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Abstract - This paper presents CFD simulation of pollution dispersion from a thermal power plant. Carbon dioxide was 
chosen as the scattering gas, as it constitutes the main share of emissions from the energy industry. The model was tested 
using experimental results performed using wind tunneldata available in the literature. A comparative analysis of the results 
of this article with experimental and numerical data was performed. It showed that the results of this article were closer to 
the experimental results than the calculations of previous authors. The minimum relative error with the experiment was less 
by 4.11% at the pipe exit and by 2.52% at a distance x/D = 3 from the source, than other results.Based on this verification, 
the spread of pollution from thermal power plant (TPP) in real physical dimensions was modeled. The k-epsilon turbulence 
model was used taking into account buoyancy. The calculations were performed using the ANSYS Fluent 18.1software 
package. As a result, the distance from the source was calculated, at which pollution will reach the ground surface (~ 2 
km).Obtained distance is quite big since this TPP is located in an area which is far from residential settlements and there are 
no natural or architectural obstacles around. 

 
Keywords - Navier-Stokes equations, mass transfer, numerical modeling, air pollution, concentration, thermal power plant. 

 
I. INTRODUCTION 
 
Air pollution every year becomes an increasingly 
serious large-scale problem. Plants and various 
energy facilities (such as thermal power plants, 
nuclear power plants, etc.) produce a large amount of 
pollutants that dispersed in the atmosphere, damage 
the flora, fauna, buildings and harm human health. 
The European Environment Agency (2018) gives the 
following definition of air pollution: “the presence of 
contaminant or pollutant substances in the air that do 
not disperse properly and that interfere with human 
health or welfare, or produce other harmful 
environmental effects.” [1]. According to the final 
emissions report for 2017, published in March 2018, 
global energy-related COଶ emissions have increased 
and reached a historic maximum. At the same time, 
special attention should be paid to the energy sector, 
since the share of energy is more than two thirds of 
total greenhouse gas emissions and more than 80% of 
COଶ emissions[2]. Therefore, in this paper, COଶ was 
selected as the main test substance of pollution. The 
background annual COଶ concentration on the Earth is 
equal to 400.88 ppm = 0.0004 (mass fraction) [3]. To 
determine the extent of air pollution impact on the 
environment and people, it is important to take into 
account the physical principles affecting the 
movement and dispersion of pollutants [4]. Due to the 
rapid growth of computer capabilities, in particular, 
large-scale parallel computing, it becomes advisable 
to use computer simulation to calculate scientific and 
technical engineering problems. Nowadays 
technologies are rapidly developing, as a result of 
which their productivity has increased exponentially 
over time. According to the data, over the past 60 
years, computing power has increased in productivity 

by 1 trillion times. [5] Therefore, people use 
computational fluid dynamics to conduct large-scale 
computer modeling of important scientific and 
engineering topics [6-7]. The study of jet behavior in 
crossflow is important for various applications, 
especially for chimneys, because the interaction 
between the jet and crossflow fluids affects the 
pollution dispersion into the atmosphere [8]. A 
review and description of the works devoted to the 
study of the nature of jet motion in a crossflow is 
given in [9-14]. Early studies of jets in crossflow 
were devoted to the derivation of empirical equations 
for the flight path and the principles of scaling [15-
18].To this end, the authors conducted numerous 
experimental studies. Recent research in this area is 
described in [19, 20]. Further, there have been many 
studies of vortex structures (vortex pairs rotating in 
opposite directions, horseshoe vortices); stability and 
destruction of the jet [21-22]. The purpose of this 
work was to assess the impact of emissions on the 
environment based on a numerical model of the 
spread of pollutants from sources. One of the pipes of 
Ekibastuz Thermal Power Plant-1 (Kazakhstan) was 
chosen as a real physical object of research [23]. Its 
height is 330 [m], the pipe diameter is 10 [m]. 
 
