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Abstract

Buildings with a high proportion of glass facades are
connected to costly energy requirements due to the ne-
cessity for heating in winter and cooling in summer.
To reduce this effort, double-skin facades provide a
controllable intermediate space or climate zone, re-
spectively. However, the problem of high cooling de-
mands during summer as a consequence of rapid heat-
ing between the glass panes remains. In a novel facade
developed and analysed within the research project
HyGlas, various functional devices, such as different
types of coatings, ventilation systems, and vents, are
combined as an adaptive system automatically regu-
lated by a control unit. It operates different states of
the functional devices depending on climatic bound-
ary conditions for achieving the target value of a con-
stant interior room temperature.

Introduction and Project Setup

The principle of double-glazed facades is to arrange
an additional glass front (secondary facade) outside to
the main facade (primary facade) for producing a con-
trollable intermediate climate zone between the build-
ing interior and exterior (facade cavity) — without re-
stricting the use of daylight. (Ziller, 1999; Z6lIner,
2001; Pottgiesser 2004; Weller 2014) In recent years,
double-glazed facades have increasingly focused on

combining different techniques to optimize the pri-
mary energy demand for buildings and to regulate the
indoor climate. (Kautsch et al., 2002; Menzel et al.,
2004; Wellershoff et al. 2019)

In the present work, the so-called HyGlas-facade cor-
respondingly utilizes the functional units shown in
Figure 1. They can be subdivided into components
regulating the thermodynamic behaviour of the facade
cavity (Figure 1 left) as well as elements controlling
the radiation intensity (Figure 1 right).

For the regulation of the radiation intensity, electro-
chromic panes are integrated. Hereby, the transmis-
sion coefficients of Levels I and 11 (see Figure 1 right)
can be adapted from integrated electrochromic coat-
ings (Tungston Oxid) between Panes 1 and 2 as well
as Panes 3 and 4. The radiation transmission is ad-
justed and reduced in several steps via a control unit.
The higher the switched step, the lower the trans-
mittance and the darker and bluer the appearance of
the pane. In Level I, the coating decreases the trans-
mission factor t(}) in the visible light (VIS) area (380
nm < A < 750 nm), and in Level Il, it is adjusted to
accommodate t(A) within the infrared (IR) area (750
nm < A < 1400 nm). To date, the adaption in the
infrared area has been analyzed at a laboratory scale
and is not yet available in a practical element size.
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Figure 1 Regulating thermodynamic (left) and radiation intensity (right) - functional units
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For regulating the thermodynamic behaviour,
ventilation vents and motorized vents are considered
to extract the air charged by solar energy out of the
cavatiy space, which is additionally influenced by the
reduced transmission due to the electrochromic and
the low-e coating at Level I1. A control system adjusts
the status of the functional units (ventilation vents —
opened/closed, motorized vents — switched on/off,
coating (VIS) — switched on/off, coating (IR) —
switched on/off) based on the indoor temperature and
the intensity of the solar radiation. A pyranometer may
generally be applied for measuring the solar radiation.
However, to provide a cost-efficient facade system
considering the cost-intensive electrochromic glass,
further expenses need to be minimized. Pyranometers
are therefore too expensive to gain input parameters
for the control system. As a cost-saving alternative,
solar radiation shall be retraced by temperature values
measured on the glass panes. In the following, the
experimental and numerical approach of the research
project HyGlas for obtaining reliable numerical results
for this type of facade is presented.

Experimental Approach

Laboratory Tests

The spectral transmission factors of the utilized
electrochromic glasspane (composite pane consisting
of two glasspane and an intermediate electrochromic
coating, for example: pane 1, coating, pane 2) to be
employed as an input parameter for the numerical
simulation of the HyGlas facade element are
experimentally measured. The measurements were
performed on small panes of 400 mm x 500 mm by the
Department of Physics at the Justus Liebig University
Giessen (project partner). Wave lengths of 200 nm <
A <3000 nm were examined. The results between 300
and 2500 nm are displayed in Figure 2. The control
unit — provided by the manufacturer — switched the
transmittance in steps 1 to 6. With an increase of the
switching level, a decrease of t(X) in the VIS range is
clearly apperent. This applies to the IR range as well.
Further optimization of the coating properties was
conducted by the Justus Liebig University Giessen to
pronounce this effect in the IR range even stronger.
During the tests it was observed that the measured
transmittance is influenced by the sequence of
switching from one level (or step, respectively) to
another.

