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Abstract

Blinds are usually installed on building facades to
improve the visual and thermal comfort of the occupants.
They are now often linked to an automated system that
helps control the glare and decrease overheating. These
automated systems are linked to a weather station that is
located on top of the buildings in which they are installed.
In the current study, we show that the use of such stations
does not provide accurate and reliable information to the
control algorithm. It is proposed to couple a model that
can calculate wind speed and direction in an urban canopy
to the control algorithm. The model is compared to data
from an experimental setup on the EPFL campus,
Switzerland. We demonstrate that there is very good
agreement between the models and the data that have
been collected. Furthermore, a new control algorithm is
proposed in order to improve the response of the system
during strong gusts and to prevent an erratic behaviour of

the automated system.

1. Introduction

Several control mechanisms have been developed in
recent years to implement automation systems in
buildings to enhance the thermal and visual comfort
of the occupants.

The replacement cost of blinds, due to damage
caused by strong wind gusts and turbulence
patterns, is substantial for the building owner and
installer. To protect such installations, a weather
station is usually set on top of the buildings to
provide information to an automatic control system.
However, the location and limited number of
weather stations for a particular building give an
incorrect or unreliable source of information as
these do not always reflect properly the meteoro-

logical conditions on the building fagade (e.g., wind
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speed or turbulence patterns). Thus, the trigger
command given to the algorithm to raise the blinds
in order to protect them against breakage is based
on unreliable information. This frequently contrib-
utes to the perception of the occupants that there is
an erratic behaviour of the system that often leads
to a complete shutdown of the system, often with a
visual and thermal discomfort in the building.

It is well known that the urban climate depends on
a series of processes taking place at different spatial
(from global to local) and temporal scales (Oke,
1982); building energy demand and urban climate
are also closely related and interdependent (Ashie
et al., 1999; Salamanca et al., 2011, Mauree et al.,
2015). It is thus essential to have access to tools,
which can evaluate precisely the interactions that
exist between buildings and their local climate.
Several models have been developed in recent years
to better represent the various phenomena influenc-
ing the urban climate (Masson 2000; Martilli et al.,
2002; Krpo et al., 2010; Mauree et al., 2017).

The monitoring of high resolution vertical meteoro-
logical profiles is essential to determine the impact
of urban areas/buildings on these variables: it is ne-
cessary to represent these effects when evaluating
building energy use, air pollutant dispersion and re-
newable energy potential in urban planning scena-
rios. Monitored meteorological data are scarcely
available with at a vertical resolution. Campaigns
such as the BUBBLE (Rotach et al., 2005) observation
period provide useful information and data to
develop and generalize new parameterizations
schemes. However, there is a strong need for such
data and in multiple configurations in order to de-
velop new tools and methodologies which can then
be used in the evaluation of building energy use.

The vertical profiles of variables such as wind speed
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and direction, and the air temperature in the vicinity
of buildings are crucial in the determination of the
momentum and heat fluxes.

In the current study, we first give an overview of the
experimental setup, the model used and the new
algorithm to control the blind movements. We then
give the preliminary results from the setup and
compare them with the model. Finally, we conclude

and give a few perspectives for the current study.

2. Materials and Methods Setup

This experiment was set up in the framework of the
MoTUS (Measurement of Turbulence in an Urban
Setup) project (motus.epfl.ch). In the following sec-
tions, we describe the setup, the model used to calcu-
late high-resolution vertical profiles and new control

algorithm implemented for the control of the blinds.

2.1 Mast

For this purpose of the study, a 27 m mast was
installed on the EPFL campus in Lausanne, Switzer-
land to measure various meteorological parameters.
The average building height in this district is around
10 m. Seven 3D sonic anemometers have been placed
along the vertical axis every 4m. Data from the
instruments are collected with a frequency of 1 Hz
based on the recommendations by Kaimal and
Finnigan (1994) and stored in a database at EPFL.

Fig. 1 gives an illustration of the experimental setup

of the meteorological tower.
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Fig. 1 — Experimental setup

A KNX meteorological station measuring the trade-

tional variables (wind speed and temperature) is
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also available on the top of the LESO building. Simi-
lar meteorological stations are usually used in auto-

mated system to control the blinds.

2.2 Canopy Interface Model

A one-dimensional Canopy Interface Model (CIM)
was recently developed (Mauree, 2014; Mauree et al.,
2017) to improve the surface representation in meso-
scale meteorological models and to prepare the cou-
pling with microscale models, too. For the purpose of
this study, CIM will provide high-resolution vertical
profiles that will be used as input for the control
algorithm.

CIM uses a diffusion equation derived from the
Navier-Stokes equations but reduced to one direc-
tion only. Equations 1 and 2 are used to calculate the
wind speed and potential temperature profiles.

du d ( du
dt dz z

weSe) + 0

=) T %
where U is the horizontal wind speed in either the x-
or y-direction, 0 is the potential temperature, u: and
xt are the momentum and heat turbulent diffusion
coefficients and fi and fj are the source terms
representing the fluxes (from the surface or build-
ings) that will impact the flow.

