Journal of Advanced
Engineering Trends

i Vol.41, No. 1. January 2022

ISSN : 2682 - 2091

http://jaet.journals.ekb.eg
Enhanced thermal performance of closed-cell rigid Polyurethane (PU)

foam panels using phase change materials (PCMs)
Adham M. Mohammed?, Amira Elnokaly? , Abdel Monteleb M. Aly ‘and Mohamed H. Mahmoud *
'Department of Architecture, Faculty of Engineering, University of Assuit, Egypt
2 School of Architecture and the Built Environment, University of Lincoln, UK

Abstract

The consequences of extreme energy consumption are seen both in the energy and environmental crisis.
Subsequently, researchers are attempting to find methods to address this issue. Building envelopes and insulation
materials are elements that can effectively influence consumption through their passive effect on thermal comfort
levels. Strategies pertaining to this that rely on both, advanced and traditional materials, have been able to
show good potential. However, the technical complexity of using such strategies can be impeded from the
perspective of developing countries. With the aim of creating effective low-cost feasible insulations through using
methods of minimal intricacies, the potentials of simple amalgamation of materials is empirically investigated in
this study. In this context, closed-cell rigid Polyurethane (PU) foam is used as a base to hold phase change
materials (PCMs) to create two PU/PCM panels, of different PCM content. The thermal performance of the panels
is experimentally examined and compared, with hot-arid climates prevailing in developing countries in mind.
Results revealed that panels containing PCMs were able to perform more effectively in comparison with regular
PU foam panels, and, that increasing the amount of PCM has also shown to be advantageous in this regard.
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Abbreviations
PCM Phase change material

PU panel Polyurethane panel

PU/PCM150 panel Panel containing PU foam and
150ml of PCM

PU/PCM300 panel Panel containing PU foam and
300ml of PCM

HPT Heat peak temperature

u Weighted mean heat peak time

1. Introduction

In hot-arid climate regions, it is estimated that up to
70-80% of total energy consumption is used through
active cooling systems [1]. Consequently, reducing
the reliance on those will have a drastic impact on
energy consumption. An optimized envelope design
can improve the thermal performance through
passive solar techniques [2-4]. Many passive
attempts to limit the effect of exterior heat on
building interior temperatures have been successful
[5,6], thus, increasing thermal comfort in hot
climates and reducing strain on HVAC systems [7—
10]. Traditional methods have also shown good
results, in some cases comparable to modern passive
thermal control methods [2,11,12]. Namely, multiple
investigations seem to agree on the merits of using
PCMs as part of building walls [13-16]. Wang et al.
[17] used a 5 cm thick layer of paraffin wax to show
that it is possible to reduce heat gain through exterior
walls and reduce indoor temperatures from 34.7 to
32 °C. Where, Biswas et al. [18] showed a possible
32% reduction of wall-related cooling electricity
consumption through numerically simulating a
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thinner layer of PCMs as thermal insulation.
Similarly, Xie et al. [19] support this by examining
the behaviour of PCMs exposed to hot and cold
airflow when in contact with building exteriors.
Another empirical study reports that a reduction in
energy consumption of 48.5% and 44% in both
summer and winter could be achieved via PCM
being placed inside holes in bricks [20]. Other
studies have come to similar conclusions that
confirm the potential benefits of using PCMs [21-
25]. Also, PCMs infused into wallboards through
various technigues have shown to provide significant
reductions in gained heat and thermal energy [26—
30]. Similar advantageous attributes can be made via
incorporating PCM in concrete which is used for
both structural and thermal purposes [31-36]. This
method can also be utilized so as to combine PCM
with other materials such as plaster, gypsum and
mortar [37—44]. Yet, more prominently, micro-
encapsulation is observed to be most promising,
which allows for PCM particles to be encased in the
form encased segments of a Nano-scale size. Thus,
allowing PCM to be impregnated into other materials
to gain superior characteristics [32,45-50]. The
advantages of adopting techniques such as these
presented earlier are influential with regards to
actively reducing energy consumption, despite the
variation in estimating the degree of possible energy
savings ranging from 20% to 50.8%. [51-58].

