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Abstract. The transparent building element filled with Phase change materials (PCMs) represent an
innovative solution that can achieve thermal comfort in buildings lowering the cooling and heating demand.
There are many different PCMs which are used in the building element. Salt hydrates can absorb a large
amount of energy and have properties similar to water. Nevertheless, these materials have a tendency to
supercool (supercooling effect) and to incongruent melt. This paper reports the results of the measurement
specific four-pane window filled with a PMCs. Thermal properties of the window were tested in the climate
simulator where the climatic conditions were dynamically controlled. The measurement confirmed high
thermal inertia of the window and also reducing heat transfer through the window.

1 Introduction
There has been an increasing interest in research carried
out the thermal energy storage technologies like Phase
Change Materials (PCMs). PCMs enhance the energy
efficiency of buildings because they can store, release or
absorb a large amount of heat or cold in the small
temperature range. These materials can stabilize
temperature fluctuations and reduce overheating in the
room.
PCMs are divided into the different groups
depending on the material structure, paraffin, salt
hydrates, fatty acids, polyethylene glycols etc. Each
material has own advantages and limitations. Paraffin
and fatty acids present no supercooling effect, low
hysteresis and they are more stable than salt hydrate
which can present formation of sediment [1, 9].
In recent years PCMs are applied into transparent
envelope components. These building components can
reduce temperature fluctuation and they are also able to
release solar radiation. Additionally [2] investigated
experimentally the temperature fluctuation of the interior
surface and the heat entered the building, where they
used PCM based on paraffin in windows. Salt hydrates
are also used in transparent components as describes [3].
The transparent element can absorb visibly and also
invisible radiation of the solar radiation spectrum and
can convert into heat. The light transmittance of water
agrees with the sensitivity curve of the human eye. Due
to the fact, PCMs which contain water are selected for
transparent building element [4].

*

Figure 1 Types of PCM and their melting temperature [9]

Each of PCM has different physical properties. The
PCMs used for transparent building elements are
described in [5]. The authors [3] used a salt hydrate
PCM inside the transparent window element. Calcium
chloride hexahydrate was used as a PCM which was
used in the window cavity in the polycarbonate
container. Salt hydrates contain salts with a large and
defined amount of crystal water. These materials are
crystalline structures in which molecules of one type are
enclosed in the crystal lattice of another [1, 9]. Salt
hydrates consist of two components water and salt, there
can be a problem with phase separation. That problem is
known as an incongruent melting. The incongruent
melting is caused released water of crystallization
process, salts are not able to dissolve all the phase
present and due to density difference, the lower salts
settles down at the bottom of a cavity [8].
Supercooling effect is a state when PCM do not
solidify upon cooling below the melting temperature, but
a PCM starts crystallization when the temperature of the
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2.1. Instrumentation

PCM which is well below the melting temperature is
reached [9]. In the study [7], experimental results
confirmed supercooling tendencies of calcium chloride
hexahydrate (CaCl2.6H2O). Nevertheless, salt hydrates
contain nucleating agents which improve nucleating
properties and also increase the rate of crystal growth
[4]. Nucleating agents can decrease supercooling effect
from 20°C to 5°C as is described in [4]. Carbon
nanofibers, cooper, titanium oxide, potassium sulfate and
borax are appropriate nucleating agents as is shown in
[12].
PCM as the transparent building envelope has been
studied [3]. They used the PCM window panel which
contained polycarbonate containers where the PCM was
placed. Due to this technology, the PCM showed high
thermal inertia and the temperature difference caused by
the non-linear behavior of the PCM. New technology
applies the PCM inside the whole space of the window
cavity and improves thermal mass and ability of the
PCM to store energy as declared by the producer.
Nevertheless, the technology which placed the PCM
inside the whole space of the window cavity can cause
incongruent melting and formation of sediment.
In this article, we will be analyzed thermal inertia
of the PCM window, crystallization process and also we
will try to verify the possibilities of formation the
sediment.

Temperatures were measured by thermocouples in four
positions on each side of the window panel. Heat flows
were measured on the both sides of the window. The
thermal imager was used for the temperature
stratification. It was important to cover the thermocouple
from direct radiation. The aluminum shield covers all
thermocouples.
In this work, measurements have been performed on
the glazing system including the PCM using a climatic
chamber. The climatic chamber is a device in which the
climatic conditions on both sides of a glazing component
can be dynamically controlled in the temperature range
-20°C to +50°C. The climatic chamber is made up of two
chambers (indoor and outdoor) separated by the partition
wall. Due to the fact that the chamber is compensated,
we can control heat transfer only through the partition
wall. The partition wall is 20 cm wide and the value of
the thermal transmittance is 0,13 W.m-2.K-1.

2 Methods
The measurement was performed on four-pane glazing
system incorporating the PCM. Figure 2 shows the
structure of four-pane window with a specific PCM. The
prismatic glass is placed in the first window cavity. This
element reflects high-angle solar radiation in summer
and transmits low-angle in winter. The prismatic glass
can control solar radiation over the whole year. The
second cavity of the window contains Krypton gas and
the third cavity contains the PCM. The PCM is Calcium
chloride hexahydrate which is placed inside the whole
space of the window cavity. This PCM has many
properties similar to water, high latent heat and thermal
conductivity equal to that of water 0,5 W/m-1K-1 in the
liquid phase [4]. The melting point of the PCM is
around 28°C.

