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SUMMARY

An office building in Lyon, France has been studiebdase Change Material (PCM) has been
installed as wallboard and as latent heat thermalgy storage system coupled with the
ventilation system. The main purpose of this stigdyo determine if the PCM system can

guarantee the summer comfort of the occupants witeoergy-consuming cooling devices.

Sensors have been set up and the collected dataaamieored to study the thermal behavior
of the building and the PCM. Numerical simulati@mmnplete the work to study the building

behavior without PCM and to compare. The tempeeatinarts in each office show that the

comfort of the workers is acceptable in winter andsummer. Numerical results show a

difference of temperature in offices due to the PldMhe partitions and in the ceilings. The

temperature in the crawl space is included betwkrmand 20°C all over the year, so the
precooling or preheating system for the ventilaaaris efficient.

INTRODUCTION

Nowadays, thermal energy storage systems are ogpdaraeducing dependency on fossil
fuels and then contributing to a more efficient iemvmentally benign energy use [1]. As
demand in thermal comfort of buildings had risearéasingly, the energy consumption of
buildings has increased by 30% the last 30 yearusiig and tertiary buildings are
responsible for the consumption of approximately 48%ill energies and approximately 23%
of the total CQ emissions [2].

The use of Phase Change Materials (PCM) for bugldias been a subject of considerable
interest in the last decade, for a review see Tgagi Buddhi, [3]. An interesting feature is
that they can store latent heat energy, as waleasible energy. As the temperature increases,
the material changes phase from a solid to a liggdthis physical reaction is endothermic,
the PCM absorbs heat. Similarly, when the tempesadecreases, the material changes phase
from a liquid to a solid. As this reaction is exatimic, the PCM releases heat.

Koschenz and Lehmann developed a ceiling panel R@M for application in lightweight
and retrofitted buildings; they used aluminium fiesenhance the conduction through large
PCM panel [4]. Lazaro had experimented two realespeototypes of vertical PCM-air heat
exchangers for free-cooling applications in buigdinvith macro-encapsulated PCM [5].

In the framework of a French research program, fioeobuilding, named VTAP has been
built in 2006 with particular attention to the camrtfof the occupants and to the control of the
energy consumptions. One particularity of this@ibk building is high thermal load during



workdays. PCM have been installed as wallboard anthtent heat thermal energy storage
system coupled with the building ventilation systéfhe main purpose is to guarantee the
summer comfort without energy consuming cooling slesi

First, the building and the PCM, object of the prasstudy, are described; the second part
presents the method. Then the next part deals thi¢gh main collected results of our
experimentations and simulations. And the last fgathe discussion about these results and
perspectives.

DESCRIPTION OF THE BUILDING EQUIPPED WITH PCM

Presentation of the building
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Figure 1 : slice view of the VTAP building  F'9Ure2: Poiiogé’lfﬂtr:i E‘;’;’I'O':‘ thefirst floor,

The urban services of the city of Lyon are instilie the studied building. This building is
located in Venissieux in the suburbs of Lyon. ttsnposed of three levels (figure 1).

* The crawl space, with a surface of 275 m? is usegdréheat the air insufflated in
winter or to refresh it in summer. 10 PCM racks lapated in the crawl space. (figure
3) Each of them contains 10 PCM sheets, 1.2 m |&ga long and 0.005 m thick.
The distance between each PCM layers is 0.1 m.

e« The ground floor, 270 m?, is composed of lavat@atypwers, changing rooms, and
refectory for the occupants. It also contains tbiéeb room.

* The first floor, 200 m?, is intended to the admiragve staffs. It contains offices and
an assembly room. In the internal walls and indéiding of two rooms of this floor
two PCM layers of 5 mm have been installed justelai thin plaster layer (13 mm),
see figure 2.

* The second floor of 150 m? consists also of offieeen if at the construction it has
been designed for two dwellings.



Figure 3 : Instrumented multi-layer rack in the craml space.

Properties of the Phase Change M aterial

Common PCMs include (raffins, which are used in tl study The selected one
constituted of 60% of micrencapsulated PCM. The fil form of the naterial (figure ) is
sheets of 5mm thkness whih density <900 kg/ni. A sheet of aluminim covers them. [6]
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Figure 4 : Micro-encapsulated and Figure 5 : Specific heat of the PCM

aluminium covered PCM

The PCM heat capacity vs measured using a differential scanni:alorimeter and tf
thermal conductivity was masured using a guarc hotplate apparatus) a previous project
IMPCBAT [7]. The transitio from liquid to solid takes place over a teerature span, so tl
specific heat varies with themperature. The measurements show teresis phenomeno
see figure 5The thermal caductivity is about 0.23 W/(m.K) under tmelting temperatur
and decreases, over the meg temperature to about 0.17 W/(m.

