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Abstract

Background
Waste incineration is one of the new ways to dispose of municipal solid waste, which greatly reduces the
amount of waste and decrease the need for land�lling systems. There are several ways to diminish and
eliminate these pollutants like �ltration and process optimization of pollutants from waste incineration
plants which have been studied comprehensively in the current study. In this study, Kahrizak waste
incineration plant has been selected as a case study. The waste incineration process in the mentioned
power plant is based on pyrolysis and gasi�cation methods. One of the practical methods to improve the
process is numerical modeling; in this way, Computational Fluid Dynamic (CFD) analysis has been used
for numerical solutions. ANSYS Fluent software is one of the applications in computational �uid
dynamics that helps signi�cantly in solving the numerical equations governing this study.

Results
The deviation value of the modeling was about 6% compared to the actual data. In addition, using the
modeling results, temperature, pressure and velocity distributions, as well as discharge, mass distribution
of pollutants were obtained and analyzed in details. The results show that by increasing the inlet air �ow
rate, the carbon dioxide discharge increases and the methane discharge decreases.

Conclusions
With the change in primary and secondary air �ow, the changes of three pollutants were studied in detail.
The weighted normalized value of the total pollutants, with the selected index being the minimum for
each pollutant which has the lowest value among the studied conditions.

1. Introduction
Over the last decades by growing the population, the developing countries are faced with the high energy
demand. Renewable energies can be considered as one alternative to supply the high energy demand [1].
Many other countries to supply their energy sources, are involved with high rate of municipal waste that
can be used in the energy generation in the mega cities. Disposal of wastes has always been one of the
concerns of human societies and this issue has become more important due to the expansion of
urbanization and increasing population [2, 3]. It is clear that waste production is a manifestation of
improper utilization of available resources, and more waste production means faster consumption of
resources and increasing depletion of available reserves. Obviously the best solution to the waste
problem is to reduce its production but due to the expansion of urbanization and improving the quality of
life and the prevalence of consumerist culture, the amount of waste production in today's urban
communities has inevitably increased signi�cantly. As a result, municipal solid waste disposal is an issue
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that requires considerable care and activity. Recycling is also a very good way to dispose of waste, which
makes it possible to reuse wasted resources. Unfortunately, due to the need for advanced equipment and
lack of proper infrastructure, it currently has little place in municipal solid waste management [4, 5].
Among the various methods of municipal solid waste management, two methods of land�lling and
waste incineration have a special place and are considered as the main and �nal options [6, 7].

Today, due to the comprehensive research that has been done on land�lls and its effects on the
environment (soil and underground resources), it has been determined that this method is not a suitable
method for waste disposal, especially municipal solid waste. According to available statistics, 1.3 tons of
greenhouse gas emissions per tonne of land�ll (emitted) are released, which is the reason that the
European Union has decided to ban land�lling since 2010 [8, 9]. The most important advantages of waste
incineration method are large reduction in the volume and weight of waste, without the need for long time
or large area of operation, elimination of most hazardous waste and, consequently, reduction of harmful
environmental effects. Municipal solid waste incineration units, for economic reasons (such as energy
sales and waste distances), are generally built near populated areas, so that any negative environmental
impact can affect a large number of people [10, 11].

