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Abstract

This research simulates the temperature dynamics of the phase change material PCM using the new approach to calculate heat
capacity, supported by advanced, efficient explicit numerical methods. The study examines many scenarios for building wall
geometries and boundary conditions by controlling the heat loads and ensuring comfortable interior temperatures. Paraffin wax,
selected for its distinct melting temperatures and latent heat capacities, is used as the PCM. The study consistently demonstrates the
effectiveness of PCMs in decreasing the heat transfer indoors of the building, regardless of the wall material. This research helps to
understand the PCMs' behaviour using the Effective Heat Capacity model, offering valuable insights for energy-efficient building
design and highlighting the critical role of selecting suitable PCMs in construction.

Keywords- Phase Change Materials, Latent Heat, Sensible Heat, Numerical Methods, and Thermal Comfort.

I. INTRODUCTION

Nowadays, climate change has garnered significant attention from governments, organizers, scientists, researchers, engineers, and
individuals alike, all of whom have embraced the responsibility of addressing this impending threat. The central concern of climate
change revolves around planetary warming, leading to phenomena such as forest fires and hotspots in desert regions. However, by
collectively assuming our responsibilities, we can effectively manage this peril and even transform its negative effects into
opportunities. Jargen Rose et al. [1] present an extensive numerical method to evaluate the latent storage performance of building
components containing PCMs, aiming to understand their effects on heating and cooling demands. This method has been incorporated
into the BSim hydrothermal simulation software. The study details comparisons between laboratory measurements of a specific PCM-
integrated building component and the results generated by the developed simulation model. Additionally, the paper provides insights
through simple calculations and an in-depth case study, providing a thorough synopsis of the research findings and their implications.
A. D. Solomon [2] implements simplified relationships to approximate the dynamics behaviour of a phase change with constant initial
and boundary temperatures. The investigation of N-Eicosene paraffin wax melting provides evidence for these correlations.

Miao Cui [3] investigates using the extended element differential method (EDM) and the effective heat capacity model in the
numerical solution of phase change heat transfer issues. Applying the effective heat capacity method, the research builds the equations
for governing the transient heat transfer involving phase changes throughout the entire domain. Analytical expressions of spatial
derivatives are used to derive discrete equations for internal nodes, while flux equilibrium conditions are maintained for interface and
outer boundary nodes. The accuracy and effectiveness of the approach are demonstrated with numerical examples. Xing Jin [4]
compares the enthalpy technique and the effective heat capacity method, two popular computational heat transfer models for PCMs.
The study identifies calculation errors inherent in the effective heat capacity method during phase transitions but notes its efficiency
advantage over the enthalpy method. Y. Zhang [5] offers a range of adjusted computational methods designed to increase the 2D
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effective heat capacity EHC model's predictive accuracy for transient heat transport in building walls containing PCMs. The
improvements include considering the liquid percentage of PCMs during phase shift, accounting for various temperature turning
points, and including unique melting and solidification temperature ranges. Validation experiments show that these modifications
significantly reduce deviations compared to the original methods, with standard deviations and maximum deviations below 0.25°C
and 0.55°C, respectively, and relative errors under 2.5% and 4.0%.

By literature, the present work highlights to numerical simulate the building wall consisting of Paraffin as a PCM to store the heat
energy by using the recent explicit efficient methods while considering the change in heat capacity during and through the transition
phase by using the EHC model in addition to using the gaussian function to represent the EHC, and applied the Dirichlet Boundary
conditions.

Il. PROBLEM STUDY AND NUMERICAL METHODS

We used MATLAB to code the recent numerical methods and algorithms to simulate the PCM materials by applying the effective heat
capacity (EHC) model. It suggests that because of material inhomogeneities, the thermal conductivity k, specific heat ¢, and density p
depend on the temperature and the space.
We utilized MATLAB to implement recent numerical algorithms for simulating PCMs using the EHC model. This method accounts
for variations in specific heat ¢, thermal conductivity k, and density p, which are influenced by space and temperature changes. In one
dimension, the behaviour of temperature can be predicted using the following partial differential equation, known as the heat
conduction equation:

au 1

E:WV(k(X,U)VU)'Fq. (1)
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Latent heat capacity LHC and Sensible heat capacity SHC are the two forms of heat capacity that we consider when calculating the
cell's heat capacity. Common materials with a sensible heat capacity are brick and concrete, which are incapable of changing phases
under typical circumstances. The EHC for phase change materials (PCMs) is calculated as the product of LHC and SHC at each phase,
accounting for phase transitions, as follows:
C¥ =c¥pV;,and  CM =¢' oMV, (3)

