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ABSTRACT

Air_pollution from motor vehicles is one of the most serious and rapidly
growing problems in various urban centres of the world. From the population
exposure point of view, study of air quality in urban street canyons is of paramount
importance, since the highest pollution levels and considerably larger environmental
impacts have often been observed in these situations. In order to chalk out effective
counter measures for achieving sustainable street air quality, there is a need to
comprehensively analyse the pollution dispersion phenomenon within the street
canyon.

Predicting the distribution of pollutants under various urban conditions such as
urban street canyon is extremely complex involving a variety of physical and
meteorological factors including vehicle emissions, wake effects, canyon wind flows
and turbulent dispersion. Over the past two decades, significant progress has been
madéming and modelling vehicular pollution dispersion phenomena
under these urban environmental conditions by using Environmental Wind Tunnel
(EWT) technique. In the EWT, the emission conditions, different meteorological
situations, terrain and topographical features can be changed at will and useful data
translatable to the real - life situations can be obtained. These EWT studies carried out
over the last ten years have greatly helped in determining the pollutant concentrations
under various urban street canyon conditions as a function of building dimensions,
upwind building configuration, wind direction with respect to building configuration
and roof geometry. These studies have further shown that the street canyon
configuration, its aspect ratio, external wind speed and its direction and traffic
produced turbulence are some of the important factors influencing pollutant
dispersion in urban areas.

In the present study, physical modelling of various street canyon
configurations in EWT facility at the Indian Institute of Technology (IIT5 Delhi has
been carried out to study the heterogeneous traffic-induced effects on _Bgllutant
dispersion in street canyon. Effects of aspect ratio of street canyon and wind
orientations have also been studied. In addition, an attempt has been made to find out

the extent of application of Computational Fluid Dynamics (CFD) code FLUENT in
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the pollution predictions within urban street canyons for the three-dimensional case.
The numerical simulation has been done using standard, RNG (Renormalized Group)
and realisable k-¢ turbulence models.

The study has indicated that under perpendicular and oblique wind directions,
pollution distribution in the urban street canyon is affected by the central vortex
whereas during parallel wind flow, the pollution gets dispersed due to channelling of
the flow. It has been found that while increase in traffic results in an increase in the
pollutant levels in the street canyon, the effect of increased pollution level, to a certain
extent is offset by the increased traffic produced turbulence (TPT) generated by these
vehicles.

The effect of TPT is significantly reduced with height (z/H). The effect of the
vehicle - induced mixing has been found to be maximum at the pedestrian level, while
at sampling locations close to the top edge, the effect of vehicle- induced mixing of
pollution was found to be almost negligible. Further, the pollution level in street
canyon has also been found to be affected by aspect ratio and traffic volume.

A comparison of each set of data from wind tunnel experiments with the
numerical simulation reveals that the CFD code FLUENT, can predict many of the
wind tunnel results for average flow field and concentrations by choosing appropriate
boundary condition, grid resolution and turbulence model. It has been found out that
for separated flows, the RNG k-¢ turbulence model works best whereas, for normal
flows without any separation, the predictive capability of standard k— ¢ turbulence

model is better than the RNG and realizable k- € turbulence models.
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