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Abstract 
 
A three-dimensional mathematical model was developed in order to predict the transport, dispersion 
and fate of a chemical, biological or nuclear (hazardous pollutants) agents release , flow pattern and 
the temperature distribution around a group of buildings, representing a typical part of a modern 
city. The effects of small parks inside the buildings structure, as well as the effect of the geometrical 
details of the buildings structure to the hazardous pollutants dispersion profiles were also studied. 
The model was developed based on a commercial Computational Fluid Dynamics (CFD) code, 
namely the PHOENICS® CHAM Ltd. code, while data visualization techniques were used to 
facilitate the interpretation of the results. It is concluded that CFD methods can be used as design 
tool for the prediction of a hazardous emissions dispersion and fate in a complex urban environment 
and can aid the planning and operational capabilities aimed at countering potential hazardous 
substances threats, and ensuring the security and prosperity of people. 
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1. INTRODUCTION 
 
Atmospheric transport and diffusion models have played an important role in emergency response 
systems. These models have been developed to calculate the transport, diffusion, and deposition of 
contaminants released (either accidentally or deliberately) into the turbulent atmospheric boundary 
layer over relatively smooth and homogeneous surfaces [1]. While this approach is reasonably well 
understood and useful for a landscape that is approximately flat and unobstructed, it is wholly 
inadequate for surface atmosphere interactions over “complex” surfaces (i.e., most of the real 
world) such as cities and other built-up areas [2]. 
 
In the urban environment, dispersion is modified in a complex and non-trivial manner by interaction 
of the highly disturbed flow field and hazardous (or conventional) pollutant contaminant plume 
with the buildings. Consequently, a similar understanding of urban dispersion is currently lacking, 
in spite of the fact that it is the urban environment where human habitation is concentrated. The 
availability of atmospheric dispersion models for the urban environment is critically important to 
the health and security of citizens. In this regard, the availability of a high-fidelity model for the 
prediction of a air criteria pollutants - hazardous emissions dispersion and fate in a complex urban 
environment can provide the strongest technical and scientific foundations for support of based 
effort at advancing hazardous emissions dispersion planning and operational capabilities aimed at 
countering potential hazardous substances threats, and ensuring the security and prosperity of 
people [3]. To address the urgent problem of modelling of the dispersion of air criteria pollutants 
hazardous substances in the urban complex, characterized by extremely diverse length and time 
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scales and complex geometries, land uses and interfaces, we require physically-based urban wind 
models that will be able to provide the needed spatial pattern of urban wind statistics, as well as 
dispersion models that can predict the transport and turbulent diffusion of contaminants released 
into this highly disturbed wind field. 
 
2. THE PHYSICAL PROBLEM 
 
The physical set-up considered in this study is an urban building configuration, typical of the 
Athens city, with line sources and four point sources of potential hazardous pollutants as presented 
in Figure 1.  
 

 

BASE CASE A 
9 buildings with square cross section 
– 10mx10m. (L=10m) 
Building Height (H)= 15m 
Road span (W) = 10m 
Basic cell dimensions 50x50m 
Covered Area/Total Area = 9/25 
Green Area/Total Area = 0 
Green Area/Covered Area = 0 
H/W=1.5 
Total Flow field Dimensions : 
250m x 250m x 200m 
 

 
 
Figure 1. Geometrical Details of the Physical Problem considered - Base Case (a) 
 
The dimensions of the studied region (basic urban cell including nine similar buildings) on a 3x3 
matrix separated by roads are 50m in length and 50m in width, while each building measures 10m 
in width, 10m in length and 15m in height. The road span for the base case is 10m. However, in 
order to account for the effects of the surrounding buildings to the wind flow in a real life situation, 
16 more buildings of the same dimensions were added around the basic urban cell as shown in 
Figure 1. Extra space is reserved downwind of the buildings structure (more than seven times the 
building height) in order to account for the correct representation of the urban structure wake 
effects. In this way most of the upwind and downwind effects of the surrounding buildings are 
accounted for in the computational model in the expense of computational effort, due to the 
increased geometrical complexity.  
 
The objective of this study is to develop a Computational Fluid Dynamics model to predict the 
dispersion of point sources of gaseous hazardous pollutants, and relevant wind patterns and 
temperature distribution in the above basic geometrical configuration. The model is used to assess 
the influence of certain possible alterations to the basic structure, namely simple the effect of 
replacement of the central building and second the effect of replacement of the central building 
combined with a park of seven-times the cross sectional area of each building. The above 
mentioned different configurations are presented in Figures 2-3 where point sources A and B 
(emitted at a height of 15m) are depicted. 
 

Proceedings of the Third International Conference of Environmental Management, Engineering, Planning and Economics (CEMEPE III), Skiathos Island, Greece, 
June 19-24, 2011, pp. 1069 – 1075. 



1071

scales and complex geometries, land uses and interfaces, we require physically-based urban wind 
models that will be able to provide the needed spatial pattern of urban wind statistics, as well as 
dispersion models that can predict the transport and turbulent diffusion of contaminants released 
into this highly disturbed wind field. 
 
