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Accepted: 26 Feb 2025 reaching 35 °C. The paraffin-based PCM RT35-HC (melting point =35 °C) was embedded at the
core of wall assemblies composed of four locally prevalent construction materials: fired brick,
aerated concrete, stabilised earth concrete, and slag concrete. Using COMSOL Multiphysics®, a
two-dimensional transient heat transfer model was developed to evaluate the thermal
performance of each wall configuration under representative climatic conditions. Simulations
assessed the influence of material type and PCM placement on indoor thermal stability,
particularly on time-lag, temperature attenuation, and heat flux reduction. Results indicate that
aerated concrete combined with RT35-HC PCM provides the most effective thermal buffering,
significantly delaying heat transfer and maintaining lower interior surface temperatures
throughout the diurnal cycle. These findings support using PCM-enhanced lightweight materials
to improve energy efficiency and thermal comfort in South Mediterranean regions.
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INTRODUCTION

The increase in energy consumption in the building sector is a major concern worldwide. Phase change materials
(PCMs) offer a promising solution for improving the energy efficiency of buildings by storing latent heat and
regulating indoor temperatures [1]. In particular, in hot regions where daytime temperatures can reach high levels,
integrating PCMs into building structures can significantly reduce the thermal load and improve indoor thermal
comfort [2,3].

PCMs, such as paraffins, are widely studied for their ability to absorb and release heat during phase transitions. RT35-
HC PCM, for example, has been used effectively in various applications to stabilize indoor temperatures around 35°C
[4]. Studies have shown that PCMs can reduce annual energy consumption by up to 22% in specific scenarios [5].
These materials are beneficial in environments where the demand for cooling is high, such as in hot and arid climates

[6].

Current research focuses on optimising the thermal properties of PCMs and integrating them into various
construction elements such as walls, roofs, and floors [7]. Advanced simulation software such as COMSOL
Multiphysics makes it possible to assess the effectiveness of PCMs in various architectural configurations and climatic
conditions [8]. These simulations help determine the optimum thickness and positioning of PCMs to maximise their
thermal efficiency [9,10].
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Despite the potential advantages of PCMs, a number of challenges remain with regard to their practical application.
Selecting the right material for each specific climate [11] and managing material costs and durability are critical
factors to consider [1,3]. Further research is needed to develop cost-effective solutions that effectively integrate PCMs
into buildings while minimising their environmental impact [12].

Integrating PCMs into the building sector represents a significant step towards a more sustainable future [13]. By
optimising their use in hot regions such as Algiers in Algeria, it is possible to significantly reduce energy consumption
while improving indoor thermal comfort [14]. This study explores these possibilities by using RT35-HC PCM with
various local building materials to identify the most effective combinations [4].

This study's novelty is finding the ideal building material compatible with PCMs in general, specifically PCM RT35-
HC in the arid climate, by finding the ideal melting point in hot 35-degree climatic conditions, including location and
thickness. A numerical model of an embedded frame wall in thin-film PCM was created with several building
materials in COMSOL Multiphysics® software and validated using experimental data.

OBJECTIVES

The study uses numerical simulation to assess the thermal efficiency of walls incorporating PCM RT35-HC. This
material is a paraffin supplied by Rubitherm®, known for its phase transition around 35°C. Using four common
construction materials, we modelled several wall configurations using brick, aerated concrete, stabilised earth
concrete, and slag concrete. Each simulation was conducted under climatic conditions representing a typical day with
a maximum outdoor temperature of 35°C.

