everyday lives. Given that
certain energy sources are practically depleted, while others
have a major detrimental influence on our surroundings.

Renewable energy is the foremost alternative that global
specialists are examining. A significant advantage of
renewable energy is its long-term cost-effectiveness, absence
of adverse environmental effects, and potential for usability. It
is ubiquitous; yet, its principal drawback is that, unlike solar
and wind energy, it is not consistently accessible [1, 2].

The use of thermal energy storage has solved the problem
of intermittent availability, with phase-change materials being
the most popular option [3, 4]. The most significant of these
developments is the use of copper rods. Many studies
investigated the various forms of containers that carry phase-
changing materials, as well as how those shapes influence heat
storage, energy efficiency, and heat transfer.

To enhance the design of passive solar walls containing
PCMs utilizing a rectangular cell, it was quantitatively
analyzed. The presented work proves the expediency of
numerical predictions during the conducted experimental
study [5, 6]. Experimental investigations on the melting
procedure of the PCM were conducted in a rectangular cell.
Further, the research showed that depths increased with a
corresponding increase in the temperature informing a melting
process [7-9]. He also did an experimental investigation in the
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heat transfer with PCM using a rectangular cell. This was
evidence by the fact that phase-change materials absorbed and
released heat faster when the air temperature elevated;
therefore, enhancing the energy charge of PCM’s sensible and
latent heat [10, 11].

This paper presents some results of the experimental and
numerical investigation for a rectangular container filled with
PCM. The investigation proved that the process of melting
increased relative to the heat flow in the system [12, 13],
computer-analysis of energy storage using a PCM packed
cylindrical container. From the research, it was evident that the
last cylinders in the column melt the least compared to the first
cylinders in the column, and the PCM temperature depends on
the position of the cylinders, it is cold at the outer pieces and
hotter at the central section [14, 15]. A horizontal, cylindrical
container with PCM is involved in the dissolution process to
carry out a numerical investigation. Based on the study, the
process of melting is controlled by natural convection and this
really affects the time that is taken to complete the process of
melting. The majority of the rise in temperature of the solid
that occurs during the first stages of melting may be attributed
to conduction [16, 17]. The study investigates the melting of
phase change materials (PCM) and conducts a numerical
analysis of this process in a vertical cylindrical tube that is
half-filled with PCM. The findings suggest that the melting
process is highly sensitive to several factors including
temperature, tube diameter, wall thickness, outer wall surface,
and the thermophysical properties of the tube shell. This
sensitivity is highlighted by the significant impact these
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factors have on the melting process. Basem et al. [18] further
explores this phenomenon through an experimental study on
the melting within a sphere that has a cavity embedded with
PCM. As a result of this study, it is evident that the rate of
melting rises any time the heater outputs are raised [19, 20].
Research made on the activity of melting in a spherical shape
that contains PCM. As cell diameter increased the period
required to dissolve was perceived to be long in previous
studies [21, 22], analytical solution of the dissolution in a PCM
encapsulated in a spherical container. Therefore, from the
study, the action of natural convection was shown to enhance
dissolution in the top part of the spherical capsule than the
bottom part [23]. The experimental investigation of the PCM
usage for covering casing and tube of a solar dryer for latent
heat storage. The investigation demonstrated that natural
convection influences heat conductivity and the buoyancy
impact enhances the parcel’s heating or, in this case, melting
at the thermocouple zone [24], study on the dissolving process
in manifold tubes with PCM loaded. The findings of the study
pointed out that both, raising the temperature and the number
of tubes intensifies the melting process [25], a research work
that demonstrates the manner in which phase change happens
under the influence of PCMs in a tube and casing. This
research also points the heat pipe has a big influence on the
smelting process. Also, the melting process increases with the
increasing of the number of inner HTF tubes [26, 27].
Investigations demonstrating the benefits of employing
nanoparticles to improve heat transport. The study found that
by including nanoparticles into PCM, the dissolving process
may be completed faster due to increased heat transmission
[28-30]. By integrating nanofluids into phase change materials
(PCMs), experimental research has shown the significance of
employing nanofluids as a new phase change material for the
purpose of increasing thermal energy storage.

