Wind tunnel study of concentration and flow fields near street canyon intersections
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In urban areas concentration levels of pollutants resulting from traffic emissions are often close to threshold values. Forecasts of concentration distributions for variable traffic conditions and building configurations are needed by local authorities to avoid critical pollution levels in particular areas. The advances in computer technology have led to a significant improvement of numerical dispersion models. Nevertheless numerical models possess certain limitations in predicting realistic flow and concentration fields in an urban environment. Complex flow patterns inside the urban canopy can not be fully resolved by them. Microscale dispersion models must be validated for an application in the urban environment. A part of the validation procedure should be the comparison of calculated results for simple, basic flow configurations with reliable experimental datasets. Wind-tunnel measurements can provide datasets which fulfill the criteria for validation of dispersion models (Schatzmann, et al., 1997).





A street canyon intersection can be considered as a typical building configuration in the urban canopy. At the University of Karlsruhe, a series of wind-tunnel experiments have been performed to study the flow and dispersion characteristics in the vicinity of typical urban street-canyon intersections. The basic configuration consisted of two perpendicular street canyons separating four building blocks of the same geometry as described in Kastner-Klein et al. (1997). All buildings were of the same height and had flat roofs. Traffic emissions have been simulated by line sources placed in one street canyon. 





In the present paper, the influence of building-geometry variations on the near-ground concentration distributions is analyzed. Flow visualizations with a laser light sheet and a smoke release in the intersection center are shown in Fig. 1. A significant influence of the building height on the flow-field characteristics was observed. A lateral flow component in the vicinity of the intersection was only observed for the asymmetric configurations with one of the four buildings higher than other ones (right images). The effect was stronger for the situation with the higher building located downwind of the intersection (lower image). In this case, the longitudinal flow component almost totally disappears and the lateral flow component is directed away from the higher building. In the case when the higher block is placed upwind of the intersection, the longitudinal flow component was not totally blocked and the lateral component is directed to the leeward region of the higher building (upper image).





Concentration measurements at the building walls were performed for six different cases with variations of roof shape and building height. The near-ground concentration patterns (at z=10 mm) for four cases with wind direction perpendicular to the line source are plotted in Fig. 2. The dependence of the horizontal concentration distribution and the near-ground maximum on the building height near the intersection and the roof geometry are clearly seen.





Thus, small-scale features of building arrangement were found to be important factors of concentration field modification in the vicinity of urban street intersections. Results of the performed measurements have been summarized in an extensive database providing new information about flow and dispersion properties inside the urban canopy.





Kastner�Klein, P., E. Fedorovich, and E. J. Plate, 1997: Gaseous pollutant dispersion around urban�canopy elements: wind tunnel case studies. Int. J. Environment and Pollution, 8, 727-737.


Schatzmann, M., S. Rafailidis, and M. Pavageau, 1997: Some remarks on the validation of small-scale dispersion models with field and laboratory data., Journal of Wind Engineering and Industrial Aerodynamics, 67-68, 885-893.


���  �





���  �


Fig. 1. Visualizations of flow in the urban street intersection. Two left images are instantaneous flow patterns for the reference configuration with four buildings of the same height. Right images illustrate flow patterns when one of buildings (the darker one) is 1.5 times higher than the three other ones.
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Fig. 2. Influence of building geometry on the near-ground concentration pattern near the intersection of two perpendicular street canyons. The approach flow is perpendicular to the line source marked by the bold horizontal line located at y=25mm.


