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THERMAL PROPERTIES OF TRANSPARENT
BARRIER MODIFIED WITH ORGANIC PCMS

Renewable energy sources are increasingly oftenieabjh civil engineering
as a mean to reduce buildings energy demand famlge®ne of the ways to re-
duce HVAC energy demand is to limit heat transfed &xcessive solar gain
through building's glazed barriers. Preliminaryutesof the research conducted on
organic PCM-modified transparent barrier are preseit this paper.

Multiple publications concerning PCMs applicationstructural materials have re-
cently appeared. Most of them are focused on neadifin of structure of non-
transparent sections of buildings' envelope. Augimgna glazed barrier with
PCMs increases its heat capacity and thermal apsist The most important fea-
ture of the assembly is the thermal buffer, a pcodii PCM's considerable value
of specific latent heat.

Research were conducted on a triple-pane transpaetangular barrier, that con-
stituted one of the faces of cubic chamber. Intemodume of the chamber was
1n?. The applied PCM was a mixture of saturated andgaiurated hydrocarbons.
The described assembly was subjected to temperanderadiation that occur
in Poland during winter. Glazing temperature, ntéittetal PCM ratio were meas-
ured, as well as energy demand for keeping intédamaperature at constant level.
Measurements were made in steady states, for wR@M layer thickness. The
influence of the modification on energy demand watermined, along with the
most effective and rational thickness of PCM lagebé applied.

Conducted research enabled to develop a basis itvefuinvestigation of PCMs
application in civil engineering.

Keywords: phase change materials, modified transparent bsyriatent heat,
thermal insulation

1.Introduction

Reduction of energy consumption for heating andigobuilding's interi-
or, while maintaining thermal comfort of it's users an important issue for
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modern engineering. One of the solutions to thélpra is to increase thermal
inertia of building's envelope. In order to accoisiplit without significant in-
crease of thickness and mass of the envelope, mihasee materials (PCMs)
are to be used.

PCMs are substances of high specific latent hd@0D-280 kJ/kQg)
for liquid-solid phase transition. PCMs used inilcengineering may be either
organic or inorganic compounds. Among organic P@s can name saturated
hydrocarbons (Alkanes), Esters, alcohols, Fattgsacias well as some ethylene
glycol's polymers. Inorganic PCMs applied in builgliengineering are repre-
sented by hydrated salts of alkali metals and kdlmle earth metals, and their
eutectic systems|6].

A significant increase of interest with PCMs' apations in building indus-
try as well as in the field of scientific reseaisho be observed in last several
years. There are numerous research concerning Rpplgations in building
barriers made of opaque materials[3], [5].

It is to be noticed, that an important solution fmrilding engineering
is combining PCMs with transparent barriers, ineortb temporary store heat
from solar radiation [1], [2], [4], [8]. This solon increases heat capacity of
whole assembly, making it less susceptible for tstesm temperature changes,
thus improves it's efficiency in comparison witfaditional solutions. Un-
doubdtly, the major disadvantage of described ®wiuis it's significantly re-
duced transmittance [4], a result of incorporatinigyer of PCM with insulated
glazing, that makes the whole translucent, ratien transparent.

Typical applications of PCMs in transparent bagrievere described in [4],
where double paned window was being equipped védtious glass units, filled
with propylene glycol.

Obtained results were compared with those from mizalemodel, and both
confirms, that radiative heat flow in infrared aualiraviolet was significantly
reduced, while achieving satisfying transmittanceisible light spectrum.
However, this analysis refers to the situation @éqbient overheating
of a building, so it does not match polish, tempecimate conditions.

Another opportunity to use PCMs in direct gain wing is to fill lathes
of window shutter with the substance. Actions afsth shutters are controlled by
special devices, that monitor indoor and outdoomterature, as well as incident
solar radiation. That solution enables to inter@aqt store excessive heat during
the day and utilise it during the night.

Research conducted in Karlsruhe and Kassel [8]n(@ey) proofed the solution
to be most efficient during the winter, when applte light-envelope building,
increases its thermal inertia and improves theguaifort of its occupants.

In the summer, minor increase of average indoopéeature was noticed, alt-
hough daily temperature variations were reducecdudition, using those shut-
ters resulted in decrease of air conditioning umitsak energy consumption.
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Phase change materials are increasingly often aséeéat storages in renewable

energy systems, they also accumulate heat in djegotsystems.

