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EXPERIMENTAL STUDY OF OPERATING INDICATORS
OF A THERMALACTIC COVERING PANEL

Introduction. The use of solar energy in construction is widespread due to a rapid growth in energy tariffs.

Problem Statement. The share of building roof in the heat consumption during a heating season accounts for
10—25%. In summertime, intensive heating of a large roof area leads to a high room temperature and, therefore,
active use of air conditioning systems.

Purpose. The purpose is to develop an experimental sample of thermosetting roof panel containing a material
with phase transformation and to study the operational parameters of the sample in summertime. Further, the roof
panel is planned to be used as additional source of heating or air conditioning to improve the temperature balance
of microclimate inside the building.

Materials and Methods. The field study was conducted in_July 2018 on a pilot sample of thermosetting roof
panel con-taining a material with phase transformation in a metal casing protected by a copper roofing sheet and
an effective heater.

Results. When performing experimental study of the thermosetting roof panel, a temperature difference (bet-
ween the inlet and the outlet) that varies from 1.2 to 4 °C for 10 h 45 min has been observed. The presence of
material with phase transformation can reduce the roof sheet temperature about two times: the M01 detector has
recorded a maximum tempera—ture of 87.8 °C, in the case of material with phase transformation, and 43.7 °C, in
the case without the use of the men—tioned material.

Conclusions. The experiment has shown that in summertime the use of the material with phase transformation
reduces twice the temperature of the copper sheet of the roof panel inner surface. The use of such technology is
advisable to reduce the cost of energy for air conditioning indoor, enables construction of energy-saving environ-
ment friendly residential and industrial buildings.

Keywords: energy efficiency, material with phase transformation, and roofing panels.

Due to Ukraine's commitments to the IMF, tariffs for all types of energy have been rising
steadily (Fig. 1). In the last five years, electricity tariffs have quadrupled, prices for ther-
mal energy have tripled, and gas prices have increased 2.5 times [1]. This negative trend
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Fig. 1. Dynamics of energy prices for Ukraine’s population in 2014—2019: a — electricity; b — heat energy; ¢ — natural gas

causes the development of energy saving tech-
nologies in all sectors of the economy and in con-
struction, in particular.

Ukraine pays insufficient attention to the tech-
nologies using walling (building envelopes) as
active components for the purpose of resource
conservation. The previous studies have mainly
concerned the improvement of thermal homoge-
neity of walling [2] or the use of renewable energy
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sources in construction [3]. According to various
estimates, roof is responsible for 10—25% of the
heat consumption throughout heating season. At
the same time, intensive heating of a large roof
area in summertime causes the active use of air-
conditioning systems, which, of course, leads to
increased energy consumption. Thus, the develop-
ment of new combined type technological solu-
tions ensuring both protective and energy storage
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Fig. 2. Stages of manufacture of thermoactive roof panel: @ — formation of timber framework; b6 — encased PCM; ¢ — ready
sample

functions becomes a relevant problem. For this pur-
pose, it is advisable to use phase change materials
(PCM), which enables improving existing buil-
ding envelopes for the conversion of solar energy
into useful energy and providing a comfortable
indoor climate.

Phase conversion materials make it possible to
accumulate thermal energy and to gradually supp-
ly it for the needs of the consumer [4]. Having been
heated, PCM melts and accumulates heat. When
building is cooling down, PCM freezes, with the
stored energy used to improve the building's tem-
perature balance. Thus, this material makes it pos-
sible to increase thermal inertia and to reduce the
need for air conditioning or heating.

C. Croitoru in his research [5, 6] has showed
that the use of combined systems of building en-
velops and PCM (roofs, facades) enables provid-
ing additional thermal energy for industrial or
domestic needs.

S. Ango in his doctoral dissertation [7] focused
on the design, measurement, and production of
active phase-conversion material system for cool-
ing and heating of Napévomo passive house. The
approach used is, first of all, to create modern
PCM-based thermal storage systems and to de-
velop a specification of the system designed.

ISSN 2409-9066. Sci. innov. 2020. 16 (2)

J. Borderon, in his research [8] suggested that
PCM could provide a sufficient inertia to use the
night coolness in the hottest hours of the day. The
purpose of air-PCM heat exchanger system is to
provide the building with the property of mic-
roclimate self-regulation without increasing the
weight of structure. This would improve summer
thermal comfort through the ventilation system
combined with the PCM and enable avoiding the
use of active air conditioning.

