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Experimental characterization of active facades

This paper collects the experimental results ofesantive facades systems
which have been tested in outdoor conditions armlilding scale. The
evaluated active facades solutions group is contpbfseen conventional active
systems such as Trombe wall to accumulation mesthraby PCMs (phase
changing materials), through solutions such asqudiaic facades. The test can
reliably characterize the main involved heat transiechanisms in the energy
performance of different facade compositions amaiit also get mathematical
models for building scale application. A perfecaewple of the previously
exposed is the characterization of the convectalebior of ventilated
chambers, the efficiency of collecting solar radiatand the thermal loads
exchanged with the space to cool. This charactevizaot only permits to know
the design efficiency but also provides the necgsséormation for its

improvement.

The goal of the experimental study is that theltesue completely reliable, so
test methodology is the most important point toigétor this reason, the test
equipment used is a PASLINK test cell develope®BNASTEE DY Namic
Analysis,Simulation andT esting applied to thEnergy andenvironmental
performance of buildings) network. The objectiveto$ cell is to achieve results
traceability when the test is carried out. It ibiaged by three premises: a
standardized testing methodology, use of poweohistfor data analysis by
parameter identification techniques and the lashbtithe least important point,
taking part in round robin tests and getting cdrtexertainties of the results

calculation.

Whenever it's possible, data results are expos#uthe test owner’s permission.

Keywords: Outdoor thermal test, dynamical therniaracterization, PASLINK

test cell, building energy efficiency.

1- Introduction

We know about the need of getting more benefit fthensolar radiation in order to use

in the buildings. It can be used for cooling ortivea We find that there are a great



number of active facade systems. We should optieaizkimprove their performance to
be optimal depending on the different season, ggatgyrand climatology. Finally, to
reach this objective, it is very important to knthe behavior of the different parts of
the solutions, and good test method is required.

To get a proper characterization of active facdmetesting, 3 requirements are
needed: reliable equipment, fully representativea and finally an accurate and
confident process of calculation and analysis efdhtained data. All these points are
reached working with PASLINK cells and its test hwtology. To make it more
understandable, a practical example of an actigadi@is shown in the next chapter,
focusing not only on the test cell but in the camsion of the sample.

Some carried out tests of different active facadasples will be shown,
beginning with light and heavy ventilated facadesere it will be seen the variation in
the efficiency of the facade because of some pammesuch as the thermal inertia of
the external layer and the thickness of the vaetllair. After that, examples of active
facades will be displayed, with forced air movemevrith phase change materials
which store heat, Trombe wall with different configtions and ventilated photovoltaic
facade analyzing not only its electrical behavior &lso its heat gain in the ventilated
chamber.

The behavior of the ventilated chamber will be sddn all cases, comparing
the solar radiation and the heat absorbed by tAmbbr. That efficiency and the

average energy gain per day expressed in kWh/mbwidletermined for each solution.



2- Test & Sample

21 Test

2.1.1 The birth of the project

TheEuropean project PASSYS (Passive Solar System€amponent Testing) whose
main objective was to perform tests under real heratonditions, but, nevertheless, in
a highly standardised environment with a whole pgekof quality assurance control
procedures, regarding the measurements and thatimmeof the test site [10] was
developed from the mid-1980s to the mid-1990s. direcipal result of these
measurements was to obtain information for thedestponent regarding: its
transmission losses (U-value); the use of solarggander real weather conditions; and
its dynamic behaviour: thermal inertia.

To enhance the existing quality procedures forrtgstnd to contribute to
European standardization in the field in long teimi,994 a European Economic
Interest Group was created: the PASLINK EEIG. Ttievdies of this Group were the
development of various European Research Progmtspetitions in System
Identification skills, regular inspections of thember test sites and its work systems,
participation on European Standard Committees laatganization of periodic
encounters for the divulgation of member works tigitoworkshop. Currently all the
expertise of the PASLINK group has been integratdtie DYNASTEE DY Namic
Analysis,Simulation andT esting applied to thEnergy ancenvironmental
performance of buildings) informal group.