The sensible heat capacity (SHC) for PCM in both liquid and solid states is represented here. The Gaussian function centred is defined
as g at the critical temperature ue, of material with the standard deviation o to calculate the EHC of the PCM as follows:

A 1 _(ui_ucr)2
g(l)_O'\/Eexp{ 20_2 J (4)

At the phase transition region, the following formulas are used to calculate the thermal properties:

ki = 5
! 20 ()
((Piu _piso)(ui ~Uer )+O'(P|Li +o° ))
pi= . (6)
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At the phase transition, EHC is used as follows:
SHC, =c,pV, . (9)
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LHG; =H;g;pV,; . (10)

I1l. NUMERICAL METHODS MODELING AND SETUP

In the current study the new Numerical methods used to calculate the heat transfer equation, we used the following expression
n

I —AtZ— and A = Atz +AL-q;
J#i RIj J¢I ij
The following numerical method details:
1.1. The Explicit Euler Method[3]
=(1-1)u + A. (11)
1.2. Shifted-Hopscotch SH method[4]
For the first half-time step:
n+}/ uI + Aha'f (12)
1+15/2
For the full-time steps:
et (1251 2)u + NP (13)
' 1+ /2 '
For the last half-time step:
n+y
> = (1-r)up (14)

where u is set to n where even nodes and n+1 where odd nodes.
The asymmetric Hopscotch ASH Method [3] is a variation of the standard SH method, which involves only three stages

1.3.
instead of five. It applies equation (12) for the initial half-time step, equation (13) for the full-time step, and equation
(14) for the final half-time step.
1.4. Leapfrog-Hopscotch LH method[5] incorporates two half-time steps, one at the beginning and one at the end, along with
several full-time steps. It uses equation (12) for the half-time steps and equation (13) for the full-time steps.
After we calculated the heat capacities and EHC, we calculated sensible heat Qs, total latent heat Q,, and the total heat Q of thermal

systems as follows:

Q! =Q$—1+§;EHc(uit -u™), (15)
I'\:ll

Qe = Q"+ Y SHC (uf —uf™) | (16)
I:ll

Qla = QL3+ LHC (uf —u ™) . (17)

i=1

IV. GEOMETRY, MATERIALS PROPERTIES AND BOUNDARY CONDITIONS
In the current work, we have many cases of study for thermal analysis; the building's main components are brick walls and concrete

the figure shows the geometry, and Tables 1 and 2 lists the materials' properties.
Upper Boundary

Right Boundary

Left Bo

zZ Lower Boundary
X i Brick Concrete PCM
Figure 1. section geometries of cases study
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TABLE 1. THE PROPERTIES OF STRUCTURAL MATERIALS.

Material p(kg-m‘S) k (W-m‘l . K‘l) c (J~kg‘l : K‘l)
Brick 1600 0.73 800
Concrete 2300 1.70 840
TABLE 2. THE PCM PROPERTIES [2].
Material p(kg~m‘3) k (W-m‘1~K‘1) c (J~kg‘1~K_l) Latent Heat (J~kg_l)
ST PR R B —

The mesh spacing value will be Ax =3.334x10~* consistent across all scenarios, chosen based on a mesh dependency analysis. To
determine the initial temperature, we employed a linear relationship using temperature data recorded every hour from a weather
forecasting website for Baghdad, Irag, on July 28.

u(x,z,t=0)=Matrix values

In all cases, Neumann boundary conditions were applied to the upper and lower sides. Dirichlet boundary conditions were used on the
left side, with a constant temperature representing the interior comfort level, set to 298 K.

u,(x,z=0,t)=u,(x,z=1L,,t)=0
Dirichlet BC was applied on the right side.

u, (x=L,,z,t) = Array values
Where the array represents the temperature during 24 hours interpolated at each one hour.

