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Abstract— Thus far, the study of atmospheric pollutants is of exquisite interest. assessment, tracking, and
calculation of concentrations of harmful impurities inside the environment with their suppliers are based
totally on theoretical studies, and it is possible to make short-term forecasts used to manipulate emissions
from industrial firms. Disposal of waste by way of industrial establishments, often consisting not best of
light  impurities  but  also of  heavy elements,  does  not  continually control  what  constitutes  a  chance to
residing creatures and flowers within the affected vicinity. Computational model is built for the dedication
of harmful impurities expansion within the ecosystem, that is the most serious environmental issues in lots
of industrial towns within the international. Numerical calculations are received via program complicated
ANSYS. There are given analysis and consequences of calculations figuring out the distribution of harmful
impurities  concentrations  in  a  distinct  temperature  gradient.  Calculations  are  carried  out  for  special
pollutant-emission fee from a factor supply. there may be studied the impact of temperature in a floor layer
on the dynamics of dangerous impurities concentration from the point source. obtained outcomes permit
predicting of distribution contour of impurities and its extent. 

Keywords—  Atmospheric boundary layer, numerical modeling, ANSYS software program machine, the
unfold of polluting substances.

1. Introduction

Dispersion  of  pollution  represents  an  important  environmental  problem with  respect  to  human
fitness. In city regions, several resources of pollutants (e.g. wind-blown dust, vehicle exhaust, poisonous and
odorous emissions) may be ugly and dangerous. among them, pollutant emissions from rooftop stacks is a
factor which can critically affect the first-rate of sparkling-air at intakes of the emitting and/or surrounding
homes, and doubtlessly compromising the properly-being of these buildings’ occupants. additionally, inside
towns − where the building density will increase − the stack emissions may be gathered among buildings, as
a result inducing growth of the contaminant attention due to the fact reduced airflow passes through the
area’s  barriers  compared  to  unfastened-movement  waft.  The  problem  of  environmental  protection  and
healing is becoming one of the most important obligations of technology, the development of that is inspired
by using the ever-growing tempo of  technological  development  in  all  countries  of  the  world.  The fast
development of enterprise contributed to the emergence of an acute problem for humanity – the upkeep of
ecological structures that historically fashioned on our planet. In recent a long time, environmental systems
have skilled a size-able impact of natural, in particular, anthropocentric elements, changing in an unwanted
direction for nature. The expanded attention of pollution is located within the surroundings of almost every
business town, so there is a need to resolve the hassle of assessing and modeling the spread of pollutants in
the atmosphere from nearby stationary sources to save you or lessen their impact at the environment. A huge
variety of environmental safety responsibilities is being solved using mathematical modeling techniques.
This  approach  allows  checking  out  a  couple  of  alternatives  for  paintings,  to  are  expecting  numerous
scenarios for the development of the process whilst varying the preliminary facts. quite a few articles had
been posted wherein studies of atmospheric pollutants from different guidelines and contemplating various
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factors are offered [1-6].

Numerical  simulations  with CFD offer  some blessings  compared  to  different  strategies;  they're
fairly much less highly-priced, they provide results of flow features at every factor in space simultaneously
[7]) and they do now not be afflicted by potentially incompatible similarity because simulations may be
conducted at complete scale [eight]. in addition, on the micro-scale, the CFD method is the preferred way of
research and really suitable for parametric research for numerous physical go with the flow and dispersion
processes [9]. due to the rapid development in computer hardware and numerical modeling, CFD has been
increasingly used and tailored to simulate the drift improvement and pollutant dispersion [10]. Many studies
have  proven  that  the  method  is  able  to  reproduce  the  qualitative  features  of  airflow  and  pollutant
distributions  [eleven].  however,  the  accuracy  and  reliability  of  CFD  are  of  concern,  thus  solution
verification  and  validation  research  are  vital  [12].  on  account  that  experience  has  already  proven that
numerical effects do no longer examine among themselves [13], experimental assessments (i.e. area and
reduced-scale measurements) appear actual necessary for fulfilling the necessities of assessing the nice of
CFD simulation [14]. further, one of the objectives of laboratory studies has frequently been to resource the
development of dispersion algorithms that may be utilized in dispersion modeling packages to are expecting
behavior close to and around buildings [15].

In  this  paper,  we  keep  in  mind  the  impact  of  temperature  stratification  at  the  distribution  of
concentrations of harmful substances in the environment emitted by business organizations through nearby
resources (pipes). The mathematical model of the hassle is a gadget of Navier-Stokes equations, electricity
equations and equations for the k-ε model of turbulence. This machine of equations is solved with the usage
of FLUENT bundle [17].

2. Physical statement of problem

One of  the  situations  affecting the dynamics  of  the  distribution of  dangerous substances  is  the
stratification of  temperature in  the top,  due to  the  capability  of the  earth’s floor to  soak up or radiate
warmness [1].

