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Fazno promenljivi materijali imaju velike prednosti u odnosu na klasične građevinske materijale zato što mogu
da skladište i otpuštaju velike količine toplotne energije tokom procesa fazne promene. Pomoću CFD simulacija, ovaj
rad ukazuje da smanjenje dnevne potrošnje energije za potrebe grejanja zgrada može biti postignuto integracijom fazno
promenljivih materijala u sistem podnog grejanja – putem smanjenja broja dnevnih ciklusa grejanja kroz produženje
vremena faze otpuštanja.
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Phase change materials presents important advantages in comparison to classic construction materials due to
their characteristics of being able to store and release higher quantities of thermal energy during the phase change
process. This paper highlights through CFD simulations that a reduction in the daily energy consumption for heating
demand of buildings can be achieved with the integration of phase change materials into a floor heating system by reducing the number of daily heating cycles and by increasing the discharge phase time.
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1 Introduction
Due to the rapidly increase of urbanization, deforestation, global climate change and the increased demand for
indoor thermal environments caused by the rise of indoor residence time, the energy consumption of buildings represent
40% of the global energy consumption and accounts to over 30% of the global emissions of CO2 [1].
A large portion of the electric energy demand in the residential sector is caused by heating and cooling. Considering this, the implementation of solutions that have the purpose of increasing the energy efficiency in buildings has become
an urgent matter.
Phase change materials (PCMs) can provide the missing link in the supply and demand chain due to their properties
of storing heat in time. PCMs are very advanced energy storage materials [2], capable of storing energy in the form of
latent heat according to the temperature differences. When the temperature decreases, the material releases the stored
energy by switching its phase from liquid to solid in order to reduce the energy demand [3].
The storage of thermal energy using phase change materials has become a pertinent research topic in recent years,
being the centre of interest of researchers around the world in very diverse fields, due to the ability to reduce the energy
demand.
In the last decade the interest for PCMs has increased, a result to the incorporation of PCMs in construction materials was the increase in the number of publications of research articles, as presented in Fig. 1, in order to meet the
concerns regarding energy efficiency, energy consumption and sustainable construction.
The increase in the number of publications related to phase change materials emphasized the goals for Horizon
2020 and proves the interest of the scientific community towards providing modern, reliable, sustainable and affordable
energy sources.
The increasingly energy demand throughout the world represents one of the main reasons for the unstable development and the degradation of our planet. The surge in world population and the increase in energy accessibility for more
and more people justifies the increase in energy demand. The exploitation and consumption of non-renewable fossil fuels
that have a high impact to the environment are currently the main source of energy production, but the major drawback
is the greenhouse gas emissions which pose a great threat to the environment. Furthermore, energy demand has a substantial contribution towards the GDP growth of a country, the energy demand is elastic in both the household/services
sector and the industrial sector and in the European union electricity and natural gas serve as demand substitutes [4, 5].

––––––––––––––
*

Corresponding author’s e-mail: marius.branoaea@tuiasi.ro

51. MEĐUNARODNI KONGRES I IZLOŽBA O KGH • 145

Figure 1. Worldwide PCM research articles between 1996 and 2019

2 Energy efficiency
In the past decades, the interest towards climate change mitigation has increased on an international scale. Following this trend, the EU adopted in 2012 a legislation with the target to reduce the emissions of greenhouse gases until 2020
by 20% compared to the values of 1990. Studies performed in 2017 showed that these conditions would not be met, and
as a result the restrictions were increased, the targets for 2030 demanded a decrease of 27% in energy consumption and a
reduction of greenhouse gas emissions by 40% [6].
In order to increase the energy efficiency of buildings and reduce their energy consumption modernization is a
viable method, this being on the same line as one of the objectives and measures proposed by the United Nations, buildings
energy rehabilitation until 2030 [6].
In the last decades, especially after 1990, the construction sector put a high emphasis on increasing the energy
efficiency of buildings, this was the case as a result to the strict regulations implemented in the real estate sector. As a
result, in the following years the energy consumption decreased, in the year 2002 the reduction reached 24%, but the
European renovation rate is less than 2.5% of the existent buildings [6].
Considering these factors, a method of overcoming these shortcomings is the implementation of novel building
materials with better thermal energy storage capacities.

