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Abstract. The presence of buildings and obstacles in urban environment can modify the velocity and spatial concentration 
fields of gaseous pollutants emitted by a source, therefore affecting the dispersion of the plume. The dispersion of the 
pollutants can be analytically approximated by using Briggs’ coefficients limited by the lack of detailed geometrical 
information of the obstacles. 
In the work, similarity Theory (MOST) for the entire vertical Atmospheric Boundary Layer profile under non-neutral 
stability conditions has been included as an accurate inlet boundary condition in the framework of the Reynolds-Averaged 
Navier-Stokes (RANS) approach. The effectiveness of the Shear Stress Transport (SST) variant of the k-ω model has been 
highlighted as the appropriate turbulence closure model to be used for the dispersion of cloud in urban environment. 
The geometry used in the numerical simulation was inspired by an urban agglomeration and refinement regions were 
strategically set to accurately capture the flow field and plume transport near obstacle surfaces, close to the ground, and 
around the chimney. Comparisons between Gaussian plume and CFD-based models are reported showing differences and 
asymmetries especially at shorter distance. Numerical results have been obtained by considering different stability 
atmospheric conditions and comparisons and differences with Huber approximation are presented and discussed.  
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1. INTRODUCTION 

Given the environmental impact assessment 
criteria imposed by the current legislation on 
population safety and prevention, research on the 
dispersion of gaseous contaminants into the 
atmosphere in the vicinity of metropolitan centers is 
becoming increasingly relevant. The health effects are 
then clearly linked to the kind of pollutants, which are 
typically a source of chemical risk but also of ionizing 
radiation from radioactive materials. For instance, 
this can happen as a result of the cycles of the particle 
acceleration equipment used in oncological treatment 
therapy centers, which are typically located close to 
urban areas [1-3]. In this case, the plume emitted by 
the chimney is typically composed by a mixture of 
short life β+ emitters and Argon-41 (gamma emitter). 
In order to assess regulatory criteria, dispersion of 
gaseous contaminants is typically evaluated by 
recurring to simplified analytical models, such as the 
Gaussian Plume Model (GPM), both in open and 
urban environment. The models allow the user to 
select from a wide variety of parameters (chimney 
height, wind speed, atmospheric stability class) and 
are adaptable to different conditions.  

Due to the approximations in GPM at short 
distances, more accurate fluid dynamic simulations 
can be performed in order to overcome the 
approximation given by the GPM especially at short 
distances from the chimney. CFD simulations can be 
very useful when there are obstacles and structures in 
the region of plume convection and can precisely 
characterize the impact of complex geometries on the 
turbulent wind field, which is related to atmospheric 
conditions and local recirculation. Among various 
CFD models, Reynolds Averaged Navier-Stokes 
equations (RANS) typically provide a good 
approximation of the turbulent wind field at a 
sustainable computational cost [2, 4, 5]. Therefore, 
CFD-based approaches might be suitable for urban 
areas in which results obtained by simplified models 
could be affected by approximations that might results 
assuming an open and unhindered field. 

In the present paper, transport phenomena of 
gaseous pollutants in urban environment have been 
investigated in turbulent regime by using a CFD 
approach with improved inlet boundary conditions. 
Accuracy of the results is sensitive to the selected 
parameters, and the effectiveness of the Shear Stress 
Transport (SST) variant of the k-ω model [5] coupled 
with the MOST theory for the inlet boundary 
condition has been established as the most 
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appropriate turbulence closure model to investigate 
dispersion in urban environment.  

The paper presents the following structure: in 
Section 2, the GPM model with Huber corrections 
have been described; in Section 3 the theory of Monin-
Obukhov have been introduced while in Section 4 
numerical results have been reported and discussed 
along with comparison with the GPM model. 

