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Abstract

The aim of this article is to present results of an experimental campaifprmed on a full scale facility
provided with a double-skin facade. The behaviour of this architectoinakept is tested under controlled
climatic conditions. A summer case is scrutinised under different ewafigns: variation of the airflow
through the double-skin facade and different angle of the solar shadele. This paper describes the
experimental conditions, as well the test facility and the tested facade elérhenresults show the
temperatures of the test cell and the facade and how they depend on the ctingitions and the blind
blade angles. One objective of this research was to measure and provide extatssiset detailing air
and surface temperatures on the double-skin facade, together witkv aafes and air velocities. The
experiments are fully described so that the results can be used faalittetion of numerical models

dealing with ventilated double-skin facades with venetian blinds.
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1 Introduction

Double-skin facades are highly technological building components whéclileployed especially for
office buildings in order to satisfy special requirements. Althohghdbuble-skin facade (DSF) concept
is not new, there is a growing tendency from the architects to .useniew architectural projects, the
DSF are designed to fulfil several envelope functions, such as thermal ansticadosulation,
optimization of natural lighting and improvement of ventilation syst&men that the study of DSF
constructions has appeared during recent years, a satisfying levelthmen yet achieved and the lack

of knowledge is slii present.

The DSFs were studied in the past years to improve their capacities lieatred energy performance
simultaneously with preservation of the thermal and visual comforaddition to the envelope itself
(facade), DSF have a second glazed layer (generally without a structural fumpiéiced at a certain
distance from the inner layer (Streicher, 2005). These two panesssfagtas an insulation between
outside and inside enabling the air to circulate the cavities of the facade. Ehpagitioned between
these two layers is named buffer zone, channel or air gap and islbewentilated. Since the distance
between the glass layers goes from a few centimetres to over one metggnificant air volume can be
used various ways according to climatic conditions, hours of occupatientation, type of construction
and HVAC system. Its temperature is influenced by solar radiationideutsmperature, presence of

shading systems.

Although numerous papers describe different configurations of DSF, imepeal results under
controlled climatic environment are rarely given. Measurements are very agftéad out under real
weather conditions where there is a little or no control of the key emméntal factors (Pasquay, 2004),
(Park et al., 2004), (Stec and Van Paassen, 2005), (Corgnati et &l), 20Qhese experiments treat
different fagade configurations. Results of measurements are usedliftation and enhancement of
developed models. Generally, these results are employed to improve DSF perfoatnémeelesign

stage.



In (Pasquay, 2004) several high-rise naturally-ventilated DSF orbuddings are monitored. In (Stec
and Van Paassen, 2005) three main experiments are evaluateda@maalh-scale laboratory facility and
two under real weather conditions. The small-scale test cell measuraremsrformed to validate a
simplified DSF model without an influence of wind and solar radiatiormasdeements under real weather
conditions were used to validate the building model coupled with the D$Eorgnati et al., 2007) the
authors evaluate extensively the operation of a DSF integrated with HVAC strafidggeasir is drawn
from the room and flows through the facade to an air treatment Tmét.main inconvenient of this
strategy is that during the winter, due to the occupants, condensaioappear on the outer glazing of

the facade.

The major inconvenient of this large variety of experimental situationserggiderally in the different
climatic conditions, as well as building or DSF characteristics. Inctge, aiming inter-building and/or

inter-fagade comparisons became very complicated.

2 Experimental setup

The first part of this paper is dedicated to an extensive descripttbe ekperimental set-up. The second
chapter deals with the results obtained during the experimental camipiaglty, conclusions are given

in the last part of the paper.

2.1 Minibat test cell

The study of thermal characteristics or influence of a system conrtecéetuilding structure, requires
reliable and detailed experimental data. However, the consistency of such mesgsirean only be
acquired through controllable experimental environm&hiation constituting the essence of the climatic
test cell called Minibat. Used intensively for the last years to validate zone and Gielsmpto measure
pollutant, Minibat cell was upgraded recently to a new potential, the assessraethbufle-skin facade

system.



