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Abstract: The majority of electric energy that supplied to a residential house is consumed by air-
conditioning during both summer and winter. Thus it has a major impact on the greenhouse gases and
climate. Thermal energy storage systems using phase change materials (PCMs) in building elements has
become a reliable solution for energy saving. The present study assists for the utilization of PCMs in the
roof of residential buildings to absorb the heat comes from solar radiation during the daytime and
releasing it to the inside nightly. The building considerations as well as thermo-physical properties of
PCMs have been taken and measured experimentally. Results have shown that these materials have a
good potential for reducing energy demand and satisfy comfortable thermal conditions. The experimental
data show that the indoor temperature increases by 4-7 °C in the winter compared to that measured in a
traditional one. Furthermore, a simulation program depended on degree-days method explained that the
energy consumption could be saved up to 70%. Thus PCMs could submit encouraging suggestions
toward the sustainability.
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1. Introduction

Air-condition units are responsible for the majority of electrical power consumption
in buildings during both summer and winter. Phase change material (PCM), as a latent
heat thermal storage material, has the potential to increase the thermal mass of the
building without drastically affecting the current construction techniques [1, 2]. The use
of PCM, due to its high heat capacity, has been the center of attention of many
researchers. A considerable number of papers have been published on the application of
PCM as passive system in building envelopes.

Researches have shown that choosing the PCM melting temperature in different
climate conditions is a key factor to improve the energy performance in buildings.
Many methods have been researched for the PCM applied to the buildings, such as
wallboards containing PCMs [3-6], PCMs filled into sandwich wall, concrete walls,
concrete block and concrete floors [7-16], PCMs as insulating permeating into the
building brick and furniture [17-21]. The roof is the main source of thermal loss in the
building envelope. Therefore, one of the practices to enhance the thermal performance
of roofs is to increase their thermal storage capacity using PCMs.

Several promising studies are taken place in the development of integration the PCM
in the roof of the buildings. In a study carried out by Karthik M. [22] (2010) a Bio-PCM
has used in the ceiling and the data were collected for two identical rooms with length,
width and height as 4.8 m x 3.6 m x 2.4 m. The structures had enclosed attic space with
R-19 fiberglass insulation between 24" ceiling. Standard BioPCM mat with a PCM
density of 1 Ib. per cubic foot was installed in the ceiling. In addition, BioPCM mat with
a PCM density of 0.56 Ibs. per cubic foot was installed in the walls. The data recorded
at the experimental site included ambient temperature and indoor temperature. It was
found that a Bio-PCM with a melting point from 23 to 27 °C led to maximum energy
savings and is more suitable than other PCM temperature ranges for light weight
building constructions.

The experimental setup showed maximum energy savings of about 30%, peak load
shift for 1 hour and cost savings of about 30%. In a study, carried out by Mushtaq T. et
al (2013) [23], the thermal performance of a PCM for energy conservation in residential
Iragi building is presented in an experimental set up consisting of two identical test
rooms. The study has used integrated PCM-aluminum panel on the roof of the building
with circulated water pipes. The study conduct that there is energy saving of het by 47
% compared to the roof without PCM panel.

An article published by Stéphane G. et al (2015) [24] presents a new configuration of
using phase change material (PCM) in a complex roof on a dedicated test cell. The
PCM s inserted into an enclosed air space between the corrugated iron and the
plasterboard. The experimental device was set up for a tropical and humid climate. Test
was also implemented in multi-zone building software in order to automatically
determine the thermal indicator. The PCM melting point was around 23 °C. Results
showed that the measured temperatures were more comfortable using the PCM’s.
Furthermore, the phase change usually occurs close to 10:00 PM nightly and continuing
for 2 hours of heat releasing which is efficient to keep the space warmer by at least 2 °C.
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Furthermore, in a study carried out by Ayca T. et al (2015) [25] an experimental
investigation and numerical analysis of a building has a flat roof that incorporates phase
change material (PCM) as a layer have conducted. First, a planar surface area of 50 cm
by 50 cm was constructed in laboratory conditions to be used in the experimental work.
During the experiment, the temperature and the density have measured, as well as
observation of the phase change interface. Then, to validate the experimental results, a
computational fluid dynamics (CFD) model has simulated. The model is one-
dimensional and is based on the first law of thermodynamics.