According to the findings of the research, the incorporation
of nanofluids into PCM results in an increase in thermal
conductivity and increases the rate at which the melting
process occurs [31, 32]. In order to demonstrate the
significance of employing various rods and to determine
which one is ideal for enhancing heat transmission to the PCM,
thereby shortening the period required to complete the melting
process, the usage of different types of rods (copper, iron,
aluminum, and silver) has been explored in this work.

2. NUMERICAL PROCEDURE
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Figure 1. Setup of the physical model

2.1 Physical model

Figure 1 illustrates the physical model studied, consisting of
a rectangular cell insulated on three sides, with one side
exposed to hot water as a heat source. The cell is 20 cm wide
and 30 cm long. Five rods, each 10 cm long and 0.2 cm thick,
are positioned within the cell. Various materials, including
copper, iron, aluminum, and silver, were used for the rods to
demonstrate the most effective and common methods of heat
transfer, thereby accelerating the melting process. A copper
rod is positioned 0.5 cm away from the wall adjacent to the
heat source.

2.2 Computational procedure

It is possible to predict the type of melting procedure that
takes place in the rectangular container with rods through
numerical analysis. The flow was assumed to be steady,
incompressible and fully developed both in the stream wise
direction and normal to the wall. Since the attempt is made to
model the process of melting, it is considered herein that both
the liquid and solid phases of the system are isotropic and
homogeneous which also requires that interfaces between the
two are in the state of thermal equilibrium. The enthalpy-
porosity approach was used to quantify the area of the PCM
that undergoes phase shift. PCM fusion is a challenging score
due to its non-linear aspects of behavior and temporal
evolution and also due to its ever-changing phase front or the
solid-liquid interface. Egs. (1)-(3) are models for the
simultaneous continuity, momentum, and energy governing
partial differential equations that explain the melted state of
PCM, respectively:

%O+V-(pV)=O (1)
Q%?l+v(pv)=—vp+yvﬂ/+pg+5 )
g(pH)+V~(pVH)=V'(KVT) 3

The sensible enthalpy (4) and latent heat (H) are added to
create the specific enthalpy (H).

H=h+AH (4)

where,
h=h, +jTT C,dT )
AH = gL, (6)

The percentage of liquid (f) can be expressed as follows:
The heat that is latent content might be zero (for a solid) or one
(for a liquid).

£ =(0solidus, if T <T,
1liquidus,if T >T,
T-T, ifT, <T<T,
T -T
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Table 1. Thermophysical properties of the materials

Thermal Properties RT58 [33] Copper[34] Iron[35] Aluminum [36] Silver [37]
Density, p (kg/m®) 840 8933 7860 2425 105
Specific heat capacity, Cp (J/kg.K) 2100 385 448 900 235
Thermal conductivity, k (W/m.K) 0.21 401 80 229 429
Dynamic viscosity, p (kg/m.s) 0.0269
Thermal expansion rate, a (1/K) 0.00011
Latent heat, L (J/kg) 180000
Solidus temperature, (°C) 48
Liquidous temperature, (°C) 62

The source of term S in the formula for momentum
represents the Darcy's law damping component, which is
included because to the phase shift has an impact on
convection. These terms originate from: The momentum
equation's source term is as follows:

2
S =—C(lﬂ3ﬂ) \ )
where, the melting front shape is incorporated in the constant
C, which may be usually referred as mushy zone constant. This
constant is fairly high, generally of the order 10-107. In the
current study, C is set to be equal to 10°, and like what was
concluded in prior studies, it is considered as a constant value.