HyGlas Facade Element

For further experiments, a test facade element was
fabricated and integrated in a 20 ft Container as shown
in Figure 4, left. Since electrochromic coatings with
the possibility to adjust the transmittance t() in the IR
range in the size of these elements are not yet available
in the market, electrochromic composite panes
switchable in the VIS range are incorporated at Level
I and 1 of this element.

Electrochromic Pane — Laboratory Test
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Figure 2 Spectral transmission factor ©(1) at the
back of pane 2 of the electrochomic composite

To obtain the transmission properties of the facade
element, measurements at the back of pane 5 (see
Figure 1, right) were performed. The transmission of
the electrochomic composite pane in Level | was
adjusted by switching in steps 0 to 10. The trans-
mittance of the electrochromic composite pane at
Level Il was kept constant and not switched. The
results are presented in Figure 3. The first value of the
data series depicted in the legend represents the
switching step of Level I, the second one the not
switched Level 1l (Step 0). The measurements were
only conducted in the visible light area.
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Figure 3 Spectral transmission factor () at the
back of pane 5 of the HyGlas facade — transmission
reduction at Level | via switching in steps up to 10

Next to the transmission properties of the HyGlas fa-
cade element, further data were measured: tempera-
ture of the glass surfaces, the cavity space, and the
container interior; heat flux density at the glass sur-
faces; humidity in the container interior and air vol-
ume flow in the cavity space. The setup for the sensor
arrangement can be seen in Figure 5. The obtained
data are used for the calibration and validation of the
numerical model.
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Figure 4 HyGlas facade element integrated in the container (left), indoor view (middle), switched right window

sash (electrochromic composite pane at level 1)
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Figure 5 Sensor arrangement of the HyGlas facade element integrated in container

Numerical Simulation

General

Amongst others, information on the numerical
simulation of double-skin facades can be found in
Coussirat et al. 2008, Gracia et al. 2013, Parra et al.
2015, Pasut et al. 2012, Wen et al. 2013, and
Yamamoto et al. 2018. The HyGlas facade element
was modelled based on these references in a 3D
representation utilizing Ansys Fluent. For reasons of
validation, models for thermal buoyancy and solar

irradiance were simulated separately in the present
study.

Simulation of Thermodynamic Behaviour

In this model, a framework with open ventilation
vents, active ventilators extracting the air out of the
facade cavity, and an aditionally modelled outdoor
area in front of the facade is considered as shown in
Figure 6, left. For the modelling of the thermo-
dynamic behaviour (caused by the thermal buoyancy),
the air density is defined as a function of the air
temperature. In the model of the facade element, the
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Boussinesq approximation is applied. This type of
modeling improves the temperature and flow results.
(Pasut et al. 2012) The convection flow is defined as a
turbulent flow. The simulation is performed via a
pressure-based solver under steady-state conditions.
For the validation, temperature values on glass
surfaces and in the facade cavity as well as the air flow
velocity are of interest.

Experimental data — gained with the setup presented
in Figure 5 and a weather station at the University of
Weimar — are utilized as input and target values. Due
to the steady-state approach, values at a specific time
are considered in the calculation. An example of the
data and the chosen time-steps for the evaluation are
shown in Figure 7. The violet and green lines mark
two time-steps which are incorporated in the anslysis.
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Figure 6 Model setup of the HyGlas facade element
(left) and visualization of inlets and outlets for
thermodynamic behaviour (right)
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Figure 7 Experimental data used for validation of the
thermodynamic behaviour at 26.07.2021 10 pm
(violet) and 10:30 pm (green)

The indoor temperature is used as input parameter for
the inlet to the additionally modelled outdoor area.
The indoor temperature is set as the target value and is
applied on the back of pane 5. Figure 6 on the right
illustrates the setup of the model including the in- and
outlet definitions.
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Figure 8 Numerical results of the temperature
profile in the HyGlas facade element —July
2021 10:30 and 11 pm

To neglect radiation influence in this setup, measured
data at night are used for the validation of the model.

