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In physical or numerical models of atmospheric dispersion, traffic emissions are usually simulated by near-ground line sources with a homogeneous distribution of emission along the source and a constant release rate. An analytical solution of the diffusion equation for emission from a line source deployed in a homogenous roughness layer was obtained by Huang (1979).





At the University of Karlsruhe, a series of wind-tunnel measurements were performed with line sources designed in a way to ensure a constant tracer-gas release near the ground. The lower portion of atmospheric boundary layer under neutral conditions was simulated in the tunnel. The boundary-layer flow was generated in the tunnel with the aid of roughness elements mounted on the floor of the tunnel and vortex generators installed at the tunnel inlet. The simulated boundary layer was proved to be in good agreement with the atmospheric boundary layer scaled by �INTEGRER Equation.3���. Measurements of mean flow and turbulence characteristics in the tunnel were performed with hot-wire and laser Doppler velocimeters. The concentration distribution downwind of the source was measured and compared with calculations by the model of Huang (1979). Additionally, the measured concentration fields were analyzed in comparison with predictions of a simple numerical model realistically describing turbulent diffusion in the atmospheric surface layer.





In the model of Huang (1979) the concentration distribution is given by a modified Gaussian function �INTEGRER Equation.3���, where p is the empirical exponent, �INTEGRER Equation.3��� is the near-ground concentration, and �INTEGRER Equation.3��� is the vertical dispersion parameter. The results plotted in Fig. 1 demonstrate that the measured concentration profiles can be described by a modified Gaussian function with the exponent �INTEGRER Equation.3���. This value is within the range �INTEGRER Equation.3���, which was observed in full-scale measurements summarized in Huang (1979). The obtained p value is also quite close to �INTEGRER Equation.3��� from a wind-tunnel study at the University of Hamburg (Meroney et al. 1986). Application of the Huang (1979) expressions, which are based alternatively on similarity-theory or power-law formulas for the mean wind profile and the turbulent diffusivity K(z), yields �INTEGRER Equation.3��� or �INTEGRER Equation.3���, respectively. As an input value in these calculations, the mean wind profile with the power-law exponent �INTEGRER Equation.3��� was taken. The exponent value was derived from flow measurements in the tunnel.





The profiles shown in Fig. 1 were measured at nine different distances from the source. These distances correspond to the range from 12.5m to 450m in the nature. The parameters �INTEGRER Equation.3��� and �INTEGRER Equation.3��� used for normalization were defined based on the experimental data for each distance. A comparison of these values with curves calculated using similarity-theory or power-law formulas is presented in Fig. 2. The curves fitting the experimental values (solid lines) lay between the two theoretical curves. A comparison of concentration profiles have shown that employment of the power-law formulas in the near-source region lead to an underprediction of the near-ground concentration by a factor of two. In this region, the similarity-theory relationships produce better results. However, for bigger distances x the vertical dispersion observed in the wind tunnel was significantly higher than model predictions based on the similarity theory.





The comparison has generally shown a fair agreement of measured and calculated results which proved applicability of the constructed line source for modeling vehicle emissions. In the analytical model of Huang (1979), expressions for the mean wind profile and the turbulent diffusivity formulas based on similarity theory give better results for the near-source concentration fields than the alternative formulas based on the power-law assumptions.
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Fig. 1. Comparison of normalized vertical concentration profiles measured in the wind tunnel at nine different distances form the source (symbols) with a calculated profile (solid line) using a modified Gaussian function according to Huang (1979).
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Fig. 2. Dependence of the near-ground concentration (left plot) and the vertical dispersion parameter (right diagram) on the distance x from the source. Values derived from the wind-tunnel measurements (symbols and solid lines) are compared with theoretical curves based on similarity theory (dashed lines) and power-law assumptions (dashed and dotted lines).
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