| Building Simulation
L2009

Eleventh International IBPSA Conference
Glasgow, Scotland
July 27-30, 2009

NUMERICAL STUDY OF THE INFLUENCE OF THE THICKNESSAND MELTING
POINT ON THE EFFECTIVENESS OF PHASE CHANGE MATERIALS:
APPLICATION TO THE RENOVATION OF A LOW INERTIA SCHOOL

Joseph Virgoné 2 Jean Noé&t, Raymond Reisdoff
! Université Lyon 1,
2 Université de Lyon, Laboratoire DGCB, URA 1652, BRE, Vaulx-en-Velin, France
3JNLOG, Lyon, France
“DuPont de Nemours, Luxembourg

To improve the summer comfort, the establishment
of PCM cited previously has been simulated using
the software CoDyBa..

A preliminary study was to fit some unknown thermo
physical parameters: a monitoring of the on-site
temperatures has been made. The weather data of the
ENTPE engineering school weather station have also
e - - been used for the monitored period. These
building - simulation  software CoDyBa has been giatements, made in May 2008 have helped to assess
adapted to consider these materials in thehe real discomfort in additon to validate the
calculations. The parametric study is, once the modelling (Pignal, 2008).

surface material laid down considering the once the material surfaces set, given the morplyolog
morphology of the premises, about the adjustment of 5t the premises, the parametric study is conduated
certain characteristics of the material, such asihe adjustment of certain characteristics of the
thickness or melting temperature value. material, such as thickness, temperature of thegha
INTRODUCTION char_lge_ or association of other mea_n_s_(_such as night
) ] . ventilation). Several surface possibilities of PCM
In the framework of the renovation of low inertia adjunction have been also considered in order to
buildings, the use of phase change materials (PCM)gyaiuate the influence of this parameter: facades,
is an interesting alternative. By their abilitydtore a ceilings, partitions, or combination of these
large amount of heat, they could present a solution possibilities.

the problems of summer comfort while allowing The modelling of the PCM integration, with diffeten
energy savings in winter. This work deals withtl&  \5jations, conduct to an improvement of thermal
base, the evaluation of the performance of a specif omfort and the results are analyzed to draw
phase change material taking the form of a pandl of ;nclusions about the best values, for the Lyon

mm thick. It consists of 60% paraffin encapsuldted  cjimate, of thickness, melting point or PCM area to
a matrix of copolymer (a mixture of polymer-based deploy.

ethylene). The role of the matrix polymer is tcaret

the paraffin when it is in its liquid state. The
compound has a melting point at 21.7°C, temperatureggég\l)él%TEgl\l/ISLlSCE%

at which it liquefies, and thus absorbs heat frown t ) ) S
room. Then, when room temperature falls, it The use of phase change materials in building is a
solidifies. and removes the heat. relatively old concept that has never really been

The modelling was conducted with CoDyBa, thermal _exploited_ because of_ implementation difficulties
simulation software adapted to consider this kihd o inherentin these materials. _
materials. The results of operative temperaturesand 1"€ novelty in this case is the encapsulation of a
thermal comfort can be analysed and the gainslarge guantity of active ingredient in a thermoptas

provided using phase change materials appliedeat th Polymer, which, after processing in a relativelynth
internal part of the walls or ceiling can be cadtadl. panel, allows easy installation in all types ofldinig
The secretary building of the secondary schoolf bui €nvelope.

in 1961, ie before the first French thermal regargt ~ 1his new product (Dupont de Nemours, 2009)
has a low thermal inertia in addition to thermal consists of 60% of PCM, whose melting temperature

insulation of very poor quality. The renovationtboé is close to 22°C. Figures 1 and 2 show the curve of
building in terms of thermal insulation will imprev ~ heat capacity and thermal conductivity measurea as
the level of energy consumption in winter. function of temperature. This product is similarao

polymer panel, flexible, 5 mm thick.

