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There is a potential problem that hazardous and flammable materials are accidentally or intentionally released
within urban areas. In such a situation, only average levels but also instantaneous magnitudes of concentration
should be accurately predicted. For understanding spatial distribution of plume concentration and characteristics
of mean and fluctuating concentrations, a numerical modeling using Computational Fluid Dynamics is a useful
tool. In particular, Large-Eddy Simulation (LES) is effective to capture unsteady behaviors of turbulent flow and
plume dispersion. Recently, with the rapid development of computational technology, many researchers have
developed LES-based CFD models for turbulent flow and plume dispersion in regular arrays of cubic obstacles
that represent typical urban surface geometries. These models can provide detailed information about turbulence
structures, mean and fluctuating concentrations.
However, surface geometries of actual urban areas are highly inhomogeneous and covered with low-rise and
high-rise buildings with very variable heights. Distribution patterns of a plume concentration strongly depend
on the geometry of urban area. Therefore, the geometries of regularly arrayed obstacles in these studies are too
simplified to directly apply their results for plume dispersion to actual urban settings. In this study, we perform
Large-Eddy Simulation (LES) of plume dispersion within various actual urban areas.
In our LES model, the driver region for generating a spatially-developing turbulent boundary layer flow and the
main region for a simulation of plume dispersion within actual urban area are set up. First, a thick turbulent
boundary layer flow is generated by incorporating the inflow turbulence generation method of Kataoka and
Mizuno (2002) into an upstream part of the driver region and, then, a wind flow with strong turbulent fluctuations
is produced by a tripping fence and roughness blocks placed at the downstream of the recycle station. This
unsteady wind flow is imposed at the inlet of the main region at each time step and calculations of turbulent flow
and plume dispersion within urban area are performed.
Our objective is to compare our LES results for distribution patterns of mean and fluctuating concentrations in
various actual urban areas with the existing LES and experimental results for those in regularly arrayed obstacles,
and investigate the influence of actual urban surface geometries on the characteristics of mean and fluctuating
concentrations.