The thickness of the PCM inside the roof element was investigated in many run-
times, where many PCM thicknesses varying between 1 and 5 cm were used. PCM
thickness of 2 cm was found to be suitable for use in flat roofs in Istanbul. The
influencing factors affecting on thermal behavior of different kinds of roofs with and
without PCM in cold area of China have been explored numerically by Li Dong et al
(2015) [26]. It is concluded that the PCM applied in the roof can decrease the building
energy consumption and improve the thermal comfort. The results show that the PCM
roofs effect on the temperature peak delay in the room 3 hours more than common roof.
The thermal performances of PCM integrated roof used in a residential attic in Torino,
Italy studied numerically by Hagar Elarga et al (2017) [27], The roof was divided into
three portions, one, the bare roof, representing the reference case without PCMs, the
other two integrating two PCM’s typologies with different melting/solidification
temperatures range.

The results showed a reduction in the heat peak load between 13% and 59%
depending on the PCM typology. Incorporating the PCM layer within the walls and the
ceiling for the purpose of thermal insulation materials was investigated experimentally
by Mushtag I. Hasan et al (2018) [28]. The study focused on role of PCM on the
thermal performance of Iraqi building using two identical rooms for comparison. The
type of PCM used was paraffin wax with a melting point of 44 °C. Results obtained
showed a reduction in the indoor temperature by 2 °C and reduction in air-conditioning
load by 20 % as a maximum.

2. Experimental Rig

The aim of this study is to design an effective heating system depending on the using
of phase change materials (PCMs) in the roof of the building. The reason of selecting
the roof is due to the most exposed to sun, hence maximum efficiency of the system.
The study performance is evaluated depending of the thermal analysis. The work has
been done experimentally using a rig model built for that purpose in Baghdad (33°.3,
44° 4) at Al-Mustansiriyah University, Materials Engineering Department.

The model is located at the terrace floor with dimensions of 1m x 1m x 1m. The
walls and the floor are constructed from 1 cm common MDF (medium density fiber)
with 4 cm internal insulation by EPS (Expanded polystyrene). The insulated walls and
floor have a U-value of 1.35 W/m? K and covered with Alu-foils to reflect the radiation
inside and assure well mixing of indoor air. While the roof is totally exposed to sun and
covered by 5 mm clear glass. Scheme of the rig is shown in Fig. 1.
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The PCMs layer is located downward the glass by 10 cm. The PCM material that
used was paraffin jelly (Vaseline) with the thermo-physical properties [29] listed in
Table 1. This material has been collected locally, and packed into 25 pieces of PE clear
bags. The dimensions of each PCM piece were 12 cm x 10 cm with 5-6 mm thickness.
The PCMs pieces have arranged together in a net under the glass, as shown in Fig. 2.

There is a slot in the space between the glass and the PCMs layer in order to put an
insulated fiber at sunset time (till sunrise time) to avoid heat loss to the outside. This
mechanism (glazed roof, PCMs layer and insertable fiber in between) satisfies
integrated and effective system with maximum heat storage as well as less heat losses.
There is a hole of 9 cm? in the north facade (rear-side) in order to satisfy infiltration by
0.4 ACH in average, which is necessary to avoid condensation as well as to offer fresh
air. The view of the experimental rig from outside is shown in Fig. 3.

The experimental data have been obtained during the sunny days of December 2017,
where heating demand is required in the winter time in Iraq (mostly at night). The study
served several instruments like: thermometer data logger (Lutron-Model TM-947SD)
with temperature sensors (Type-K), as well as solar power meter (Lutron-Model SPM-
1116SD). The sensors have set to measure the temperatures of: glass, PCMs, indoor air
and outdoor air each 30 minutes during the entire day. The solar meter used to measure
the maximum radiation each hour.

Slot to insert
insulator

&lot to insert
PCM

Alu-foil layer

Vent. slot

Door

Figure 1. Scheme explaining the features of the model
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Figure 2. Photo of PCMs pieces arranged in a net under the glass

Figure 3. Photo of the experimental rig

Table 1. Thermo-physical properties of PCM used in the study [29]

Name of PCM: Paraffin jelly (Vaseline)
Density: 950 kg/m?