The test cell could function by a steady state oalogy in order to determine
the main (steady state) performance characterisieghermal transmission coefficient

(UA — value) and the solar heat gain factor or soarsimittancegA-value) of a



component. This was achieved by an indirect measemg of the net heat flux through
the building. The original concept of this test e&as proposed by Baker [1-2]
Basically, the PASSYS test cell [8] (figure 2.1netsted of a well-insulated
structure of 8 x 2.7 x 2.7 m with two spaces. Oh&.0 x 2.7 x 2.7 m called the “test
room” to the south, and an adjoining space to thréhrcalled the “service room”
containing acquisition and air conditioning equipmé he south facade (and cover if
applies) of the test room is interchangeable sopbssible to test different building

components (walls or roofs).
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Fig. 1 General structure of the PASSYS test c@l] [118].

2.1.2. LCCE Test cells

The benefit of the PASLINK cells is that the heahsfer through the enclosure to the
test room is measured or controlled with high aacyr This way all the heat that passes
through the element (to be tested) can be propediuated without the need of long
stabilization periods. Two methods were developekkeep the heat through the
envelope under control [5-6]: Pseudo-Adiabatic 5(AS) and the Heat Flux

Sensitive Tiles (HFS Tiles) [9].



The PAS technique consists of an electric heatiigginbedded between the
original inner cell envelopes and one series oysigtene and aluminum layers, used to
compensate for the heat loss through the test moralope, maintaining a null thermal
difference between the heating foil layer and tbien inner surface of the test room.
On the other hand, the HFS technique consists asoreng the heat flux through the
test room envelopes by a number of heat flux serisahe form of tiles.

After more than 10 years of operation in the PASKI$foup with the PAS and
HFS technical solutions, it looks like the methddH&S Tiles simplifies operation,
calibration and maintenance of the cell. Thereftire HFS Tiles concept has been
chosen as a solution to be implemented in theiegistvo PASLINK test cells in the
LCCE (Laboratory for the Quality Control In buildjs of the Basque Government)

(see figure 2).

Fig. 2 Installation of HFS Tiles.
Nowadays there are two PASLINK test cells in thaJEpremises (see figure

3). One of them named EGUZKI which tests vertidaireents of 2.7 x 2.7 m while the
second test cell named ILARGI which tests bothtivarelements of 2.7 x 2.7 m and

horizontal ones of 3.7 x 2.1 m.



Both test cells were bought from the Porto test aitd before being used they
were upgraded following the indications providedyy J.J. Bloem of the European

Institute DG Joint Research Centre, Institute foviEbonment and Sustainability in

Ispra-Italy.

Fig. 3 PASLINK test site in the LCCE. From leftright: ILARGI cell with a vegetable
facade sample, EGUZKI cell with a ventilated phaitaic sample.

2.1.3. PASLINK Test procedures

The test strategy is based on a routine of heaiinger input in the test room known as
ROLBS. Before the test starts, it is necessarynsuee a steady state in both the test cell
and the test simple. After this, the heating rauttan begin. The heating input intervals
of this routine last days, hours or thirty minutékis variability allows us to obtain the
necessary information in order to disconnect tleenttal inertial behavior of the test cell
envelope from the test sample. The heating powrtimust be adequate enough to
reach the greatest possible difference in temper&itetween the test room and the
exterior conditions. In the tests, we are lookimngdgach differences among
environments aroundT>20°C (see figure 4). This condition and the high iatioh of

the cell envelope permits to measure heat fluxdgemperatures through the samples



accurately.
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Fig. 4 (Upper graph) Routine of heating power inpedording to ROLBS [6-7] pattern
throughout 10 days and (lower graph) the test raorand surface interior and the
exterior air temperatures during the same period.

The basis for a test procedure, and the postemalefiing and study result

validations are to ensure a previous steady s&tedin the whole cell, a
representative temperature difference between malod outdoor environments, and to
get the maximum decoupling of the main study vadesb

The last part of the test process is the determomatf the main parameters and
thermal properties of the sample in study. In gahéne values of interest for opaque
components are the thermal resistanBe@TK/W) and the thermal capacitias,
(J/Kn?), and for the semitransparent components in additicghe solar gaig. The
tools used to determine these sample propertiethadeORD (LOgical R-
Determination), and the CTSM (Continuous Time Sastic Modelling). Both methods

use the grey box models where the parameters teardeed through ordinary



differential equations of the heat transmissionnaimeenon applied to a lumped
parameter model.