Despite the aforementioned promising attributes in
the literature presented above, critically examining
the methods used to utilize PCMs, it can be seen that
techniques that are of high complexity are required,
such as micro-encapsulation for instance. Where
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such techniques may be feasible for some, other
locations around the world can find such intricate
techniques hampering, thus, impeding the adoption
of PCM-based insulations. In an attempt to further
promote the usage of PCMs, a simplified method of
encapsulating PCMs are explored as a novel
approach of utilising the beneficial properties of
PCM rather than the common complex methods
presented in literature. Hence, PU foam is used to
house the PCMs, to create low-cost feasible thermal
insulation panels. Yet, the focus of the present study
is to evaluate the effect of the amount of PCM
encapsulated within the PU foam structure. The
significance of this is that it highlights the
capabilities of PCMs as a thermal insulator and
shows the expected potential if the simplified
methods of PCM incorporation are used to
effectively  enhance the  performance  of
commercially-available insulation such as PU foam.
Such panels being able to effectively perform better
than the PU foam panels can further promote the use
of the simplified method in areas of the world where
high-tech incorporation methods, such as micro-
encapsulation, can be impeding.

2. Materials and method of

amalgamation

In this study, PU foam and PCMs are
amalgamated into panels with two different amounts
of PCM. The thermal performance of the panels is
investigated to determine the effect of the different
quantities of PCM. Table 1 shows the methodology
and sequence followed to achieve this, and the
details of the process is elucidated in the following.

Table 1: Methodology and sequence of
investigation.

Amalgamation of materials

PU foam PU+ PU +
150ml of PCM| { 300ml of PCM
PU/PCM150 PU/PCM300
PU panel
O panel panel
1r 592 ¥z
| ESM examination |
17

| Investigation of thermal performance |
92

| Comparative analysis |
i

| Determination of the effect of PCM amount |
7T
| Complementary experimentation for verification |

Closed-cell rigid Polyurethane (PU) foam is
used as a form of encapsulation of the PCM and a
commercially-available type of PU foam (CFS™ 2-
part liquid foam) is investigated, shown in Figure
1(A). The foam mixture entailed of two compounds,
namely, Part A which is a Polymeric MDI and part

B which contains Poly-etherols, flame-retardant,
Silicone, Catalyst and Blowing agents, to be mixed
with almost equal volume ratio (1:1.06), as is
instructed by the provider. The components of this
type of PU foam are expected to expand to 25 times
the initial volume of the PU mixture. The PCM used
in the context of this study was Paraffin wax with a
melting temperature of 43°C. Figure 1(B) shows
blocks of the mentioned PCMs being melted for the
creation of one of the panels. This specific type of
PCM is used as its melting temperature is suitable for
the prevailing weather conditions in the middle east
reign. A wooden mold with dimensions of 20*20*1
cm (inner dimensions) was created for the purpose
of creating the tested panels. The mold is fixed on a
non-stick fibre re-enforced plastic sheet to avoid the
PU mixture from adhering to the work surface. Tape
was used to fix the mold in place and avoid any
possible leakage from the mold. After the
investigated PU mixture is poured into the mold, a
tile is placed on top of the mold with 5 kg of weights.
Figure 1(C). shows the mentioned PU panel set-up.

A .

.. i
EXPANDING
PUFOAM raxra [N | I PUJ FOAM ravre

C mola‘

Flbre re-
enforced ¥~ N

plastic sheet PU foam "'.
casting

Figure 1: (A) CFS™ 2-part liquid foam (part
A&B). (B) PCM blocks. (C) Mold used to create PU
panel, placed on a fibre re-enforced plastic sheet and
fixed with tape to prevent leakage. (D) Creation of
PU foams through mixing materials, placing mix
inside casting are, spreading materials and expansion
of materials.