Bin Yang et al. studied the effect of biomass fuel properties on combustion performance. They developed
a mathematical model and studied the effect of fuel properties on combustion rate, temperature, and so
on. They then compared their numerical calculations with the measured values. and investigated the
effect of fuel particle size on combustion rate [12]. In 2009, Mayon Hee et al. focused their studies on the
production of single gas (2CO + H) from catalytic gasi�cation of municipal solid waste. They investigated
the effect of catalyst and temperature on the amount of syngas produced. All their studies were aimed at
reaching the maximum value of 2CO + H [13]. Chyou et al. performed numerical modeling of a two-stage
gasi�cation process; they developed a numerical model for the gasi�cation process and obtained
temperature and pressure meters and three exhaust gases. In their study, no graph of the effect of
combustion parameters on the output was presented and no optimization was performed [14]. John F.
Perez et al. focused their experimental studies on the effect of operational and design parameters on the
gasi�cation combustion process. They investigated the effect of parameters such as reactor geometry
and inlet air velocity on the performance of the gasi�cation process. Experimental data were converted
into curves and the mean value for the outputs were obtained [15]. Umberto Arena conducted research on
technologies and processes for municipal solid waste gasi�cation. He focused his studies on basic
aspects of the process such as process type and performance. He also conducted conceptual studies on
reactor analysis in terms of furnace type, process type and economic feasibility. He eventually concluded
that the process of liquefying municipal solid waste is a reliable and justi�able process[16]. Nono Kato et
al. aimed their studies at the numerical and experimental study of the municipal solid waste gasi�cation
process. In their study, they developed a two-dimensional modela and a chemical reaction model for
municipal solid waste. They used CFD and Fluent software for numerical modeling and conducted their
studies with the main goal of producing syngas[17]. Nono Kato et al. Continued their studies in 2016 and
they compared the gassing of municipal solid waste with the gassing of biomass. They used the
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proposed model and compared the e�ciency of the processes; also they had an economic analysis of the
system and examined the economic and environmental bene�ts of the system[18].

In 2016, Yoshang Lin et al. studied the combustion, pyrolysis, and gasi�cation properties of municipal
solid waste. In their study, the effect of Hydrothermal-carbonizing (HTC) was investigated and kinetic
parameters of the thermal process were calculated using Arrhenius analysis. In their study, they examined
the use of municipal solid waste for energy production. Experimentals were performed at different
temperatures and with different residence times, and their effect on the combustion of pyrolysis and
gasi�cation of four carbon dioxide were investigated. The results of calorimetric analysis showed that
HTC has a signi�cant effect on the thermal behavior and kinetics of MSW. In the most cases, HTC's
temperature signi�cantly affects the retention time. This potential proves HTC as a suitable method for
thermochemical conversion processes. The kinetic parameters of the thermal process were obtained
using the Coast-Redfern model, which can provide a better understanding of the mechanism of
hydrocarbons. The obtained experimental results help to understand and predict the behavior of
hydrocarbons through HTC municipal solid waste and hydrothermal disposal of municipal solid waste in
practical applications[19]. Considering the cases mentioned in the previous sentences, it is quite clear
that the method of incineration, although it is a very good method and has many advantages, however, it
has many environmental issues that if not paid attention to them, can be used in an ine�cient way for
converting. Therefore, with the explanations given, it is clear that one of the most important issues that
should be discussed about these power plants is the issue of pollutants and environmental issues.

Therefore, in this dissertation, the author pays attention to these issues and tries to provide solutions to
reduce and optimize pollutants from waste incineration plants. In this work, the studies focused on
solutions to reduce pollutants from waste incineration plants and optimize the combustion process. First,
it has been studied the practical methods for reducing the pollutants entering the atmosphere and
methods include the use of equipment and �lters that are used to �lter and reduce the concentration of
pollutants entering the atmosphere. In previous studies, although the process of incineration and
gasi�cation of municipal solid waste has been analyzed and studied, However, less attention has been
paid to the effect of combustion parameters such as inlet air �ow on the concentration of exhaust
pollutants. In this study, the effect of combustion parameters such as the initial inlet air �ow rate on the
emission of each of the pollutants have been carefully discussed and analyzed in the form of graphs. It
has also been tried to �nd an optimal state based on a general view, in which the combustion conditions
are adjusted with the view that the total pollutants are in optimal condition in terms of production. Also,
the geometry modeling operation was performed in this study that was not present in any of the studies
done before. In fact, so far there has been no modeling and analysis of Kahrizak waste incineration plant
and this project is the �rst project examined the plant in terms of process and from the perspective of
pollution production and numerical modeling.

2. Materials And Methods
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The computational �uid dynamics (CFD) method is discussed as the analysis method used. For this
purpose, �rst the equations governing the incinerator power plant and the method of its solving are
presented and the computational network is described at the end the method of solving the problem in
the software. Using computational �uid dynamics (CFD), �ow equations and combustion equations can
be solved numerically using a computer programing. Numerical model of �uid dynamics problems
requires a complete study of the physics. All important features should be considered also the boundary
conditions should be de�ned in the simplest way by considering the appropriate and correct hypotheses.
However, some simpli�cation is always acceptable and cannot be ignored to solve the problem correctly.