Figure 3 The PCM window panel placed in the partition wall
of the calorimetric chamber

Figure 3 shows the window inside the calorimetric
chamber where the window is installed in the partition
wall.

3 Results
3.1 Surface temperature measurement
The measurement performed in three test series were
carried out with the high air temperature in the outdoor
chamber. Table 1 shows the climatic conditions of the
calorimetric chamber, the duration of each cycle, the
outdoor and indoor air temperature in the calorimetric
chamber.
Table 1 Test cycle descriptions

Figure 2 Structure of Four-pane building window with the
PCM - Calcium chloride hexahydrate
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Test

Outdoor air
temperature [°C]

Indoor air
temperature [°C]

Duration
[hours]

1

34

21

3

2

34

21

8

3

34

21

9
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the climatic chamber. The melting process confirmed the
formation of sediment that created at the bottom of the window
cavity. The sediment and also the non-linear behavior of the
PCM layer caused temperature differences on the surface of the
window. It was important to measure the whole surface
temperature of the window using a thermal imager. As can be
seen in Figure 6, the 3D thermogram shows releasing of
storage heat from the window. The air temperature was -15°C
in outdoor and the air temperature was 21°C in indoor,
meanwhile, the surface temperature on the interior of the
window was almost 25°C.

Figure 4 Surface temperature plots for test series. Exterior
temperature was 34°C and interior temperature was 21°C
As can be seen in Figure 4, the thermal inertia of the
window is very high. Nevertheless, it was confirmed on the
third cycle which took 9 hours. Thermal storage of the latent
heat was activated when the PCM start melting. It is possible
to verify that the Interior Glass temperature (blue curve)
decreases lower than the temperature of Interior Wall (yellow
curve). The latent heat of fusion of the PCM was activated.
Nevertheless, the duration of the test cycle could be higher
because the PCM did not melt all over.

Figure 6 Thermogram of the PCM window panel during the
crystallization process.
The crystallization process also confirmed supercooling
tendencies of calcium chloride hexahydrate. The PCM started
to crystalize when the temperature achieved 24°C. However,
the melting point of the PCM is 29°C.

3.2 Heat radiation on the exterior surface
The solar radiation cannot be applied in the climate simulator.
However, it was applied the infrared heater which produces a
maximum radiation level of 300 W/m2. The heater was placed
with the distance of the window sample of 20 cm. The air gap
reduced overheating of the exterior surface. The aim of this
experiment was to simulate a high surface temperature on the
exterior of the window.

Figure 7 Thermogram and temperature stratification of the
interior side of the window
Figure 7 shows the thermogram on the interior side during
the crystallization process of the PCM. The storage energy
released only in the area of the center of the window. The
lower temperature was at the top of the window. Because there
was an air gap that compensates for the pressure during the
crystallization process of the PCM. However, the temperature
was also lower at the bottom of the window. This was caused
by the formation of sediment that was caused by incongruent
melting of the salt hydrate.

Figure 5 Measurement of heat radiation on the exterior side of
the PCM window panel
Figure 5 shows the results of measurement the heat
irradiance on the exterior side of the PCM window. The
exterior surface temperature achieved 52°C and heat flow was
250 W/m2 on the exterior side for 7 hours. When the infrared
heater was turn off the surface temperature of exterior side
decreased very slowly. The surface temperature on interior
achieved only 25°C. The experiment confirmed very high
thermal inertia and also high storage capacity.
During testing infrared heater the PCM completely melted.
After that, we evaluated thermal behavior of the PCM when the
outside temperature decreased up to -15°C in outdoor part of
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Figure 8 The temperature stratification of the thermogram in
Figure 7
As can be seen in Figure 8, the temperature difference was 5°C
between the sediment and the surrounding window area. The
red curve represents the temperature on the sediment at the
bottom of the window panel. These salts can not melt again
enough and the sediment grows during repeated melting cycles.
Calcium Chloride hexahydrate should be placed in a smaller
volume where the incongruent melting would not occur.
The previous technology used the polycarbonate containers
in which the PCM was placed. These containers improved the
melting cycle of calcium chloride hexahydrate and the
formation of sediment was minimized.

Conclusion
The aim of this paper has been to measure the thermal
properties of the specific window panel which contained salt
hydrates as a PCM. The window panel was tested with the high
temperature of the exterior side. These tests were made at the
different duration of each test. The infrared heater simulated
high heat flow on the exterior side where it was evaluated
melting process and subsequently crystallization process.
The limitation of this study is given by the infrared heater
which was not used as a simulator of solar radiation but only to
heat the exterior side. The results confirmed very high thermal
inertia and also the high non-linear behavior of the PCM layer.
The continuation of this work will be to determine the
thermal transmittance of the window panel and also it will be
evaluated the window panel in the simulation module.
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