Figure 1 – Scheme of computational domain

The paper deals with the trouble of spreading the concentration of harmful materials in the atmosphere
emitted by using commercial enterprises thru point assets (pipes), thinking of temperatures version with
vertical. The computational area is the rectangle with width – 60 m and top – 30 m. The point supply (pipe)
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is positioned at 4 meters apart from the left boundary. The diameter of the source’s mouth is 1.2 m, the
height of the supply is 7 m. parent 1 schematically suggests the computational area.

3. Solution method

ANSYS software program becomes used for solving the trouble. At the first level, the geometry of the
object  turned  into  created  with  the  help  of  built-in  DesignModeler  editor.  Mesh  editor  lets  in  sampling
computational  domain.  Transition to  Setup editor  lets  in  placing preliminary and boundary situations of  the
project  and  select  the  solution  method.  In  Gеnеrаl  we  set  Typе  –  Prеssurе-Bаsеd,  Timе  –  temporary,
VeloсityFоrmulatiоn – Аbsоlutе, 2DSpасе – Plаnаr. under we put a tick in the front of Gravity and assign price
along the vertical axis -9.8 m/s2. In fashions, we add power equation, we trade Viscous to traditional k-ε, Species
to SpeciesTranspоrt, here we choose MixtureMaterial – mеthаne-аir, Reасtiоns – Volumеtriс and Turbulеnse –
Сhеmistry  Intеrасtiоn  –  Eddy-Dissipation.  here,  we  use  UDF  to  set  temperature  gradient.  We  create  *.c
document, in which we set temperature profile. to use it in the project, we call menu outline -> DefineFunctions -
> Interpreter ..., select a created file. 

After that, in settings of mobile area conditions, we placed a tick in front of FixedValues and change
Temperature from none to udf_y_temperature. Specifying values on boundaries of the area is performed in the
Boundary conditions tab. Values of incoming go with the flow velocity to the area in air_inlet, the emission rate
of methane from a pipe in gas_inlet is distinct. The oxygen mass fraction in air_inlеt is 0.23, and the methane
mass fraction in gas_inlеt is 1. In air_inlet, the temperature is changed from none to udf_y_temperature.

As a solution method, the technique easy (Semi-Implicit  technique for stress-related Equations)  was
selected, positioned it  otherwise – the splitting method by using physical parameters. Then the calculation is
initialized.

3. Analysis of results

Calculations  were  accomplished  in  specific  variations  of  temperature  gradient  and  charge  of
dangerous impurities emission from the mouth of the source. outcomes were received at pollutant-emission
prices: 2.5 m/s, 4 m/s, 10 m/s. Air flow from the left movements at a speed of 0.5m/s. This airflow speed
according to the Beaufort scale corresponds to the dedication of wind strength – quiet [9]. that is, in this
case, the path of the wind may be seen via smoke, but not over weather vane, leaves of trees continue to be
motionless. provided figures determine the kingdom of the plume at the thirtieth second. new release step in
time is 0.1 s.

Figure 2 indicates methane (CH4) concentration distribution in case of temperature decrease with altitude.
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Figure 2 – Methane (CH4 ) concentration distribution Figure 3 – Methane (CH4 ) concentration distribution

in case of temperature decrease with altitude in the case of inversion (increase in temperature with altitude)

parent three suggests methane (CH4) attention distribution within the case of an inversion. In assessment
with Figure 2,  which provides the case of methane awareness distribution at  bad temperature gradient,
maximum of the impurities is transported on large distance in direction of wind motion before it reaches a
widespread awareness in earth’s surface. this is due to the dominance of small-scale mechanical turbulence
springing up at low-temperature gradients [9]. In comparison with Figure 2, which provides the case of
methane awareness distribution at nice temperature gradient, it could be seen that contaminants are removed
over long distances,  so low concentrations of  dangerous substances  reach ground level  and susceptible
mechanical turbulence arises [7].

Figure 4 is a photograph of methane concentration distribution emitted into the ecosystem by a point
supply, within the case when the supply mouth is located above the higher boundary of the inversion layer.

Inversion layer, placed underneath the extent of source mouth, is a herbal barrier to reducing pollution to
earth’s floor. determine five. describe of methane attention distribution which emitted into the surroundings
by  a  neighborhood  source,  inside  the  case  when  the  source  mouth  is  placed  underneath  the  decrease
boundary of the inversion layer. it can be stated that giant elements of concentration are separated from the
supply by using a sizable distance. Dispersion also takes place at a full-size distance from the source. this is
because of the truth that above mouth of the supply is robust inversion layer, which prevents dispersion of
dangerous materials launched into the surroundings. giant concentrations of dangerous substances continue
to be in the direction of the earth’s surface. Inversion layer placed above the extent of supply’s mouth is an
obstacle to the dispersion of harmful materials, and therefore impurities awareness in floor layer may be
better than calculated one in several instances.