The Minibat experimental facility is composed by two identical test cells (roogash one with the
dimensions L x W x H = 3.1 m x 3.1 m x 2.5 m (Figure 1).olighout measurements, the door between
the tests cells was sealed and only the data from test cell 1 were considecethrttecalled test cell.
Five walls ofthe test cell are in contact with a thermal buffer zone with controlled temperature. The
composition of the walls is given in Table 1. The thermophysical epties of the materials are
summarized in Table 2. To create a homogeneous and regular volumerdficerthe thermal buffer
zone, a distribution air network is installed. The air diffusers atalied in the upper part of the thermal
buffer zone and air outlets in the lower part. The air temperature insideetmal buffer zone is entirely
controlled with an accuracy af0.5°C. The sixth face of the test cell, where the OxSHstalled, is in
contact with a weather generator capable of simulating the outdoor condteomserature and solar
radiation). An air treatment unit controls the air temperature in the gregémerator. The average air

temperature can vary betweetCtand 40°C withanaccuracy oft1.5°C.

2.2 Large scale solar simulator

The large scale solar simulator installed in the Minibat test cell provides a souactficfl solar
radiation for irradiating the test facade surface (see Figure 1). Thessoldator is designed to test
elements W x H = 3.1 m x 3.1 m. The lamps are physically separatedvieather generator by a glass
pane. Thus, the separation between solar and weather generator allowsemeats with different
scenarios (summer, winter, middle season configuration), without iatateon of the lamps
characteristics. This environment that adjoins the front irradiated surfaitee dacade and the solar

simulator corresponds to outdoor environment.

The solar radiation is simulated using twelve 1000W CSI lamp (a gmskscharge lamp of metal halide
type, CSI meaning compact source iodide). Figure 2 shows the coomplaeisveen the CSI spectrum and
the solar spectrum (Allard et al., 1987). Then, the lamps are capabtedoicing a radiative spectrum

close to the solar spectrum. The lamps are installed in threeofofwar lamps in front of the weather



generator (Figure 3). Every lamp is electrically controlled by a sujegvisnit which allows the
functioning of different combination of lamps. Duriagr tests all the lamps were switched on

2.3 Double-skin facade

As a result of a literature review, the more conventional facade elementisiomjarsingle strey “box-
window” type is selected in our investigation (Loncour X. et al., 2004). In this réspetull sized
double-skin facade incorporating a sun-shading blind was constractethstalled in the Minibat test

cell.

The double-skin facade, presented in Figure 4, is made of two alumfréames: external and internal.
The internal is composed of one fixed part (W x H = 2.8 m x 2.&hile the external one is divided into
two parts that can be separately opened. The aluminium frame (Bickmbyy 10 cm of width) isa
specialy designed 3 cell formation limiting thermal bridges. The glass panels asegpdry a gap of 20
cm, are two simple clear glazing without a surface treatment. The glass &vea 4 = 1.3m x 1.93 m
(2 panes) for the external pane and W x H = 2.8 m x 1.93 m (onefpaiie¢ internal pane. The outer
skin was designed to be opened and closed for easy installing theenearstudevices and directing the

solar blinds.

The DSF includes four openings for ventilation (W x H = 2.6 m x 0.04'h@y cover the whole width of
the facade, at top and bottom of each of the two glass panels.vahiosis ventilation configurations of

double-skin can be tested by simple obstruction of these openings.

The sun-shading devices, commonly used in practice and installedef® experiments, are venetian
blinds placed in the middle of the channel. Since the sun-shading dewiooisdriven, the blinds can be
oriented automatically during the tests, from the exterior of the facade.riEhgation is representing an
imposed angle (B) between 0° and 90°. The 0° angle corresponds to horizontal completely open blinds.
The 90° angle corresponds to completely closed blinds facing the soldatsimMade of aluminium,

tested sun-shading blades &r& cm of width (total sun-shading system dimension is W x H =n2:8



2.3 m), 0.21 mm thick and with a weight of 699 g/m? of Wei§he chosen colour of the blinds is yellow

gloss. Table 3 summarizes the DSF properties

The DSF is exposed to the controlled climatic conditions (temperature andadation), provided by
the weather generator and the solar simulator. In order to represeselygracmechanically ventilated
facade and ensure accurate airflow control a special air supply systerdesigned (Figui®). This
system is connected to the lower ventilation opening of the DSF. It isoseehmf a ventilator which
blows the air into a convergent diffuser by the intermediate of a digetr@5a). A differential pressure
flowmeter is installed inside this duct to measure accurately the airflow Higwime ventilator into the
air channel of the facade (Figure 5Preliminary tests show that the velocity at the diffuser outlet is

nearly uniform.

