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Currently, most of the local authorities in the UK are using the well established Gaussian type dispersion models to predict the air quality in urban areas. Although having an enormous potential in assessing and improving natural ventilation in built-up areas, a use of CFD in integrated urban air quality modelling is still in its infancy. This study aimed to assess suitability of a general CFD code for use in the integrated urban air quality modelling for regulatory purposes. By integrating results of traffic flow in urban road networks, traffic emissions, and incorporating a three dimensional model of a complex configuration of street canyons into a CFD dispersion model (PHOENICS), an urban air quality model of a designated air quality management area in the city centre of Glasgow has been developed.

To validate the model the continuous monitoring campaign was carried out in 2002. The experimental data were measured at five different locations in the city centre using both, fixed and mobile monitoring stations. The three fixed self-contained monitoring stations were placed at the carefully chosen sites to represent the diversity of Glasgow’s microenvironments (urban kerbside, urban centre and urban background locations). Taking into account the size of the designated air quality management area in Glasgow, the air pollution was additionally monitored using the automatic monitoring equipment contained in the air-conditioned trailers (Figure 1). The two locations were selected according to the traffic flow data in order to give more detailed information on local air pollution differences within the street canyons in the designated air quality management area. 

A comprehensive preliminary CFD study conducted was aimed at highlighting the fundamental problems of the microscale CFD models, which lie in the physical difficulties of modelling the effect of turbulence, and also the accuracy of the spatial discretisation of complex urban geometries, the numerical procedures applied, the boundary conditions and the physical property selected. All conclusions of the study were underpinned by a wind tunnel and real-scale experimental data. A guideline on use of PHOENICS in air flow studies in complex built environments was developed.

The model developed (Figure 2) shows absolute consistency, 100 %, in over prediction of field results within the street canyons where the wind direction is almost perpendicular to the street axis. It has to be noted, if analysing separately, that the model shows very high consistency (90 %) in over predicting the concentration when the prevailing winds are south-westerly. On the other side, due to alignment of the computational cells with the westerly winds, the model gives encouragingly accurate results with the calculated relative error of 25 % on average. Note that the modelling quality objectives are set by European Union Directive 2000/69/EC, and the recommended value for 8 hour running mean, and one hour averaged concentration of carbon monoxide is 50 %, and 60 % consequently. 

Although this numerical tool demonstrated satisfactory performance, it was observed that small differences in monitoring station positioning may yield significant variations of measured mean concentration due to large values of horizontal and vertical local concentration gradients. Although, at this stage, the accuracy of developed Glasgow urban air quality model highly depends on experience of its users, it is believed that use of a CFD in an integrated urban air quality modelling could be to the benefit of urban planners, architects, HVAC engineers and all other professionals interested in public health.
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Figure 1. Air Quality Monitoring Trailer
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 Figure 2. Glasgow – modelled CO levels
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