To create a typical test panel, the components
are mixed then are poured into the secured mold. The
components are spread so as to fill the entire area of
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the mold. The mentioned mixture begins to expand
immediately after being place within the mold.
Hence, the upper restraint (tile with weights) is
placed immediately on the mold. Figure 1(D) shows
an example of the mentioned process for the creation
of one of the examined panels. The mixture begins
to exhibit initial solidification within 5 minutes of
being cast into the mold. However, the upper
restraint is removed after around 60 minutes of
casting to ensure the complete solidification is
attained. To investigate the performance of PU
panels enhanced with PCMs three panels are created.
A PU foam panel is created, used as a reference, and
a PU panel containing an amount of 150ml of PCM,
referred to as the PU/PCM150 panel. Also, a PU
panel containing 300 ml of PCM is created to
investigate the effect of increasing the amount of
PCM, referred to as the PU/PCM300 panel. All the
created panels were of identical dimensions and of a
volume of 400 cme.

In a previous study, optimal methods to
amalgamate PCMs into the structure of PU foam
have been investigated. This was carried out to
investigate simplified incorporation methods that are
of low intricacies. Through the mentioned study, it
was determined that the optimal method of
incorporation is to cool the PCM to -15°C, for a
duration of several hours, so that the complete
solidification of the PCM was ensured. This allowed
the PCM to be of a brittle nature. The PCM was then
ground multiple times, using a regular kitchen
blender, till the point it is of a powder-like
consistency, that is homogeneous in size. The
granules of the PCM were measured to be 0.10 - 0.25
mm in diameter. PCM granules can be seen in Figure
2(A). SEM images of the amalgams were then taken
to examine their micro-structure. This showed that
the PCM granules have been homogeneously
dispersed in the PU foam without any PCM
accumulations. Figure 2(B) shows the location of
PCM granules dispersed in a sample of the panel.
Additionally, the PCM granules were found to have
been sufficiently engulfed with PU cells, except for
some superficial granules. According to several
SEM measurements, such as shown in Figure 2(C),
the granule sizes of PCM inside the panel were
confirmed to range from 0.10 to 0.25mm. The
intermediate distance between the mentioned
granules was found to range from 0.25 to 1.2 mm.
Also, as seen in Figure 2(D), no chemical reactions
have been observed between the PCM granules and
the PU foam as a distinct separation can be seen
between the two materials. It is worthy to also
mention that another viable method of amalgamation
was the PCMs being mixed with component B of the
PU foam through strenuous stirring, using a
magnetic stirrer at a high RPM for a duration of 30
minutes until the mixture was homogeneous. The
next step was to add component A of the PU foam.
It is important to mention, however, that the

mentioned earlier method seems to result in leakages
of the PCM in cases where large quantities of PCMs
are used, such as in the PU/PCM300 panel. Figure
2(E) show the PU/PCM150 panel after being
removed from the mold. The PU/PCM300 panel is
shown in Figure 2(F).

A

Figure 2: (A) Frozen PCM ground into a powder-
like form. (B) SEM image showing the
location/dispersion of PCM granules in a sample of
PU/PCM panel. (C) Size of a single PCM granule.
(D) No chemical reactions between the PCM and the
PU foam have been observed. (E) PU/PCM150. (F)
PU/PCM300.

3. Investigation of the thermal

performance

As the aim of the created panels is to serve as
thermal insulation, investigating their thermal
performance inside a space in which they may be
used would be imperative. The tested panel is placed
between the two controlled environments. Then, a
pre-set heat variation is applied to one of the sides of
the panel. As the temperature would vary on the side
of the panel as a result of this variation, the other side
would gradually be thermally influenced in
correspondence to this variation. Through measuring
the air temperature on both sides and comparing
them, the thermal performance could be assessed.
Figure 3(A) below shows a schematic representation
describing the position of the tested panel concerning
the controlled environments applied.