The most common applications of PCMs are listedvel

» absorption of excessive heat from photovoltaic f{smnehat prevents
to decrease PV cells' efficiency due to overhedbihg

e augmenting hot water storage tanks, often supplesblar thermal collectors,

» modifications of Trombe walls.

2.Description of the research workstation

Research were conducted in simulated conditionshediting season
in temperate climate (Poland). Workstation was rabsed as cubic framework
chamber of internal dimensions 1x1x1m and inter@ume 1.

A triple-pane window constituted one of chambedsek, the remaining five
were made of thermal insulating material. The glgZi0,8 x 0,8m) was subject-
ed to irradiance of 750W/rfor six hours a day. Inside the chamber, a heat
source was installed, along with a temperaturerobsystem and an energy me-
ter. The internal temperature was kept constan€2%5,5°C. The chamber was
fit inside conditioned compartment, that kept iiternal, constant temperature
0°C+-0,5°C.

Photographs and detailed schematics of the woitstare presented in
Fig. 1-3.

The glass unit was modified with so called compongrat contained non-
toxic organic compounds of melting point 38-42°Qd apecific latent heat
130 kJ/kg. The casing of the component was a gfeelear, cellular polycar-
bonate. The casing is to be seen in Fig 4-5.
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temperature control system energy meter |

Fig. 1. Workstation's schematics
Rys. 1. Schemat stanowiska badawczego
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Fig. 2. A photo of the workstation Fig. 3. A photo of the workstation
Rys. 2. Zdgcie stanowiska badawczego Rys. 3. Zdgcie stanowiska badawczego

Fig. 4. Clear sheet of cellular polycarbonate Fig. 5. Clear sheet of cellular polycarbonate,

Rys. 4. Zd¢cie piyty polinveglanu komoro- filled with PCM
wego z PCM Rys. 5. Zd¢cie piyty polinveglanu komorowe-
go z PCM

3.Methodology

The main subject of the research was the transpbagrier, one of the fac-
es of described research chamber.

It was being modified by component with PCM, asoiek:
» unmodified glass unit,
» glass unit with 5mm component mounted on extesughce,
 glass unit with 5mm component mounted on intesaalace.

For those variants, thermal response of the glaamtof chamber's interior
were measured, as well as total energy consumfuioair conditioning. In or-
der to ensure that obtained results are reliabte rapetitive, every variant of
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experiment was conducted ten times, 24 hours 8dehresults presented below
are average of all, ten experiments.

4. Results

The charts below (Fig. 6-8) illustrate average gmectonsumption, by
chamber's heating system. Energy consumption wasuned using electronic
energy meter
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Fig. 6. Energy consumption in a chamber with unrediglass unit
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Fig. 7. Energy consumption in a chamber with glags modified with component mounted
on external surface

Rys. 7. Wykres ziycia energii przy umieszczeniu kompozytu od stroewretrznej przeszklenia
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Fig. 8 Energy consumption in a chamber with glagsmodified with component mounted
on internal surface

Rys. 8. Wykres ztycia energii przy umieszczeniu kompozytu od straeyvretrznej przeszklenia
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Figures 9-10 compare temperature variations ofgtheing and of cham-
ber's interior in case of modified and unmodifi¢azgng.

Differences in transmittance of solid and meltedipos of PCM in a com-
ponent are presented in Fig.11.
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— Chamber's interior with the
component applied to the glass unit
— temperature of glass unit external surface.
with no component applied
= Chamber's interior temperature with no
component applied
— temperature of glass unit external surface.
with the component applied
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Fig. 9. Temperatures of the glazing and of inteamalfor unmodified glazing and internally mod-
ified glazing

Rys. 9. Wykres zestawigjy temperatury przeszklenia i powietrza wetwn komory
dla przeszklenia z PCM od wewtrznej strony i konwencjonalnego przeszklenia
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Fig. 10. Temperatures of the glazing and of inteairefor unmodified glazing and externally
modified glazing

Rys. 10. Wykres zestawigly temperatury przeszklenia i powietrza zgtkmkomory dla prze-
szklenia z PCM od wewirznej strony i konwencjonalnego przeszklenia

Fig. 11. A photography of PCM during phase transitio

Rys. 11. Fotografia kompozytu podczas zmiany stkupienia materiatu zmiennofazowego
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5.Conclusions

When a component was placed inside the chambetairtereduction
of heating energy consumption was observed, alatigdecrease of glass unit's
external surface temperature, in comparison witnadified solution.