ABSTRACT

The renovation of a building in terms of thermal
insulation will improve the level of energy
consumption in winter. To improve the summer
comfort, we have simulated the introduction of a
phase-change material (PCM) in both situations:
removed or not removed building. The dynamic

OF THE
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Figure 1. - Experimental PCM material heat capacity
measured for several temperatures
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Figure 2 - Experimental PCM material thermal
conductivity measured for several temperatures

THE SOFTWARE CODYBA

The software

Software CoDyBa (Jnlog, 2009, Judkoff et al, 1995)
is devoted for teaching and research but also fo
engineering designer offices. This is a tool for
forecasting the dynamic thermal behaviour of a

building, to establish an energy balance or toyaeal
the

controllers, windows, solar
orientation of a building, etc.).

protection or the

CoDyBa has been performed to consider the walls

containing PCM. This version has been tested with

the results of measurements on simple cases and th

comparison is satisfactory (Virgone et al, 200Bjs t
validation work was conducted as a benchmark for
the French project PREBAT "IMCPBAT".

Modelling of PCM

One dimension treatment of the temperature in the,

wall is defined by the Fourier equation. The ential

influence of certain parameters (such as

ar _ .. -
p.C(T)— =div(-q) (2)

dt
In CoDyBa, the heat capacity is modelled by
"exponential" form:

_((TR'T) jz
C=C,+(C, —-C,).e A |

<Ty ©

((r-T)/ Y
C=C, +(Cy —Cw).e( AZ) T=Tg
Tr corresponds to the temperature of the peak of the

curve. We calculate, then, the latent heat L wiih t
relation:

L :‘Zﬁ’ [a.(c, -C,)+n,(C, -C.)] 4)
We consider the thermal conductivity as:
A=A, ifT<T, )
A=A, ifT=2T,

Then the values to provide arg, T, C oo, Cu, Ao,

Ago for the capacity calculation ard, A, for the
conductivity one.

A
c Capacity "exponential”
M udoor n
| Ao A
Co |
Coo . >
" Tr  Temperature

Figure 3 - Modelling of the heat capacity of a PCM
in CoDyBa software

The “door” form is another possibility to descrithe
heat capacity, as presented in Figure 3. Anyway,
extensive tests have shown few differences in tesul
in terms of resultant room temperature. The most
important factor is the latent heat, which depeows
the integral and not on the form. Furthermore, the
“exponential” form presents the advantage to aebett
match with the experimental capacity measurements.
In CoDyBa, a wall is represented by a “R2C” model:
2 surface “capacities” (2 variables) linked by a
resistance”. In the development of the PCM version

h exchanged by the PCM is considered from the heatth|s analogical model has been preserved. It isbas

capacity C(T) of the material, depending on the
temperature. The relationship between the two
quantities is given by:

dh
C(M)=—
D=4

Thus, we get:

@)

on the subjacent assumption of a linear temperature
in each wall layer. This model is less accurata tha
volume or finite element method, but led to a good
equilibrium between calculation speed and result
precision (see a benchmark in Virgone, J. et al,
2008).

Modelling of blinds

It is possible in the CoDyBa to associate a shading
device to each window of a building. This can be
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constituted of Venetian blinds or screens, inside o The planned renovation is to make a lining inside
outside. It is characterized by the "g" value inlihg 5cm polystyrene and one cm plasterboard. The roof
also the glassed window. This factor g includes the will receive an addition of 8 cm of glass wool et
primary and secondary heat transmission of thetray of the steel floor. Finally, the windows wike
whole apparatus, and solar calculation are made ateplaced by efficient windows.

each time step.

The numerical determination of g value is done in
two steps. First, an optical analysis determines th
amount of incoming solar radiation that is absorbed
in the crossing of each layer and how the windows
transfer the radiation inside. Secondly, an anglg$i
heat transfer determines the incoming energy from
the heat balance made on each sheet. This asséssmg
takes into account the direct and the diffuse tatia
the characteristics of the windows and blinds,
shading and the angle between the direction of the
sun and the normal of the glazing.

