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Abstract

Large Eddy Simulations (LES) are of raising interest for
numerous engineering applications in which an accurate flow
prediction is necessary. This paper searches for the optimum
mesh resolution in numerical simulations reliably predicting
dispersion of pollutants in the lower part of the Atmospheric
Boundary Layer (ABL). For the dispersion of pollutants,
turbulent quantities have been assessed at several distances
from the release point and compared to each other. Areas
close to release points located at low altitudes are given a
particular importance, because air pollutant concentrations
can be too high for people present at such places. To achieve
a realistic prediction of the flow and pollutant concentrations
close to populated areas, LES are preferred over the
Reynolds-Averaged Navier Stokes (RANS) models (Vita et
al, 2020). A mesh resolution of 0.5 m is recommended at
distances from the release point shorter than 40 m. Near the
release point, physical effects like building downwash and
horizontal plume enlargement due to the downstream wake
region of buildings have a direct impact on pollutant
concentrations and particle trajectories. In built-up areas at
intermediary distances where the dispersion of the plume is
directly influenced by buildings in their given constellation
and where the energy production is high, a mesh resolution of
1.5 m is suggested. In areas where the plume is already
dispersed and geometrical obstacles are rare, a mesh
resolution of 3 m and more is sufficient. In these areas, the
dissipation of energy and the transport of particles (mean
quantities) that determine the flow are less affected by the
mesh size.

Introduction

Simulating an atmospheric boundary layer (ABL) flow with
Large Eddy Simulations (LES) is a challenging and
demanding task. The alternative approach of using LES is
mainly found in research so far (\Vasaturo R et al 2018), but
best practice guides (BPGs) do not exist at present (Vita et al,
2020). To encourage practitioners to use LES and to
harmonise LES for ABL flows in the future, turbulence
characteristics are investigated for five different grid
resolutions in a pollutant release scenario.

At CERN (Conseil Européen pour la Recherche Nucleaire), a
project called FIRIA (Fire-Induced Radiological Integrated
Assessment) was launched in 2018 to develop a risk
assessment methodology that aims at predicting radiological
consequences of fires potentially developing inside some of
the Organisation’s research facilities.

Computational Geometry

Local-scale pollutant dispersion in built-up areas does not
only depend on the structure (topographical and geometrical)
of the immediate surrounding area, but also on topographical
variations and presence of buildings far upwind of the release
point. For the pollutant dispersion simulations the CERN site,
located between Geneva (CH) and Saint-Genis-Pouilly (FR),
was used (Figure 1).

Figure 1. Polyhedral shaped domain including topography model,
CAD buildings (grey, red, blue).

A digital terrain model was used to integrate topographic
elevations and CAD modelled buildings were connected to
one single domain (Figure 1). The domain has a polyhedral
shape and a total size of 3x3km? with a height of 500m. A
relaxation of the domain sides was achieved by changing
altitude values on the domain sides.

Meshing

An unstructured polyhedral mesh was used to have several degrees
of freedom, i.e. to adapt the mesh to the geometry and to refine
regions of interest. For the mesh refinement study, five different
meshes were created with ANSYS Fluent Meshing module: very
coarse (2.2M cells), coarse (4.3M cells), medium (9.8M cells), fine
(16.1M cells), and very fine (21.6M cells). Depending on the
coarseness level, several parameters vary with sizing functions. The
maximum global size for the polyhedral cells ranges between 50m
and 100m, and the minimum global size and the size function for
special buildings is set to 0.5m to resolve the buildings of interest
and their surrounding areas.
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Figure 2: Polyhedral cells display in a cut-plane through the full domain for
the very coarse refinement level.

Boundary Conditions

Monin-Obukhov similarity theory as described in Dyer (1974) was
used to define the velocity profile of the neutral ABL flow. A terrain
roughness value of z,=1m was chosen (suburbs, villages and forests)
(Stull, 2000). The Synthetic Turbulence Generator (Shur and Spalart
et al, 2014) was used to add fluctuations to the mean velocity terms
at the inlets. For the top of the domain and the sides of the domain
pointing In the wind direction, velocity inlets were used. At the
outlets, simple pressure outlets have been defined. At all the walls
(ground and buildings), a no-slip condition was applied. Two wind
directions have been evaluated: wind blowing into south (S) and
wind blowing into north-east (NE) direction. Downwind planes
(40m, 100/110m, 200m, 300m, 400m) have been defined
perpendicular to the wind direction to track the pollutants and to
analyse turbulence characteristics.

Numerical Methods

The in ANSYS Fluent implemented LES with second-order implicit
time-dependent solution formulation and the Wall-Adapting Local
Eddy-viscosity (WALE) model, with CW = 0.325, was used (Nicoud
and Ducros, 1999). A time step between 0.1 s and 0.2 s was chosen
to make sure that the Courant-Friedrichs-Lewy (CFL) condition of
CFL < 1 is satisfied.

Results

Mean velocity magnitude and turbulent kinetic energy (TKE) have
been calculated from the exported time dependent velocities. The
atmospheric flow is mainly disturbed close to buildings where
velocity layers are separated. It could be observed that values for
TKE were changing drastically with the mesh resolution: The finer
the mesh, the more fluctuations are resolved and therefore the TKE
Increases. In LES, eddies smaller than the grid size are sub-grid
modelled and only the part which can be resolved is seen in the
figures due to its fluctuations in the time dependent velocity values.
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Figure 3: TKE coloured on perpendicular planes. Example for very-coarse
and very-fine mesh sizes in the wind direction towards south at 200m
distance from the release point.

Conclusions

According to the study, it is possible to give
recommendations for future flow predictions at CERN and
generally for similar simulation setups. To predict the
movement and dispersion of pollutants through the air in the
ABL, two quantities are of major importance: The mean
velocity, which affects the transport of particles and therefore
also the time, a particle rests at a certain location; and TKE,
which has an impact on the plume size.

Local mesh refinements are required close to the release point
of the pollutants and in the surrounding region for high-
density areas. At distances far from the release point, the
mesh size is not as important because the initial shape of the
plume is already well resolved in a finer mesh.

Before setting up the simulations it is important to define
whether the aim of the investigation is to figure out the area,
affected by the plume, or concentration values at certain
locations. Predictions with larger cell sizes (very coarse to
medium mesh) are more conservative in terms of maximal
pollutant concentrations, though the difference is rather small
(1-5%). However, to establish emergency evacuation plans, it
IS recommended to use in general a finer mesh, since
turbulent fluctuations are stronger and therefore the affected
area iIs bigger (1-5%). But when considering computational
costs the medium mesh size can be recommended, as the
difference from medium to very fine mesh is marginal.

The investigation also shows that the finer the mesh, the more
realistic the flow prediction and therefore the expectation of
concentration. Recommended mesh sizes are: 0.5m close to
the release point on the ground and in direct nearby area, a
ground sizing of 1m and a surround body-of-interest with 3m
resolution in high-density area and a ground resolution of 3m
In far distance from source, where no production of energy is
present.
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Figure 4: Lagrangian particle dispersion at a total simulation time of
3056s, particles coloured with velocity (0-2m/s).
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