As the component was placed on the external sudhtiee glass unit, heating

energy consumption was higher than in two remaicasgs.

It is to be explained with negative location of het@arage, i.e. the PCM.

Despite the fact, that significant portion of PCldnbeen melted, storing great
amount of energy, most of it was transmitted oetsite chamber due to consid-
erable disproportion in thermal resistance of tlegunit, and component's ex-
ternal surface thermal resistance (R.se).

It leads to the conclusion, that mounting a PCM ponent outside the window

is pointless in Polish temperate climate, howevanay be sensible to do so
in Mediterranean climate

In such a climate, the solution will decrease ainditioning energy consump-

tion, while the translucent barrier will still prioke some lighting to a building.

In both cases, application of PCM component redutted magnitude
of internal air temperature fluctuations, in comgamn with unmodified glass
unit, due to increased thermal inertia of modifetutions.

Application of PCMs to produce improved, transludearriers may be sensible
in compartments, that do not require transparemdews, such as toilets
or dressing rooms.

It is to be noticed, that selection of physicalpgedies of applied PCMs and
the optimal thickness of it's layer would dependbarrier's orientation, and lo-
cal climate conditions.
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BADANIA WEA SCIWO SCI PRZEGROD TRANSPARENTNYCH
MODYFIKOWANYCH MATERIALAMI ZMIENNOFAZOWYMI
POCHODZENIA ORGANICZNEGO

Streszczenie

Obecnie, aby obwny¢ koszty zwizane z utrzymaniem temperatury powietrza w budynku,
coraz cesciej wykorzystuje si odnawialnezrédta energii. Jednym ze sposobéw dbnia kosz-
tow utrzymania budynku jest ograniczenie stratleigpaz nadmiernego przegrzania pomieszcze
przez okna. W niniejszym artykule przedstawioneagsvstpne wyniki bada sprawdzajcych
zasadn& modyfikowania przeszkiePCM-ami pochodzenia organicznego

W przeciagu kilku ostatnich lat mma zaobserwowawzrost ilgici prac naukowych opisay
cych maliwosci modyfikowania materiatébw budowlanych PCM-ami. Zgdowana wjkszasé
wyzej wspomnianych prac odnost slo modyfikacji stropéw, dachéwscian wykonanych z 6
nych materiatéw. Modyfikacja przeszkl®CM-ami pozwala na zekszenie bezwladrici ter-
micznej przegrody, zwkszenie oporu cieplnego szyby oraz utworzenie hufigplnego zwiza-
nego z cieptem przemiany fazowej PCM-u. Badaniomatogioddane przeszklenie dwukomoro-
we o wymiarach 80,5cm x 80,5 cngdace jedn zescian széciennej komory. Wewgtrzna kuba-
tura komory wynosi 1rh Materialem zmiennofazowymzytym do bada jest mieszanina gglo-
wodoréw nasyconych i nienasyconych o temperaturzenpiany fazowej 38-41°C oraz cieple
przemiany fazowej 135 kJ/kg. Opisawyzej komoe wraz z PCM-em poddano dziataniu tempe-
ratury i promieniowania, odpowiadaym wartgciom rzeczywistym w Polsce w sezonie zimo-
wym. Dla zadanych warunkéw mierzono stapj&o] zmiany fazy PCM-u, temperatuprzeszkle-
nia oraz iléci energii potrzebnej do utrzymania stalej tempesatvewrytrz komory.

Wyniki zostaly odczytane dla statych warunkéw (temgiury i nagzenia promieniowania)
oraz r@&nych grubdci PCM-u. Na podstawie przeprowadzonych liadareslono ilos¢ zuzytej
energii potrzebnej do utrzymania oomej temperatury w komorze. Dodatkowo co@o gru-
bos¢ PCM-u, ktéra pozwoli na jego racjonalne wykorzysaPrzeprowadzone badania starpwi
podstaw do prowadzenia dalszych modyfikacji cech chemicknyfizycznych PCM-6w wyko-
rzystywanych w budownictwie.

Stowa kluczowe:materiaty zmiennofazowe, modyfikowane przegrodyepraczyste, ciepto uta-
jone, izolacja termiczna
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