METHODS

The PCM used is a paraffin called RT35-HC, supplied by the Rubitherm® companys; it is an eicosane (alkane with 20
carbon atoms), whose phase transitions around 35°C. To determine its thermophysical properties [15], PCM was
characterised by DSC, using a uDSC7evo calorimeter. The apparent heat capacity curves measured are plotted in
Figure 1 [15]. The peak observed around 32°C in single solidification corresponds to a solid-solid phase transition;
with the exception of this peak, the curves are the same in melting and solidification. The phase change enthalpy was
estimated graphically (tangent method) from the curve measured during melting, then recalibrated to obtain the
same melting time under load in the simulation as in the experiment. The value adopted (246 kJ.kg-1) is consistent
with the uncertainty given by the supplier, and with other measurements carried out on eicosane. The values adopted
for the properties of MCP are listed in Table 1. [16,17]
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Figure 1: Apparent heat capacity of RT35-HC measured by DSC (0.01 K/min)[15]

This figure shows the apparent heat capacity of MCP RT35-HC during the melting and solidification processes. The
peak observed indicates a solid-solid phase transition around 32°C.
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The consistency between the melting and solidification curves suggests that MCP has good potential to stabilize
internal temperatures by efficiently storing and releasing latent heat.

Table 1: Properties of (RT35-HC) for the model. Values in bold from measurements [16,17].

Cp P 4 p H L

Jkg! KT kgm?® W' K- K- kgm's!  klkg!
RT35-HC solide 2219 2895 0.20 e Z 46
RT35-HC liquide 2323 2 % 7,14.104 3,1.10°3 -

Calculation method

The finite element method is one of the tools of applied mathematics. Using the principles inherited from variational
or weak formulation involves setting up a discrete mathematical algorithm to find an approximate solution to a partial
differential equation (or PDE) on a compact domain with conditions at the edges and/or inside the compact. These
are commonly referred to as Dirichlet (values at the edges), Neumann (gradients at the edges), or Robin
(gradient/values relationship at the edge) conditions [1].

Case Study

The case study is a rural prototype house, located west of Algiers (Souidania) in Algeria. The geographical coordinates
are 36.707° latitude, 2.914° longitude, and 137m altitude. The surface and volume of the pilothouse are about 80 m2
and 240 m3, respectively, as represented in Figure 2 and 3. The house was designed considering certain bioclimatic
architecture principles. The building walls were constructed using stabilized earth concrete (BTS). This ecological
building material has excellent moisture control, a long lifetime, good insulation characteristics, excellent acoustic
qualities, and an interesting thermal storage capacity. To increase the useful life of the BTS bricks, a stabilizer
(cement) was added with a quantity volume ranging from 3% to 6% [18].

The BTS wall density is about 1700 kg/m3. The heat transfer coefficient (Kwall) is 3.6 W/m2K when the wall
thickness is 14 cm and 2.54 W/m2.K in the case of 29 cm.
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Figure 2: Plan 2D of the case study [18]
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Figure 3: Case Study orientation [18]

Building materials
In this study, we focused on the four materials most commonly used in the Mediterranean region of Algeria.
Brick

Bricks are generally rectangular parallelepiped-shaped building elements made from raw clay, either sun-dried or
kiln-fired. Bricks can be used to build walls, and their manufacture can vary depending on the region and the
techniques used.

Cellular Concrete

Cellular concrete is a lightweight, insulating building material made mainly of water, sand, cement, lime and a
blowing agent such as aluminium powder. It is manufactured in such a way as to create cells that make it light and
give it excellent thermal and acoustic insulation properties. The material is non-flammable, easy to handle and does
not require additional insulation. However, it can be brittle and requires care when cutting and fixing objects. Aerated
concrete is widely used for walls, partitions, ceilings and other structural elements, offering ecological and practical
advantages [19].

Stabilised Earth Concrete

Stabilised earth concrete is a construction material that uses natural ingredients, mainly clay, sand, gravel, and water,
but it adds stabilisers to improve its mechanical properties and durability. These stabilisers can include Portland
cement, lime, slag, vegetable reinforcement, asphalt, coconut oil, and chemical treatments to ensure waterproofing
and chemical stability. The added stabilisers improve the material's mechanical strength, cohesion, and durability by
reducing porosity, permeability, and swelling and increasing compressive, tensile, and shear strength [1].