2. THE PHYSICAL PROBLEM 
 
The physical set-up considered in this study is an urban building configuration, typical of the 
Athens city, with line sources and four point sources of potential hazardous pollutants as presented 
in Figure 1.  
 

 

BASE CASE A 
9 buildings with square cross section 
– 10mx10m. (L=10m) 
Building Height (H)= 15m 
Road span (W) = 10m 
Basic cell dimensions 50x50m 
Covered Area/Total Area = 9/25 
Green Area/Total Area = 0 
Green Area/Covered Area = 0 
H/W=1.5 
Total Flow field Dimensions : 
250m x 250m x 200m 
 

 
 
Figure 1. Geometrical Details of the Physical Problem considered - Base Case (a) 
 
The dimensions of the studied region (basic urban cell including nine similar buildings) on a 3x3 
matrix separated by roads are 50m in length and 50m in width, while each building measures 10m 
in width, 10m in length and 15m in height. The road span for the base case is 10m. However, in 
order to account for the effects of the surrounding buildings to the wind flow in a real life situation, 
16 more buildings of the same dimensions were added around the basic urban cell as shown in 
Figure 1. Extra space is reserved downwind of the buildings structure (more than seven times the 
building height) in order to account for the correct representation of the urban structure wake 
effects. In this way most of the upwind and downwind effects of the surrounding buildings are 
accounted for in the computational model in the expense of computational effort, due to the 
increased geometrical complexity.  
 
The objective of this study is to develop a Computational Fluid Dynamics model to predict the 
dispersion of point sources of gaseous hazardous pollutants, and relevant wind patterns and 
temperature distribution in the above basic geometrical configuration. The model is used to assess 
the influence of certain possible alterations to the basic structure, namely simple the effect of 
replacement of the central building and second the effect of replacement of the central building 
combined with a park of seven-times the cross sectional area of each building. The above 
mentioned different configurations are presented in Figures 2-3 where point sources A and B 
(emitted at a height of 15m) are depicted. 
 

  
Figure 2. Geometrical Details of the 
Physical Problem considered - Case (a1) 
8 buildings with square cross section – 10mx10m.  
Covered Area/Total Area = 8/25 
Green Area/Total Area = 0 
Green Area/Covered Area = 0 
Total Flow field Dimensions : 250m x 250m x 200m 

Figure 3. Geometrical Details of the 
Physical Problem considered - Case (a2) 
8 buildings square cross section – 10mx10m.  
Covered Area/Total Area = 8/25 
Green Area/Total Area = 9/25 
Green Area/Covered Area = 9/8 
Total Flow field Dimensions : 250m x 250m x 200m 

 
3. METHODOLOGY 
 
The starting point of the analysis is the system of elliptic, partial differential equations expressing 
the conservation of mass, chemical species, temperature, linear momentum and other fluid-
dynamics variables in a steady-state, three-dimensional buoyant turbulent flow [4]. The independent 
variables of the problem are the three components  (x, y, z) of a Cartesian frame of reference. The 
dependent variables are the three velocity components, pressure, chemical species, kinetic energy of 
turbulence, κ, eddy dissipation rate, ε, and temperature. 
 
3.1 The differential equations 
Under steady-state conditions, the conservation equations for the mean value of every dependent 
variable, Φ, can be expressed as a differential equation of the following general form: 
 
 div ( ρvΦ - Γeff gradΦ)  =  SΦ                                  (1) 
 
where ρ, v, Γeff and SΦ are density, velocity vector, "effective" exchange coefficient of variable Φ 
and source term for Φ per unit volume, respectively. The source terms and the exchange 
coefficients for the variables considered here are already well documented in the literature [5] and 
are not presented here. 
 
3.2 Auxiliary relations 
The "effective" exchange coefficients are determined from the set of turbulence parameters (κ, ε) 
which are themselves dependent variables of differential equations of the form of equation (1). κ 
and ε equations are properly modified to incorporate the influence of buoyancy. 
 
3.3 Boundary conditions – Air Flow 
For the ground surface the no-slip condition is applied for velocities and "wall functions" [5,6,7] for 
the near-wall values of the dependent variables.The geostrophic wind (at temperature of 21 oC) is 
assumed 2.0 m/s and an exponential profile of the form: 
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for air velocity U at a height h up to the height of href = 120m is assumed (for U = Uref =  2m/s). 
Over this height the wind is assumed to have a constant velocity of 2m/s. 
The level of the kinetic energy of turbulence is set  at 0.25% of the mean motion, and the eddy 
dissipation rate is estimated assuming that the turbulence viscosity is 1000 times the laminar one. 
 
3.4 Boundary conditions – Heat Transfer 
The heat transfer from the building roofs and sides as well as from the ground-roads and the park to 
the ambient air are modelled with the use of “fixed thermal energy flux” boundary conditions, 
according to the following assumptions : 
 No heat losses to the ground are assumed so that all the absorbed solar energy is conveyed to the 

ambient air as sensible heat. (No ground heat losses due to nearly thermal equilibrium during 
summer). 

