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ABSTRACT
Distribution of pollutants in the air is a complex issue because of the complexity of air movement in the atmosphere and
its effective factors. So by chimney design, it is necessary to consider environmental pollution issues in addition to
thermodynamic and structural calculations. This paper is a numerical study on the effect of combined buildings on the
pollution emissions using CFD. For this purpose, the geometric modelling is done using software GAMBIT and the model
is analyzed by software FLUENT. The results are displayed by speed contours in directions X, Y, and the pattern of flow.
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INTRODUCTION

Unbridled growth and development of cities due to an increase in the growth of city inhabitants cause the
dispersion in the structure of the city. This issue causes damaging effects on environment. Air pollution as
one of the most important factors affecting urban environment has caused problems in urban areas. It
threats not only the inhabitants of the cities, but the environment itself. Hence, planners and urban
designers take the urban planning and sustainable development into consideration to reduce the
consequences of the unprecedented growth of the cities. The sustainable development and smart growth
of cities by providing the principles and strategies want to reduce the negative effects of unreasonably
urban distribution and to determine the best location for development. Lack of environmental awareness
is the problem of the recent century and the air pollution is part of it. Geographical location, type of land
use, climate and human activities are aggravating factors of air pollution. Nowadays, with the
development of cities, industries and expansion of factories, industrial workshops and vehicles all over
the world, the human environment strongly affected by the fragmentation, so that the weather in some
parts of the world have been threatened and even hazardous in some areas (Figure 1 and 2).
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Figure 2. Distribution of deaths caused by pollution in 2004
Countries use various methods for the prevention of air pollution. Some of them imposed strict controls
and the other countries ignore the issue. In table 1, we can see countries that consume the maximum
amount of carbon dioxide and in table 2 we see countries that have the most per capita consumption of
the carbon dioxide.
Table 1. List of countries that produce the greatest amount of carbon dioxide

Countries with the highest CO2 emissions

Country Carbon dioinide emissions per Percentage of global tota Avg. Err;issiun
year (10 Tons) (2006) per km* of its land (tons)

B china 28,103 .21.5% -838
B United States .5,?52 .20.2% .597
B Russia 1,564 5.5% EN

e INdliE .1,510 .5.3% -459
® Japan 1,293 I4.8% 342
W Germarny 1804 2.8% 72254
EiR United Kingdom.SBE IQ.D% .2338
I+l Canada .544 .1.9% .54

‘@) South Korea 475 1.7% 74?58
B B taly 1474 I1.?% 1573

Table 2. List of countries that have the highest per-capita production of carbon dioxide

Countries with the highest per capita CO2z emissions

Carbon dioxide emissions per year

c i
ountey (Tons per person) (2006)

. Clatar a6.2
E—= ! nited Arab Emirates|32.8

Ee FKiwait 31.2
Il E=hrain 728 =]
BN Trinidad and Tohago -25.3
—— Lernbourg 724.5
o Netherlands Antilles -22 g
. cruba .22.3
B nited States 719

Australia - 18.1
One way for pollution reduction is to establish standards or to limit materials emission at an acceptable
level. Historical records of air pollution in Iran go back to the year 1350; the same year of the first
Symposium on Air Pollution held by national oil company [2]. The important issue is that the problem of
air pollution since that year is not solved; the numbers of the days when the air pollution index was
excessive during the last year has been increased. Now, 7 large cities are involved with the issue of
pollution, 7 other cities are going to involve with the issue of pollution and more than 60 percent of air
pollution in big cities is related to the most of private and public transport vehicles and the rest is related
to domestic resources, industries and factories. Air pollution and other environmental pollution affect
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humans and other living things. So the better understanding of these problems and their solutions are one
of the necessities of our society [10]. Air pollutants are ozone and nitrogen dioxide, sulfur dioxide, dust
particles, lead and carbon monoxide. All air pollutants except carbon monoxide and lead influence on
respiratory tract and increase respiratory symptoms in patients or cause other harmful effects on health.
Although lead and carbon monoxide do not affect the respiratory function, they have adverse effects on
other organs. Lead causes behavioral disorders in children and high blood pressure in adults [3]. Carbon
monoxide affects the cardiovascular system and increases cardiovascular mortality [7]. Nowadays, air
pollution is known as a very important problem at the national and international levels. Scientific findings
regarding the effects of air pollution on health is increasing, and numerous studies have shown the effects
of air pollution. Infants and children are among the most sensitive individuals to air pollutants.

MATERIALS AND METHODS

Flow Pattern around Building:

The pattern of air flow in the direction of the wind around buildings is shown in the figure 3. Two-third of
the height from the floor is called the inertia spot; from that point, air flows upwards and passes out of the
roof of the building. Below this point, the air flows downwards that formed vortex in front of the building
and finally passes around the building. In the back of wind flow is the detachment more and the vortex
can be seen again (Figure 3). Air flow speed increases at the corners of the building, whether vertical or
horizontal. Putting the buildings together and structure appearance also cause turbulent flows and
complex aerodynamic problems; these factors play an important role in the structural analysis [11].
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Figure 3. The flow pattern around the building with cutting edge Hosker (1979)