CIM solves for a 1.5-order turbulence closure using
the turbulent kinetic energy (TKE). The TKE is

calculated using Equation 3:

de d( de
dt  dz
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where e is the TKE, A: is the diffusion coefficient
(assumed here to be equal to ) is a constant equal
to 1, exis considered to be a stationary value of the

TKE, and f¢ is source term representing the ad-

ditional production of TKE due to the obstacles.
The momentum and heat diffusion coefficients are

calculated using:
p; = Cel (4)

Ke = Prpg ®)

where C. is a constant equal to 0.3. [ is defined as the

mixing length and is taken from Mauree et al. (2017)
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to account for the obstacles density and height in the
canopy.

The CIM has been developed to function in an
offline mode and can hence be forced directly at the
top using traditional meteorological boundary con-

ditions.

2.3 Control Algorithm

In order to increase the reliability of the system, as
well as to decrease the perception of an erratic be-
haviour of the automation system a new control
algorithm was proposed. The objective was to
couple the CIM results with the automation system
to have more reliable information that could be used
to protect the blinds.

Fig. 2 gives an overview of the decision process by
the system. CIM calculates at every time step T (every
minute in our case) a vertical profile. The simulated
value for the wind is then used as an input for the
control algorithm. Since we do not want to raise the
blind every time there is a gust, we used an additional
condition to verify that the wind is blowing above a
pre-determined threshold (5 ms? in our case). Note
that the control algorithm also accounts for the day-
lighting needs of the user, as well as the glare index

calculated using sensors inside the controlled offices.

Every time
Step‘ «T» ‘
For how long?
(T>5mins)
Raise
blinds

Fig. 2 — Proposed algorithm flow chart

The blinds that are controlled are located on the
south-eastern part of the LESO-PB building on the
EPFL campus.

3. Results Analysis and Discussion

3.1 Measured Wind Speed

Vertical profile

Height (m)

—8—Measurement
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Horizontal wind speed(ms 1)

Fig. 3 — Vertical profile of the horizontal wind speed (ms™*) from
the sonic anemometers (in black) and results from CIM (in grey)
with the height (m) on the vertical axis. The orange line represent
the building height (10 m)

As can be expected in an urban context, the wind
profile is highly impacted by the presence of build-
ings. It can be noted from Fig. 3 that the charac-
teristic logarithmic profile is present above the
building roof and that below in the canopy layer
there is a low horizontal wind speed. This corre-
sponds to results previously reported (Rotach et al.,
2005; Santiago and Martilli, 2010).

Table 1 — Wind speed measured at each floor v/s at top

Floor U (ms1) Relative
difference

Ist 0.36 73%

2nd 0.40 71%

3rd 0.62 54%

Table 1 shows the variation of the wind speed meas-
ured at each floor with respect to the wind speed
measured on top of the building, as usually done
with the current automated system. It should be
highlighted here that the wind measured can be up
to 73 % less strong than the wind measured at the

top. Furthermore, the turbulent patterns (not shown
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in the present paper) can be significantly altered in

the urban canyon.

3.2 Simulated Wind Speed

Boundary conditions from the highest anemometer
are then used to force the CIM model. The results
are shown in Fig. 3. It can be seen that CIM can
reproduce with a very good agreement the measure-
ment. There is however a slight underestimation of
the wind speed close to the ground. This might be
due to the drag force coefficient parameterization
that is usually overestimated (Santiago and Martilli,
2010). The drag force parameterization used in this
study is based on the occupied volume (density of
the neighbourhood). Since CIM is a 1D model, there
is a simplification of the 3D representation of the
buildings. This can be the reason for the over-esti-

mation of the drag force close to the ground.

3.3 Control of Blinds

Based on the results that we have obtained, we
implemented the new control algorithm in our sys-
tem to improve the automation of the blinds on the
LESO facade.

It was shown that a more realistic and appropriate
behaviour of the blinds was possible in an urban
context, where the wind speed is usually erratic and

can have a significant impact on turbulent patterns.

4. Conclusions and Perspectives

This paper presents the results from an experi-
mental setup that measures meteorological varia-
bles in an urban setup. Seven 3D sonic anemometers
have been installed along a vertical axis to provide
high frequency measurements of the wind speed.

It was shown that the wind speed is highly im-
pacted by the urban context and that this can con-
siderably influence the decision of an automated
system to control blinds on a building facade. Dif-
ferences of up to 73 % were noted in the current
case. The vertical profiles from the measurement
campaign were then compared with the simulation
from CIM. The results showed very good agreement
between the computed and measured data. A new

control algorithm was then derived to improve the
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automation system installed in a building on the
EPFL Campus.

The current study will be expanded in the near
future to include six more sonic anemometers that
will be installed directly on the fagade. Furthermore,
the experiments will be prolonged for one whole
year and the results will be analysed in more details
to understand the behaviour of the blinds and of the
control algorithm.
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Nomenclature

Symbols
U Wind speed (ms)
L] Air temperature (K)
e Turbulent Kinetic Energy (m? s2)
€oo Stationary TKE value
At TKE diffusion coefficient (m2 s)
Ut Momentum diffusion coefficient
(m?>s)
Kt Heat diffusion coefficient (m? s)
z Height (m)
/ Mixing length (m)
Pr Prandtl Number
Ce TKE constant
Ce Dissipation constant
fi Momentum surface fluxes
3 Heat surface fluxes
fé TKE surface fluxes

Subscripts/Superscripts

t Refering to turbulent coefficient

s Refering to surface fluxes
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