Melting point: 38 °C

Specific heat of solid: 2100 J/kg.K
Specific heat of liquid: 2500 J/kg.K
Heat of fusion: 170 kJ/kg

Thermal conductivity: 0.3 W/m.K
Total weight: 1.6 kg

53



Journal of Engineering and Sustainable Develop t Vol. 22, No. 2 (part-3), March 2018 www.jeasd.org (ISSN 2520-0917)
The Fourth Scientific Engineering and First Sustainable Engineering Conference

3. Results and Discussions

The study includes in-site measurements on the model built for the purpose of
reducing the heating demand by using the PCMs. In December, the ambient temperature
almost swings between 10-25 °C on sunny days with daytime duration of 10 hours and
maximum solar radiation up to 700 W/m?. In order to evaluate the performance of PCM
in heat storage, the PCM layer was installed in many days and removed in other days.
Samples of readings are selected to analyze in this study.

For the case of with-PCM, Fig. 4, 5 and 6 show the variation of outdoor temperature,
indoor temperature, PCM temperature and glass temperature for the entire days of 18
Dec, 19 Dec and 20 Dec respectively. The outdoor temperatures were swinging from 11
°C (at 7:00 AM) to 25 °C (at 2:00 PM) with solar radiation up to 700 W/m?. The
average indoor temperature with PCM was 28 °C with maximum value of 39 °C at 3:00
PM and minimum value of 16 °C at 7:00 AM. The indoor temperature at the night was
decreasing from 27-16 °C with an average of 18 °C. Furthermore, the PCM temperature
was swinging between 17-40 °C and phase change (melting) usually occurs in the
period between 12:00 PM-3:00 PM.

For the case of without-PCM, Fig. 7, 8 and 9 show the variation of outdoor
temperature, indoor temperature and glass temperature for the entire days of 24 Dec, 25
Dec and 26 Dec respectively. The outdoor temperatures were swinging from 10 °C (at
7:00 AM) to 24 °C (at 2:00 PM) with solar radiation up to 650 W/m?. The average
indoor temperature without PCM was 23 °C with maximum value of 34 °C at 2:00 PM
and minimum value of 11 °C at 7:00 AM. The indoor temperature at the night was
decreasing from 20-11 °C with an average of 14 °C.

The results of comparison of data between with and without PCM cases, show that
the increasing of indoor temperature due to the using of PCM is about 4-7 °C most of
the time. Also, the results showed that the PCMs can maintain indoor temperature above
20 °C for 11 hours daily, while for the case of without-PCM it was only for 8 hours
daily.

Based on these results it could estimate the heating load for the sample days to show
the energy saving thus the performance of PCM. A simulation program depended on
degree-days method is established and the results of calculation are shown in Table 2
for base temperature of 20 °C. The results explained that the energy consumption for the
model with PCM was 114 kJ/m? daily as an average. On the other hand, the energy
consumption for the model without PCM was 386 kJ/m? daily as an average. So, it
could say that the using of PCM saved the energy by 70%.

It is important to mention here that some discrepancies could be found in the
experimental data due to many reasons like: sensitivity of K-Type sensors, rate of
ventilation in real conditions, solar intensity rate, other ambient conditions as well as the
differences in the properties of the materials used.
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Figure 6. Experimental data on 20 Dec 2017 (Max Rad=700 W/m?)
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Figure 7. Experimental data on 24 Dec 2017 (Max Rad=650 W/mz)
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Figure 8. Experimental data on 25 Dec 2017 (Max Rad=650 W/m?)
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Table 2. Heating load for selected sample days

Date Load WichPCM Load WithOLZJt PCM
(kd/m?) (kI/m%)

18 Dec 128 -
19 Dec 98
20 Dec 116 -
24 Dec - 335
25 Dec - 376
26 Dec - 449

Avg. 114 386

Load without PCM — Load with PCM

Energy saving = =70%

Load without PCM

4. Conclusions

The recent study submit a design for an effective heating system depending on the
using of phase change materials (PCMs) as integrating layer in the roof of the building.
The study performance is evaluated depending of the thermal analysis of the
experimental data. Results have shown that these materials have a good potential for
reducing energy demand and satisfy comfortable thermal conditions. The indoor
temperature for the model with PCM has and average value of 18 °C at night hence an
increasing by 4-7 °C comparing to that measured for the model without PCM.
Furthermore, a simulation program depended on degree-days method explained that the
energy consumption for the model with PCM has an average value of 114 kJ/m? , hence
a reduction of 70 % comparing to that calculated for the model without PCM. Hence,
the PCM technology has significant advantages for residential buildings in terms of
energy saving and reducing the discomfort hours. Besides that, the using of PCM adds
thermal stability to the elements of building.
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