3.1. Experimental set-up

To test created panels, a suitable container is
created to house the tested panels. The container
used for this experiment was created using sheets of
MDF wood that were cut using an Epilog Fusion
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M2™ Taser cutter and engraver for precise
cutting/dimensions and to eliminate possible heat-
leakage. The container is constructed of a frame of
MDF wood with a thickness of 10 mm. The inner
dimensions were 20 * 24 cm so as to accommodate
the panels (20 * 20 cm) and a void for possible
expansion (4 cm). The wooden frame was coated
with four layers of sealant to eliminate the possibility
of air leakage. Both sides of the frame were covered
with sheets of Plexi-glass of 2mm thickness. The
container after assembly is shown in Figure 3(B). As
mentioned earlier, two different environments are
required to influence the tested panels. A box-like
confinement is made of 18 mm thick sheets of
medium density fibre wood (MDF) that were cut and
assembled to the required dimensions. The inner
dimensions of  the confinement  were
20cm*20cm*35cm, with a platform to hold the
panels at the front. The mentioned confinement was
insulated using wood-fibre sheets (Diall™ Fibre
wood underlay) with a thickness of 5mm. The sheets
were obtained from a local provider and are sold
originally as 50 * 70 cm sheets for floor thermal
underlay. Seven layers of the fibre-wood were
added, in total 35 mm of insulation. The total
thickness of the confinement’s wall at this point is
53mm. Figure 3(C) shows the confinement after
final assembly including fibre-wood insulation. To
subject the panel under investigation to
environment-like conditions, the panels and the
insulated confinement were placed inside an
environmental ~chamber. The  environmental
chamber used was a Panasonic™ versatile
environmental test chamber model MLR-352 as
shown in Figure 3(D&E). Also, to monitor the
change in air temperature of both side of the panel
throughout the duration of the experiment, two
HOBO® MX Temp/RH Data Loggers model-
(MX1101) were used, shown in Figure 3(F). The
data loggers have a range of -20° to 70°C with an
accuracy of £0.21°C and are capable of logging up
to one reading per second. Control and setup of the
data loggers can be done through an iOS or
Android™ device through a Bluetooth® connection.
Logged data is also downloaded through a wireless
connection.

3.2. Empirical Investigation and procedures

The panel under testing is placed in the panel
holder, mentioned earlier. Then, the holder is in turn
placed in its designated location in the confinement,
which is previously kept, open, at room temperature
for a duration of at least 24 hours. The entire set-up
at this point is placed in the chamber, which is
sealed. Data loggers are placed, one inside the
confinement prior to placing the panel holder and
inside the chamber. Both loggers are placed so as to
be at a distance of 5 cm from the corresponding
surface of the tested panel. Figure 3(G) shows a test
panel placed into a holding panel, in this case, the PU

panel. Figure 3(H) shows the entire assembly of the
panel inside the confinement, placed into the
environmental chamber.

Chamber Tested panel Confinment

Temperature
measurement

o Room
temperature

Heat conduction

Changing ’
| temperature

Heat fluctuation

Figure 3: (A) Schematic representation of the
experimental procedures carried out on the tested
panels (Authors’ own). (B) The encapsulation
container after assembly. (C) The Box-like
confinement with the platform end to hold the
PCM encapsulation container. (D) Exterior of
environmental chamber, (E) Interior of chamber,
(F) HOBO® MX Temp/RH Data Logger model-
(MX1101). (G) PU panel inserted into the holding
panel. (H) Assembly of the tested panel and the
confinement, inside the environmental chamber.

Three profiles were set-up. Namely, profile A,
which represents heat condition similar to this of a
natural hot-weathered location. Also, profile B,
representing exposure to a long duration of relatively
high heat and profile C, representing exposure to
several short duration of heat bursts. Details of the
mentioned heat profiles are presented in Table 2. It
should be noted that the actual applied heat
temperatures inside the chamber differ from the pre-
set values due to the abilities of the chamber and
accumulation of heat, Table 2 shows the actual
applied heat inside the environmental chamber,
measured using data loggers. A representation of the
applied heat profiles can be seen in the context of
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Figure 4 below. To further show the validity of the
empirical set-up, several repetitions of the
experimental process using a different type of
loggers, were carried out. A number of nine
repetitions was conducted for each panel under
exposure to each profile, totalling twenty-seven
repetitions per panel. For this purpose, nine
additional data loggers were utilised to further
accuracy and to eliminate possible error due failure
in the apparatus. The obtained data from the
verification experiments is then compared to this
obtained from the main experimental process, thus
an assessment of the accuracy and validity of the
process is obtained. It is worthy to note that, in terms
of accuracy of measurements, the maximum
variation in measurements for the PU panel was
+0.015°C, for the PU/PCM150 panel was +0.130°C
and for the PU/PCM300 panel was £0.030°C. The
mentioned minimal variations allow the procedure to
be considered verified and of high accuracy.