J. Kosny and his colleagues [9] described a new
technology for solar roofing consisting of photo-
voltaic metallic roof panels with integrated sili-
con amorphous element (PV) with an air layer,
dense mineral wool insulation and a PCM stora-
ge tank. The experience has shown that in winter-
time, without the need for phase transformations,
PV-PCM attic decreased the heating load by 30%,
as compared with conventional roofs. During sum-
mertime, the use of PV-PCM air-conditioning
enabled reducing loads by 55%, as compared with
conventional roofs.

The purpose of A. Kabeel [10] was to conduct
an experimental study of a flat solar collector
having a finned surface for solar air heating, with
built-in PCM, as equipment for thermal energy
storage. It has been proved that when using PCM,
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Fig. 3. Scheme of thermoactive roof panel with dimensions and arrangement of thermocouples

the output temperature of corrugated solar col-
lector was higher than the ambient temperature
by 1.5—7.2 °C, for 3.5 h after sunset, as compared
with a difference of 1 — 5.5 ° C, for 2.5 h after
sunset, in the case of flat collector.

Mark R. Poole and co-authors [11] studied the
operation of a storage system with a transpired
solar collector that could be used for industrial
and agricultural purposes. O. Fatah [12] and re-
searchers added aluminum powder to PCM for
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improving its heat conductivity and heat trans-
fer. Z. Wandong and co-authors [13] compared
the performance of a transpired solar collector
with a transpired flat solar collector with inte-
grated PCM. W. Bardara [14] studied the possi-
bility of using non-glazed transpired solar collec-
tors for the industrial sector. This study was con-
ducted to compare non-glazed solar collectors
with glazed solar collectors in local conditions
in terms of efficiency and performance. Z. Huan
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Fig. 4. Ready-for-test thermoactive roof panel

et al. [15] conducted an analytical and experi-
mental analysis of a solar air collector with a slit-
perforated corrugated plate. R. Hall and J. Blower
[16] developed a new low-emissivity collector
(with a lifetime of more than 50 years).

A review of existing research works has indi-
cated that solar energy is actively used to convert
it to a source of additional heating, air condition-
ing or water heating. In Ukraine, studies on the
combined use of solar collector and PCM have
not become widespread. Therefore, there is a need
to develop technological solutions for housing
sector, based on the world experience and consid-
ering the local conditions of Ukraine.

b

Table 1. PCM Operating Parameters

Parameter Value
Melting range, °C 34—36
Crystallization range, °C 36—34
Heat capacity, k] /kg 240
Combination of latent heat and heat 67

sensible under temperature between 27
and 42°C, W h / kg
Specific heat capacity, k] /kg - °C 2

Density in the solid state, at 25 °C, kg/1 0.88
Density in the liquid state, at 40 °C, kg/1 0.77
Heat conductivity, W/(m - K) 0.2
Thermal expansion, % 12
Ignition temperature, °C 177
Max. operating temperature, °C 70

The purpose of this research is to develop a
prototype of thermoactive roof panel containing
phase change material (PCM) and to determine
its experimental parameters in summer, for which
several tasks have been formulated:
¢ to make a stand, to adjust equipment, to cali-

brate sensors, to fix thermocouples for the ex-

periment;

¢ to analyze the operating parameters (heat con-
ductivity, thermal resistance, air permeability)
of thermoactive roof panel,

Fig. 5. Equipment used in the study: @ — thermocouples; b — secondary metering device; ¢ — calibration tank LAUDA ECO Silver
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Fig. 6. Thermocouple readings of Sample 1 (without PCM), July 12 — 13, 2018

+ to monitor and to analyze experimental studies
in CAMBI UTCB laboratory; and

¢ to determine the operational parameters of the
thermoactive roof panel.

The experimental study is based on the assump-
tion that in wintertime, the energy-saving roof
panel acts as a collector accumulating energy for
the needs of additional heating, while in summer-
time, PCM enables accumulating excessive heat
from the roof and removing it by ventilation in
order to reduce a load on air-conditioning sys-
tem. To check this assumption, the two options of
thermoactive roof panel have been developed:
sample 1 (a PCM panel); sample 2 (a panel with-
out PCM).

Sample 1 was built in several steps. Initially, a
wooden frame was made (Fig. 2a). Thereon, there
was installed a metal tank filled with PCM in the
liquid state (Fig. 2b). After that, thermocouples
were fixed and all elements of the thermoactive
roof panel were assembled (Fig. 2¢).
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In sample 2, the tank with PCM was replaced
by a copper sheet.