In order to numerically model the incinerator power plant, the equations governing the incinerator power
plant are solved numerically. Numerical simulation of turbulent combustion processes, like other
turbulent �ows, is mainly done by using three methods: Navier-Stokes (RANS), time-mediated equations
(LES) and direct numerical simulation (DNS). Navier-Stokes (RANS) and time-mediated models provide
only the average values of the quantities over a period of time and are unable to display the details of the
�ow. Also, the use of direct numerical simulation and solving all �ow scales requires a very �ne
computational network and very high computing power, which limits its use to very strong laboratory
geometries and parallel systems. The large vortex simulation method, which is considered as a middle
method in terms of computational cost and modeling accuracy. 

However, RANS like the direct numerical simulation method, requires some microcomputer network.
Therefore, in the simulation of combustion of Refuse Derived Fuels (RDF) particles and solid powdered
fuels, due to the biphasic �ow and complexity of Eulerian Lagrangian methods, the method of large
vortex and direct simulation are less used. Therefore, RANS method is used to simulate the combustion
of this type of particles [20]. These equations are averaged over time in the RANS modeling method. For
calculating the �ow of compressible or variable density �uid, the mass averaging method is more used. In
1965, Favre proposed the following [21]:      

                                                                 

The most widely used method for modeling turbulence viscosity is the standard k-ε model [22]. In this
method, proposed by Jones and Lunder, the viscosity of turbulence is obtained from the following
relation.                                                                                                                                           

The kinetic energy in turbulent �ow k and its decay rate ε are obtained from following relations:
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In the present study, the separate direction method was used to solve the radiative heat transfer equation.
These methods give a relatively accurate approximation of the complete solution of the radiative heat
transfer equation, which has been widely used in astronomy-combustion problems in the 1960s due to
the accuracy and speed of calculations [23]. 

In order to optimize the process, it is necessary to extract and solve all the governing equations of mass,
energy, heat transfer and the chemical reactions. One of the practical methods to improve the process is
numerical modeling that CFD simulation has been used for numerical solution. ANSYS® Fluent software
is one of the applications in computational �uid dynamics that helps signi�cantly in solving the
numerical equations governing the problem.

In the current study, the experimental data of Kahrizak power plant is considerd as the input of the
simulations. Then, the modeling outputs for comparison were compared with the actual outputs of the
power plant, which had good validity. The error value of the modeling values was about 6% compared to
the real values.

Then, using the modeling results, temperature, pressure and velocity distributions as well as discharge
mass distribution of pollutants were obtained and analyzed. The computational range is designed and
can be seen in two dimensions. The computational space of the waste incineration plant shows in two
dimensions. Computational space networking was done in Fluent meshing software. A boundary layer
has been created at the boundaries of the collector, the chimney and the network interface. This boundary
layer consists of 2 layers with a growth rate of 1.2 and a thickness of the initial layer of 3 cm. The total
number of cells in the computational domain was 88,412.

Table 1: Simulation Boundary Conditions
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Name Zone Boundary Conditions

A Primary Air Mass Flow Rate

B Outlet Pressure Outlet

C Secondary Air Mass Flow Rate

D Fuel Mass Flow Rate

Table 2: Waste Composition used in the simulation 

Substrate Properties Forest
Residues

PMSW

   Elementary Analysis (Dry Ash Free)

N (%) 2.4 +/-
0.3

1.4 +/-
0.2

C (%) 43 +/- 4.1 48 +/-
4.4

H (%) 5 +/- 0.6 6.3 +/-
1.4

O (%) 49.6 +/-
5.2

43.6 +/-
3.6

Humidity (%) 11.3 +/-
1.7

17.6 +/-
2.3

Density (kg/m3) 650 +/-
70

247 +/-
23

Lower Heating value
(MJ/kg biomass)