Two methods are applied [4-7] in order to deterntireevalues of the study
parameters in the objective functions: the minimaraof the squared sum and the
maximum likelihood estimates method.

The minimization of the squared sum method ap@esveen the calculated
function and the objective function is the mosedir In the simplest case with only one
output fitting function, the function to minimizs,i

Nt (H) = Z[Ymeas I) _Ycalc(i)]2
! 1)

The likelihood function allows the determinationprbbability densities in
function of the parameter variations, being possiblsolve it sequentially by applying

the probability rule given by,

P(An B) = P(AB)P(B) @)

2.2. Sample

In this section, the sample holder system , manuifisg process of the samples, and a
final section with the technical characteristicshaf additional instrumentation of the

sample, are defined.

2.2.1 . Sample Holder

The PASLINK cell has a removable sample holderesysbn the south face , allowing
the execution of the heavier specimens within austrial hall ensuring quality of the
construction and the installation of the instrunsesithout damaging the sensor system

of the cell.



The sample holder system consists of an struchoeshl frame, which provides
mechanical properties. Within the metal frame &ptl an insulating frame , and inside
it the specimen is manufactured. The insulating&as formed by a ring filled of
expanded polystyrene with a thickness of 0.4 ntepkin the base, in which the foam
glass is used because of its larger bearing cgp&tiEigure 5 it can be observed a
cross section of the sample holder installed irsthgcture of the PASLINK cell [3],

where it is seen the section of insulation frarard also the manufacture of the frame.
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Figure 5 - Insulating frame configuration
Anchoring the sample holder to the structure ofRASLINK cell is

accomplished by bolts disposed along the perinme&tal frame.

2.2.2 . Construction of the samples

The first step is the geometric definition of tla@rgple and the design of the anchoring
system in the sample holder . As an example sh@svn the implementation of a forced
ventilated facade specimen. In the images of Figuteés shown the proposed design
for this example. Once the prototype is defined,rbxt task is to develop the

construction plans of the sample, with the attaaftrdetails to the cell , see Figure 7.
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Figure 2.7 - Costruction plans and anchoring det

Once the sample definition is made, the constroaifche sample is the ne
step. It is carried out inside the industrial h@le work is performed with the sam|
holder placed in a bed with precision and cd , and total securitfor technicians, se

Figure 8.




Figure 2.8 - Construction of the sample

After the sample construction is completed inskdeindustrial hall, the sample
holder is installed in the test cell. In this preg@ crane is used, see Figure 9. With the
sample holder adequately secured, final work orsgeeimen and sealing of all
perimeter joints to reduce infiltrations are penfied. The suitable sealing of the joints

is verified by the pressure test, achieving theliregqnent of less than 0,5 ren/h with

50Pa of pressure difference.

Figure 9 - Movement and installation of the samplene test cell

2.2.3 . Specific instrumentation of the sample

The sample is equipped with the necessary instrtatien in order to achieve the

characterization of;

» Thermal properties of the sheets that form thedaga

« Behaviour of air within the chamber ventilated.

For the measurement of these two properties dlfening variables are

recorded :

* Surface temperature



surface heat flux

air temperature

air temperature difference

air velocity

Pressure drop and airflow

In Table 2.1 it is shown the technical charactessbdf the measuring

instruments used in the tests.

Parameter Units Type of sensor Uncertainty
Temperature °C PT100, A class, connect 4-wire +0,2°C
Temperature °C T type thermocouple +0,4°C
Thermo pile °C K type thermocouple +0,01°C
Heat flux W/m2 Ahlborn FQA-0801-H +5%
Thermo anemometer m/s Ahlborn FVA-605-TA-1 +0,01 m/s
Differential pressure bar Ahlborn FD8612DPS/APS +0,5 mbar
Airflow m3/h Kimo CP300-ALETAS DEBIMO +3%

Table 2.1 - Technical characteristics of measuirsgruments
For the measurement of the thermal propertiesaserfemperature is recorded

using Pt100 surface RTD. Along with temperature,dhe dimensional flow in the
central point of the surface is recorded, by hieat ineters.. For the measurement of the
thermal properties, surface temperature is recoudedy Pt100 surface RTD.