2.4 Metrology

The metrology installed on the experimental facility is composed in tatersg, one for the test cell and
the other for the DSF. Both measurement units are compos&itbérmocouples and RTD sensors,
one inline flowmeter and one pyranometer. Table 4 summarises thessproguertiesT he entire test cell
is equipped with type-K thermocouples on its interior and externédcas (facing inside and facing
thermal buffer zone). 9 thermocouples are located on each face of fivarwaitder to obtain the mean

surfaces temperatures.

The DSF airflow measurement system is composed of two differentisure devices (two blades, thus
limiting the differential heads and turbulences) and a sensowtlibxhe differential pressure elements
(Figure 5¢). These two pressure elements have a distribution of aperturée @irfoil permitting the
control of the average airflow (by averaging the differential pressures)piessure transmitters working
with a differential probe are configured with a square root functtia.this function, and from the

differential pressure, the transmitter calculates air velocity and/or airflove idutt, and thus in the DSF.



The DSF itself is instrumented using thermocouples, distributed on all thentteofiehe facade (Figure

6). Type-T thermocouples with flattened joint are used here for a bettrctaovith the glass surface.
Among these sensors (Table 4), 15 thermocouples are affected fdadhesigrface temperatures and 10
for air temperatures (Figure).6All the thermocouples installed in the DSF are shielded to the solar

simulator radiation using a special paint. This paint is Labsphere’s Spectraflect.

Air velocity transducers are also installed. The sensors are TSI 847%lagity Transducer. They
sensors are selected to measure air velocities within the mechanically vemt@aityd Thus, four air
velocity transducers were used for the measurements. The trassdiece located at the middle height
(+1.15m) and in the upper part (+2.1m) of the fagade cavities (exéaraahternal air channels). Each air
velocity transducer is suspended vertically in the cavity with theosgriacing the upward airflow. The

uncertainties concerning velocity measurements are given in Table 4.

The test cell sensors are connected to a multiplexing station compos@aduisition cards, each one
having 39 inputs. Measurements are then carried out usingtineter Keithley 2700. DSF sensors are
connected to a dedicated Multimeter/Data Acquisition System. Acquisition andirgcof the data are

done by a computer station using Labview software

2.5 Experimental procedure and preliminary results

2.5.1 Experimental procedure

Every test consistin setting up parameters of the test cell facility (boundary conditiors)Ds .
Simultaneouly, the solar simulator is switched on and synchronized with the sittojoi system. The
time delay between two measurements is 300 s (i.e. a measufesgerncy of 0.003 Hz). The test cell
reachs the steady state condition after 48 hours when the DSF is ventilated, res¢pé&@iveurs vith
no airflow in the DSF. All the values presented in this paper were obtaireslying 100 values recorded
at steady state. Comprehensive and more detailed information about the atiofiguare given in

Figure 7.



2.5.2 Thermal buffer zone

Given that the thermal buffer zone temperature around all the five bounaofatfiestest cell is accurately
controlled,it is possible to test several cases. Among theseain scenario was selected for the tests
This scenario is represented by a summer situation which is represeofative hot period This
configuration of the thermal buffer zone simulates the cell test in contdcadjiicent rooms at constant
temperature. Therefore, the temperature of the thermal buffer zone iadizedling to the studied case.

Thus, the air temperature of the thermal buffer zone was fixed at(E&f@e 7)

2.5.3 Weather generator

During tested scenario, the air temperature inside the weather genefated st 32°C (Figure 7). The
weather generator oscillation around the temperature setpoint is redaggudgimately +0.2-0.3°C for

all configurations, which confirms the stability of the weather geoeregulation system

2.54 Solar simulator radiation results

During all the tests, the solar simulator is unchanged constant. The oriematagiienof these lamps is

chosen following preliminary tests, to uniformly irradiate the DSF structure.