2. GAUSSIAN PLUME EQUATION  

2.1. General model and Huber’s correction 

The following formula provides the typical 
Gaussian Plume equation used in Pasquill's theory to 
evaluate the concentration ),,( zyxC  of a gas or air 

pollutant emitted by a source: 
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where x represents the distance from the source in the 
direction of the wind, y and z along the transverse 

directions (z is the height from the ground),  sH , Q , 

u, z , y  are the effective source height, the 

continuous source emission rate of the pollutant, the 
mean transport wind velocity in the direction of the x 
axis and the diffusion parameters in the 
corresponding directions, respectively [6-8]. Gaussian 
distributions of the pollutant in the direction 
corresponding to the plume's drift can be found as the 
analytical solution of a simplified diffusion equation. 
For the dispersion diffusion parameters, many models 
can be used, either in open fields or with the impact of 
buildings included. The following expressions, which 
are commonly used, provide Briggs’ coefficients as a 
function of the distance by the source x: 
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where a, c and d are coefficients which depend on 
the surroundings and the stability class of the 
atmosphere. GPMs prove to be effective at long 
distance from the source but could be affected by 
unacceptable errors at lower distance.  

Regarding the spreading of the plume due to the 
presence of buildings near the source, Huber’s theory 
considers the solution independent from 
environmental turbulence in the range 3Hb - 10Hb, 
where Hb is the height of the highest building close to 
the emitting source. For x > 10Hb, Huber model no 
longer depends on the presence of obstacles but only 
on the environmental turbulence. The following 
equations (3-4) show Huber’s corrections of 

dispersion parameters 
H  in the presence of 

buildings 
5.022 ])2/7.0([ byy
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where 
H  is the dispersion parameter function of the 

distance x from the source in the horizontal direction 
of the wind and Wb is the width of the region of 
influence orthogonal to wind. 

Equations (3) and (4) are valid for x> 3 bH  but it 

is possible to estimate dispersion parameters in the 

presence of obstacles in range 0-3 bH setting x = 3Hb 

[9, 10]. A comparison between Pasquill and Huber 
results are reported in Section 4 after the introduction 
of the MOST theory, given in Section 3. 

3. THE MONIN-OBUKHOV SIMILARITY THEORY  

An accurate resolution of the Atmospheric 
Boundary Layer profile (ABL) in a RANS simulation 
requires the definition of appropriate and consistent 
boundary conditions for velocity, turbulence, and 
temperature. The Monin-Obukhov Similarity Theory 
(MOST) is commonly used to account for different 
stability conditions in the atmospheric surface layer 
[11]. According to the MOST theory, it is possible to 
derive the following vertical profiles to be applied as 
boundary conditions for the Reynolds averaged 
velocity u(z), potential temperature ϑ(z), turbulent 
kinetic energy k(z) and dissipation rate ε(z), with z 
being the distance from the ground.  

The equations (5-8) for the profiles of the 
aforementioned quantities according to the MOST 
theory are the following [10] 
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being 
mk =  /  and where 0z  is the roughness 

parameter, *u  is the friction velocity, κ is the Von 

Karman constant, L is the Monin Obukhov Length, ϑ*  
is temperature length scale, Cµ is a turbulence model 
constant and the functions  are the stability-related 

functions defined by the MOST theory according to 
atmospheric stability classes. 

Using the MOST theory, it is possible to provide 
wind and temperature profiles at the inflow boundary 
of the computational domain, which are based on the 
Pasquill stability classes. The values can be also 
adopted as reference to compute the analytic 
concentration with GPM. In order to make 
comparisons between Pasquill, Huber and CFD 
results, the spatial distribution of the velocity field is 
taken into account in the processing of the simulation 
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results [12]. A detailed discussion has been reported in 
Sections 4 and 6.   

4.  ANALYTICAL COMPARISONS 

Analytical models used for evaluating the 
dispersion of pollutants are limited by two main 
factors: an averaged wind velocity respect to a not 
uniform spatial velocity distribution and the 
simplified approach in the presence of obstacles in 
urban area. Despite these assumptions, analytical 
approaches are widely adopted especially to respect 
regulatory constraints. In fact, analytical models are 
characterized by their excessive sensitivity to the 
choice of wind velocity value and, regarding the 
presence of obstacles in urban area, the use of 
simplified Briggs parameters does not catch the effects 
of turbulence. CFD simulations overcome these 
assumptions by calculating accurate velocity and 
concentration fields.  