Figure  6  describes  methane  awareness  distribution  at  the  pollutant-emission  price  of  2.5  m/s.  four
instances are considered, each of which corresponds to a given temperature gradient. 6 (a) is characteristic
for the case while temperature decreases with altitude; 6 (b) – for the case of inversion; 6 (c) – for the case
whilst mouth of supply is located above the top boundary of inversion layer; 6 (d) – for case whilst the
source mouth is located below the lower boundary of the inversion layer.
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Figure 4 – Methane (CH4 ) concentration distribution in case when the 
source mouth is located above the upper boundary of inversion layer

Figure 5 – Methane (CH4 ) concentration distribution in case when the source

mouth is located below the lower boundary of inversion layer
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Figure 6 – Methane (CH4 ) concentration distribution for various initial 

temperature profiles in case when pollutant-emission rate is 2.5 m/s

In Figure 7 were presented the methane attention distribution at a pollutant-emission price of four m/s. four
cases  are  taken  into  consideration,  each  of  which  corresponds  to  a  given  temperature  gradient.  7  (a)  is
characteristic for the case while temperature decreases with altitude; 7 (b) – for the case of inversion; 7 (c)

– for the case when the mouth of the source is located above the higher boundary of the inversion layer; 7 (d)
– for the case when the source mouth is located under the lower boundary of the inversion layer.

The computational experiment changed into carried out for the speed of 10 m/s. 4 instances are considered,
every of which corresponds to a given temperature gradient. 8 (a) is featured for the case whilst temperature
decreases with altitude; 8 (b) – for the case of inversion; eight (c) – for the case whilst mouth of source is
positioned above the upper boundary of inversion layer; eight (d) – for the case whilst the supply mouth is
located below the decrease boundary of the inversion layer.

As  a  consequence,  represented  outcomes  allow noting  wind  impact  significance  to  dangerous  materials
distribution inside the environment that's thrown out with the aid of factor supply of business agency.

Figure 9 corresponds to methane awareness distribution of at t = 10 sec (10 (a)), t = 30 sec (10 (b)), t = 60 sec
(10 (c)). As can be visible, at the first level, huge concentrations stay close to the mouth of supply, scattering is
rather  found. in  the 2nd stage,  full-size concentrations are  transferred to  greater  far-flung distance from the
source, observed via dispersion. The 1/3 stage shows the maximum pronounced form of the plume. enormous
concentrations  are  transported  a  vast  distance  from  supply  in  direction  of  wind  propagation,  followed  by
dispersion.

Opposed to the case whilst the mouth of the supply is placed under the lower boundary of the inversion layer,
that is shown in Figure 10, full-size concentrations are transferred on shorter distance from the supply.

Figure 7 – Methane (CH4 ) concentration distribution for various initial 

temperature profiles in case when pollutant-emission rate is 4 m/s
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Figure 8 – Methane (CH4 ) concentration distribution for various initial 
temperature profiles in case when pollutant-emission rate is 4 m/s

Figure 9 – Temporal distribution of methane (CH4 ) concentration in case when 

the upper boundary of inversion is located below mouth of source
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Figure 9 – Temporal distribution of methane (CH4 ) concentration in case 

when the lower boundary of inversion is located above mouth of source

It can be seen how plume acquires extra mentioned cone shape through the years. In contrast with Figure 10,
it is able to be mentioned that the dispersion of dangerous substances is more, that is because of the fact that
plume enters the surroundings layer, where the temperature gradient is nice. it may additionally be referred to that
within the case whilst the inversion layer is underneath the mouth of supply, massive concentrations of harmful
substances are observed at a better altitude than while the inversion layer is positioned above the mouth of the
supply.

Figure 10 indicates methane concentration distribution emitted via factor supply at pace of 10 m/s through the
years (t = 10 s (10 (a)), t = 30 s (10 (b)), t = 60 s (10 (s ))), contemplating that mouth of supply is positioned
beneath the decrease boundary of inversion layer. In comparison to the case when the mouth of the source is
positioned above the higher boundary of the inversion layer, that is proven in Figure 9, full-size concentrations
are transferred to a bigger distance from the supply. it could also be mentioned that the dispersion of harmful
materials is less, that's due to the fact that plume enters to inversion layer, which prevents diffusion. In case while
the inversion layer is below the mouth of source, big concentrations of dangerous substances are discovered at a
lower altitude than whilst the inversion layer is located above the mouth of the supply.

According to this, it can be argued that the case where in the inversion layer is positioned below the mouth of
the supply is safer for the ecology of the ground layer.

4. Conclusion

Thus, the computational version is constructed to determine the expansion of harmful impurities in a
ground  layer  in  special  temperature  stratification  primarily  based  on  ANSYS  software.  Numerical
experiments  are  carried  out  for  distinct  pollutant-emission  charge  from  a  point  source,  for  unique
temperature stratifications with altitude, which makes it feasible to predict flame contour and its extent.
Obtained results may be used to are expecting the distribution of concentration in the floor layer, first-rate of
air composition, that has a large impact at the country of surroundings ecology. reading the obtained results
makes  feasible  to  be  aware  the  need  of  creating  comparable  models  for  predicting  the  distribution  of
dangerous materials concentration in ground layer, so one can affect the state of surroundings ecology in
fashionable, and of the surroundings particularly.
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