To obtain uniform radiation repartition, the lamps are redirected until repehimomogenous radiadi

solar flux on the external DSF glass pane. The measurements aedrsiligltaneoug on a virtual grid

(Figure 8) on the external and the internal glass pane. With these meastsreispossible to evaluate
the values of solar radiation in different location of the DSF. FigureeSepts the solar irradiation
isovalues on the external glazing after the reorientation of the lampsnéixtgaiss sheet receives the
most significant part of the radiation of solar simulator spots. rEogientation of lamps allows to
improve and to normalize the initial regions with a high irradiationg@h case, the sun is sufficiently far

to act as punctual source and to radiate uniformly). FijQneresents the same direction as Figure 9, but



the measures were taken on the internal DSF glass pane. Fighiews as well, that a significant part of
the solar radiation is absorbed or reflected by the glass panes er\mn#tian blinds of the DSF. Figure
11 summarises all the internal solar radiation measurements for blinds @)gtesying from 0 to90
degrees. For convenience, the measured values on different locatibe fafcade glass (exterior and
interior, Figure 9 and Figure 10) are averaged. Thus, Equatiodefijes the shadingoefficient ,
function of the radiative flux on the DSF external and the internal gheesg.sThis shading coefficient

describes the amount of solar radiation which is stopped by closing proghesisésblinds.

§ — S—ext (1)

For each change of the blinds angle the average irradiation is degrdgs approximately 50%
comparing to previous angle (for example, between horizontal béinds30 blinds). Moreover, for
completely closed blinds (90°), since the theoretical transmittance is equah#ofi@st consequence can
be that no radiation will enter inside test cell. But with multiple reflections alad saaliation leakage

regions of the facade, the test cell receives solar radiation

2.5.5 DSF airflow and air velocities results

In this part the airflow and the air velocities inside the DSF are analysediiTtelocities are analysed
by the intermediate of a coefficient. This coefficient (see equation 2) is a furaftioreasured air
velocities inside the DSF gaps, at middle height. As well, this coefficient deperitle @€ntilation

opening surface and of the imposed airflow at the entering of the DSF.

¥ - Vo115 S

vent (2)
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Figure 12



3 Results

In this part, results obtained from the measurements are detailed. \G@masios are considered.

3.1 Temperature results

The scenario is characterized mainly by the weather generator air tempenraddratfi32°C (a hot
summer day) and the buffer zone temperature fixed at 26°C (the test oplbased to be in contact with
a air-conditioned zone). Under these aspects, several configurations ardsschutiifferent airflows
combined with different orientation of the shading device. In our ¢heepresence of venetian blinds
allows to vary the angle between 0° (completely opened blinds) and 90pl&tely closed blinds). The
airflow range varies between 0 and 608mtorresponding to 0-193%h for one meter of fagade. All the

tested configurations are presented in Figure 7

Table 5 presents the totality of the boundary conditions of the test cell faitibtyemperatures of the
thermal buffer zone air volumes (North and South face, Ceiling and)Fidwe fluctuations between the
setpoint and the temperature in the thermal buffer zone, on the, artith and top air volumes are
around 1.3°C. For the bottom face of the thermal buffer zone, itactowith the floor, the temperature
recorded during the measurements is in the region of 22°C. Babksents the temperatures recorded on
interior surface of the walls of the test cell. For convenience, the 9dheuples recordings are time
averaged and only one value is presented for every wall. Syntlarthermal buffer zone, the walls
temperatures are averaged from 100 values recorded at steady state. rapte,exiuring the
measurements with the completely opened blinds, increasing thevainfiitne facade is decreasing the
walls surface temperatures (North, South, Ceiling and Floor). For thavBh¢the back wall of the test
cell) the temperature is relatively constant for all airflows. This faduesto the solar radiation passing

through the facade, irradiating the wall surface. Modifying the bladessatiyéesolar direct flux through



the DSF is reduced and the consequence is observed on the backrfae#f semperature. This wall

surface temperature decreases simultatgauith the increasing of the blinds angle.