In this Section, analytical Argon concentration 
distributions have been reported for the stability class 
E (slightly stable conditions) at x = 400 m from the 
source (chimney emitting air/Argon mixture with 5% 
Ar-mass fraction). The vertical velocity outlet from the 
chimney is 1 m/s. Since the Gaussian concentration 
depends on wind velocity and Briggs’ parameters, a 
comparison is shown between the results of Pasquill 
and Huber expressions for different choices of these 
parameters.  

In fact, in GPM models, some assumptions are 
considered: the prevailing component of the wind 
velocity field is horizontal (x-direction) and it is 
considered uniform and constant for a sufficiently 
long timespan. In real situations, the plume will be 
inserted a velocity field which is not uniform, the 
hypothesis of constant speed could be not be verified 
and an average value should be considered. 

Moreover, Briggs’ coefficients depend strongly on 
the surroundings, but in real situation urban areas 
could present different characteristics and an 
intermediate value between pure open range and 
urban value should be considered. For these reasons 
analytical GPM values have been reported for different 
values of average wind velocity and for different 
surroundings. Figures 1 and 2 show the concentration 
of the pollutants along y- and z- directions in 
correspondence of the concentration maximum value 
(x=400m). Results show that surrounding 
characteristics affect strongly the spatial 
concentration and a proper value of parameters a, c 
and d for the case under investigation should be 
considered in Eqs. (2)-(4). In this paper, Briggs 
parameters were adjusted to modulate the theoretical 
open-urban range in order to consider the presence of 
few buildings in the geometry under consideration 
and the arithmetic means of a, c and d respect to full 
open and full urban conditions have been considered 
(“0.5 range open-urban”). 

Similarly, in order to make consistent comparisons 
between analytical values given by the GPM models 
and CFD numerical values, a proper value of the wind 
velocity should be considered in GPM models. These 

values have been obtained by considering the x 
component of the 3D velocity distribution evaluated 
by the CFD model. In fact, the plume is not 
transported by a single velocity but by a distribution of 
velocity, which represents one of the limitations of the 
use of GPM. 

 

Figure 1. Argon concentration along y direction for stability 
class E (x = 400 m). 

 

Figure 2. Argon concentration along z direction for 
stability class E (x = 400 m). 

Figures 3 and 4 show the spatial distribution of the 
pollutant concentration along y and z (in 
correspondence of its maximum and at a distance 
x=400 m from the source) for different values of the 
wind velocity in the range [1, 2.8] m/s. The value of 
2.8 m/s has been selected being the velocity of the 
wind at the inlet boundary at the height of the 
chimney for stability class E. 

Results show that spatial concentrations are 
strongly affected by the wind velocity and in a real 
case, even if the wind far from the source respect the 
MOST predicted value, the presence of buildings could 
affect the spatial distribution of the wind velocity field 
in which the pollutants are emitted. In this case, a 
proper averaged value of the wind velocity should be 
considered in order to carry out consistent 
comparison between numerical CFD results and 
analytical values given by GPM. In fact, in Section 6, 
numerical CFD results show that, for the case under 
investigation, due to the presence of buildings, wind 
speed fields are less intense than those introduced by 
the MOST theory in the inlet boundary condition. By 
assuming lower values of the averaged wind velocity, 
results show that Pasquill/Huber concentrations are  
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 Figure 3. Argon concentration along y direction for 
stability class E at x = 400 m depending on the wind 

velocity parameter  

numerical ones. Hence, with the analytical curves, 
generally prevailing over the numerical ones in 
relation to the maximum values, GPM models, even 
with the Huber corrections, overestimate the 
environmental doses due to a lower dilution of the air 
contaminant. Starting from spatial distributions, dose 
values coming from ionizing radiation can be obtained 
recurring to appropriate conversion factors [13]. 