The measure of the air ventilated chamber conditinaludes to record
temperature and air velocity at different points.fieasure the total heat gain that
occurs in the air ventilated chamber it is useldesrhopile of ten measurement points
which can directly record the temperature diffeeshetween inlet and outlet of air ,
with high accuracy.

The last parameter is the pressure drops and ewedex by differential pressure

Sensors.



3- Ventilated facades

3.1- Light ventilated facade

The first point of the study is to define the coustive solution of the ventilated fagade.
It is chosen a base wall model widely used sine€l®v0s to mid-90s. It is a double
brick leaf solution with an air chamber. After thidte light ventilated facade system is
installed on the base wall. it is shown the comsive scheme of the sample In Figure

10.

INTERIOR EXTERIOR

| 1- Plasterboard (2cm)

2. Alr brick [4cmm)

| 3. Mortar (2om)

| 4. Perforated brick (11,5cm)

5. Rockwoal (Scm)

G- Air ventilated chamber {10cm)
1- Cement plate (1,25cm)

Figure 10 — Sample in the PASLINK cell (left) armhstructive solution of light
ventilated facade sample (right)

The experimental tests of the ventilated facadés;iware much more
complicated than the base wall, are divided into diWferent periods. In the first
period, data are used to develop the mathematicdehof the behavior of the
ventilated chamber. The second period is useddidation or contrast.

Below, the most important parameters collectedrdyitine test period (about 15
days) are described, and the evolution of the rsample parameters during a
representative day is shown.

Solar radiation and wind speed at the height oktmaple is collected in the
figure 11. These two variables are fundamentahéostudy of the behavior of the

ventilated facade as they are responsible for theement of the air within the



ventilated chamber. On one hand, the incidenh@fsblar radiation on the outer leaf of
the sample is the cause of the air movement byalatanvection, and the main
component to analyze in the test. On the other hahdn there are high wind speeds,
the exterior air velocity pushing effect shouldauled to the flotation component in the

air movement.
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Figure 11 — Solar radiation and wind speed durigigt iventilated fagade test period
In Figure 12 it is able to appreciate the evolutbthe temperatures of the test

room and of the outside environment. The averagebgaveen these two temperatures
Is 18 ° C, maintaining homogeneity of air temperasun the test room under 0.5 ° C.

The test cell can be considered as a very stahlkswace.
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Figure 12 —Test room and exterior temperatures during ligintileted facade te:

period

3.2 - Heavy ventilated facade

After studying the thermal behavior of a light v&ated facade solution, the ne
objective is to characterize a sample that includesffect of inertia on the outer lay
For this, the light sheet of cement is replacea Imeavy concrete sheet (8,5¢
Another parameter that is changed is the widtlhefdir chamber (from 1ocm
3,5cm). Basically, all of these changes let us ktimeveffect of the thickness on spe
and air flow rates in #nventilated chamber. Figure shows the constructive soluti

of the heavy ventilated fagcade sam
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Figure 13 -Heavy concrete sheet and the sample in the tdgtef€l and constructiv:

solution of heavy ventilated facade sample (ri

3.3 - Comparison between light and heavy ventilated facade

To further analyze the behavior of the ventilatacbfde, the da of a representative d
is taken. It is studied the development of the nvairables, and the behavior of aii
evaluated within the chamber depending on the enmental conditions ¢
temperature and solar radiation. Finally both lahdacades, ligt ventilated facade ar

the heavy one, are compal



The first parameter to be studied is the tempegattigure 14 shows the
variation of the temperature along the differegela of the two samples (light and

heavy) at 1,35 meters of height.
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Figure 14 — Temperature profiles of the light vattd facade sample (left) and
temperature profiles of the heavy ventilated facsataple (right) at 1,35m.
The first worth mentioning point is that it can dgpreciated that the

temperatures of both samples before the insulédywy do not suffer large variations
from the indoor environment. Temperatures remary s&ble throughout all the day.
On one hand, in the light facade solution, the terafures of the ventilated chamber are
not linked to the adjacent layers, and its temjpeeeais usually less than the temperature
of the insulating layer and the cement layer. Taeation of the temperature has a
parabolic profile. On the other hand, in heavy é#aolution, temperature variation in
the ventilated chamber is related to both layeasiriy a linear profile. The nearest zone
of the ventilated chamber to the insulating layes temperatures close to that layer,
repeating the same phenomenon for the areas clake toncrete layer.