Table 2: Measured applied heat and pre-set heat.

Total Min. Max. Cycle
Profile duration temp. temp. Cycles duration
(hours) (°C)  (°C) (hours)
A 24 14 50 1 12
B 12 35 50
C 3 35 50 3 1
3.3. Results

Based on the literature [17,18,20,59-62],
certain aspects of insulation describe its thermal
performance. The data obtained through the
previously mentioned process sheds light on some of
these aspects. The heat peak temperature (HPT)
describes the highest temperature that occurred
during a certain thermal test, whether outside or
inside the confinement. Hence, the HPT reduction
can be calculated based on the difference between
the HPT of the applied temperature and this
measured inside the confinement at the presence of
the tested panel. As it describes the ability of a panel
to retain a portion of the exerted heat, the shift in the
HPT is calculated in the form of the weighted mean
heat peak (w) shift, which considers the duration at
which the temperature continues for a duration of
time. Equation 1 explains the method of calculating
the weighted mean heat peak.

Equation 1: Calculation of weight mean heat peak.

& (x %w)
“:izl 1l 1
L

=1}
Where,
u is the weighted mean.
X are the observed values, in this case, the
temperature readings.

W are the weights for values, in this case, the
logged duration for each temperature.
n is the number of readings for each curve.

The calculation of the (w) shift for the tested
samples is calculated as:

ushift = u of tested panel - p of applied heat

The measurement obtained through the testing
mentioned earlier have been used to calculate the
values described in the previous sections for each
panel, under all heat profiles. Table 3 presents the
mentioned calculations. It may be worthy to note that
visual examination was carried out on all of the
tested panel after exposure to several cycles of heat.
This revealed that no leakage had occurred in any of
the panels. Furthermore, with the exception of the
PU panel, no panel had shown shrinkage of a notable
extent. A comparison between the measured
temperatures, inside and outside the confinement, for
all profile can be seen in the plots shown in Figure 4.
The applied heat is also shown.

Table 3: Thermal performance of the tested panels.
Max. Min. HPT HPT n
Profile temp. temp. red. sh_ift (Mliln) Sh_ift
(°C)  (°C) (°C) (Min.) 7 (Min.)
PU panel
A 40.64 140 9.95 8.07 64.86 22.86
B 4420 350 4.77 4.75 54.08 24.12
C 4130 350 6.97 7.82 47.90 19.91
PU/PCM150 panel
A 36.42 140 14.17 11.23 68.40 26.40
B 43.79 350 518 3.68 54.19 24.23
C 4090 350 7.37 8.70 49.19 21.20
PU/PCM300 panel
A 3475 140 1584 13.21 72.74 30.74
B 4334 350 5.63 4.81 54.30 24.35
C 3841 350 9.86 6.17 50.06 22.06

A
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Figure 4: Temperature plots for the tested panels.
(A) Profile A. (B) Profile B. (C) Profile C.

3.4. Analysis and discussion

Through comparing the HPT reduction that is
measured in the panels with this in the PU panel, it
can be seen that all of the amalgams have caused a
temperature reduction that is greater than this caused
by the PU panel. That is to say that the amalgam
panels perform better in terms of thermal insulation
than the commercially-available PU foam. Figure
5(A, B & C) present a plot showing a comparison
between the tested panels in terms of heat reduction
inside the confinement, for all profiles. The figure
clearly shows that the presence of PCM within the
structure of the PU foam was advantageous. In the
case of the PU/PCM150 panel, in profile A, the HPT
was reduced by a 4.22°C compared to the PU panel.
Then, the increased amount of PCM in the
PU/PCM300 panel resulted in an additional increase
of 1.67°C, in the same heat profile. Furthermore,
profile B and C show correlation to this in terms of
HPT, with the PU/PCM300 panel showing least
HPT. It is worthy to note that the amplitude of
reduction in HPT is seen to be less in profile B than
A, and less in C than B. This can be expected as a
result of the reduced duration of exposure to heat,
which impedes the amount of heat absorbed within
the mass of the PCM. A comparison between the
tested panel with regards to the shift in p is presented
in Figure 5 (F). Similar to the HPT reduction, it is
apparent that the shift in p is increased as the amount
of used PCM is increased. This strongly correlates
with literature that shows that PCM can retain an
amount of heat due to its latent heat properties,
hence, the greater the amount used the more heat
which would be stored in the PCM. Such heat is later
released, causing an increase in the p shift. Likewise,
the shift in p is seen to decrease as the duration of
exposure decreases, in profile B then C, which is