 

Figure 4. Argon concentration along z direction for 
stability class E at x = 400 m depending on the wind 

velocity parameter  

5. GEOMETRY AND CFD MODEL SETTING  

The computational domain under investigation is a 
3D rectangular prism with Lx=1.3 km, Ly=0.75 km and 
Lz=0.5 km. In the domain, a squared chimney (height 
h=3.1 m and side l=1.5 m) is placed above the roof of a 
building of height H=20 m and width W=115 m.  
The coordinates of the center of the chimney outlet are 
x=59.35 m, y=7.6 m and z=0 m. 

An unstructured hybrid mesh with local 
refinement regions has been generated to solve the 
plume transport region and the flow field close to the 
ground, to the buildings and to the chimney. Two 
Body of Influence (BOI) has been considered in order 
to increase the mesh resolution near the buildings 
(green boxes in Figs. 5 and 6): a cylinder with radius R 
= 35 m and length l1=156 m to obtain a finer meshing 
in correspondence of the plume emission from the 
chimney and a box with length l2 = 193 m, height l3 = 
60 m and width l4 = 175 m to improve resolution when 

the plume moves towards the ground. The chosen 
calculation grid was validated with a grid sensitivity 
analysis. Finally, we selected 6.2∙106 cells for the full 
domain while element sizes of 2 m and 4 m for 
cylindrical and rectangular BOIs, respectively.  

The model has been implemented in the 
framework of Ansys Academic Research CFD 2023 R1 
[12, 14] with boundary conditions types reported in 
Table 1. 

 

Figure 5. Real geometry with BOI 

  

 

 Figure 6. Mesh section on xz plane 

 

Table 1. Boundary conditions of the domain 

Face Type 
Inlet_chimney  velocity_inlet 
Inlet_wind  velocity_inlet 
Outlet_wind outflow 
Outlet_sides symmetry 

Farfield_upper velocity_inlet 
Bottom surface wall 

6. NUMERICAL RESULTS  

Numerical results have been obtained by 
considering Class E stability (slightly stable 
conditions) and considering an urban surroundings 
case [15]. Comparisons between the Gaussian Plume 
Model (Pasquill-Huber) and CFD-based model [11] 
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are presented and discussed. Numerical concentra-
tions of Argon have been gathered on four planes 
orthogonal to wind direction (x) and placed at 
downstream distance x = 50 m, 100 m, 200 m and 
400 m from the chimney position. The results at 
distance x = 50 m and 100 m are shown in Figures 7-
10. Due to the asymmetries introduced by the real 
domain, numerical values obtained by the CFD 
simulations will be characterized, at different x-
distances, by an offset respect to the position of the 
chimney in the yz plane, and, consequently, the 
maximum value of the spatial concentration will be 
located far from the maximum value obtained by GPM 
models, in which the asymmetry is not considered. For 
this reason, results will be presented along y/(z)-
direction in correspondence of the z/(y)-value in 
which the maximum of the 2D concentration is 
obtained both for GPM model (“max Analytical”) and 
CFD (“max CFD”). 

Figures 7 and 8 (in max Analytical) show the 
comparison of the spatial distributions of the 
concentrations when the maximum value is obtained 
in the GPM model. Results confirm the offset along z 
of the CFD distribution respect to the GPM case, even 
if the maximum values of the concentration are in 
good agreement (3.1∙10-4-3.3∙10-4 kg/m3). 

 

 Figure 7. Concentration at x = 50 m along y (z = 35.7 m) 

In Figures 7 and 8, the wind velocity u = 2.8 m/s 
(in correspondence of the chimney height) has been 
considered equal to the inflow value obtained with 
MOST theory [16]. In order to consider the effect of 
the spatial distribution of the wind velocity [17-19] in 
GPM expressions, the analytical curves of Pasquill and 
Huber are represented with different u values and 
compared with CFD results. In fact, the x-component 
of the velocity can be strongly affected by the presence 
of the buildings and can assume lower values respect 
to the inlet value (uinlet=2.8 m/s). Figures 9 and 10 
show the CFD spatial distribution of the x component 
of the velocity fileld on the yz plane at x=50 and 100 
m, respectively. The velocity is strongly reduced (1 
m/s) respect to its inlet value at boundaries (2.8 m/s) 
and, due to the presence of buildings, can assume 
negative value due to the recirculation. 

