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Abstract: The atmospheric dispersion of CBRN (Chemical, Biological, Radiological and Nuclear) toxic substances,
of accidental or intentional origin, on an urban or industrial complex built area, is a subject of major concern for the
safety of people and the protection of infrastructures. In order to face these different types of risks and threats,
industrial companies and public authorities need operational simulation tools for assessing, in advance or in
emergency, the health consequences of harmful discharges on the population and on first responders.

In this context, a new software called BUILD (Building, Urban and Industrial Lagrangian Dispersion model) has
been developed to simulate the atmospheric dispersion of gases and particles in a complex built environment. In order
to validate this new model, simulations have been performed on the wind tunnel experimental test case of continuous
and instantaneous releases behind a 2D square obstacle (Gamel, 2015) and in a regular network of streets (Cierco et
al., 2010, Ben Salem et al., 2015). Results of the operational BUILD model are compared with experimental data and
with detailed CFD calculations.
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INTRODUCTION

The release of CBRN toxic substances (Chemical, Biological, Radiological and Nuclear) into the
atmosphere has become a current issue concerning the safety of people and the protection of the
infrastructure, specifically in the case of accidents or criminal acts. We can mention the events of the
Chernobyl accident (1986) or most recently, in France, the accident of Lubrizol company near
Rouen (2019).

The numerical simulation of the atmospheric dispersion, based on operational simulation tools, is one of
the solutions to help the first responders and the decision makers during the crisis management phase.
This software must be usable simply, rapidly and provide a reliable estimate of the hazardous plume and
of the contaminated area.

The software called BUILD (Building Urban and Industrial Lagrangian Dispersion model) is an
operational tool developed by CEA and the Fluid Mechanics and Acoustics Laboratory of the University
of Lyon. It uses a SIRANE like parameterization for the flow in the dense part of an urban area (Soulhac
et al. 2011, 2012, 2017). Unlike SIRANE, BUILD has an enhance parameterization for the flow to
consider the deviation by building and obstacles with the recirculating transverse component of the flow
in each street and a three-dimensional diagnostic flow model in the roughness sublayer.

To represent obstacles and buildings in sparse areas (isolated roughness regime), the BUILD model uses
an analytical building wake parameterization. Transport and dispersion of pollutants are solved using a



Lagrangian particle stochastic approach coupled with the simplified flow defined above. This new
operational model is able to simulate the dispersion from a point source in a complex built area in a
computational time less than one minute on a laptop.

This article presents the first case of validation of the BUILD software. In the second section, we describe
the experimental case used for the software validation. In the third section, we present the methodology of
the CFD simulation. In the last section, we show some results and comparisons between CFD,
experiments and BUILD. Finally, we conclude with the next steps in the development and validation of
the BUILD model.

EXPERIMENTAL TEST CASE

To validate the BUILD model, we chose to start with academic configurations: isolated obstacles (Gamel,
2015) which will be described below and idealized neighborhood (Cierco et al., 2010, Ben Salem et al.,
2015). These experiments were conducted in the wind tunnel of the Fluid Mechanics and Acoustics
Laboratory of the University of Lyon.

The isolated obstacle consists in a two-dimensional square-section obstacle (extended on the width of the
wind tunnel) placed in a rough boundary layer of neutral stratification. A continuous line source of
pollutants is placed downstream of the obstacle. Velocity and concentration measurements were made
around the obstacle to characterize the dispersion and the turbulent fluxes of pollutants with different
measurement approaches (Marro et al., 2020). Figure 1 shows the experimental setup.
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Figure 1. Experimental setup
CFD SIMULATIONS: COMPUTATIONAL SETTING AND PARAMETERS

During this work, we performed comparisons with experimental measurements, CFD results and BUILD.
Two numerical simulation have been done: RANS (Reynolds Averaged Navier Stokes) and LES (Large-
Eddy Simulations). The RANS and LES simulations provide us a statistical description of the turbulent
velocity and concentration fields.

The numeric domain is defined by the following dimensions presented in Figure 2. The width of the

domain is similar to the wind tunnel geometry (7 H). The computational domain respects the
recommendations from the best practices guidelines (Franke et al., 2004).
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Figure 2. Computational domain



We use a structured and conformed mesh. It is non-uniform toward the flow and in the vertical direction
but uniform in the transversal direction. The grid contains 9 million cells for RANS and LES simulations
and it is shown in Figure 3.