V. RESULTS AND DISCUSSIONS

The study's findings of overall heat, heat savings, and heat leaking inside are covered in depth in this section. Plotting values along the
x-axis, Figure 2 presents a comparative examination of EHC, LHC, and SHC. Phase change materials (PCM)-infused brick and
concrete walls are included in this comparison.
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Figure 2. The heat capacities in the case of Brick+PCM on the Left, Concrete +PCM on the Right
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Figure 3 shows the instant total heat transfer plotted during the time study. The figure shows that the heat transfer in concrete is much
higher than in brick, and almost all of this energy goes to the inside. While it is clear the effect of using PCM to store the energy
during the melting process. A detailed analysis of the values presented in Table 3 indicates that employing PCM in conjunction with
brick and concrete amplifies the overall heat transfer. The cooling load, or heat transmission via the wall structure from the outer
environment to the interior space, is plotted in Figure 4.
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Figure 3. The total heat contents
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Figure 4. The Cooling loads
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Figure 5 plots the history of EHC at selected points within the PCM (x = 0.246, 0.233, and 0.2166 m), illustrating the heat-saving
mechanism during the phase transition, which involves the storage and release of latent heat.
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Figure 5. The EHC history through PCM in the case of Brick+ PCM

The temperature history profiles taken at the brick section of the wall's core are shown in Figures 6 and 7. It is clear that, in the
absence of PCM, the temperature profile for the wall substantially resembles the applied boundary (outside temperature profile), albeit
with a little temporal lag that represents the delay in heat transmission. With starting temperatures of 308 K and 302 K, adding PCM
significantly improves the interior temperature's ability to remain within the intended comfort range [9]. This implies that a significant
quantity of heat energy from the environment is efficiently saved as latent heat in PCM1.
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Figure 6. The temperature history in the brick portion's midsection
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TABLE 3. THE RESULTS IN WITH DIRICHLET BOUNDARIES FOR PCM

Al-Iragia Journal for Scientific Engineering Research, Volume 3, Issue 3, Septmeber 2024

Parameters Brick Concrete Brick+PCM Concrete+PCM
max(Qror ) KI/M?  89.509x10° 150.07x10° 204.41x10° 163x10°
mean(Qro ) KI /M?  39.245x103 64.070x10° 84.962x10° 87.487x10°
max(Qgensipe) KJ /M?  89.509x10° 251.80x10° 24.668x10° 58.265x10°
mean(Qsensinie) KI /M?  39.245x10° 131.98x10° 14.752x10° 23.885x10°
Max(Q agen;) KJ /M2 0 0 182.59x10° 172.10x10°
mean(Q e ) KJ /M2 0 0 80.930x10° 79.302x10°
max(Qcooling) J / M 377.78x10° 879.75x10° 188.70x10° 314.30x10°
mean(Qcooling) J/M°  168.26x10° 391.83x10° 98.121x10° 159.58x10°

200 of 201

V1. Conclusions

The research concludes with the following key observations:
1. Effectiveness of Numerical Algorithms: All the novel numerical algorithms examined effectively address the challenges
associated with phase change simulations.

2. Effective Heat Capacity Model Reliability: The study confirms that the model is a trustworthy computational tool for phase
change material (PCM) simulation.

3. Interior Temperature Regulation: The efficient heat storage of PCMs is demonstrated by their ability to keep interior
temperatures near to original values when combined with brick or concrete.

4. Consistent Performance Across Wall Materials: PCMs consistently exhibit the ability to store a substantial amount of heat
energy as latent heat, regardless of the wall material used, highlighting their effectiveness in reducing heat infiltration.

In summary, this study emphasizes the essential role of PCMs in lowering cooling loads, maintaining stable indoor

temperatures, and minimizing external heat intrusion. Optimal energy efficiency and thermal comfort in buildings rely on the careful
selection of PCMs based on their latent heat properties and melting temperatures. For colder climates, PCMs with lower melting
points are particularly beneficial, especially when combined with solar panels to capture and store daytime solar energy for use during
colder nights. These findings have significant implications for designing.
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