consistent with previous findings.
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Figure 5: (A) HPT and HPT reduction for profile
A. (B) for profile B. (C) for profile C. (D) Shift in p.

The area encompassed under a (time-
temperature) curve can represent the thermal energy
that is exerted. For instance, the area under the curve
of the applied heat temperature can signify the
thermal energy exerted by the chamber. Similarly,
the area under the curves of the measured
temperatures inside the confinement signifies the
gained thermal energy through the panel. Hence, as
seen in Figure 6, the amount of energy that has been
shifted and re-distributed along the duration of the
testing process can be calculated. For all profiles, the
thermal energy in the chamber and in the
confinement is calculated using the method of
trapezoidal approximation, a method commonly
used for such calculations [63—-67]. In this case, the
mentioned method has provided precise calculations
due to the high number of readings that were taken
at a 10-second interval between each measurement.
For each test, the shared area under both curves,
applied heat and measured temperatures as seen in
Figure 6, is calculated as:

Shared energy = area under (P1 to P2) + (P2 to P3)

Where,

P1 is the starting point of experiment.

P2 is the point at which applied heat and
measured temperatures curves intersect.

P3 the end point of the applied heat curve.

Hence, the amount of energy that has displaced
(shifted) from the chamber and into the confinement,
referred to as "shifted energy", is calculated, as a
percentage of the total energy of the applied heat, as:

(Area Under applied heat— shared energy (area))

* 100

Area Under curve of applied heat

The shared energy affects the inside of the
confinement, detected as energy inside the
confinement. Yet in certain cases, some losses in the
mentioned energy are observed to occur due to
various factors. This loss, referred to as "Energy
reduction”, is calculated as:

Energy reduction (%)
= Shifted (delayed)energy (%)
— Gained energy (%)
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Whereas, the gained energy that describes the
energy received inside the confinement can be
calculated as:

(Area Under panel tem. —shared energy(area))
*

Area Under curve of applied heat

Shifted Energy

Shared area Gained energy

0l
Oy

Figure 6: Example showing the areas calculated
under a curve. The figure shows the shared area
between the curves describing temperatures outside
and inside the confinement. The shifted and gained
energy are displayed.

The significance of calculating this is that it
sheds light on the capability of the amalgams to
retain an amount of thermal energy to be released at
a more convenient time, such as cooler, night-time,
thus allowing for other natural-cooling strategies
such as natural ventilation to take effect. Table 4
shows the shifted and gained energies, as a
percentage of the applied energy, for all the tested
panel in all profiles. Also, the reduction in energy is
presented. The degree to which the amount of energy
is reduced is seen to be consistent with the reduction
in HPT, as would be expected. Table 4(A) shows a
comparison between the calculated energy reduction
for all profiles of the tested panels. As is in the case
of HPT reduction, the effect of the amount of PCM
is clear. Comparing the PU, PU/PCM150 and
PU/PCM300 panels, it is seen that greater amounts
of PCM will result in more reduced energy. It is
likely that when the applied heat reaches its lower
temperatures, the stored thermal energy in the form
of heat is partially dissipated. Thus, lower energy is
observed in the confinement. It is also apparent that
the amount of reduced energy is increased with
reduced exposure durations, which is to be expected
as, in this case, the reduced energy is not only as a
result of PCM properties but also as a result of
insufficient time for the applied heat to take effect.
An example of the is the reduction in energy caused
by the PU/PCM300 in profile C, of 33.57%,
compared to this in profile A of 14.97%. The amount
of thermal energy that has been absorbed by the
panel and released into the confinement over a
longer duration of time can be indicative of the
amalgams capability to stabilize temperatures. This
is represented by the shifted energy, which is
presented as a percentage of the total applied energy
in each profile. Table 4(B) shows a comparison
between the shifted energy for all panels. It is
observed that this is in correlation with the amounts

100

of reduced energy. Likewise, the PU/PCM300 is
seen to provide the most shifted energy, with 72.14%
in profile C, and the PU panel has provided the least.
Similar correlation as previous, in terms of effect of
heat duration, is apparent for the shifted energy.