Figure 3. Computational grid

The CFD calculations have been performed with ANSYS Fluent code. For RANS simulations, we choose
the realizable k-¢ turbulence model and we apply the following boundary conditions: at the inlet, we use
the experimental profile of velocity, turbulent Kinetic energy and dissipation rate. Symmetry conditions
are used on the lateral sides and at the top of the domain. We assume that the ground and the walls of the
obstacle are aerodynamically smooth. The source of pollutants is modelled with a velocity inlet from the
ground. Pressure velocity coupling is taken into account by the SIMPLEC algorithm. Pressure
interpolation is PRESTO!. Second order upwind discretization schemes are used for both momentum,
turbulent kinetic energy, turbulent dissipation rate, source term and energy.

For LES simulations, we apply the dynamic Smagorinsky subgrid scale model. At the inlet, we use a
synthetic turbulence generation. The top of the domain is a slip wall and the side of the domain are
transversally periodic. The time step is computed in such a way that the Courant number is around 0.5.
We ensure that the flow does enough domain crossing to reach a good statistical convergence.

RESULTS AND VALIDATION

The analysis of the comparison between different approaches allow us to characterize the ability of the
BUILD model to represent the principal features of the dispersion of pollutants, and to identify the main
issues for which the model need to be improved. In this section, we will show some comparisons between
experiment, CFD simulations and BUILD with vertical profiles along the domain for the flow
characteristics and the behaviour of the dispersion.

First, Figure 4 shows the difference between RANS and LES simulations to represent the topology of the
flow and the recirculation zones. Indeed, there are a lot of studies on the characteristics of these zones
(Hosker, 1985; Schofield and Logan, 1990; Vingont, 1999). At the foot of the obstacle, the RANS
simulation has a detachment point too close to the obstacle, whereas LES simulations provide a position
closer to the literature value. Downstream of the obstacle, both give a good distance for the reattachment
point.
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Figure 4. Streamlines of the RANS simulation (orange) and the LES simulation (blue), upstream (left) and
downstream (right) of the obstacle



In the Figure 5, we show profiles along the domain of the x-component of the velocity of both
simulations. Profiles are very similar downstream of the obstacle. The upstream profile has a noticeable
difference due to the gap of the detachment point position.
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Figure 5. Evolution of U/U. along the domain from the experiment (dot red and black), the RANS simulation
(orange line) and the LES simulation (blue line). In the background, streamlines from Figure 3 with the RANS
simulation (orange) and the LES simulation (blue)

In the Figure 6, we show profiles along the domain of the turbulent kinetic energy. In LES simulations we
distinguish the part of energy modelled and the part resolved. At x =5 H and 7 H, profiles are like each
other. However, in the recirculation zone, there are some differences between the results of simulations.
The maximum gap is at the boundary of the recirculation zone, which corresponds to the mixing zone.
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Figure 6. Evolution of dimensionless turbulent kinetic energy (k/U«2?) along the domain from the experiment (dot red
and black), the RANS simulation (orange line) and the LES simulation (blue line). In the background, streamlines
from Figure 3 with the RANS simulation (orange) and the LES simulation (blue)

In the Figure 7, we show profiles from the experiment, LES simulations and BUILD. LES simulation
gives a good behavior of the concentration in comparison with the experiment. BUILD provides a good
approximation at the end of the recirculation zone. However, the species repartition in the recirculation is
not too far from the experiment but it has to be improved next to the limit of the mixing zone. This result
is acceptable, taking into account that the computational time is about 12 seconds on a laptop whereas the
LES simulation needs few weeks on a supercalculator.
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Figure 7. Evolution of the concentration field dimensionless from the experiment (black cross), the LES simulation
(red line) and the BUILD simulation (pink line). In the background, streamlines from the LES simulation.



CONCLUSIONS AND PERSPECTIVES

In this article, we presented a first validation of the BUILD model during its development process. The
comparison with wind tunnel experiments and RANS/LES simulations on the academic case of an
isolated obstacle provides encouraging results, with a computational time less than 15 seconds on a
laptop. The BUILD model will be improved in the future, with a focus on the second academic case of an
idealized neighborhood (Garbero, 2008; Cierco et al., 2010; Ben Salem et al., 2015).
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