
Influence of buildings on the urban atmosphere: need to couple CFD
simulations with a building model

Noëlie Daviau(1), Maya Milliez(2), Gilles Plessis(2),
Jean-François Sini(3), Jean-Michel Rosant(3), Bertrand Carissimo(1)

(1) CEREA (Research and Teaching Center in Atmospheric Environment), (2) EDF R&D EnerBat;
(3) École Centrale Nantes
noelie.daviau@cerea.enpc.fr

Introduction

When a significant part of the population lives
in urban areas with urban heat islands and air
pollution becoming real concerns, developing soft-
ware to simulate the interactions between the at-
mosphere and buildings is increasingly necessary.
In our research we use the open source CFD soft-
ware Code_Saturne (www.code-saturne.org, devel-
oped by EDF R&D (French Electricity Company,
Research and Development) with an atmospheric
option developed by the CEREA.

Code_Saturne has previously been applied to
pollutant dispersion calculations (Milliez and Caris-
simo, 2007) and effects of radiation (Qu et al.,
2011). The work presented here will contribute to
couple a building model with Code_Saturne. Af-
ter introducing our models, we will present the field
campaign that we use to compare our simulations to
on-site measurements. Then we will show our main
results on the influence of building surface temper-
ature on air flows.

1 Building impacts on the urban
atmosphere

Buildings have a dynamic effect on the air flows.
They block and divert them, creating localised tur-
bulences. The shape of the building has a huge
impact on the flow patterns formed. They also in-
fluence the air flows thermally by heating or cooling
the air differentially by radiation and convection.

Figure 1: Three different thermal exchanges between a
building and its environment

2 Code_Saturne and its existing
wall models

Code_Saturne is mainly written in Fortran. It cur-
rently uses two simple wall models for the build-
ings. The Wall Thermal model represents the wall
as a single layer of an equivalent material, whereas
in the Force Restore model (Deardorf, 1978) - first
created to model the ground - it is two-layered with
a deeper layer at a constant temperature and the
model can olso take soil moisture into account.

• “ Force Restore ” model

∂Tse
∂t

=

√
2ω

µ
(L∗ + S∗ + hext(Text − Tse))

− ω(Tse − Tint) (1)

ω: Earth angular frequency (Hz); µ: thermal ad-
mittance (J.m−2.s−0.5.K−1); Tint: indoor temper-
ature (K).
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• “ Wall Thermal ” model
λ

e
(Tse − Tint) + hext(Tse − Text) = L∗ + S∗ (2)

λ: mean thermal conductivity of the wall
(W.m−1.K−1); e: wall thickness (m); Tint: indoor
temperature; hext: outdoor convection coefficient
(W.K−1.m−2).

Both of these models do not consider the temper-
atures inside the wall, which can be inaccurate for
multi-layered walled or during transient stages.

3 BuildSysPro: a building model
to couple with Code_Saturne

BuildSysPro is a library written in Modelica lan-
guage dedicated to building modeling developed
by EDF R&D EnerBat. The purpose is to cou-
ple BuildSysPro and Code_Saturne using a matrix
modelling of the building dynamics, derived from
the Modelica code, that describes the time evolution
of the system under the influence of external factors.
With T the state vector, U the external stress vec-
tor and Y the output (included in T), BuildSysPro
can return the matrices A, B, C and D such as:{

Ṫ = AT +BU
Y = CT +DU

(3)

Figure 2: Model for a container with three walls in con-
tact with the atmosphere

4 The EM2PAU field campaign

In order to compare our simulation results to
experimental mesurements, we chose the EM2PAU

campaign setting (Picaut, 2012) for the various
data that were collected during the measurement
campaign.

EM2PAU (Microscale Meteorological Study on
Acoustic Propagation on Urban site) was carried
out in the suburbs of Nantes (France) between
March and June 2011, by four different research
groups (Athamena, 2012): the IFSTTAR (French
Institute of Science and Technology for Transport,
Spatial Planning, Development and Networks), the
LHEEA (Research Laboratory in Hydrodynam-
ics, Energetics and Atmospheric Environment), the
CSTB (Scientific and Technical Center for Build-
ing) and the Acoustic Laboratory of the Université
du Maine.

Figure 3: Aerial view of the EM2PAU setting site.
Source: Athamena (2012)

EM2PAU models a street canyon made of two
blocks of four containers each, corresponding to a
24-metre long and 3.60-metre wide narrow street
surrounded by 5.20-metre high walls, thus with an
aspect ratio W/H of 0.7 (Athamena, 2012). Its
axis makes a 43° angle with the North.
Half of the bottom North-West container is insu-
lated and air-conditionned to keep the computers
at a comfortable temperature.