The energy-saving roof panel consists of a woo-
den frame with dimensions as shown in Fig. 3; a
thermal insulation layer (extruded expanded po-
lystyrene) covering the frame to prevent heat con-
sumption; a steel tank with PCM; copper sheet
coated with mat black paint for better absorption
solar radiation by the surface; "inlet" and "outlet”
openings made of extruded expanded polystyre-
ne for air circulation; an inlet fan with a capaci-
ty of 100 m3/h. The frame of sample 1 is covered
with a thermal insulation tape.

Fig. 4 features an image of thermoactive roof
panel ready for experimental study. The physical
parameters of PCM (RUBITHERM RT35HC)
used for the study are shown in Table 1.

The practical experiments were conducted us-
ing CAMBI (Advanced Research Center for Am-
biental Quality and Building Physics, Romania)
equipment (Fig. 5).

ISSN 2409-9066. Sci. innov. 2020. 16 (2)



Experimental Study of Operating Indicators of a Thermalactic Covering Panel

90.0
80.0
70.0
$ 60.0
5
2
= 50.0
&
PN
= 40.0 ’
30.0
20.0 |
10'0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
AN NN DWW 00000000 000 WWXORONNDNNDNDNDN D DD DD DD
A R R R e TR i O R o R o RS R R IR IR SR SR
B F =B =0 Ot =R dn O ANSHW G S B LN =N 060F — RO AR
—entTadmeeuaodoeTaodoT aoden T o ceunTIadT T @ T SN
SA ARSI AN SALFSTER - SN =N BN BSAF SN~ — AT O 6N
R R RS R R-R R R R i SR N R S R SRS IR IR e R S R RERS R R=R=R =)
Time for fixing indicators
—— MO0O0: °C MO1: °C  ——— MO03: °C MO04: °C MOS5: °C ———M06: °C
—— M10: °C M12: °C M13:°C ——— Ml14:°C —— MI15:°C ——Ml6:°C
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Table 2. Thermocouple Readings Table 3. Thermocouple Readings
for the Sample with PCM, °C for the Sample without PCM, °C
Readings Readings
12.07.2018 13.07.2018 17.07.2018 18.07.2018
Tempe- from 10:00 a.m. from 10:00 a.m. Tempe- from 10:55 a.m. from 10:00 a.m.
rature, °C to 5:00 p.m. to 5:00 p.m. rature, °C to 5:00 p.m. to 5:00 p.m.
Thermocouples Thermocouples Thermocouples Thermocouples
MO1 MO04 M14 MO1 MO04 M14 MO1 MO04 M14 MO1 MO04 M14
T, 432 | 393 | 40.8 | 43.7 | 413 | 433 T, 756 | 688 | 721 | 87.8 | 77.5 | 79.7
Toin 246 | 267 | 262 | 25.0 | 264 | 259 Toin 357 | 35.1 | 36.1 | 255 | 27.1 | 26.5

During the study, each sample was exposed to
solar radiation for 6 hours within the period from
July 10 to July 20, 2018, at the Research Center
in Romania (Bucharest). The average monthly
level of solar radiation in the region of the experi-
ment for July is 7.56 kWh /m? per day, which is
close to the conditions of southern Ukraine. A
vast array of results has been obtained. They are
supposed typical for the specified region of

ISSN 2409-9066. Sci. innov. 2020. 16 (2)

Ukraine. The most typical daily temperature
measurements are shown in Fig. 6, for the ther-
moactive roof panel without MFP, and in Fig. 7,
for thermoactive roof panel with MFP.

Having analyzed the data for July 12 and 13,
one can see the temperature range T (output
M10) — T (input M03) that varies from 1.2 to
4.0 °C and from 1.3 to 4.0 ° C (from 4:30 p.m. to
03:14 overnight, that is for 10 hours and 45 mi-
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nutes). The closest analog [10] shows a range
from 1.5 to 10.0 ° C for 7.5 hours.

The analysis of the temperature on the surface
of copper sheet (under the sheet, on the inner
surface of the panel) shows that the presence of
PCM enables reducing the temperature about
twice. For example, the MO1 sensor records a
maximum temperature of 87.8 °C, for a standard
roof panel sample without PCM, and 43.7 ° C, for
a sample with PCM. The generalized results are
given in Tables 2 and 3.