 Ground surface sensible heat flux of 150 kW/m2 is used as heat flux ground BC. 
 Building walls and roofs surface sensible Heat flux of 100 kW/m2 is used as heat flux BC for 

the urban building wall surfaces. 
 Hazardous Gaseous Pollutants are emitted at points A and B (area of 4m2) with a vertical 

velocity of 0.1 m/s and concentration value of 10.000μg/m3.  
 The evapotranspiration (latent heat & mass transfer) from the plants forming the park are 

modelled as enthalpy sinks of the same magnitude to the latent heat absorbed. These sinks are 
expressed as “per unit area” for short plants like grass. 

 
3.5 The Finite-Domain equations 
For computational economy during the development phase of the model a rather coarse grid 
structure was used. It consisted of 115 cells in the x direction, 80 cells in the y direction, and 30 
cells in the z direction. The grid is concentrated near the ground and near solid surfaces to account 
for "wall effects". 
 
3.6 The solution algorithm 
The above differential equations are integrated over control volumes yielding a set of algebraic 
equations, the finite-domain equations. These are solved using the SIMPLEST algorithm [8]. Its 
difference from the well known SIMPLE [9] algorithm is that the coefficients for the finite-domain 
equations for momentum contain only the diffusive contribution, while the convection terms are 
added to the linearized sources of the equations. More details of the solution algorithm may be 
found in [8, 9, 10]. 
 
Between 500 and 1000 iterative sweeps of the domain were necessary to obtain convergence. The 
computer used is a Pentium II 350 Mhz. Execution times per 1000 sweeps for the 115x80x30 grid 
are around 300 mins CPU. 
 
4. RESULTS  AND DISCUSSION 
 
The model results are depicted in the following figures: 

2.0

refref h
h

U
U
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Figure. 4 Concentration of Hazardous Air Pollutant from point source  A at x-
y plane.  CASE A-1  [z=1.50 m, unit ; μg/m3] 

Figure. 5 Concentration of Hazardous Air Pollutant from point source  A at 
x-y plane.   CASE A-2  [z=1.50 m, unit ; μg/m3] 

  
Figure. 6 Concentration of Hazardous Air Pollutant from point source B at x-
y plane.   CASE A-1  [z=1.50 m, unit ; μg/m3] 

Figure.7 Concentration of Hazardous Air Pollutant from point source B at 
x-y plane.  CASE A-2  [z=1.50 m, unit ; μg/m3] 

  
Figure. 8 Temperature Distribution at x-y plane.   
CASE A-1  [z=1.50 m, unit ; oC] 

Figure. 8 Temperature Distribution at x-y plane.   
CASE A-1  [z=1.50 m, unit ; oC] 
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Figure. 8 Vector Plots  at x-y plane.   
CASE A-1  [z=1.50 m, unit ;m/s] 

 

Figure. 9 Vector Plots  at x-y plane.   
CASE A-1  [z=1.50 m, unit ;m/s] 

 
 
Observation of the above figures results to the following conclusions: 
 the predicted complex urban structure wind, air pollutant concentrations and temperature fields 

are physically plausible  
 As expected the effect of the replaced of central building area with a park of seven-times the 

cross sectional area of each building has a noticeable effect on the ground level horizontal 
temperature profile in the immediate vicinity of the park and less away from it with the 
exemption of the elimination of some “high” temperature values near building walls are 
believed to be resulting from the larger sensible heat flux of the ground-roads in relation to the 
decreased sensible heat flux (mainly due to increased latent heat flux) of the park.  

 As expected the above mentioned effect has a less critical effect on the ground level horizontal 
concentration profiles of the hazardous pollutant concentration due to the fact the this hazardous 
pollutant in emitted at a 15m vertical distance (building roof)  from the ground. 

 
 
5. CONCLUSIONS  
 
A three-dimensional mathematical model was developed in order to predict the flow patterns, 
hazardous pollutants concentrations and temperature distribution around a group of buildings, 
representing a typical part of a modern city. The model can calculate the effect of small parks inside 
the buildings structure, as well as the effects of the geometrical details of the buildings structure 
itself to the hazardous gaseous pollutant concentration and temperature profiles. 
 
The method proposed is a very promising one in the direction of employing CFD methodology to 
improve complex urban structure configuration and conditions focusing on: 
 The impact of urban density and relevant land uses on urban ventilation conditions, air 

temperature and safety-security related to hazardous releases problems. 
 The role of street layout and urban ventilation on the dispersal of local pollution sources or 

possible threat related to hazardous releases dispersal. 
 The effect of building height and separation of the wind patterns over the built up area and the 

urban ventilation. 
 Building form and the disposition of internal and intermediate spaces to regulate the exposure to 

wind and channelling air movement and relevant air contaminants dispersion within and around 
a building. 
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