Thermocouples were spread over the installation
to get data on wall, ground and air temperatures.
An outside anemometer gave the reference air flow,
while six sonic anemometers distributed in a verti-
cal plane through the canyon measured local wind
speeds. Pyranometers and a pyrgeometer recorded
the global and diffuse solar radiation and infrared
radiation respectively.
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Figure 4: Distribution of anemometers in the canyon.
Source: Athamena (2012)

5 Measurement analysis and com-
parison with simulation results

5.1 Dynamic effects of the buildings on
the airflows

We first studied the wind measurements and we ob-
served a strong correlation between the wind direc-
tion and the convective airflows in the canyon. We
use red to represent the eastern sensors, and blue
for the western ones on all our figures.

Figure 5: Reference wind direction evolution and ver-
tical wind evolution in the canyon from 05/04/2011 to
08/04/2011.

We have on Figure 5-top zones 1, 3, 5 and 7
corresponding to winds from the South-East side
of the canyon (pink), and zones 2, 4 and 6 corre-
sponding to winds from the North-West side (light
blue). We can notice that the change of rotation
direction in the canyon (red or blue sensor mea-
surements switching from positive to negative val-
ues) are closely related to the change of side of the
reference wind. Figure 6 details the observed phe-
nomenon.

Figure 6: Representation of air flow vertical speed
(m.s−1) in the canyon depending on the wind direction.

The measurements and our simulations also show
higher wind speed at the height of 2m than at 4m,
cause by wind convection and channelling in the
canyon.

Figure 7: Simulated wind speed (m.s−1) around the
canyon at 7am, 06/04/2011, reference wind from the
East.

5.2 Influence of the temperature in the
simulations

The measurement analysis highlights large temper-
ature variations in the canyon, depending on the
distance with the canyon walls and on the sun-
heated wall location.

Figure 8: Measured temperature evolution and compar-
ison for different spots of the canyon from 04/04/2011
to 06/04/2011 (◦C)
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Figure 9: Temperatures (◦C) measured by thermocou-
ples in the canyon at 3pm, 06/04/2011

In order to study the influence of tempera-
ture on the airflows, we represented all the verti-
cal wind speed measured between 05/04/2011 and
08/04/2011 as a function of the time of the day on
Figure 10. From there we can notice a difference be-
tween daytime with sun-heated walls when we have
more significant vertical speeds and nighttime when
they are smaller.

Figure 10: Vertical wind speeds (m.s−1) from
05/04/2011 to 08/04/2011 as a function of day time.

However, to filter the data when the wind is more
or less parallel to the canyon axis, thus when the
dynamic effects are less important, gave us noisy
results that are still difficult to interpret.

During our first simulations we forced the sur-
face temperatures with their measured values and
we worked with situations presenting different at-
mospheric characteristics. First, we studied a situ-
ation of neutral atmosphere, when the temperature
is the same for ground and air and theoretically has
no influence, as observed at approximately 7am and
7pm on April in Nantes. Then we chose moments
when the atmosphere was stratified, and therefore

influenced by temperature gradients. For each of
these cases, we ran two different simulations. In
the first one, temperatures were not taken into ac-
count and the CFD calculations considered the at-
mosphere as neutral with a constant density. The
second simulation was run with the hypothesis of a
dry stratified atmosphere and included thermal ef-
fects with forced surface temperatures (set to mea-
sured wall temperatures).
Getting similar results for these two simulations in
the case of neutral atmosphere (at 7am) confirmed
our simulation parameters were reasonable before
modelling the air flows at different times of the day,
however these preliminary simulations need to be
further investigated. The differences are more im-
portant in situation of stratified atmosphere, which
make us think that the thermal effects will be pos-
sible to highlight with the simulations.

Figure 11: Measured and simulated vertical wind speeds
(m.s−1) in the EM2PAU canyon

6 Conclusion

We can observe a strong dynamic influence of build-
ings on the airflows from the measurment analysis,
from which the much weaker thermal effects are dif-
ficult to isolate. The latter can be perceptible but
they remain weak and noisy. However the differ-
ences between simulations with and without ther-
mal effects are encouraging and let us think that
the use of finer building models in Code_Saturne
may lead to more precise results.
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