2.3 Boundary conditions

In the present study, heated water is supplied to the wall at
a flow rate of 0. At a flow rate of 833 m?/s and a heat input
temperature of 368 K. Even though dividing the cell into three
sections has minimized the conductivity of heat transmission,
it is assumed that heat is conducted from the wall through to
the PCM without any loss. RT58 is a chemical and it follows
the phase transition nature. Table 1 comprises of all the
necessary information concerning the thermophysical
properties of paraffin.

2.4 Assumptions

When addressing the computational format of the melting
process into a rectangular cell, a variety of circumstances are
taken into consideration, including the following situations:
The viscous dissipation term is insignificant, any volume
change that is related with the transition from the solid to the
liquid phase is ignored, and there is neither a gain nor a loss of
heat from the surrounding environment. It is assumed that the
fluid is incompressible, having a laminar motion, and moving
un an irregular manner. It is assumed that the thermophysical
characteristics of the PCM do not change in either the solid or
liquid phases of the material. A representation of melting is a
process that occurs in two dimensions.

3. RESULTS AND DISCUSSION

The importance of using thermal energy storage and reuse
requires finding solutions that accelerate heat transfer within
the PCM. In this numerical study, four cases were studied,
where, we study the cell with bars from (copper, iron,
aluminum, and silver) to show which types are used best in
heat transfer and to clarify the importance is their use and the
effect of the melting process.
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3.1 The first case (The cell with copper rod)

Since the PCM is melted by plug at the beginning of the
melting process and has a copper rod inside of it, it has
increased thermal conductivity inside of it, as is evident in
Figure 2, and since the heat transfer is based on natural thermal
pregnancy, the process of solubility is noted, which explains
the importance of the use of a copper rod in this case.

Figure 2. Evolution of the melting process in the rectangular
copper rod container predicted

3.2 The second case (The cell with iron rod)

The study indicates that the utilization of an iron rod
accelerates the melting process, albeit at a slower rate
compared to a copper rod, which requires 790 minutes for
complete melting. This phenomenon occurs because the phase
change material (PCM) melting initiates by delivery at the
onset of the melting process. The presence of an iron bar
within PCM enhances its thermal conductivity, as evidenced
in Figure 3. Consequently, the heat transmission relies on the
conventional thermal properties, which underscores the
significance of employing rods in the melting process.

3.3 The third case (The cell with aluminium rod)

As a result, the research demonstrates that the utilization of
an aluminum rod accelerates the melting process, despite the
fact that it is slower when compared to the utilization of a
copper rod. However, it is most effectively compared to the



utilization of an iron rod, which requires 750 minutes to finish
melting. The reason for this is that the PCM melting is
accomplished through delivery at the beginning of the melting
process. It is evident in Figure 4 that the presence of an
aluminum bar within PCM results in an increase in the thermal
conductivity of the material. This is due to the fact that the heat
transfer is dependent on the natural thermal pregnancy and its
impact on the melting process. This highlights the significance
of utilizing rods in the melting process.

U
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Figure 3. Predicted changes in the melting process at the
three-rod rectangular cell
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Figure 4. Predicted changes in the melting process at the
five-rod rectangular cell

3.4 The fourth case (The cell with silver rod)

In this case, the study shows that the use of a silver rod,
increases the melting process where you need (700 min.) to
complete melting, and the reason is that the PCM melting is
by delivery at the beginning of the melting. The existence of
an aluminium bar within PCM increases thermal conductivity

within it and is clear in Figure 5 and because the heat transfer
depends on the natural thermal pregnancy and effect on the
melting process, which illustrates the importance of using rods
in the melting process.

10 min. 60 min. 180 min. 300 min.

|

540 min.

p— ]

420 min. 660 min. 690 min,
Figure 5. Projected melting process in a rectangular

container filled with silver rods
3.5 A comparison of the four cases

Upon contrasting with the investigation's the results, it is
evident that the utilization of rods (copper and silver) enhances
heat transfer, thereby reducing the duration of the melting
process. This is preferable to the use of rods (aluminum and
iron), which necessitate additional time to finish the melting
operation. The melting process is 11% slower with iron rods
and 6% slower with aluminum rods than it is with copper and
silver rods, as illustrated in Figure 6. This is due to the fact that
heat transfer occurs preceding solubility, which is contingent
upon the connection and occurs along the wall. Consequently,
the dissolving process is contingent upon the natural cycle of
a woman, which is characterized by a delayed rate of heat
transfer.

o
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300 400

Time, min.