3 Phase change materials
Thermal energy storage is a method to increase the energy efficiency of buildings and can be classified in two
main categories sensible heat storage and latent heat of storage.
Sensible heat storage can be achieved using a fluid or a solid and increasing their temperature without phase
change, utilizing the thermal mass of the materials, this is the case for most conventional construction materials, the
amount of sensible heat that is stored is dependent by the material heat capacity and the rate at which the heat can be
stored and released (thermal diffusivity) [7].
Latent heat storage is based on the phase transition of a material. The most common use of phase transition is using
solid-liquid phase change, through melting and solidification of the material. By melting, the material stores large quantities of heat while maintaining a constant temperature and through solidification this heat is released. The materials that
use latent heat storage are called phase change materials (PCM) [7].
In comparison to sensible heat storage, latent heat storage has a much higher energy density.
Scientific research show that there are numerous methods of harnessing thermal energy, but among them phase
change materials present objective advantages due to their characteristics of being able to store and release higher quantities of thermal energy during the phase change process, being considered a favourable option [8].
The melting-solidification cycle is presented in Fig.2
In terms of classification, phase change materials can be divided by different properties.
Regarding the type of substance, phase change materials can be characterized as solid–solid PCMs, solid–liquid
PCMs, solid–gas PCMs, and liquid–gas PCMs [9]. Among these 4 types of PCMs, the most commonly used are solidliquid PCMs because these present some advantages in comparison to the other categories, during the phase change this
present high latent heat capacity with negligible change in terms of volume.
The solid-liquid PCMs can be furthermore classified based on their chemical properties into organic PCMs, inorganic PCMs and eutectic PCMs, which can be further classified as shown in Fig.3.
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Fig. 3. PCM classification
Not all PCMs are used in practical applications. The most important characteristics of PCMs are: (1) The temperature at which the phase change occurs is within practical operation temperature range. (2) Increased latent heat storage
capacity. (3) High thermal conductivity. (4) Stable in terms of thermal chemical and properties. (5) Non–toxic, non–
corrosive and harmless to environment. (6) Low cost and easily available. (7) Reduced cost and increased availability.
(8) Zero or reduced supercooling.

3.1 Organic PCMs
These types of PCMs present the following advantages: wide range of working temperatures, fusion presents high
latent heat, non-reactive, liquid state undercooling capability is low, high nucleation rate, consistent phase change, autonucleation properties, non-corrosive, thermally and chemically stable, low segregation, recyclable and can be implemented in buildings.
The main disadvantages consist of high cost, low thermal conductivity, low enthalpy, low density, increased volume variation during phase change and flammable [10].

3.2 Inorganic PCMs
These types of phase change materials are divided in hydrated salts and metallic salts.
Metallic salts are not an appealing research topic for thermal energy storage because of their weigh, but hydrated
salts PCMs have been extensively studied due to their properties.
Inorganic PCMs have as main advantages: low cost, reduced volume variation during phase change, high enthalpy,
high thermal conductivity, easily accessible, non-flammable, low impact on the environment, compatible with plastic
containers and as main drawbacks corrosive to metals, phase subcooling drawbacks, slightly toxic, low thermal stability,
phase change presents material separation and incompatible with some construction materials [10].
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3.3 Eutectic PCMs
These types of phase change material are obtained by combining two or multiple PCMs, either organic or inorganic
or a combination of these two, in order to form a material specially designed to the existing need in terms of transition
temperature, in comparison to the base components. The main disadvantage is the high production cost, reaching several
times the cost of the base components.

4 Building applications of PCMs
The interest for phase change materials of the scientific community is highlighted by the increased interest towards
their applications in buildings and their integration in various building elements such as: walls [11, 12, 13, 14, 15], windows [16, 17], ceilings [18, 19], floors [20, 21, 22, 23, 24, 25].

5 Research methodology
To achieve the objective of the research paper, the studies were performed using the ANSYS Fluent CFD software
to simulate the correct operation of both underfloor heating systems.
For the study an electrical dry floor heating mat was considered due to it having superior advantages in comparison
to a water based radiant floor heating system, it is implementable on a larger scale in every room and the only drawback
of a higher operation cost can be reduced by using green energy sources such as photovoltaic panels both in small residential and large scale industrial applications.
The research addresses multiple numerical simulations performed using ANSYS Fluent CFD as a means to study
the heat distribution of both systems during the heating cycle in order to demonstrate the viability of the system in the
energy performance improvement of buildings.
The numerical 3D modelling was completed using software 2019 R3 with the same conditions for both models. A
section of the models with the electrical heating mat as a heating source is presented in Fig.4-6, the key difference between
the first and second model is that in the first one, layer number 2 is representing a PCM that is placed between two layers
of concrete in order for it to have shape stabilization during the phase transition process, while in the second model there
is no PCM layer.
The analysed models are 500 mm in length and 500 mm width, the height of the models is 35mm as follows:
˗ first concrete layer 500mm × 500mm × 10 mm
˗ PCM layer 500mm × 500mm × 10 mm
˗ second concrete layer 500mm × 500mm × 5 mm
˗ floor heating mat 500mm × 500mm × 10 mm
˗ concrete floor 500mm × 500mm × 50 mm
In terms of mesh initialization, sizing and quality, linear element order with a 5 mm element size were imposed,
and for the mesh quality a target skewness of 0.8 was set.
To have an accurate representation CFD simulation for the models in the case of the PCM model apart from the
energy equation, the solidification/melting model was used.
For the phase change material, a paraffin, RT 21 HC produced by Rubitherm Technologies GmbH [29] was considered because it presents impressive purity and specific composition, which translates to increased latent heat capacity
with a small temperature range, the performance of the material remaining high for the phase change cycles as a result of
the long lifetime of the material. The paraffin properties are shown in Table 1.

