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ABSTRACT

The rapid growth of urbanization and industrialization cause the world face with the most important environmental
issues of air pollution in many cities and industrial zones. In the present research, air pollution due to the emission
of pollutants air quality is studied. Emission and dispersion of NOx from a stack located in an industrial zone are
simulated based on the meteorological data. The geometry of the stack and surrounding area are selected from a power
plant data. The analysis is individually performed for four seasons using the wind field and direction. It is shown
that wind direction significantly affects the pollutants circulation zone. The pollutants inversion are unpreventable

occurred in winter because of the mixing area is not well altitudinal extended.

Keyword: air pollution, NOx emission, stack, the wind, CFD.

INTRODUCTION

Air pollution is an undesirable mixture of solid
particles and gasses in the air. Pollutant emission in
industrial area and stacks disperse to urban zones and
increases dangerous disease associated with the air
quality along with environmental crisis of temperature
arising due to greenhouse emission. The World Health
Organization (WHO) estimates that 500 000 people die
an early death each year due to exposure to concentrations
of suspended materials in the air [1]. The main part of air
pollutants produces during the combustion and chemical
reactions [2]. The produced gasses leave the stack, mix
with air and disperse in the environment [3]. Pollutant
dispersion in the environment is influenced by several
parameters such as velocity, temperature, and pollutant
concentration of exhaust gasses, air temperature, wind
speed and direction, stack construction, meteorology,
and topography data [4]. Also, other parameters
including type, height, and location of source term and
its surrounding region affect the pollutant emission in
the environment.

The pollutant can directly affect the world by warming
the environment due to greenhouse gasses emission
including CO,, H,0, and unburned hydrocarbons or
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toxic gasses that are hazardous materials for human

and animals’ health. Another challenge of pollutant

emission is related to a combination of exhaust gasses
with water or oxygen in the presence of sun light that
leads to the environment face with acid rain and toxic

emissions [3, 5].

Pollutant dispersion studies are mainly involved
including wind tunnel testing, field measurement, and
Computational Fluid Dynamics (CFD) [6, 7]. The
simulation and modeling of dispersion include three
parameters: emission values, meteorology of the domain,
and pollutant gasses transport [8]. Three different models
are used for investigating the pollutants emission [9]:
e Dispersion model forecast the pollutant value at

ground level around of constant source.

e The photochemical model estimates the pollutant
concentration in a large region with multi-source
system.

e Receptor-oriented models employ reception to
measure and evaluate the emission of pollutants.
Main dispersion models include Gaussian plume

models [1], particle tracking models [2], and puff models

[4, 6, 9]. Gaussian models consider a standard Gaussian

probability distribution for predicting the pollutant

dispersion. Gaussian models for predicting the air
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pollution behavior emitted form non-continuous source
are known as puff models. Particle tracking models are
based on the pollutant dispersion and concentration in
specified points [10 - 12].

In the last years, pollutant dispersion in urban areas
is strongly studied by employing several schemes.
Since each part of the plume has a different effect on
the environment, concentration tracing regarding wind
field is investigated [ 13 - 15]. In this paper, the wind field
impact on nitrogen oxides dispersion is investigated. The
convection-diffusion transport is employed to evaluate
the components transportation by a single stack located
in an industrial zone.

Air pollution modelling

In this paper, the convection-diffusion model is
employed for predicting the pollutant emission produced
by a single source located in the industrial zone in the
north of the city and near to drying Salt Lake of Urmia.
This research was carried out numerically by solving
the equation of continuity, Navier-Stocks, heat and mass
transfer using Fluent 6.3.26. Governing equations for
predicting the pollutants dispersion are considered as
following:

The continuity equation:
V.o =20 (1)

Two-dimensional Navier-Stocks equation:

atv _ atv av av
g il 2
V(E‘xﬂ'-l_ﬂy""]-l_u‘rﬂx—'_vyﬂy 0 2)

Heat transfer equation:

a*r . 8t aT 8T 3)
(ax—"- + a;.:!-) Tl T Uy = O
And mass transfer equation:
D(a!‘a+a!“u)+v aﬂ+v %:ﬂ 4)
x> ay* * Ax ¥ Ay

where o represents a component of exhausts gasses
from the stack.

The stack location and boundary condition of the
simulated area are illustrated in Fig. 1. It can be seen
that one of three inlets is considered for pollutant source
of the stack. The other inlets are considered for air
entrance. The left-hand wall is velocity inlet for fresh
air. However, the top boundary depends on the wind
direction. If the wind direction is lower than 180, it is
the pressure outlet, while for wind direction is more than
180, it is considered velocity inlet according to velocity
components. The right-hand side boundary is considered
the pressure outlet.

The numerical analysis is performed using 152481
triangular grids. The exhaust gas properties are selected
for a stack in a gas power plant for combustion of natural
gas as Table 1.

During the combustion of natural gas, various
contaminants are produced. The most significant
pollutants in the combustion of natural gas are NOx
which strongly depends on fuel composition, flame
temperature, and volume of air. In this section, the
distribution of nitrogen dioxides, NOx, emitted from
a stack located in a gas power plant is investigated

Velocity inlet 3 or Pressure outlet 2

Velocity inlet 2

Velocity inlet 1

ﬂ

Pressure outlet L

Wall

wall

Fig 1. Geometry and boundary condition of stack and its surrounding area.
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according to meteorology data of the mentioned area.

For this purpose, wind field of Urmia in the four
seasons is used to estimate the pollutant dispersion.
Table 2 presents the wind properties for the mentioned
area based on meteorology data.