4. DESCRIPTION OF THE BUILDING
STUDIED

This one is the secretary building of the collede o
the city school Claude Bernard located in
Villefranche-sur-Saéne in the Rhone. It dates of

Figure 5 - Interior view of the building studied

For the simulation of the building, we have cud an

ide current part of the building. (see Figure 6}l a
divided it in 4 zones: the crawl space, the ground
floor (or first floor), the ceiling of the groundobr
and the second floor.

the'60s and has never been renovated. So, thermaUV
comfort problems are many, as in summer or in
winter.

facadt

office 7 partitions
I il

9m corridor

Figure 4 - Exterior view of theuiIding studid 4m
<>
The building, with its main facade facing south, Figure 6 - Simplified diagram of the model studied
measures 79 m long and has a width of 9 m. In this . . . .
Different simulations were carried out to evaluidie

building we can found at ground floor, meeting ) o :
room, offices of stewardship, the headmaster aperformance of PCM in summer conditions in the
' ' ' both situations: without reinforcement of the

reprography space and the guard lodge. The floor is. ; - .
co%st%utgd)\//vitrf)l different hougings 9 insulation and in the case after thermal renovation

The facades are very poor insulated (4 cm of The ventilation rate was considered constant dwer t

insulation in a sandwich panel), windows with singl symmer: period an((jj equa_l to ‘;’ :;ir chagge pel\: hoyr,
glazing, have a litle airtight joinery, roofingesi ~ 9'Ven the supposed opening of the windows. No air-

trays are poorly insulated (5 cm of insulation) and _cond|t|on|ng system is considered nor he_atmg biad t
have no thermal inertia, as the facades. The Imgjldi internal . loads are neglected, conS|der|ng the low
is on crawlspace and slab beams are made fro ccupation of this building. The external blindsvda

slabs. The interior walls are made of hollow bricks 2€€" considered permanently_clos_ed on the south
coated with plaster, the whole being of 5 cm facade. We have not placed blinds in the north. The

thickness. positioning of PCM is between the insulation and
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plasterboard when it exists. Surfaces treated withPCM plays an important role in inertial changing
PCM are given in Table 1 via a ratio versus the temperatures.
building internal volume. The 12 simulations cadrie

out with the weather data of the Macon station, a SUMMER - 2nd FLOOR
town quite close to the college, are grouped inldab
2. 800
» T 700 T
27 —8—R_withoutPCM
Tablel LN T | o
. 25 /¢ 500 ——R I;ICPZZ 5
Surfaces covered with PCM /zf_{ WO | T
0% Vi TS| e
Surfaces covered Ratio 21 (e e % 200 reP2r 10
Surface PCM/Internal Volume 1o o A 200 oo B parens
aFagades + Ceiling 056 17 ) v 100 diffuse solar flux
15 W_,__,_,_,_,__ o
Facades + plafonds +1.23 e T
2 0:00 3:00 6:00 9:0012:0015:0018:0021:00 0:00
cloisons (2 faces)
time (h)
Table 1 SUMMER - 1st FLOOR
Simulations performed
PCM 2 8°°
Case| Name RenovedTy | e SIV - BN I I
(°C) (mm) 25 _/ 2 Wl 600 NR_withoutPCM
1 | RwithoutPCM | Yes | - | 0 | © . LN e
2 R_PCM22_5 Yes 22| 5 056 | © Pl 1 s
3 R_PCM22_10 Yes 22| 10 0.56 ., - 300 RMCP27_0
4 R_PCM22_20 Yes 22 20 0.96 1o = b 200 e 8
5 R_PCM27_10 Yes 27| 10 0.56 17 5 100 diuse solac
6 R_cloisonsPCM Yes 22 5 1.23 e N
7 NR_WlthoutPCM NO - O 0 0:00 3:00 6:00 9:00 12:0015:0018:0021:00 0:00
8 NR_PCM22 5 No 22| 5 0.5 time (h)
9 NR_PCM22_10 No 22 10 0.56
10 NR_PCM22_20 No 22| 20 0.96  Figure 7 - Evolution of the temperature at ground
11 NR_PCM27_10 | No 27| 10 0.56  floor (first floor) and the second floor one day in
12 NR_cloisonsPCM No 22 5 1.23 June in different conditions
Figure 8 shows, on a full summer, the percentage of
g p g
RESULTS tim_e for \_/vhich a certain temperature _i_s exceeded.
Evolution of temperatures in summer for the This one is greatly reduced by the addition of PCM,
different cases especially if the thickness is important. The gaher