For a better understanding, in the next figuretiié variation of the temperature
of the ventilated chamber depending on the timethedhickness for both types of

facade can be seen.
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Figure 15 — Temperature variation in the ventilatedmber depending on the thickness
and time of the light sample (left) and heavy san{pght)
Once the temperatures have been evaluated, thenmagottant parameter to

analyze is the behavior of the velocity of airlie entilated chamber [11-13]. It
directly participates in the dissipation of the theathe air flow. Figure 16 shows the

air velocity in the ventilated chamber of both simns at different heights.
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Figure 16 — Air velocity in the ventilated chamioéthe light sample (left) and of the
heavy sample (right) at different heights

As can be seen in the light ventilated facadembgimum speed achieved in
the ventilated chamber does not exceed valuedh®/ s ] . There is an entry effect,
and it is translated into an increasing of thevalocity, and it is clearly seen in the
sensor placed at 30 [cm ]. From 50 [cm ] to thedbihe sample the speed values are
stabilized. The air acceleration takes place duttregmiddle of the day, reaching a

maximum value. During the night, those values &wppsed.



Unlike the light facade , the air movement inside heavy facade is much more
constant. From Oh to 7h there are mean velocibest20.2 [m / s ], due to the heat
accumulated in the concrete leaf . Between 7anildach there is a break, because air
temperatures are equal within the ventilated chauthizen the outside air . And finally,
between 11h and 16h there is an air acceleratiogaith values about 0.3 [m /s,
which are held until the end of the day .

It is essential to know the thermal behavior ofvbatilated chamber in order to
get proper designs of active systems such as tbewhich will be shown in the

following sections.

4- Active facades

We are showing some different examples of facauswie have test in PASLINK cell
over the last years. We start with light and heaamytilated facades with forced air
movement, after those samples it is shown a trondde and the last example is a

photovoltaic ventilated facade.

4.1 - Light opaque ventilated facade

Figure 4.1 shows a light opaque ventilated facade The objective of this test was to
mainly determine the combined solar energetic cagtlus air impulsion capability as
reinforcement for the HVAC equipment in installaisowith high loads of air
renovations. In winter the air passing throughfégade goes into the building and in
summer it returns to the exterior. For the studtheke kinds of facades, the test cell
has an impulsion fan capturing the air of the chanfécade through three chutes. This
configuration allows adequate control and stabiél@iv along with an accurate

measurement of the air flow at all times [12].
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Fig 4.1 - Light opaque ventilated fagade sampleaslink test cell and the construction
solution of the sample

It can be reached temperatures close to 60 °Ceiexternal layer of the sample
when maximum solar incidence happens, getting $aneabusly an absorption of heat
by the ventilated chamber. It is appreciated, Wiagn solar radiation is reduced, the

temperatures rapidly go down. Figure 4.2 showsfsingle sample day what has been

said in this paragraph.

10 =
& External layar i1
E =] ;
- ;
5 40 o
Mo 44
E 30 45
- e
104 ——— -
] T T T T T T T T
a 2 4 B & 10 12 14 16 16 20 22 24
Time {fil
12 o |
10 Ventilated chamber — inc
_ Qabs 3 =
TR 1 E
E £
™ & & =
3 .
TR
E
g, o
i v y y y y - + 0
o 2 4 <] 8 10 12 14 16 18 20 22 24
Time [n]

Figure 4.2 - Profile of temperatures (above) of@kternal layer and the and solar
radiation and absorbed heat (Below) in the vertilathamber throughout a single day

Energy is absorbed only when there is solar ramhatiecause of the absence of

thermal inertia of the external layer. This fachigreat disadvantage in the point that



energy production does not have to match with tbenent of the energy demand.
Efficiency close to 22% were obtained, with an agerof 0.9kWh/mper day. Figure

4.3 shows the solar radiation and the absorbedidyetiie ventilated chamber during the

test period.