Distribution of pollutants in the air due to the complexity of air movement in the atmosphere and
affecting factors is a complex issue. This issue is very important in the area of troposphere especially for
human. One of the most complex situations to predict the distribution of pollutants in the atmosphere is
that the buildings and facilities are close to each other and topographic conditions are not the same. The
output of the industrial Chimney is one of the major sources of air pollutant (Figure 4). The research
results have shown effective parameters, including the distance between the building and the chimney,
the ratio of their height, as well as the direction and speed of the wind, are effected the distribution of
pollutant concentration of the chimney [8]. In Figure 5, the flow pattern of the chimney structure and in
figure 6 the flow pattern in the structure of the complex geometry is shown.
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Figure 4. Effect of Chimneys on urban air. quality Oke
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Figure 6. The flow pattern around the building of complex geometry (ASHRAE Handbook-1997
Fundamentals15.2) [13]

In the design of the chimney, effective chimney height (H) is the total height of the chimney structure (hs)
and smoke height (Ah). The height of smoke is the distance between the center of symmetry of smoke and
the upper or lower edge of smoke (Figure 7). The height depends on several factors, including the
characteristics of smoke and gas.
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Figure 7. Effective chimney height
In the design of thermal power station projects, it is necessary to consider environmental pollution issues
in addition to thermodynamic and structural calculations. Nowadays, modeling is inevitable to facilitate
the study of various natural phenomena [9]. To predict the pollution emission around buildings, different
models are provided; such a Gauss model in which a source point (Figure 8) is intended. In this figure, the
letter z shows the vertical direction and the letter x shows the movement of smoke front along the
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downstream; if we check the smoke mass at different times we'll see smoke mass is inconsistent (Figure
8).
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Figure 8. Smoke mass distribution of the Gauss distribution

The following equation is the Gauss equation of the pollution emissions (Figure 9):

ot | fee 2 e )]
o - 2*|t|:rzl:r},.-"'H2 (1)

In this equation: x=Pollution concentration (g/m3), Ur=Average wind speed affecting smoke (m/s2),
Q=Emission rate (g/s2), H=height of the building (m), Hs=Height of smoke symmetry center (m),
Yo=Horizontal dispersion coefficient [6].

NUMERICAL MODELLING

There are three ways to solve problems regarding the fluid mechanics including experimental, analytical
and numerical methods. Progress of numerical methods in various sciences in recent decades has been
remarkable. Nowadays, most researcher's use of numerical methods due to the high costs of empirical
methods and the weakness of analytical techniques in solving engineering problems. The geometry of the
structure was created in Gambit software using the existing map to achieve the effect of buildings
composition on air pollution emissions (Figure 9). We use speed input and pressure output (Figure 9).
Then we moved the geometry to the FLUENT software.

Pressure
outlet

Figure 9. Model geometry, mesh and boundary conditions applied in the model.
All flows that are considered in practical engineering, ranging from simple or very complex three-
dimensional are above Reynolds number. By low Reynolds number, the flow is slowly. At high Reynolds
numbers, the turbulent flow can be seen. In simple cases, the continuity equation (Eq. 2) and the Navier-
Stokes can be solved by numerical CFD methods such as finite volume method [12].

o, 0
ot Gxi

(P”,') =0
(2)

In this paper, we have chosen k-¢ as the turbulence model. In this model, two transport equations are
solved - one for the turbulent kinetic energy k and the other for turbulent kinetic energy dissipation rate
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€. By the standard k-¢ model, the transport equations (3) and (4) are used for € and k in the Fluent
software [4].

0 0 0 a, ) 8

Ox; o |Ox;
i k

J (3)

2

0 0 0 o, | oe £ &

— +— )= +— | |+C — (G, +Cy G )-C, p—

o P9 ox, (pe;) ax, H“ ak]axj] 1 % Ok + 635 0p) = o5y
o (4)

k=l(u'2+v'2+w'2)

2 (5)

K=kinetic energy (per unit mass) relating to the turbulent, ta=Turbulent viscosity. The equations include
five fixed adjustable values:
ok =1.0, Ca =0.09, Cle =1.44, C2e =1.44, 0z =1.0

Gk=turbulent kinetic energy term is medium due to velocity gradient, Gb=Turbulent kinetic energy term
is due to the buoyancy force [5].

RESULTS AND DISCUSSION

The results of the problem solution have been shown in figures 10 to 14. According to the results and
figures, it can be concluded that the maximum amount of velocity and velocity in the direction of x are
occurred after the building and in the upper part of the model regarding the wind (Figure 10 and 11).
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Figure 10. Velocity vectors in the model.
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Figure 11. Velocity vectors in X direction
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Figure 12. Velocity vectors in Y direction
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Figure 13. Flow patterns in Models
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Figure 14. Flow pattern of smoke from the chimney

As we can see in Figure 12, the maximum velocity in the direction of Y has happened at the top of the
building. According to the flow pattern and vortex (Figure 13) as well as the flow pattern of the chimney
(Figure 14), we can conclude that the smoke from the chimney is distributed completely around the
building and in the environment due to the wind. As we observed, the pattern of flow resulting from the
analysis matches the pattern of the flow provided by Oke (1987) (Figure 4). According to the values and
the figures, it can be concluded that FLUENT software can be considered as capable regarding the
modeling of smoke flow arising from the chimneys and by using this software, we can obtain the
parameters of flow.
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