Installing thermocouples in different points of the DSF (Figure @)iaside test cell (6 Pt100 sensors are
installed to measure the vertical temperature profile), a temperature teralisarealised for different
location. Consequently, every sensor will record the temperature oktir environment (surface or air).
Thus, for measured configurations (airflow and blades angleartdpbottom recordings of test cell and
DSF layers were averaged at steady state. Table 7 shows these temperatateshéorsummer
configurations. In the light of this situation is possible to calculate adeature difference top-bottom
for each element. This vertical temperature difference of the DSF elenpamtgularly for air
temperatures, is important to be evaluated. This evaluation showdEthean increase sufficiently the
air temperature, air that can be provided for ventilation. This situation @seg advantageous during

middle or moderate cold season.

Figure 13 shows that blinds angle are highly influencing th@deamture regimes DSF and test cell. The
test cell air temperature is more influenced by the blinds angles thanebsirflow. Thus, closing
progressively the bladea more consequent decrease of temperature is produced inside the teahcell t

by doubling the airflow.

For both mechanical ventilation and zero ventilation through the DSF, héngserature is superior to
all other temperatures (air and surfaces of the DSF). This temperiterende vary proportionally with
the blinds angles, from approximately 1.5°C for blinds at 0°, respectwed°C for blinds at 90°(closed
sun-shading system). The blinds increased temperature is duepimginessive interception of the solar

radiation. Thus, more the blinds are closed more their temperature isimgreas

Figure 14 shows an outloolof the entire set of temperature measurements for the tesMeslsured
temperature inside test cell varies few for angles superior to ®8e&ueny to our measurements and
strictly thermo-energetic, hot season strategies with angles superidr(@v6a with important airflow in

the DSF) cannot be consid@aiving a thermally sufficient impact. Thus, since a 60° anglesgive



similar decrease of temperature as a 90° angle (closed blinds), a lowersangie suitable due to his

higher daylighting potential.

3.2 DSF energy efficiency results

This consequence presented in Figure 14 is reinforced calculating thg effarigncy of the DSF (see
equation 3) This coefficient is a measure of the energy “removed” from the test cell by the airflow
imposed in the DSF. This coefficient depends of the measured air temperaturewaethend uppe
ventilation openings of the DSF. Moreover, this coefficient is correlated kgtedlar simulator radiative

flux and the glass surface of the DSF.

Therefore, Figure 15 presents the energy efficiency funcfodifferent airflow. Increasing more the
blinds angle is not traduced by removing more heat from the facade. $foall airflow (200 riih) the

energy efficiency is nearly constant for all angles excepting complete opénds. The maximum of
energy efficiency is for blinds angle of 45°. After this value, the tremiirecteddownward which makes
that a 60° angle to be equivalent thermo-energetically with a 30° angle. Fromral tigtiting

perspective, small angles can lead to better use of daylight inside allowiegsolar radiation to pass
towards the room. This limited blinds inclination due to thermal aspmmn simplify further the DSF
control (high glazed surface with bad consequences on thermal coimfiortith good effects for visual

comfort) and thus giving more access to natural light.

4 Conclusions

In order to investigate glazed building envelope, an experimental researdfedrasarried out with

double-skin facadesrhis study allows measurements of double-skin facades, undeoltzh thermal



and radiative environment. The tests concern the behaviour of the test celbgresid a double-skin

facade during the hot season characterised by different set-ups (blinds anggatiation).

These experimental campaigns enable us to evaluate precisely the thermalupaifevimmom provided
with a double-skin fagade, comparing to real building monitoring. é¥ew this entire set of
experimental results enables to carry out validation of DSF models. Thusexteissive data set
(boundary conditions, walls surface temperature, DSF temperatures, etadwide p practical resource

for further research and for use by building designers and madeller

In order to validate the use of double-skin facades, further investigatie needed. Various external
conditions must be tested to evaluate the gain during spring, autumellAsumerical simulations must
be carried out, in order to investigate the behaviour for real buildifgsthiermal and visual aspects are

to take into account simultaneously.