Thus, it is obvious that the use of phase change
material reduces twice the temperature of the
copper sheet of the roof panel inner surface in
summertime, as the M01 sensor records a maxi-
mum temperature of 87.8 °C, for the sample
without PCM, and 43.7 °C, for the sample with
PCM (thermoactive panel). The use of experi-
mental technology is appropriate to reduce ener-
gy consumption for air conditioning for environ-
ment friendly and autonomous buildings, which
is the subject of the further research. The re-
search presented in [17] makes it possible to choo-
se more substantially the location of such panel
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EKCITEPUMEHTAJIBHI IOCIIIKEHHSA EKCIIVIYATAIIIVTHNX TOKA3HUKIB
TEPMOAKTUBHOT TOKPIBEJIbHOT MTAHEJIT

Beryn. Bukopucranis coHstaHol eneprii B OyAiBHUIITBI HaOyBa€ IMUPOKOTO PO3IOBCIOMKEHHS, 3BaKAI0YK Ha CTPIMKE 3POC-
TaHHs TaprdiB HAa €HEPTOPECYPCH.

IIpo6Gaemaruka. [lokpisis Oyaiii Bignosigae 3a 10—25 % TeIIoBUTpaT B ONAIIOBAIbHUIT ce30H. B miTHIil nepiox iH-
TEHCUBHE HATPiBaHHs BEJIMKOI IO MOKPIiBJIi TPU3BOAUTD JI0 TiBUIIIEHHS TEMIIEPATYPHU BCEPEIMHI TIPUMIIIIEHHS Ta, Bi/l-
MOBI/THO, 10 AKTUBHOTO BUKOPUCTAHHS CUCTEM KOH/IUITIIOBAHHSI.

Mera. Po3pobka ekcriepuMeHTaIbHOrO 3pa3ka TEPMOAKTUBHOI TIOKPIBEIbHOI MaHEJl, ika MICTUTh MaTepial 3 (pasoBUM
TIEPETBOPEHHSIM, Ta IOCTIPKeHHS eKCILTyaTallitHIX MOKA3HIKIB 3pa3Ka B JITHIH Mepioj 3 TIOAAIBIIINM eKCIITYyaTyBaHHSIM SIK
JIOJIATKOBOTO [KepeJia ofasieHHs: 00 KOHUIIIOBAHHS MOBITPS JIJIsl IOKPAIEHHST TeMIIePaTyPHOTO GallaHCy MiKPOKJIMAaTy
BCepeHi OyIiBJIi.

Marepiam it Meroau. Hatypai socsipkensst BukoHano B jiniiHi 2018 poky Ha eKcriepuMeHTaabHOMY 3Pas3Ky TepMOaK-
TUBHOI MOKPiBEJIBHOI MaHesi, Ika MiCTUTh MaTepias 3 (Ja30BUM IE€PETBOPEHHIM B METAJI€BOMY KOPITYCi, 1[0 3aXUIIeHII
MiZTHUM TTOKPiBEJTBHUM JINCTOM Ta e(heKTUBHNM YTeILTIOBAUEM.

PezyabraTu. [Ipn BuKoHaHHI ekcliepUMeHTaIbHUX OCi/IKeHb TePMOAKTUBHOI TOKPiBeIbHOI aHe i OTPUMaHO PI3HUIO
teMmeparyp (Ha BXOJi Ta BUXO), sika 3amimtoeThest Bi 1,2 10 4 °C mporsirom 10 rox. 45 xusun. HasBHicTh MaTepiany 3
(ha30BUM I1€PETBOPEHHSIM [I03BOJISIE 3HU3UTH TEMIIEPATY PY IIOKPIBEJIBHOIO incTa IPUOIN3HO BiBiui: natunk M01 3adikcysas
MakcuMasrbHy Temieparypy 87,8 °C 3 matepianiom i3 aszosum nepersopertsm Ta 43,7 °C — 6e3 Bka3aHOro Marepiaiy.

BucnoBku. Buxopucranusi marepiany 3 (GazoBUM MEPEeTBOPEHHSIM 3HUIKYE TEMIIEPATYPY MiTHOTO JINCTA BHYTPIIIHBOI
MOBEPXHI TMOKPIBEIbHOI TTaHe i BABiUi M Yac MPOBEAEHHs AOCHILY B JITHIN 1mepiof. 3acTocyBaHHs MOAIOHOI TEXHOJIOTI]
JIOIIIJIbHE JI/IsT 3MEHIIEeHHsI BUTPAT eHepril Ha KOHAMIIIOBAHHSI TIOBITPSI BCEPeANHI IPUMILIEHHS, i1 eHeprosbepirainyoro,
€KOJIOTTYHOT0 Ta aBTOHOMHOI'O OY[iBHUIITBA JKUTJIOBOTO YK IIPOMUCJIOBOTO IPU3HAYEHHSL.

Knwouosi croesa: eneproedeKTHBHICTH, MaTepias 3 (ha30BUM ITePETBOPEHHSM, TTOKPiBEIbHI TAHETI.
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