The anemometer usually measures the wind speed
in the height of 10 m. Apparently, the pollutants disperse
at the higher altitudes; the higher rates are calculated for
dispersion prediction. Wind speed at higher elevations
is obtained as following empirical relationship (Cooper,
2002):

= (2)" (5)
where V represents the wind velocity at height H, and
V. is the wind speed at height H_(base).

RESULTS AND DISCUSSION

In this section, the pollution distribution in the

studied range is investigated. The results are evaluated
in four seasons, spring, summer, fall and winter.

Table 1. Specification flue gases composition [16].

Parameter Value
NOx (ppm) 19.78
SOx (ppm) 0
Gas outlet velocity (m s™) 24
Outlet gas temperature (K) 835
Stack height (m) 25
Stack diameter (m) 6.4

Table 2. Meteorology data for wind field [17].

Flow patterns around the stack

To determine the pollution level around the stack,
it is necessary to predict the plume dispersion. The
simulation results of the stack plume flow in surrounding
environment by considering the wind field, ground and
atmosphere temperature in four seasons are illustrated in
Figs. 2(a), 2(b), 2(c) and 2(d). The results demonstrate
that the plume movement strongly depends on the
wind speed and direction. In the spring and summer,
wind direction disperses the plume in high altitudes of
the stack, whereas, in fall and winter downward wind
movement cause to plume disperses near the ground. It
is shown that the pollutant concentration near ground
increases at fall and winter, therefore, air quality for
human and environment decreases.

As it is shown in Fig. 2(a) and 2(b), wind direction is
approximately parallel to the ground surface, whereas, the
effluent plume from stack rises vertically by its buoyancy
force. In the absence of wind, the plume leaves the stack
vertically. However, the inertial force of wind blowing
changes the direction of plume rising between vertical and
longitudinal directions and push it near the ground. Since
temperature and density of air and plume are different, the
surrounding air entrains into the plume and produces a
mixing zone for the plume. For spring, ground temperature
is 5°C, and wind speed is 12.63 m s at a height of 10 m;
thus, the produced mixing zone in spring has lower height
rather those in summer with ground temperature of 14.4°C
and wind speed of 8.86 m s!. The produced mixing loop
in fall and winter has a lower height and longer length
according to downward wind direction along with the
low temperature of air and ground. In this seasons,
downward wind against vertical buoyancy force prevents
the plume rises vertically; therefore, in cold seasons, the
smoke inverses proximity of ground where decreases the
quality of air for staffs of the industrial zone.

Season | Windspesd [ Airtempersure [ Humidty || Gound i gireon
Spring 12.63 16.27 56.67 5.03 184.00
Summer 8.86 23.90 50.67 14.40 181.00
Fall 7.54 7.33 66.33 -3.03 210.00
Winter 9.19 2.10 66.67 -7.63 204.67
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Fig. 2. The velocity vectors highlighted by NOx concentration of stack in (a) spring, (b) summer, (c) fall and (d) winter.
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Fig. 2. The velocity vectors highlighted by NOx conc
- continued.

It is clear that the plume dispersion is affected by wind
speed and direction, ground temperature and buoyancy
force related to the temperature difference between
plume and air temperature [18, 19]. The presence of
mountains and other equipment in the industrial zone
create more than a circulation area and complicate the
emission of pollutants. In the case of this research,
industrial zone is located at a champaign in the north
of the city whereby wind blowing, the pollutants are
propelled to the city.

Figs. 3(a), 3(b), 3(c) and 3(d) illustrate NOx
concentration distribution in heights of 50 m, 100 m,
150 m and 200 m of the ground surface. It is shown
that wind direction significantly affects the pollutants
dispersion. In an altitude of 50 m, the concentration of
NOx is 7x107 ppm, 5%107 ppm, 5.86x107 ppm and
1.47x10¢ ppm for spring, summer, fall, and winter,
respectively. It is seen that although the wind speed in the
winter is more than summer, the concentration of NOx
in altitude of 50 m at the winter is approximately three
times of those in the summer; however, by increasing
the altitude from ground surface in the winter, the NOx
concentration reaches near zero. In fact, in the winter,
pollutants accumulate near the ground and decrease the
quality of air, while in the summer; pollutants vertically
rise and leave the ground surface. It is mentioned that
pollutants dispersion pattern also depends on other
conditions such as ground and air temperature. Fig. 3
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entration of stack in (a) spring, (b) summer, (c) fall and (d) winter
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Fig. 3. NOx concentrations as a function of the distance
from the stack in different heights in (a) spring, (b)
summer, (c) fall and (d) winter.
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Fig. 3. NOx concentrations as a function of the distance
from the stack in different heights in (a) spring, (b) summer,
(c) fall and (d) winter - continued.

shows the NOx concentration decreases by increasing
the distance from ground surface in consequence of
surrounding air penetration to the vortex and dilution
of pollutants.

CONCLUSIONS

CFD simulations were carried out with the aim of
studying the air pollution level dispersed by a stack in an
industrial zone. The finite volume method was used to
investigate the effects of wind field on the plume dispersion
around the stack. It is shown that the wind direction has
a significant effect on the plume flow pattern around
the stack. The concentration of pollution is investigated
in altitude of 50, 100, 150 and 200 meters for the four
seasons. As the altitude increases, NOx concentrations
in the surrounding area decrease due to dilution by
surrounding air; however, the NOx concentration in winter
accumulates near the ground surface.
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