References

Allard F., Brau J., Inard C., Pallier J.M., 1987. Thermal Experimehtsull-Scale Dwelling Cells in
Artificial Climatic Conditions. Energy and Buildings 10 (1987) 3®.-

Corgnati S.P., Perino M., Serra V., 2007. Experimental assessméntdrformance of an active facade
during actual operating conditions. Solar Energy 81 (2007) 993-1013

Loncour X., Deneyer A., Blacso M., Flamant G., Wouters P., 2004.dbeble facades ventilées.
Classification & lllustration des concepts de facadEntre Scientifique & Technique de la Construction,
Département Physique du Béatiment, Climat intérieur & Equipements, Belgique.

Park C., Augenbroe G., Sadegh N., Thitisawat M., Messadi T, 200ltiRezoptimization of a double-
skin facade based on lumped modelling and occupant preferencen@uittd Environment 39 (2004)
939-948.

Pasquay T., 2004. Natural ventilation in high-rise buildings with ofdcades, saving or waste of
energy. Energy and Buildings 36 (2004) 33889.

Poirazis H., 2006. Double skin facade literature review. IEA Task34.



Stec W.J., Van Paassen A.H.C., 2005. Symbiosis of the doubldeagldde with the HVAC system.
Energy and Buildings 37 (2005) 46169
Streicher W., 2005. Bestfacade - Best Practice for Double Skin Facades EIR/80/1.38652. WP 1

Report State of the Art.



Nomenclature

Yij Blinds angles [°]

¢ Shading coefficient [-]

= Solar simulator flux measured on the external DSF glass [W/m?]
= Solar simulator flux measured on the internal DSF glass [W/m?]
E Energy efficiency [-]

Q. Mass flow [kg/s]

c, Specific heat capacity [J/K]

Tou Air temperature in the upper part of the DSF [°C]

T, Air temperature in the lower part of the DSF [°C]

S Glass surface of the DSF [m?]



Table 1. Wall composition (from the interior of the test cell to the thernfédrtzone)

Wall Material _Thickness
[mm]
Floor Cellular concrete 200
Plasterboard 10
. Polystyrene 50
Vertical wall Plasterboard 10
Agglomerated wood 50
Plasterboard 10
. Plywood 8
Ceiling Mineral wool 55

Wood 25




Table 2. Thermophysical properties of the envelope

. Conductivity Capacity Density
Material W/mZC] [Okg°C]  [kg/m7]
Plasterboard 0.35 1620 817
Agglomerated wood 0.136 1640 544
Plywood 0.11 1600 417
Polystyrene 0.04 1380 25
Mineral wool 0.06 1000 72

Siporex concrete 0.16 1000 368




Table 3. Double-skin facade properties

Dimensions

Layer Width _Height Transmittance Absorptivity — Reflectivity
[m] [m] [%] [%] [%]
External DSF glass pan¢ 2.6 2.3 0.82 0.11 0.07
Venetian blade 2.6 0 0.1 0.9
Internal DSF glass pane 2.6 2.3 0.82 0.11 0.07




Table 4. Sensor characteristics

Sensor Type Precision
Thermocouple K +0.3°C
Thermocouple T 0.6 °C
Thermocouple T +0.6 °C
Platinum RTD Pt100 0.2 °C
Platinum RTD Pt100 0.2 °C
Flow rate - 0.5 %

Air velocity transducer TSI Omni directional

13 % if T € [20°C; 26°C]
+3 % + 0.5% per °C of reading if € [20°C; 26°C]




Table 5Boundary conditions

Weather  Thermal buffer zone

B Q generator North Top South Bottom
[m¥h] [°C] [Cl  [Cl [Cl  [C]
0 0 32.3 24.9 259 254 215
0 200 32.2 24.7 25.7 25.2 22.0
0 400 32.2 255 26.3 25.8 21.8
0 600 31.9 255 26.3 25.7 22.2
30 0 32.3 251 26.0 254 21.7
30 200 32.2 24.9 258 25.2 22.2
30 400 321 25.6 26.2 25.7 21.6
30 600 31.8 25.2 26.0 25.5 22.2
45 0 32.3 24.9 258 25.2 21.9
45 200 32.2 25.0 258 25.2 22.2
45 400 32.2 24.7 256 25.1 21.8
45 600 31.8 25.2 258 254 22.3
60 0 32.3 24.8 256 25.1 221
60 200 32.2 24.8 255 25.1 22.2
60 400 321 24.9 25,6 25.1 22.2
60 600 31.9 248 254 250 223
closed 0 32.3 25.0 258 253 22.0
closed 200 32.2 254 259 255 221
closed 400 32.2 25.9 26.6 26.1 23.0