Figure 7 shows the evolution of operative shape of these curves shows the effect of reduoing
temperatures on a day in June. The second floasis, zero the amplitudes of temperature differences
might be expected, the more uncomfortable asaround 22°C, melting point of most of the solutions
temperatures can reach that day the 29°C againsenvisaged with PCM. The curves confirm that the
27°C at the ground floor. There is the significant case of melting point 27°C is less efficient in the
reduction on the maximal temperatures with PCM. In sense that we have already taken some dispositions
particular, a peak temperature lowered by almoSt 4° (opening windows and setting up stores in the gouth
in the best case. The amplitude of temperature isto reduce global temperatures. There is also
significantly lower and the temperature drops down improved efficiency by increasing the surface of
less than 2°C at night with PCM, what is also PCM: the best case presented in this figure is the
favourable to thermal comfort. The most favourable addition of PCM (5 mm) on the two sides of the
case observed from the figure is a 20 mm thicknesspartitions, in complement to the ceiling and facade
of PCM with a melting point at 22°C, in the case PCM installation.
renovated. Given the temperature levels of material The curves concern the internal operative
on this day, the melting point of 27°C is less temperatures. They can be a good representation of
efficient. It can also be seen that renovating thethe thermal comfort of a person placed in these
building brings certain freshness to the building b rooms, although this concept does not take the air
reducing the heat gains through the insulated speed into account, nor the moisture.
surfaces. It would be different if we had less We considered 26°C temperature as a quite
protected windows (without blinds) or if we tookan  acceptable result. Moreover, the French legislation
account internal loads. The storage of latent béat prohibits cooling below this value. Beyond 26°C, if
we consider that there is thermal discomfort, it is
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interesting to compare the percentages of timeFigure 11 indicates that the maximal temperature in
(compared to the total duration of the summer), the best solution do not exceed 30°C. It was higher

exceeding this value (Figure 9).

than 33°C without any solution.

SUMMER - 2nd FLOOR Exceeded 26 °C in operative temperature in the
second floor
300
—e— R_withoutPCM 250 |
S S penaa s o 200
B3 R_PCM22_10 3
\ o rres s pattos 5 150
20 X E— g —
10 x E 100
S E
0o+ — \.\‘% ‘ — 50
S Al T R S []
P A L L A L A A 0
N ° - R
SUMMER - 1st FLOOR §O §O @ o @ &
% & & L& &9
~ Q_q\\ @ & < < o7
& S LA A %
80+ &7
o «
L)
60 \: Figure 10 - Statistics on the number of hours for
2 5 e which 26°C are exceeded in the second floor during
5 \Q ——Rpowezs the whole summer
e 40 —=—NR_PCM22_5
° R_PCM22_10
30 R_PCM27_10
\ —#— R PCM22_5_partitions Maximal temperature of the 2nd floor
20 ‘\ u
10 ‘ —
N 33 —
0l \:‘\‘i‘\‘ o] 32
O O O
7\3504\3’ s ﬂ‘;oﬂw“() s ﬁc}q@@q&}ﬁo ) 3L ]
30 + —
Figure 8 - Percentage of time for which a given 2 |
temperature is exceeded on the full summer (1 May | |
to 30 September) ”
A A A Y
- : : & «° & & & ¢
Exceeded 26 in operative temperature in the S & 3 s < < %%
second floor &/ & s & & 7
8 A
7 — Figure 11 — Maximal temperature in the second floor
5 L] during the whole summer
S 4
PR ] Correlation between the gains in the maximal
s 27 = operative temperature and PCM thickness or
5] | surface deployed
R R SO I Thg proper design of surfaces and thicknessese&an b
@oﬁ %\o\»@ v QO& G@W 0&“/ QQ,&“ estimated by analyzing how these parameters affect
O @ & & QS 02 the maximal temperature in the second floor: dbes i
N & is better more surface of thin material or thickeon
& concentrate on a smaller area ? Even if we already

expect to the answer when we know how the mass
distribution influence generally the improvement of
inertia, it is interesting to consider the issuetlie
case of material with a more complex behaviour than
the conventional inert one. These results have been
s got from the Pignal (2008) work, on the same
building, but with more results summarised. We
carried on figures 12 and 13 the curves of vanmatio
of the gain on the maximal temperature during the
summer depending on the thickness of the PCM