 

 Figure 8. Concentration at x = 50 m along z (y = 7.5 m) 

 

Figure 9. x component of the velocity filed on the yz plane 
at x=50 m. Red line is located at the z position of the 

chimney 

 

Figure 10. x component of the velocity field (u) on the yz 
plane at x=100 m. Red line is located at the z position of 

the chimney 

 

 Figure 11. Concentration at x = 100 m along y (z = 27.0 m) 
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 Figure 12. Concentration at x = 100 m along z (y = 7.5 m) 

Taking into account these corrections, numerical 
solutions, compared to analytical ones, show a higher 
dilution of the contaminant in the atmosphere with a 
much lower environmental dose forecast. Results are 
reported in Figures 11 (in max CFD) and 12 (in max 
Analytical) and highlight that, in order to make a 
consistent comparison between analytical and CFD 
results, a proper average value of the wind velocity 
should be considered in the analytical expressions. In 
fact, in the case of u=1 m/s, Pasquill distribution 
prevails over the numerical ones in relation to the 
maximum values and overestimates the 
environmental doses due to a lower dilution of the air 
contaminant. Finally, numerical CFD results confirm 
the asymmetry introduced by the presence of the 
buildings as shown in Figures 13 and 14, in which the 
2D concentrations are reported in cross-sectional view 
of the wind direction at x=100 m from the chimney. 
The numerical CFD distribution is scattered because 
of the presence of buildings that hinder the Argon 
plume. The analytical concentration (Pasquill) 
following the simplified GPM model is much more 
regular. The accuracy of the results will be improved 
by incorporating in the future high-resolution urban 
topographic data of the case under investigation.  

 

Figure 13. CFD concentration (2D) 

7. CONCLUSIONS  

Air pollution is considered one of the largest 
environmental health risk and, for this reason, the 
choice of an appropriate modeling framework is 
essential to accurately calculate air pollution 
dispersion and its healthy consequences. Buildings 
and other obstacles in an urban setting can alter the 
velocity and spatial concentration fields of pollutant  

 

 

Figure 14. Pasquill concentration (2D) 

contaminants released by a source, which can impact 
the plume's dispersion. An analytical calculation of the 
pollutant dispersion is made using Briggs' coefficients, 
which depend on weather factors, including wind 
speed and air stability. The lack of precise geometrical 
details of the obstacles is one of the model's limit, 
leading to a simplified representation of the spatial 
distribution of the radioactive cloud's concentration 
and velocity around the source. 

The practical implication of this study regards the 
necessity of implementing CFD model and adequate 
boundary conditions to predict dispersion in urban 
area in which turbulence phenomena affects spatial 
distribution of the concentration.  
In the paper, the CFD approach selected is 
characterized by: 

• the implementation of the Shear Stress 
Transport (SST) variant of the k-ω model in the 
framework of Reynolds-Averaged Navier-Stokes 
(RANS) approach; 

• the implementation of a high resolution grid 
validated with sensitivity analysis introducing 
Body Of Influence (BOI) geometries; 

• the use of the similarity Theory (MOST) for the 
entire vertical Atmospheric Boundary Layer 
profile under non-neutral stability conditions. 

Comparisons with simplified Gaussian analytics 
expressions highlight differences especially at shorter 
distance. Results show that analytical representations 
could be strongly affected by the hypotheses of 
constant and uniform wind velocity and by the 
presence of buildings. For these reasons more 
accurate CFD results are suggested. Future 
developments will take into account thermal gradient 
of the air and, in the case of a radioactive source, an 
accurate evaluation of the dose by recurring to Monte 
Carlo codes [20, 21]. 
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