Fig. 4 − A section of the models
1.Concrete layer 1 2. PCM 3. Concrete layer 2 4. Electrical heating mat 5. Concrete floor
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Fig. 5 − A section of the electrical floor model
1.Concrete layer 4. Electrical heating mat 5. Concrete floor

Fig. 6 − A section of the PCM integrated electrical floor model
1.Concrete layer 1 2. PCM 3. Concrete layer 2 4. Electrical heating mat 5. Concrete floor
Table 1. RT 21 HC Material properties
Characteristics

Value

Units

Melting area

20-23

[°C]

Solidification area

21-19

[°C]

Heat storage capacity

190

[kJ/kg]

Specific heat capacity

2

[kJ/kg·K]

Density solid (at 15°C)

0.88

[kg/l]

Density liquid (at 25°C)

0.77

[kg/l]

Heat conductivity

0.2

[W/(m·K)]

Max. operation temperature

45

[°C]

The reference temperature for the electric heating mat and the water inlet was considered to be 35 °C, this being a
recommended operating temperature for the heating source in a floor heating system.
The initial room temperature for the system was considered 10°C.
In terms of the cooling phase, the temperature of 10°C was imposed on the upper surface.
For both cases the heating and cooling time was recorded in order to have an accurate representation in time of the
charge/discharge cycle.

6 Results and Discussion
The numerical simulation highlighted the fact that when a layer of PCM was introduced in the floor heating system,
the heating phase required more time for the floor to be fully heated but at the same time, during the discharge phase the
properties of the phase change material are highlighted, the floor retaining the thermal energy for much higher quantities
of time.
An analysis can be performed considering a complete heating and cooling cycle in order to analyse the thermal
storage capabilities of both systems.
The temperature distribution of the electrical floor heating system during the charging/ discharging phases emphasises that the required time for the floor to be fully heated is around 20 min and after the heating source was turned off
the floor discharged the stored heat over a period of 45 min (Fig.7)
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Fig. 7 Electrical heated floor temperature profile throughout the heating and cooling phases
Through adding a layer of PCM, both the heating phase and the cooling phases are prolonged, this is emphasised
by the numerical analysis, in the beginning of the heating phase, the temperature of the PCM rises rapidly up to the
melting point, than the PCM starts to melt and the temperature variation continues at a reduced rate until the material is
fully melted, storing high quantities of thermal energy in this time during the phase transition process. After the PCM has
changed to a fluid phase the floor temperature rises quickly until it reaches a convergence state after 98 minutes (Fig. 8).
During the discharge phase, as was the chase for the heating phase the PCM properties are highlighted in the
increase in the time it is required for the floor to be fully cooled. The PCM properties can be viewed even from the first
few minutes, after 10 min the PCM starts to solidify and release the heat that was stored during the melting process. The
systems cooling phase lasted for over 3 and a half hours highlighting the increased capacity of thermal storage of a PCM
integrated floor (Fig. 8).

Fig. 8 − PCM integrated electrical heated floor temperature profile throughout the heating and cooling phase
After recording the time, it required for both systems to heat and cool down, in order to make a pertinent comparison a fixed unit of time was imposed, 24 hours, and the number of uninterrupted heating and cooling cycles was determined. Considering the number of daily cycles and the required operation time for the heating source the number of daily
hours of operation was determined.
Table 2. Results of a complete charge/discharge cycle
Classic floor

PCM floor

Unit

Heating

0.34

1.64

[h]

Cooling

0.69

3.58

[h]

Daily cycles

23.19

4.6

Daily heating time

7.83

7.53
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[h/day]

7 Conclusions and further improvements
Due to their characteristics to store and release high quantities of thermal energy, phase change materials
provide a good potential in the buildings sector to achieve significant energy savings. Through the integration
of a PCM in the elements of buildings, passive energy savings can be achieved.
The numerical simulation highlight that through the integration of a PCM in a building with an electrical
based heating system, a reduction in the heating costs is achieved through a reduction in the number of daily
hours of operation for the heating source. Furthermore, due to the longer discharge cycles the PCM floor
heating system can benefit from the reduced price in electricity during the off-peak load times, resulting in
further reduction in the heating cost.
As further improvements, different types of PCMs and other types of heating systems can be considered
as well as the validation of the results through experimental tests in order to have a more comprehensive solution to integrate PCMs in buildings in order to maximize the energy savings capacity.
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