closed 600 31.9 24.9 255 250 223




Table 6 Inside surface wall temperatures

Walls indoor surface temperature

B Q North Ceiling South Floor East

[m%h] [°C] [°C] ['C] [*C] [C]
0 0 37.3 387 374 378 41.2
0 200 36.7 38.0 36.8 37.2 41.0
0 400 36.2 374 36.4 36.7 40.2
0 600 362 37.6 36.3 36.5 403

30 0 355 374 355 356 37.6
30 200 342 358 342 344 36.2
30 400 334 348 334 334 350
30 600 33.7 35.2 33.7 339 356

45 0 341 36.0 341 341 352
45 200 33.0 345 33.0 331 343
45 400 33.0 344 33.0 331 346
45 600 320 33.2 319 32.0 327

60 0 33.2 351 33.1 33.1 338
60 200 320 335 320 32.0 328
60 400 319 331 31.8 319 327
60 600 30.8 31.9 30.7 30.7 31.0

closed 0 32.7 345 325 325 329
closed 200 31.1 325 31.1 31.0 313
closed 400 31.7 3238 316 315 320
closed 600 304 315 30.3 30.3 30.5




Table 7. DSF and test cell vertical temperature difference.
Bottom = +0.2m; Top = +2.1m

External

External air

Internal air

Internal

Blinds Test cell
Q. glass channel channel glass
B Bottom Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom Top
[mh] [°C] [°C] [°C] [°C] [°C] [°C]
0 0 35.4 39.3 345 419 355 42.7 33.4 42.4 37.8 42.1 37.4 39.5
0 200 35.3 38.3 34.6 38.1 355 38.8 34.1 385 36.9 40.2 36.5 38.9
0 400 35.0 375 34.4 36.2 35.2 37.9 34.0 36.8 36.5 39.3 36.2 38.3
0 600 35.3 375 344 36.0 35.8 37.5 34.3 36.6 36.6 39.1 36.1 38.4
30 0 35.2 40.1 34.2 43.7 35.0 45.4 33.0 43.6 36.2 416 354 38.0
30 200 35.6 39.0 34.6 39.3 35.8 40.5 34.0 395 354 39.2 34.0 36.0
30 400 355 38.2 34.5 372 36.3 40.5 34.1 36.6 35.0 37.8 32.9 35.1
30 600 35.7 38.0 34.6 36.6 36.6 38.4 34.3 36.8 355 37.9 33.6 35.3
45 0 35.1 40.6 34.2 44,7 34.7 46.4 33.0 44,1 35.3 41.0 33.6 36.6
45 200 35.5 39.1 344 39.4 35.6 40.8 33.8 395 347 384 324 34.6
45 400 357 38.4 34.6 37.3 36.4 40.7 34.1 36.6 349 37.6 325 34.4
45 600 35.9 38.4 34.8 36.9 36.8 39.2 34.4 36.4 34.7 36.8 31.1 33.2
60 0 35.0 40.9 34.0 449 34.8 46.6 32.9 44,1 34.7 40.5 325 35.7
60 200 35.5 39.5 34.3 395 35.6 41.4 33.7 395 34.1 37.8 31.1 335
60 400 35.8 38.8 34.5 374 36.4 41.3 34.1 36.1 34.3 36.8 31.0 33.2
60 600 36.1 38.9 35.0 36.8 36.8 39.5 345 36.0 34.1 35.9 29.6 32.0
closed 0 35.0 40.9 34.1 448 34.8 46.3 33.2 43.6 34.3 39.8 31.8 34.9
closed 200 354 395 34.1 39.3 354 41.8 33.6 39.2 335 37.0 29.9 325
closed 400 35.9 39.1 345 374 36.4 41.2 34.2 36.1 34.1 36.4 30.5 32.7
closed 600 36.3 38.9 34.9 36.7 36.7 39.5 345 35.8 33.9 35,5 29.1 315