Qinc
Qabs

0,9
0,8 1
0,7 1
0,6 1
0,5 1
0,4 1
0,3 1
0,2 1
0,1 1
0,0

Heat Gain [kWh]

© N © © N © © N © © N © © N © © N ©
— - — - — - — - — - —

9-sep 10-sep

Time [h]

11-sep | 12-sep | 13-sep | 14-sep

Figure 4.3 - Solar radiation profile and the absdrheat in the ventilated chamber

profile during 10 days

4.2 - Phase change material facade

The second example is a test of a ventilated fagattheforced air movement. The
particularity of this facade is the use of phasange materials (PCM) [19] in the
exterior layer instead of the light facade (pregiexample), increasing the solar
capitation and employing the residual heat for @niteating, and to reduce solar gain
in summer. The figure 4.4 shows the use of anwdfebin the entrance to the ventilated

air chamber in order to eliminate the wind effecthe study.



Figure 4.4 - Forced ventilated facade with PCMthaexterior layer

The advantage of this solution lies in the accutmeof heat by the PCM.
When this process occurs, the increasing of the@eéeature is slowed down, getting
lower maximum temperature values than in othertgwia. When the cooling process
occurs, PCM extend the temperatures profile albregime. The figure 4.5 shows the
evolution of the temperatures in the PCM layer girgle day. To determine this
temperatures profile, 15 temperature sensors wetalied in the profiles at different
heights. It can be appreciated that the proceabsirbing the heat by the ventilated

chamber remains in the time even though there sotar radiation.
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Figure 4.5 - Profile of temperatures (above) of M layer and the and solar

radiation and absorbed heat (Below) by the veertlathamber throughout a single day



The following figure 4.6 shows the absorbed hedhéwventilated chamber and
incident solar radiation. It is seen that evenrdfiere is no radiation, the ventilated
chamber is absorbing heat due to PCM. It is es@ithttat it is absorbed about 45% of

solar radiation, with an average of 1,35 kWhfrer day.
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Figure 4.6 - Solar radiation profile and the absdrheat in the ventilated chamber

profile during 10 days

4.3 - Trombe wall

The next example is about Trombe wall [14-15-16-TTe objective of this study was
the analysis of the different ways for the solaiaton use through its capture and
accumulation in the mass of the wall. The heatwaptby the wall and accumulated by
the greenhouse effect of the low-emissive glasd like an enclosure of the air
chamber, could be managed by putting it into a tamd indoor environment during
winter through an interior-interior or exterior-@mtor air curtain. Likewise, the
potential of a refrigeration condition can be amalythrough an exterior-exterior or
interior-exterior air curtain. All of these posditiés are shown in the next paragraphs.
This behaviour versatility can be added to a Bayesnetwork control system that
allows to predict the climatic conditions evoluti@nd through a thermal behaviour
model of the facade, to choose the adequate daiodunction for the maximum

energy profit. The figure 4.7 shows the Trombe visdhde and the construction



definition of the sample.
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Figure 4.7 - Trombe wall facade and the constraucsimution of the sample

In summer conditions the air curtain configurattc@m be used to get
refrigeration. In Figure 4.8 the evolution of thehlavior of the ventilated chamber along
the test period is shown, and it can be appreciat@dhe evacuated heat by the air
curtain remains constant throughout the day, evegrnvihe solar irradiation was lower
due to increased cloudiness. These days allowdieceethe contained energy in the
brick leaf and improve the starting conditions$anny days. It is estimated that it is

absorbed about 57% of solar radiation, with anayeiof 1,8kWh/rhper day.
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Figure 4.8 - Out-out air curtain configuration, ichent radiation and absorbed heat

during the test period

Using in-out air curtain solution, it can be obszhhow the cooling effect

depends more on the solar component than in tleeafasutdoor air curtain



configuration. It generates higher percentagedsbded heat than in the previous
example. This described behavior is shown in figue It is estimated that it is