Figure 8 shows the simulation results for the tempera-
ture profile through the facade, which are in good
agreement to the measured experimental values ob-
tained in a summer night of July 2021. The air flow
velocity can be seen in Figure 9 and 10. The results
are validated with corresponding experimental data
gained from the anemometers. To counteract devia-
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Figure 9 Numerical fluid flow results of the HyGlas
facade element in Section C-C — July 2021 10:30 pm
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Figure 10 Numerical fluid flow results of the
HyGlas facade element shown as pathlines from
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tions caused by considering a singular point of the
numerical model (due to local numerically induced
flow peaks), a mean value of the flow velocity
simulated in the surrounding area of the anemometer
position was considered. A deviation of approx. 2.5%
between the measured and calculated mean value was
determined.

Simulation of Radiation Intensity

Taking into account the solar irradiance, the apsorp-
tion coefficient A [1/m] is assigend as a property to
each glass pane. This coefficient is caluclated based
on the radiation intensity and transmission coefficient,
in the wave-lenth band of 380 — 750 nm. The
transmission coefficients used in the model rely on the
measurements shown in Figure 2.

To efficiently validate radiation-relevant parameters,
a substitute model is considered. The pane arrange-
ment and spacing are adapted from the real setup,
however, the dimensions in height and width are
considered to be 50 x 40 cm. The validation is
conducted assuming a solar irradiation of 1000 W/m?
perpendicular to the outer window pane 1 (Level I)
shown in Figure 11.

The radiation intensity at the back of pane 5 is
considered for calculating the transmission coeffic-
ient, which is subsequently compared to the measured
value in Figure 3. In this analysis, the electrochromic
composite panes at Level | and Il are defined as
“switched off” (step 0, step 0). The transmission
coefficient is calculated to be 0.292 showing good
agreement to the experimental value of 0.288. Figure
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Figure 11 Model setup - solar irradiation
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Figure 12 Numerical results of incident radiation

12 shows the radiation intensity in the calculation.
This model is only used to validate the absorption
coefficient A.

Discussion and Conclusion

The HyGlas facade element comprises and combines
different functional units to regulate the indoor climate
of buidlings. Experimental data were obtained with a
fabricated prototype facade element. The data was
subsequently utilized to validate numerical models of
the facade, where the individually studied scenarios
regarding the thermodynamic behaviour and radiation
intensity show good agreement to the experimental
data.

Due to the cavatiy space and the overall properties of
the window panes, a relativly low transmission factor
is observed in the experimantal data even without
activating the electrochromic coating (t = 0.288).
Based on that value, further darkening to regulate the
indoor illumination is not necessary based on
standardized requirements (DIN EN 17037 2019 and
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DIN EN 12464-1 2021). The switching steps of the
electrochromic coating are yet required to limit the
incoming IR radiation. Low switching steps without
visibly perceiving strong darkening are already
sufficient for this purpose. However, if the window/
room ratio increases, e.g. when applied in a full-
surface facade glazing, darkening is necessary to
regulate the illumination level as well.

In further analyses, the partial models of solar irradia-
tion and thermodynamic behaviour are considered in
a combined model. Simulations will also focus on the
implementation of two-story HyGlas elements to
evaluate their efficiency. Different settings for the
HyGlas facade elements are to be evaluated: different
hight and width ratios; optimization of the efficiency
via facade elements considering the air flow within
two stories, and variation in ratios of pane size and
openings of ventilation vents. The numerical simula-
tions are taken as a basis for optimizing the adaptive
behaviour of the facade and the corresponding system
control. However, to date, these analyses have not yet
been finalised.
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