Specific ventilation modes for thefirst floor

The first floor contains offies and then presents the highest thermals. Thus, it has be:
planned to make the hygic new air pass through the crawl spacd filters in order tc
refresh or to preheat it acding to the period of the ye An overventilation is needed i
sumner period to decreases temperatures of air and structure in the:e and to regenera
the PCM in the crawl spacThis will limit temperature increase by ug the high inertia c



the structure. The principal ventilation strategéege winter mode, (in figure 6 a), summer
mode during occupancy (in figure 6 b) and summedearat night in (figure 6 c).
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METHODS
Instrumentation of the building

Since Septemberf™52008, the building is monitored. 68 sensors haem hesed to follow the
behavior of the system. Air temperatures, surfaceperature and climatic data like relative
humidity, exterior air temperature and solar radrathave been measured. For the
temperature measurement, PT 1000 probes have Isseh Im the crawl space, 4 probes
measure the air temperature: the one of the faaileilom the first floor, the one of the air in
the two air vents to outside and the one in theemt to the first floor. The air temperature of
all the offices of the first floors and the surfaeenperature on all the PCM layers are also
monitored. On figure 3, the PT 1000 probes in a R@bk are visible. For each layer, the air
temperature and the surface temperatures havenhegsured.

Simulation with numerical models

As the only data collected are related to the bogdhermal behavior with PCM. Numerical
simulations have been required to study the builtieigavior without PCM. In [8], Lepers et
al. analyze the advantage of using the crawl spacéhe ventilation system. A TRNSYS
model of the building has been built with the typ& multizone building [9].The model
contains five zones for the first floor. The tahlsummarizes the assumptions concerning the
internal gains. For more details on the geomety @m the materials see [8] ,Lepers et al.
presents all the details about the TRNSYS modethef building. The PCM has been
modeled with a home made type. The heat transfem IRCM sheet is supposed to be
unidirectional. The phase change process is modes#tg the equivalent heat capacity
method. The problem is discretized using a finifeecence method. In order to ensure the
stability of the solution, the time step is 60s @ahd mesh size 0,0005m [6]. With these
values, the relative error due to the discretizasdess than 1%.



Table 1: Thermal zoning of the building and main hypothesis on internal heat loads

Zone name Floo Surface Volume | Occupantg Lighting Other gains
(m?) (md) 150 W (W/m?) (W)

Crawl space -1 276.5 470
Stairs 02, 1, i 243 7
Dressing room and
offices 0 192 564 8 15 350
Refectory 0 43 126 24 15
Secretariat 1 92 270 5 10 750
Controller Office 1 11.6 34 1 15 120
Foreman Office 1 19.3 57 1 15 120
Spervisors Office 1 27.1 80 2 15 250
Assembly room 1 44.4 131 20 15 120
2" floor offices 2 103.5 259 5 15 620
Attic - 125.5 185

The program Codyba has been used to simulate fbacinof PCM wallboard in offices of the
first floor. This software includes PCM in his ldvy to add layers in walls or ceilings. The
thermal loads in table 1 have been used and eéick bhs been modeled separately.

RESULTS
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Figure 8: Air temperature in the supervisors office, simulated with PCM, without PCM and
measured.

The temperatures on the offices of the first flnoave been modeled with Codyba in the real
configuration with PCM layers in the internal wadlad in the ceiling for the assembly room
and the supervisors office. The results show an ainpéa for PCM, specially in the case
where they are also in the ceiling. The amplitudehef daily variation of temperature is
higher without PCM. This difference of inertia |lsatb difference of approximately 1°C
between the two simulations. The figure 8 repres#re results for the supervisors office for



two days, October fBand 14 2008. These days were normal week days with exteri
temperature as high as 25 °C in the afternoon.

The temperatures in the crawl space in 2009 wetedam 12.7 and 19°C. The function
associated with this space is well-adapted. Incthld seasons, with air temperature around
13°C, the fresh air from outside is preheated & ¢hawl space. In the hot season, with air
temperature between 18 and 19°C, the outside preooled in the crawl space before being
blown in the offices. The figure 9 shows the meaduair temperature in the crawl space all
over last years.
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Figure 9: Air temperature in the crawl space in 2009

The TRNSYS simulations have been used to showntipagt of the PCM racks in the crawl
space. The maximal temperatures statistics foraa lyave been calculated. On the figure 10,
Nh corresponds to the number of hours when théemiperature in the secretariat exceeds a
fixed temperature. Because of the racks system,athegemperature in the secretariat,
controller and supervisors offices does not exeeadh 30°C. The foreman office is the less
comfortable one: the air temperature is higher BBRTC 82 hours per year. With the help of
the PCM, the temperature in this office never esse¥l°C.

Globally, a difference of about 100 hours can bgeoked between the building without racks
system and the building with the thermal energyagjersystem, when the air temperature
exceeds 25°C.

In August 2009, it has been measured that the teanpe in the secretariat has been higher
than 30°C during 54 hours.
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Figure 10: Air temperature statistics for the secretariat

CONCLUSIONS

A building with latent heat thermal energy stordges been monitored. An original thermal
energy storage system composed of a multi-layer R&Ms has also been modeled. The
PCM racks, installed in the crawl space, allow nbance the basement thermal inertia. The
racks and the PCM in the internal walls and indbging contribute to enhance the thermal
comfort of the workers. This work shows that toambtthe better efficiency with PCM, they
have to be included in the building’s design anchaggment, especially for the ventilation
scenario.

The results show that the thermal comfort in thddmg isn't perfect for the summer. The
temperature is still higher than 30°C during themest days. The behavior of the building
could be enhanced to increase the thermal comf@timmer. The perspectives of this work
are to study a better ventilation strategy and téeebeonfiguration for the PCM racks in the
crawl space. The air flux in the crawl space havde forced through the PCM racks to
enhance the heat exchanges.
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