21.2 +/-
1.8

14.4 +/-
1.1

Mean Particle Size (mm) 5 +/- 2 20 +/-
10

                Proximal Analysis (%)

Ash 0.2 +/-
0.1

14.9 +/-
1.2

Volatile Matter 79.8 +/-
3.1

76.62
+/- 2.9

Fixed Carbon 20 +/- 1.5 8.46 +/-
1.5

 

ANSYS FLUENT 16.0 software was used as the commercial code for computational �uid dynamics
analysis in this research. There are different solvents in Fluent (such as explicit coupling, implicit
coupling and dissociation). In the current research, the implicit coupling method, incompressible Navier-
Stokes equations and the energy equation are solved in cylindrical coordinates using the SIMPLE
algorithm and dissipated using the upstream second order model. The output set for this model is a
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combination of combustion emissions and combustion temperature. Finally, by analyzing this model for
waste incineration plant, accurate information can be obtained from the composition of exhaust gases
and by adjusting combustion conditions such as inlet air and fuel �ow, the amount of pollutant
emissions can be adjusted.

3. Results And Discussion
The simulated model in this research has been solved and converged using the CFD method and
repeated 500 times. The concentration of pollutant gases is considered as the output of the simulation.
Using this case and the obtained diagrams, the results of the power plant will be analyzed and
interpreted.

3.1. Analysis of combustion parameters and investigation
of different contours
In this section, the obtained data in real combustion modeling will be examined and analyzed to gain a
better understanding of the overall process. Mass distribution meters of different exhaust gas
concentrations will be analyzed in this section to better clarify the existing process. Then in the next
sections, by changing the combustion conditions, their effect on the outputs will be investigated.

As it is shown in the �gure above (Fig. 1), concentration of methane in the �rst chamber is very high while
the concentration in the middle of the �rst chamber is very high and the surrounding concentration is
almost zero as combustion �ow is formed in a path that can easily reach the second chamber. That is
exactly the path that separates the boundary of the blue zone from the red zone. Therefore, considering
that methane is formed in the reaction process; It is natural for the concentration of methane to be
increased in the area where the reaction takes place as the reaction progresses. However, since this
reaction is an equilibrium reaction, the equilibrium can be shifted to one side by changing the temperature
or concentration of the species. Since the methane formation reaction is a hot reaction, the equilibrium
will shift to the producers as the temperature increases.

Figure 2 shows that the concentration of carbon monoxide concentration compared to other particles is
very small. It can be seen only a small amount of carbon monoxide in the progress of the reaction, which
is lost and consumed as the reaction progresses. As the results show, the concentration of carbon
monoxide is in ppm and its distribution is small compared to other species. The reason for this can be
seen in the fact that due to the su�cient amount of oxygen, the products are more towards the
production of carbon dioxide and therefore the concentration of carbon monoxide is very low. Therefore,
it is predicted that with increasing oxygen concentration, the amount of this pollutant will decrease more
and vice versa. The Boudouard reaction equilibrium reaction shows that the equilibrium reaction between
carbon dioxide and carbon, which produces carbon monoxide, is an endothermic reaction. Therefore, it is
predicted that the concentration of this gas will increase slightly as the reaction progresses and reaches
the secondary combustion chamber. The values obtained from numerical modeling estimate the mass
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percentage of this gas at the end of the primary combustion chamber is 2.89*10− 5. While its value at the
end of the second combustion chamber is estimated at 5.95*10− 4. This approves that as the temperature
in the second gasi�cation chamber increases, the equilibrium of the Boudouard reaction shifts slightly
towards the product and the carbon monoxide concentration will increase slightly.