II. MATHEMATICAL MODEL 
 
Computational fluid dynamics has proven to be an 
effective tool for modeling the behavior of jets in 
crossflow.Modeling of such problems is based on the 
resolution of the Navier-Stokes equations (the 
equation of continuity and the equation of motion) 
[24-25].It was found that Reynolds-averaged Navier-
Stokes equations (RANS) modeling, can qualitatively 
predict the behavior of the total flow and 
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concentration [26].Past studies have revealed that 
non-stationary large eddy simulation (LES) models 
provide good agreement with experimental results in 
pollutant dispersion problems [27]. However, the 
computational cost of this model is about 100 times 
higher than the cost required for the RANS model 
[28]. Important observations regarding RANS k-
epsilon were noted in [29]. In present work, RANS k-
epsilon model was used. 
 
Also, a comparative analysis of the obtained results 
with the experimental [30] and numerical [31] data 
was carried out.The SIMPLE method was chosen for 
the calculation. This method has been applied in 
multiple numerical studies and, when compared with 
experimental data, has shown good agreement. [29]. 
 
III. TEST PROBLEM 
 
A detailed description of the test problem and 
experiment is given in [30, 31]. The test problem 
domain is a three-dimensional channel with a pipe 
inside it. The pipe diameter (jet width) was D = 12.7 
[mm], which was used as a characteristic unit of 
length. The dimensions of the geometry are shown in 
Fig. 1. 

 
Fig.1.Configuration of the computational domain ofthe test 

problem 
 

An unstructured grid was constructed, the total 
number of nodes was 533 697 (See Table 1). The 
ratio of the jet velocity to the velocity of the 
crossflow is denoted as crossflowjet VVR / .In the 
present work, R = 0.5 was considered: the jet velocity 
was 5.5 [msିଵ], the crossflow velocity was 11 
[msିଵ]. 
 

Table 1: Number of grid points 
NI 230 
NJ 100 
NK 21 
Total body sizing 0.0025 [m] 
Total nodes 533 697 

Air was chosen as the main fluid material for the 
crossflow and the jet. The Reynolds number has been 
defined as: 
 
Re୨ୣ୲ = ρV୨ୣ୲D μ⁄ = 4700.            (1) 
 
Five types of boundary conditions were used: inlet, 
outlet, periodic, no slip, no flux (see Fig. 1). 
According to experimental data, the thickness of the 
boundary layer is equal to 2D. The wind velocity 
profile was defined by a power law with exponent 1/7 
within the boundary layer and was set as constant 11 
[msିଵ] above it.Since a smooth surface was used in 
the experiment, the roughness height was zero. 
 

 

 
Fig.2. (a & b) Comparison of the obtained results with 

experiment data and calculations of other authors. (a) x/D=0.0, 
(b) x/D=3.0 

 
Fig. 2 (a&b) shows a comparison of the numerical 
results of this study with experimental data and 
numerical solutions of other authors at various 
distances from the jet (R = 0.5; x/D = 0.0 and x/D = 
3.0). At the Fig 2, b, the values of the red line (u/Vjet) 
at y/D = 0 approach zero, while the plots of other 
authors in this interval show the values of u/Vjet ~ 
0.5-0.7. A zero value is more reliable from a physical 
point of view, as this is a near-wall field.Also, in this 
region (y/D ~ 0 – 1) the relative errors of present 
simulation are smaller, than others (see Table 2). 
Based on this data, the solutions obtained in this work 
turned out to be more accurate than the calculations 
obtained by other authors [30, 31]. The reason is the 
quality of the grid: in this work, an unstructured grid 
was used (the number of nodes was 533 697), while 
in [31] a structured grid was used (the number of 
nodes was 265 000). 
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Table 2: Relative errors of numerical simulations for R=0.5 
 Min. relative error Max. relative error 