Slag Concrete

Slag concrete is a type of hydraulic concrete that uses slag, a solid residue from the smelting of iron ore with coke in
blast furnaces, as its main material. Slag is composed of lime, alumina and silica, and has hydraulic properties similar
to those of clinker. When cooled suddenly, slag hydrates more slowly but is more stable in aggressive environments
[20].

Numerical Model
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A 2D transient heat conduction model was developed in COMSOL Multiphysics® (Heat Transfer Module), presented
in Figures 4 and 5. The wall was modelled as a multi-layered vertical slab (1 m height x total thickness per material),
with the PCM layer (5 mm) embedded at the geometric centre to maximise thermal buffering (Figure 6).

Heat equation

The heat equation is a parabolic partial differential equation introduced in the early 19th century by Fourier to
describe the physical phenomenon of heat conduction [21].

Let be a domain of R3 with boundary I' = 9 and T(x, t) a temperature field on this domain (field of scalars). In the
presence of a thermal source in the domain, and in the absence of convection, i.e. heat transport (i.e. we are interested
in the propagation of temperature within a ‘stable’ medium, i.e. one that does not move; we are not interested in the
propagation of heat due, for example, to the existence of an air current, a convection current. Convection is more of
a fluid mechanics problem.

The heat equation is written as:
xQ,0T (x,t) 0t = D T(x,t) + fpc (1)
Where:
Q is the Laplacian operator.
D is the thermal diffusivity coefficient (in m2/s).
f is the volume heat output (in W / m3).
p is the density of the material (in kg / m3).
c is the mass-specific heat of the material (in J/kg.K).
The heat equation is therefore of the form:
—Ap=f (2)
It is parabolic. For the problem to be posed appropriately, we need to specify: an initial condition:
xQ,T (x,0) = TO(X) (3)
A boundary condition on the edge of the domain, for example: Dirichlet:
xQ,T(x0) =0 4)
Neumann:
xQ,0T (x,t) dn = n(x).T(x,t) = 0 (5)

Where n(x) is the unit normal vector at point x. The heat equation, initially introduced to describe heat conduction,
can be used to describe the phenomenon of diffusion. Diffusion is an irreversible transport phenomenon that
eventually results in a homogenisation of the quantity under consideration (e.g. the temperature in a field, the
concentration of chemicals in a solution, etc.). From a phenomenological point of view, and to first order, this
phenomenon is governed by Fick's law (e.g. water sorption in composite materials, diffusion of active ingredients
through the skin). In the above equation, T represents the distribution of the quantity under consideration (water in
a composite, concentration of a chemical constituent, etc.) and the source term in Q is often zero (i.e. f = 0).

sensible and latent heat equation

Q = mCp(Tf — Ti) )
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Latent heat energy
Sensibe heat energy

Using the equation below, the COMSOL Multiphysics® software considers the dynamics of the phase change process
from phase I (solid) to phase II (liquid) in PCM.

PpcM = PrhaserB + Prrase2(1 — B) (9)

Apcm = AphaserB + APhaseZ(l - ﬁ) (10)
1 dam

Cp,PCM = m (pPhaselcp.Phaselﬁ + Pprhase2 Cp.Phase‘Z(1 - B)) +L F (11)

Cp: specific heat (J/kg.K).
L: latent heat of fusion (J/kg).

Since PCM is assumed to have the same thermal conductivity in the solid and liquid phases, equation 6b can be
rewritten as follows:

Apcm = Aphaser = Aphasez (12)

And Om iS :

— 1 PPhase2(1-B)—PPhase1P (13)
mn 2 pphase2(1-B)+ pphase1P

[: the volume fraction of PCM in the initial phase 1 (solid).

am: represents the mass percentage of PCM transferred from phase 1 to phase 2.