As it can be seen in Fig. 3, at the same range as the reaction is taking place; Carbon dioxide gas is
produced. Its concentration is in the right range, which indicates that the amount of oxygen is su�cient
and carbon dioxide is produced in a good ratio. However, more detailed studies show that the mass
concentration of carbon dioxide in the second chamber has increased slightly from 1.31*10− 1 to
1.69*10− 1. It should be noted that in the secondary chamber, as the temperature increases, the
equilibrium Boudouard reaction, which is an endothermic reaction, shifts slightly towards the product and
reduces the concentration of carbon dioxide. However, the gas-water reaction is also an endothermic
equilibrium reaction that naturally increases with the increase of temperature towards the production of
the product, which leads to an increase in the concentration of carbon dioxide. Also the unbalanced
reaction of carbon monoxide oxidation, which leads to the production of carbon dioxide; by increasing the
concentration of carbon dioxide and adding oxygen in the secondary chamber, leads to an increase in the
concentration of carbon dioxide. Therefore, it is concluded that carbon dioxide is produced as a main
product in the whole gasi�cation area and has a signi�cant concentration. Also, its concentration will
increase slightly in the secondary chamber for the reasons mentioned.

3.2. Comparison of the temperature obtained from the
gasi�cation process in the secondary chamber
The simulation results show that when we adjusted the amount of inputs according to the actual
conditions, the temperature of the secondary combustion chamber was obtained to be 1380 ° C.
Experimental results show that the temperature of the secondary combustion chamber is about 1250 to
1350 ° C. If we consider the average temperature of the secondary chamber, its value is about 1300
degrees Celsius. Therefore, the value obtained in modeling has good accuracy and is acceptable. The
error in modeling for this parameter is about 6%, which is acceptable value.

The amount of deviation in the modeling seems to for the fact that the exact location of the temperature
sensor in the chamber of the secondary combustion furnace is not known exactly and its location is
assumed to be approximate in the modeling.
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Table 3
Comparison of the temperature obtained from the gasi�cation process

in the secondary furnace
Secondary Combustion Chamber (Experimental) 1250 to 1350 C

Secondary Combustion Chamber (Simulation) 1380 C

Deviation 80 C

Error 6%

3.3. Comparison of CO concentration in the developed
model with the measured values
One of the modeling outputs is the concentration of carbon monoxide. Concentration of carbon
monoxide pollutants according to the values of fuel �ow and primary and secondary air �ow, which
indicate the real conditions of the problem; in the developed model, the value of 7.5 ppm is obtained. We
now turn to the results obtained from the actual measurements of environmental pollutants in the
incineration plant. In this report, entitled "Results of monitoring of particulate matter emitted from the
chimney", the concentration of carbon monoxide emitted from the chimney was measured at 7 ppm. By
comparing the above numbers, it is found that the amount of carbon monoxide concentration obtained
from the gasi�cation process in the modeling is in fairly good agreement with the actual amount
measured. The results are shown in Table 4.

Table 4
Comparison of CO concentration in the developed model with the measured

values
Volumetric concentration of carbon monoxide (Experimental) 7 ppm

Volumetric concentration of carbon monoxide (Simulation) 7.5 ppm

Deviation 0.5 ppm

Error 7%

3.4. Comparison of CO2 concentration in the developed
model with the measured values
Another modeling output is the concentration of carbon dioxide; In the developed model, the value of 10
ppm by volume is obtained. We now turn to the results obtained from the actual measurements of
environmental pollutants in the incineration plant. In this report, which is entitled as the results of
monitoring the particulate matter of the chimney exhaust, the concentration of carbon dioxide emitted
from the chimney is measured as 10.6 ppm by volume. By comparing the above numbers, we �nd that
the amount of carbon dioxide concentration obtained from the gasi�cation process obtained by modeling
is relatively good with the actual amount measured.
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Table 5
Comparison of CO2 concentration in the developed model with the

measured values
Volumetric concentration of carbon dioxide (Experimental) 10.6 ppm

Volumetric concentration of carbon dioxide (Simulation) 10 ppm

Deviation 0.6 ppm

Error 6%

According to the issues discussed in this section, it is found that the output parameters obtained from
modeling are well matched with the actual process outputs obtained through measurement.

As it is mentioned before, for validation, the inputs and all the conditions of the problem like geometry
was entered exactly according to the reality and the modeling on the problem. The outputs obtained by
modeling were then compared with the actual outputs measured, and since there was a good agreement
between them, it was concluded that the model formed and the simulation performed with high validity.
Therefore, it can be concluded that this model has the ability to calculate outputs in various conditions.
Therefore, this model can be used to evaluate the output values by changing the combustion conditions
and parameters such as inlet fuel �ow, primary inlet air �ow and secondary inlet air �ow, and investigate
the effect of changing each parameter on the outputs.