absorbed about 36% of solar radiation, with anayeof 1,4 kWh/mper day.
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Figure 4.9 - In-out air curtain configuration, ident radiation and absorbed heat during

the test period

In winter conditions the indoor air curtain solutibas a clear objective: heating
the building by passing the inside cold air of lleeise through the air ventilated
chamber. The gained heat in the process is shofgure 4.10. It is estimated that it is

absorbed about 58% of solar radiation, with anayeiof 1 kWh/riper day.
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Figure 4.10 - In-in air curtain configuration, ident radiation and absorbed heat
throughout a single day
Last air curtain solution can be used in springting high percentages of

absorbed heat due to the speed of the air in thilated chamber. Even in a day with

little solar radiation because of the cloudinelss,dabsorbed heat maintains constant or



even higher than the solar radiation. Figure 4Hdws the process. It is estimated that it

is absorbed about 61% of solar radiation, with\erage of 2,6 kWh/fper day.
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Figure 4.11 - Out-in air curtain configuration, ieshent radiation and absorbed heat

throughout during test period

4.4 - Ventilated Photovoltaic facade

The last example is a ventilated photovoltaic fagadis solution is the most common
type of active systems in building envelopes, bémgsolar production the unique
important part, forgetting that the exchanged kettin the ventilated chamber
increases the energy building efficiency. In mdghese facades, the air curtain is only
used for cooling photovoltaic panels and improwehiigroscopic behavior of the
facade. In this commercial solution test with owtdair curtain, the behavior of the
ventilated chamber is studied in order to get eledtbehavior of the photovoltaic
panels much more efficient and to use the absdrbatiwithin the chamber. This kind
of active facade has great potential to introdutm@ed extraction system [18], as it has
been shown in previous examples which would greatfyrove the overall energy
efficiency of the envelope of the building. In tigure 4.12, the facade sample in the

Paslink cell and the electrical behavior of thetphkoltaic panels are shown.
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Figure 4.12 - Photovoltaic facade sample (left) etnedelectrical properties of the

sample during the test period *The shown valuesxaminal ones

As it has been mentioned above, an important agpélee study was to
guantify the absorbed heat by the air of the vatetil chamber in relation to the incident
solar radiation. For a test period of 15 days, waed fully representative, the heat
gain percentage was close to 30%, with an averbigj&'w/h/nt per day. It could be
used to supplement in building heating. Figure 4i@ws the absorbed heat in the
ventilated chamber.
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Figure 4.13 - Solar radiation and absorbed hedbh&wyir curtain during 10 days of the

test



5- Summary and conclusions

We have already noticed that PASLINK test cellaaus to characterize reliably and
accurately any type of ventilated facade. Furtheeywe are able to know the behavior
of ventilated chambers and it brings us new oppatiees to use them in optimal
conditions in a near future.

Analyzing the examples that are shown in the papet,starting with ventilated
facades, we can see how the thermal inertia ofnatgean affect in absorbing heat
from solar radiation. An external layer with thetrimeertia let the ventilated chamber to
reach high air temperatures, high air velocitie$ extended periods of time absorbing
heat (energy) even when there is no solar radialibis energy can be used for cooling
or heating depending on the weather conditionssélason of the year, the location...
For this reason, It appears to be very interegtiegconcept of using forced air
movement to optimize the solar gath Active facades

Within active facades, it has been observed thah®same base wall, and only
changing external layer of the solution, the hedlection efficiency of the ventilated
chamber is doubled in the case of thermal ineraigenals (in this case, phase change
materials with heat storage). Another example shmWwrsmbe wall, and changing only
the air curtain configurations we can get gredtiefficies in all seasons. Finally,
ventilated photovoltaic facades would be more Usédfwe take advantage of the
absorbed heat by the ventilated camber.

If the main goal is to achieve a NZEB (Nearly Z&mergy Building), there is
only one way to get it, and it is about workinghwéxperimental data and testing all the
different solutions in order to have optimal actimeades which generate energy and

participate in the energy demand of the building.
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