Boundary conditions

To solve PDEs, it is necessary to define a number of consistent boundary conditions. Each domain surface has an
associated oriented segment. It is possible to give boundary condition values for each of these segments. The options

will differ depending on whether or not the surface is internal to the system. Let's choose the different boundary
conditions appropriately.
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Figure 4: The internal face of the case study room

wilhvilhvih v vl v

Figure 5: The model building of the case study on 2D
The mesh

The mesh corresponds to the spatial discretisation of the geometry into elementary volumes (meshes) defined by
nodes. These nodes form the connections between the meshes. The software creates the mesh automatically. The
algorithm takes the elements of the geometry as its starting point. It creates additional nodes until it satisfies
predefined criteria, such as the number of meshes or the maximum mesh size. You can use the sizes predefined (extra

coarse, coarse, normal, fine, extra fine, etc.) by the software or act on the mesh generation parameters.
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Figure 6: The Mesh of the case study for the external side.
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Figure 7: Definition of the Mesh in the external wall.

The mesh size used is crucial to the accuracy of the thermal simulations. A fine mesh allows accurate modelling of
thermal gradients in materials, which is essential for comparing the thermal performance of different building
materials.

Validation Model

Simulation results were validated with the same experimental values confirmed by a.laafer et al[18], for 60 hours of
simulation using RMSD and MAE Methods. The experimental and theoretical temperature profiles confirm the
agreement between the two data sets. The maximum and average deviations between experimental and numerical
values were 0.75% and 0.35%, respectively.

RESULTS
Resolution procedure

The numerical model was constructed using a physics-controlled 2D sequential mesh with an extra-fine element size
(Figure 7). Each domain was discredited using free tetrahedral elements, forming a non-structural and linear mesh
in the boundaries between layers. The grid cell has a mesh of 291107 nodes and 24089 internal boundaries, with a
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simulation time step of 30 minutes. The simulation duration was approximately 2 hours, 4 minutes, and 33 seconds.
The simulation was carried out on a Macintosh computer equipped with a 4th-generation quad-core i7 processor at
2.0 GHz, boosted to 3.2 GHz during the calculation, with 8 GB of RAM. This was further increased to 64 GB when
calculating using an SSD hard disk and a 2 GHz Iris Pro graphics card.

Simulation results

The following graphs show the simulation results for a complete day. The wall is between two different temperatures,
external 35°C and internal 30°C.

Temperature (ht)
Wall temperature change as a function of time

The figure illustrates the temperature distribution in walls built with different materials at different times of day.
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Figure 8: The temperature distribution in walls built with different materials at different times of day
Att=0h

All wall configurations exhibit a uniform initial temperature of 30 °C on the inside face of the building (interior wall),
confirming consistent thermal equilibrium before external heating. This homogeneous starting condition ensures a
fair comparative assessment of material-specific thermal responses under identical boundary conditions.

Att=6h

Stabilised earth concrete demonstrates superior early-stage thermal regulation, with slower heat propagation toward
the interior than brick and slag concrete. Although cellular concrete exhibits low thermal conductivity, its very light
structure limits thermal inertia, resulting in less effective buffering during the initial heating phase. In contrast,
stabilised earth combining natural aggregates with cementitious stabilisers provides a balanced thermal response,
delaying heat transfer while preparing the PCM for optimal activation.

Att=12h

At midday, when the external temperature reaches 35 °C, stabilised earth concrete maintains the lowest interior
surface temperature among all configurations. The PCM layer (center) shows a pronounced isothermal plateau near
35 °C, confirming efficient latent heat absorption. This indicates that the material’s moderate thermal conductivity
(~0.6—0.8 W/m-K) allows controlled heat flux that matches the PCM’s phase-change capacity, unlike cellular
concrete, where excessive insulation delays PCM activation, reducing its effectiveness during peak hours.