500 00

Figure 6. Melt part variation with period and flow rate =
50L/min. at Tin = 95°C

The relevance of utilizing copper and silver rods in the cell

is highlighted in Figure 7 due to the clear impact that these
rods have on the melting process. In spite of this, it is worth

2111



noting that the utilization of bars results in an increase in the
melting process, as well as an increase in the heat conductivity
of the PCM. As a result, the amount of time required to finish
the melting process is reduced.

Al
L)

Copper Iron

120 min.

Aluminum Silver

Figure 7. Comparison of how the cells' melting differs

4. CONCLUSIONS

The current study conducted a numerical analysis to
evaluate the impact of different materials—copper, iron,
aluminium, and silver—used as rods in a rectangular container
on the melting process. The aim was to determine how these
materials influence the efficiency of heat transfer during the
melting phase. The study yielded the following key results:

*A numerical analysis was conducted to evaluate the
influence of using copper, iron, aluminum, and silver rods in a
rectangular container on the melting process.

*The study utilized Phase Change Materials (PCMs) with a
specific temperature of 58 degrees Celsius, combined with the
enthalpy-porosity ~ formulation  integrated into  the
ANSYS/FLUENT 16 program.

*The heat transfer at the onset of melting is affected by the
interaction between the wall and the rods.

*The melting rate is 11% lower with iron rods and 6% lower
with aluminum rods compared to copper and silver rods.

*The melting process is influenced by the inherent cycle of
the material, which is prolonged due to the slower heat
transfer.

*The significance of this finding lies in the role of phase
change materials in advanced electronics, where they play a
key role in protecting devices from damage caused by high
temperatures.

Efficient heat transfer in phase change materials is crucial
for effectively absorbing the energy generated in these
devices.

*The study's findings may be applied to facilitate the
production of a physical model incorporating rods inside it.

5. FUTURE RESEARCH RECOMMENDATIONS

Future studies could investigate other materials beyond
copper, iron, aluminum, and silver to further optimize heat
transfer efficiency, especially materials with higher thermal
conductivities or novel composite materials.
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Researchers could examine the effects of different rod
geometries (e.g., cylindrical, hollow, or finned structures) on
heat transfer efficiency in phase change materials.

Investigating how phase change materials combined with
optimized rod materials can be used to enhance the
performance of solar thermal energy storage systems would be
valuable.

Research could also explore the performance of these
materials in larger-scale systems or under long-term
operational conditions to better understand their real-world
applicability.

6. POTENTIAL REAL-WORLD APPLICATIONS

The findings could be applied to the design of cooling
systems in modern electronic devices, where efficient heat
dissipation is crucial to maintaining performance and
longevity.

Phase change materials, combined with the most efficient
rod materials, could be used to improve thermal energy storage
in solar or geothermal power systems, leading to better energy
efficiency and storage capabilities.

These materials may also be useful in passive heating and
cooling systems for buildings, contributing to energy savings
and improved temperature control in urban environments.
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NOMENCLATURE

c specifics heat (J/kg K™?)

B melting fraction

h average heat transfers coefficient (W m2 K%)
k thermal of conductivity (W m™ K™)

L latent heat melting (kJ/kg)

—
@

elapsed time of each test run (s)
temperatures (K)

Greek symbols

o thermal of diffusivity (m? s™%)

Bt liquid thermal of expansion coefficient (K™)
P density (kg m~%)

v kinematic of viscosity (m? s™)

Subscripts

H hot water

| liquid PCM

m melting

PCM phase change material

S solid PCM