x/D 0.0 3.0 0.0 3.0 
k-epsilon 6.78% 7.54% 87.74% 207.23% 

k-eps with BC 6.57% 6.2% 85.16% 169.66% 
SST 6.57% 7.9% 72.9% 170.1% 

Ajersch 9.65% 8.32% 51.37% 279.52% 
Present paper 2.46% 3.68% 22.58% 89.13% 

 
IV. EKIBASTUZ THERMAL POWER PLANT–1 
 
For the real thermal power plant simulation,the 
computational domain was considered as three-
dimensional box with a pipe inside it (see Fig. 3). The 
boundary conditions were set similarly to the test 
problem. The geometry length was 2500 [m], height - 
1500 [m], width - 200 [m]. The stack was located at 
250 [m] from the boundary of the wind inflow. An 
unstructured mesh was constructed and it was refined 
in the area of the trajectory of pollution and around 
the stack (see Fig. 4). The computational grid consists 
of 822 056 nodes and 4 788 517 three-dimensional 
elements. In order to take into account the influence 
of the boundary layer, the wind velocity profile was 
described as follows [12]: 
 
v୶ = v୵୧୬ୢ ⋅ (0.2371 ⋅ ln(Υ + 0.00327) + 1.3571)      
(2) 
where the wind velocity (v୵୧୬ୢ) was 1.5 [msିଵ], the 
pollution rate was 5 [msିଵ].This speed was chosen 
according to the wind rose of the Ekibastuz city, 
where the speed above 1 m/s is fixed for about 250 
hours per year in each direction (See Fig. 5). COଶwas 
chosen as a pollution material. In this paper, the 
chemical reaction of substances was neglected. The 
concentration distribution of pollution is shown in 
Fig. 6, which is visualized using the Volume 
Rendering option in ANSYS. Visually, with 
increasing distance from the source, a diffusion effect 
is observed. The concentration was measured in mass 
fractions. The mass fraction of a substance is the 
mass ratio of this substance per unit mass of the 
mixture (for example, kg of substance per 1 kg of the 
mixture), i.e. it is a dimensionless quantity [32]. To 
convert it to ppm, the following formula is necessary: 
PPM = mass fraction * 10^6 
 

 
Fig.3. Configuration of computationaldomain for thermal 

power station 

 
Fig.4. Computational mesh 

 

 
Fig.5. Annual wind rose of the Ekibastuz city. 

 

 
Fig.6.۱۽૛distribution 
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COଶdistribution profiles at different distances from 
the source (500, 1000, 1500, 2000 and 2200 [m]) 
illustrated on the Fig. 7. According to the results, at a 
distance of 2200 [m], the concentration of emissions 
spreads at the height of 420 [m] from the ground 
surface. Two-dimensional contour of the pollution 
distribution is illustrated on the Fig 8. According to 
the plot, the pollution settles on the ground surface at 
a distance of about 2,220 [m] from the origin of 
coordinates (i.e., 1970 [m] from the source). 
 

 
Fig.7. ۱۽૛distribution profiles at different distances from the 

source: 500, 1000, 1500, 2000, 2200 [m] 
 
CONCLUSIONS 
 
The purpose of the study was to study the dynamics 
of the pollution dispersion. The mathematical model 
and numerical algorithm were tested using an 
experimental test problem. The results were closer to 
the experimental, compared with the data of other 
authors. Using the example of a real thermal power 
plant, COଶdispersion was modeled. The k-epsilon 
model was used without any additional dispersion 
models. As a result, it was determined at what 
distance from the source the pollution accumulates on 
the ground surface. According to the obtained data, 
with increasing distance from the source, the 
concentration of pollution spreads more widely under 
the influence of diffusion. The farther the distance 
from the pipe, the lower the concentration of the 
substance. 

 

 
Fig.8. Two-dimensional contour of pollution distribution. 

Thus, the obtained numerical data may allow to 
predict the optimal distance from residential areas for 
the construction of thermal power plants, at which the 
concentration of emissions will remain at a safe level 
in the future. 
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