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Abstract: A stationary three-dimensional Lagrangian stochastic numerical model has been developed by coupling a macromixing 
with a micromixing scheme, to determine the mean and the variance of concentration for a passive scalar in 3D turbulent flows. The 
macromixing scheme is based on the “well-mixed” condition (Thomson, 1987). The micromixing IECM (Interaction by Exchange 
with the Conditional Mean; Pope, 1998; Sawford, 2006) scheme has been integrated to calculate the higher moments of 
concentration. The model has been tested by comparison with the MUST (Mock Urban Setting Test) wind tunnel experiment by 
Bezpalcova (2007) and Leitl et al. (2007), which corresponds to the atmospheric dispersion experiment by Yee and Biltoft (2004). 
In both these experiments the dispersion of a passive tracer in a 3D stationary flow field, in presence of obstacles, has been 
analysed. The mean and the variance of concentration, calculated by the numerical model presented here, show a reasonable 
agreement with the experimental results. 
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1. INTRODUCTION 

Knowledge of concentration fluctuations is useful to determine the range of the expected values of concentration for 
microscale dispersion and to assess the hazard in the case of a strong non-linear relationship between concentration 
and damage (i.e. accidents). Furthermore, knowledge of concentration fluctuations permits a better simulation of 
chemical reactions, which depend on the instantaneous concentration, rather than the mean. The IECM (Interaction 
by Exchange with the Conditional Mean) model (Pope, 1998; Sawford, 2006) is one of the more promising methods 
to estimate the concentration fluctuations. IECM micromixing models have been applied to several case studies: one-
dimensional scalar dispersion in grid turbulence from line or area sources (Sawford, 2004) and for multiple reacting 
pollutants (Sawford, 2006), one-dimensional multiple scalar dispersion in convective boundary layers from area 
sources (Luhar and Sawford, 2005), one-dimensional dispersion from area sources in canopy turbulence (Cassiani et 
al., 2005c), two-dimensional dispersion from point or line sources in neutral boundary layers (Cassiani et al., 2005a; 
Dixon and Tomlin, 2007) and in convective boundary layers (Cassiani et al, 2005b), and from single or multiple 
sources in canopy turbulence (Cassiani et al, 2007a; Dixon and Tomlin, 2007; Cassiani et al., 2007b). 
 
In this context the three-dimensional stochastic model LAGFLUM (LAGrangian FLUctuation Model) has been 
developed, by coupling a macromixing with a micromixing scheme, to determine the most significant statistical 
moments of concentration for a passive scalar in 3D turbulent flows. The macromixing scheme is based on the “well-
mixed” condition (Thomson, 1987). This model describes the motion of fictitious trajectories of marked fluid 
particles to estimate the averaged concentrations. To take account for concentration fluctuations, the IECM 
micromixing equation has been integrated. All the particles move according to the macromixing scheme and 
exchange pollutant mass through the micromixing process. So they have their own representative instantaneous 
concentrations: their statistical computation in each cell of the domain can furnish all the concentration moments. 
 
The model has been tested by comparison with the MUST wind tunnel experiment by Bezpalcova (2007) and Leitl et 
al. (2007). In that experiment the dispersion of a passive tracer in 3D, stationary flow fields in the presence of 
obstacles, has been analysed. In the present paper, after a short description of the experiment, the LAGFLUM 
equations have been reported. In the last section some results of the comparison have been shown. 
 
2. THE EXPERIMENT

The dispersion of a passive pollutant (ethane) has been performed inside an obstacle array in the WOTAN wind 
tunnel of the Environmental Wind Tunnel Laboratory (EWTL) at the Meteorological Institute (University of 
Hamburg, Germany). It is described in detail in Bezpalcova (2007) and Leitl et al. (2007) and reproduces the MUST 
field experiment.  
 
We choose the x-axis to be in alignment with the obstacle array. The reference wind speed outside the array is uref 
(z=7.3m) = 8 ms-1, oriented at 45° clockwise to the x-axis. Here we always refer to the full scale values (the wind 
tunnel scale is 1:75). All the velocities were measured with the two-dimensional Laser-Doppler technique. Figure 1 
shows the numerical domain used in our simulations together with the obstacle arrangement, the pollutant source 
(violet), and the meteorological monitoring points. The numerical domain used is the part of the wind tunnel domain 
nearby and to the leeward of the pollutant source. It represents almost a quarter of the wind tunnel domain. The 
obstacles have all the same dimensions (12.5x2.5x2.5 m3), except the smallest one in Figure 1 (which is 3.5 m tall). 
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Figure 2. Comparisons between the simulated normalized mean concentration (left) and the corresponding wind tunnel measures 
(squares) (right) at z=H/2.  
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Figure 3. Comparisons between the simulated normalized standard deviation of concentration (left) and the corresponding wind 
tunnel measures (squares) (right) at z=H/2.

Such behaviour is visible also in the measured data and confirms the good performances of the model, which seems 
to properly reproduce the dissipation of the concentration fluctuations along the particle trajectories. 
 
5. CONCLUSIONS 

The numerical 3D model LAGFLUM (LAGrangian FLUctuation Model) based on the “well mixed” macromixing 
scheme (Thomson, 1987), and the IECM micromixing scheme (Pope, 1998; Sawford, 2006) has been presented. The 
model has been applied to the wind tunnel experiment of Bezpalcova (2007) and Leitl et al., (2007) on passive 
pollutant dispersion in presence of obstacles. Starting from measured data, the wind field has been reconstructed by 
means of geometrical interpolation and the balance equation for the air mass. The simulated values of mean and 
variance of concentration show a reasonable agreement with the corresponding measurements; both shape and 
concentration levels are reproduced satisfactorily. The model seems to furnish a valid tool for the investigation of 
concentration fluctuations in complex turbulent fields. 
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