Table 4: Energy shift and reduction for the control
panels and (A) Plot of reduction in energy inside the
confinement. (B) Plot of shifted energy.

Shifted  Gained Energy

Profile energy (%) energy (%) reduction/

Gain (%)
PU panel
A 44,13 43.76 0.37
B 54.53 48.30 12.05
C 59.42 44.45 14.97
PU/PCM150 panel
A 48.55 47.81 0.74
B 57.02 41.32 13.3
C 61.12 31.81 29.31
PU/PCM300 panel
A 54.76 47.76 7.0
B 62.44 34.37 28.07
C 74.14 40.58 33.57
A
30 ¢
20 +
& 33.57
29.31 28.07
10 +
12.05 14.97 13.3
0.74 7
0
PU PU/PCM150 PU/PCM300
Profile A m profile B profile C
70 B
60
74.14

62.44
w0 L2

PU PU/PCM150 PU/PCM300
m Profile A mprofile B = profile C

4. Complementary thermal

experimentation

To further investigate and validate the thermal
performance of the created panels, other two set-ups
were created. The first allows for samples of 20* 50*
10 mm of the created panels to be exposed to direct
heat from a hot-plate. As heat flows through the
sample, a thermal camera monitors the temperatures
and the pace of heat flow. The mentioned set-up is
seen in Figure 7(A). The second set-up includes a
furnace at which the sample is heated to 60 °C, as
shown in Figure 7(B). Then, the samples are allowed
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to cool as they are monitored by a thermal the detect
the maximum and minimum inner temperatures, as
seen in Figure 7(C). In both set-ups, precautions are
taken to allow for a precise comparison between the
tested samples such as the use of wind-shields and
controlling AC temperatures to ensure a constant
ambient temperature. Thermal images were able to
shed light on the thermal properties of the materials.
Such properties showed that the increase in PCM
content is seen to be able to reduce the pace at which
heat is able to flow. Furthermore, it is seen to result
in increasing the ability to retain heat for longer
durations, possibly due to PCM thermal storage
capabilities, which is consistent with previous
findings.

Figure 7: (A) First experimental set-up. (B)
Samples placed in oven for heating to 60°C. (C)
Second experimental set-up. (E) Examples of
thermal images from the first experimental set-up.
(F) Examples of thermal images from the second
experimental set-up.

5. Conclusions

Through the process of testing the thermal
performance of the panels created via amalgamating
PU foam and PCM, several conclusions are found.
The intricate methods to impregnate or encapsulate
PCMs and other materials are not be necessary for
the creation of PCM-based insulations. Also, the
closed-cell nature of PU foam can provide good
shielding for the amalgamated material. The thermal

performance of the PCM-panels was superior than
this of the PU foam panel, indicating that the
simplified method can result in thermal insulations
that are of a performance superseding this of
commercial-available insulations. Thus, reducing
production costs and further promote using
insulations in developing areas of the world.
Increasing the amount of PCM content within the
created panels has considerable effect on the thermal
performance. The PU/PCM300 panel performed
noticeably better than the PU/PCM150 panel in
almost all aspects, such as reduction in peak
temperatures, (u) shift and gained energy reduction.
Hence, it can be inferred that increasing PCM
amount has a favourable influence on PU foam
insulations. In cases of long exposure to heat, the
thermal performance is seen to be more efficient than
cases of shorted exposure. This is to be expected as
a result of the PCM fully or partially melting, which
sheds light on the importance of selecting a suitable
PCM based on the weather patterns in the location
where it is to be utilised, which is in agreement with
previous studies.
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