Att=24h

Stabilised earth brick exhibits excellent thermal stability by the end of the 24-hour cycle, with the smallest diurnal
temperature swing at the interior surface. This confirms its superior thermal time-lag and decrement factor, critical
for passive cooling in Ghardaia’s arid climate with significant day-night temperature differences. The material’s
ability to combine sensible heat storage (from its mineral matrix) with latent heat buffering (from PCM) creates a
synergistic thermal regulation mechanism unmatched by purely insulating (cellular) or highly conductive (brick,
slag) alternatives.

DISCUSSION

Temperature graphs at several points
These figures show how the temperature evolves as a function of time at several specific points on the wall.
Each point represents a strategic location in the wall for observing thermal gradients.

These figures show how the temperature changes at different wall points built with various materials combined with
the RT35-HC PCM. Each figure focuses on a specific point in the wall, allowing the differences in thermal
performance between materials to be observed.
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Figure 9: Exterior Surface (Exposed to 35°C Ambient)

All wall configurations exhibit nearly identical thermal responses at the exterior surface, following the imposed
boundary condition of a 35 °C peak temperature presented in Figure 9. This uniformity confirms that the external
thermal loading was consistently applied across all simulations, ensuring a fair comparative assessment of material-
specific performance. Minor deviations are negligible and attributable to slight differences in surface emissivity or
thermal effusivity, which do not affect the overall validity of the comparison.
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Figure 10: Wall Core (Location of RT35-HC PCM Layer)

The temperature evolution at the PCM interface reveals critical differences in latent heat utilisation. In Stabilized
EarthBrick, the temperature rises gradually and plateaus near 35 °C for an extended duration (approximately 5-6
hours around midday), indicating efficient and sustained melting of the RT35-HC PCM (Figure 10). This prolonged
phase-change period demonstrates optimal synergy between the PCM and the low-conductivity matrix. This slows
heat ingress and fully exploits the material’s 246 kJ/kg latent heat capacity.

In contrast, due to their higher thermal conductivity, brick, slag concrete, and cellular concrete exhibit sharper,
shorter peaks at this point, suggesting that heat flux overwhelms the PCM, limiting its ability to absorb latent heat
effectively. The PCM in these materials transitions too rapidly, reducing its thermal buffering potential.
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Figure 11: Interior Surface (Indoor Side, Facing 30°C Environment)

This point, directly presented in Figure 11, reflects indoor thermal comfort and passive cooling performance.
Stabilised earth brick + RT35-HC achieves the lowest peak temperature and the smallest diurnal fluctuation among
all configurations. At t = 12 h, while other materials show significant heat penetration, BTS maintains a stable interior
surface close to the initial 30 °C. By t = 24 h, it continues outperforming all alternatives, confirming its superior
thermal time-lag and decrement factor.

These results demonstrate that low thermal conductivity combined with PCM integration provides the most effective
strategy for attenuating heat transfer in Mediterranean climates, where minimizing indoor temperature swings is
essential for thermal comfort in naturally ventilated buildings.

CONCLUSION

This study investigated the integration of RT35-HC phase change material into four locally prevalent wall materials
in Algiers, Algeria, a representative Mediterranean region with summer temperatures reaching 35 °C. Contrary to
conventional assumptions that prioritise low-conductivity materials, stabilised earth brick emerged as the most
effective host matrix for PCM integration. Its balanced thermophysical properties moderate thermal conductivity,
sufficient volumetric heat capacity, and compatibility with local construction practices enable optimal
synchronisation between conductive heat flow and PCM phase change. This synergy results in superior interior
temperature stability, extended thermal time-lag, and enhanced passive cooling potential compared to cellular
concrete, fired brick, and slag concrete.

The findings highlight that maximising PCM performance requires more than just insulation; it demands a strategic
balance between thermal mass and resistance. Given that stabilised earth concrete is locally available, low-cost, and
sustainable, its combination with RT35-HC offers a practical, scalable solution for improving energy efficiency and
thermal comfort in arid regions. Future work will focus on experimental validation, long-term durability under real
climatic conditions, and life-cycle assessment to support policy integration in sustainable building codes.
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