Figure 1. Test cell facility scheme: 1, cooling unit; 2, weather generatatpuble-skin fagade; 4,
protection glass of the solar simulator; 5, test cell; 6, concrete; 7, air blowing plenum; 8, solar simulator’s
heat removal ventilators; 9, air extraction plenum; 10, HVAC unit of tiifebzone; 11, solar simulator;
12, controlled buffer zone. (Metric units)

Figure 2. Comparison of a CSI simulator spectrum with solar sectr

Figure 3. Large scale solar simulator. (Metric units)

Figure 4. DSF section view: 1, 6 mm glass layer; 2, motorized solar protetioretallic support; 4,
solar protection action box; 5, concrete beam; 6, aluminium frame; @, gaening articulation; 8,
ventilation openings. (Metric units)

Figure 5. Double-skin facade air supply system. (Metric units)
a) Section view. b) Plan view. c) Flowmeter

Figure 6. Thermocouples position on double-skin facade elements. (Metsic un
Figure 7. Measurements configurations

Figure 8. Solar insulation measure grid (external and internal glass). (Métsic un
Figure 9. Solar simulator insolation distribution on the external glass pane
Figure 10. Solar simulator insolation distribution on the internal glass pane (f=0°)
Figure 11. Shading coefficient of the DSF function of different blinds angle

Figure 12. Middle height air velocities inside the facade cavities
a) External cavity; b) Internal cavity;

Figure13. Double-skin facade temperature profile.
a) Blinds at 0° angle (completely opened); b) Blinds at 30° angle; c) Blind$ ahgte;
d) Blinds at 60° angle; e) Blinds at 90° angle (completely closed);

Figurel4. Test cell air temperature

Figure 15. Energy removed from the test cell



Figure 1. Test cell facility scheme: 1, cooling unit; 2, weather generdtadpuble-skin facade; 4,
protection glass of the solar simulator; 5, test cell; 6, concrete; Bpaiing plenum; 8, solar simulator’s
heat removal ventilators; 9, air extraction plenum; 10, HVAC unit of tiifebzone; 11, solar simulator;

12, controlled buffer zone. (Metric units)
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Figure 2 Comparison of a CSI simulator spectrum with solar spectrum
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Figure 3. Large scale solar simulator. (Metric units)
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Figure 4. DSF section view: 1, 6 mm glass layer; 2, motorized solar prote8tioetallic support; 4,

solar protection action box; 5, concrete beam; 6, aluminium frame; &, @aening articulation; 8,
ventilation openings. (Metric units)
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Figure 5. Double-skin fagade air supply system. (Metric units)
a) Section view. b) Plan view. c) Flowmeter
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Figure 6. Thermocouples position on double-skin fagade elements. (Métsic un

External glass
pane

23m

H=

External air
channel

\

(=}

0.95

1A

Solar shading
device

3|
[=]
al ©
o
o
0
6 0
P
|08~ ‘0/1
0

Internal air
channel

w=28"
/

N
o
R
S 0
-0
06
|~ 0
0

Internal glass
pane

23m

H=




Figure 7. Measurements configurations
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Figure 8. Solar insulation measure grid (external and internal glass). (Mtsr
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Figure 9 Solar simulator insolation distribution on the external glass pane
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Figure10. Solar simulatoinsolation distribution on the internal glass pane (p=0°)
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Figure 11 Shading coefficient of the DSF function of different blinds angle
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Figure12. Middle height air velocities inside the fagade cavities

a) External cavity; b) Internal cavity;
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Figure13. Double-skin facade temperature profile.
a) Blinds at 0° angle (completely opened); b) Blinds at 30° angle; c) Blin&S andle;
d) Blinds at 60° angle; e) Blinds at 90° angle (completely closed);
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Figurel4. Test cell air temperature
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Figurel5. Energy efficiency from the test cell
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