Figure 9 - Statistics on the percentage of time for
which 26°C are exceeded in the second floor

This period may be less than 1% (which represents
31 hours per year, see figure 10) for the bestisolu
while discomfort, for the same operating condition
of the building was originally, without renovation,
nearly 7% time, approximately 260 hours.
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parameters (considered the melting point of 22°C) CONCLUSION

and the influence of the surface of materials We used a numerical simulation tool to model a
deployed. In fact, larger gains can be achieved inpyilding completely, with its ventilation, its stiagd
mid-season but they are not considered here. |mdeeddevices and in presence of PCM. The app“cation to
they are sensitive to fluctuations (speed of the case study of a building of low inertia thaede
temperature changing) and the radiation enterieg th renovation has enabled us to see that insulatiag th
premises that may be more important in mid-seasonpuilding does not automatically lead to increased

due to the more normal incidence of the sun. summer discomfort. That would be not true in
presence of more important internal loads. A stoidy
Influence of PCM thickness the influence of various parameters on the

effectiveness of the solution tends to confirm that
better to allocate a large area of material of low

PCM, associated with external insulation, solar
1_/;7‘—"—“" protection and major ventilation, which is efficien
0s / especially during night.

0 s 10 15 2 2 NOMENCLATURE

i _ Thickness (mm) . C heat CapaCIty] / kgK
Figure 12: influence of the PCM thickness of PCM

25 = thickness (5 mm thickness seems interesting) than t
_— large thicknesses, if we want limit the quantite®e
% ’ ——svo0m implemented. The improvement of the inertia of an
£1s / +2xzz: old building is now made possible by the use of
[V}

for 3 S/V ratios T ternperaturel,(
e thicknessm
It may be noted that the trend is for a sluggish T melting temperature of PCNK
performance when the PCM thickness increases. heat flux.W
Indeed, it is the first millimetres that count. Bey ' )
20 mm we can attend to a relatively little gain. S §urface of PCMm L
\% internal volume of the buildingn
Influence of S/V ratio t time, S ttlmeS
s A thermal conductivityWv / m.K
. h enthalpyJ / kg
. p) density, kg/n?

N

—*—e=2mm

/. —#—e=5mm
—— e=10mm REFERENCES

I
o

gain on Tmaxi (T)

1 — el e=20mm Pignal, S., 2008. Réhabilitation d'un batiment
05 — tertiaire a faible inertie par les matériaux a
o changement de phase, adaptation au batiment
o 02 04 05 08 1 12 14 administratif de la cité scolaire Claude Bernard,
s Villefranche/Sabne, Rhoéne, Travail de Fin
Figure 13: influence of the surface of PCM deplgyed d’Etude, ENTPE, 2008, 85 p.
for different PCM thicknesses Dupont de Nemours website, 2009.

http://www2.dupont.com/Energain/en_GB/prod
It is almost the same tendency when increasing the  Ucts/simulatiorsimulation2/examples_codyba.h

PCM surface for thicknesses of 10 or 20 mm: we tml )

cannot attend to large gains for values higher than nlog website, 2009.

for the S/V ratio. For lower thicknesses, the http://www.jnlog.com/codybal.htm

behaviour is somewhat different: it seems thateher Judkoff, R. Neymark, J., 1995. International Energy
are very low or not at all gains between S/V equal Agency Building Energy Simulation Test

and 1. This is probably because the PCM is (BESTEST) and Diagnostic Method, National
completely in liquid state and the activation oé th Renewable Energy Laboratory, Golden, CO,
latent heat is not allowed. (1995).

It may be noted that the same efficiency is obthife ~ Virgone, J. & al, 2008. Rapport final provisoire du
we consider a S/V ratio of 0.5 with 2 cm of PCM and projet PREBAT « IMCPBAT », Intégration des

a S/V of 1.0 with 5 mm of PCM thickness: a division Matériaux a Changement de Phase dans le
by 2 of the PCM mass can be implemented for the Batiment, ANR/ADEME, mars 2008, 153p.

same result.
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