It is aimed to �nd the optimal conditions in which the concentration of exhaust gases reaches a more
desirable level without making parametric study and by keeping the experimental conditions. Given that
this model has also been validated; Therefore, the obtained conditions will probably be very similar to
exist plant.

3.5. Effect of inlet air �ow on CO emission concentration
Carbon monoxide is one of the pollutants emitted from the �ow during the incineration process. This gas
is produced by the incomplete combustion of carbon-containing fuels. The concentration of this pollutant
in the incineration process, as mentioned earlier, is in ppm. However, changes in combustion conditions
can cause major changes in the rate of carbon monoxide release. The table below (Table 6) shows the
mass values of carbon monoxide in terms of changes in inlet air �ow.

The Table 6 shows the mass �ow rates of carbon monoxide exhaust from the chimney in kilograms per
second. These values are based on the two values of primary air �ow and secondary air �ow.
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Table 6
Effect of inlet air �ow on CO2 emission

concentration
0.6 0.4 0.2 Primary

Secondary

2.98E-05 1.55E-04 3.16E-04 0.1

1.05E-06 1.04E-05 6.91E-06 0.3

1.06E-04 1.17E-05 1.11E-05 0.5

Figure 4 shows the changes in carbon monoxide in terms of secondary air �ow at different values of the
primary �ow. This diagram shows the fact that with increasing secondary air �ow, the amount of carbon
monoxide �rst decreases and then increases. This diagram has also been prepared for three different
states of initial oxygen �ow. The blue diagram is for the initial air discharge of 0.2 and the orange
diagram is for the initial air discharge 0.4 and the gray diagram is for the initial air discharge 0.6. As it is
shown in this diagram, the changes in carbon monoxide discharge can be well observed in terms of
changes in the two variables. In this diagram, it is clear that in the real case of the operation of the power
plant, which is the �rst case, the discharge of released carbon monoxide is much higher than other cases.
Therefore, it seems that by changing the combustion conditions, the amount of this pollutant can be
greatly reduced. It seems that without the need to change the primary air �ow and only by increasing the
secondary air �ow, very remarkable effects on the output �ow of this pollutant will be created. In this
diagram, it is found that regardless of the initial air �ow rate, if the secondary air �ow rate is adjusted in
the range of 0.4 kg / s, it can have a signi�cant effect on reducing the concentration of carbon monoxide
in the pollutants leaving the �ow.

3.6. Effect of inlet air �ow on the pollutant concentration of
CO2

Carbon dioxide is another environmental pollutant that is also a greenhouse gas. Carbon dioxide is
produced by the complete combustion of carbon fuels. Changes in combustion conditions can cause
major changes in the values of carbon dioxide (Table 7).
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Table 7
Changes in the inlet air �ow rate at the rate of

carbon dioxide emission
0.6 0.4 0.2 Primary

Secondary

1.45E-01 1.16E-01 9.00E-02 0.1

1.79E-01 1.45E-01 1.09E-01 0.3

2.00E-01 1.79E-01 1.50E-01 0.5

The Table 7 shows the mass �ow rates of carbon dioxide emitted from the chimney in kilograms per
second. These values are based on the two values of primary air �ow and secondary air �ow.

Figure 5 shows the changes in carbon dioxide in terms of secondary air �ow in different amounts of
primary air �ow. The diagram above shows the carbon dioxide concentration in terms of secondary inlet
air �ow. The values are also adjusted based on three different values for the initial inlet air �ow. This
diagram shows that with increasing secondary inlet air �ow, the amount of carbon dioxide released
increases almost linearly. Also, the study of the above three diagrams shows that the amount of carbon
dioxide output is directly related to the initial inlet air �ow rate. This indicates that by increasing the
amount of oxygen, both in the primary and secondary parts, the combustion progresses cause more
carbon dioxide to be produced due to the abundance of oxygen. Also, the study of the above diagram
shows that in order to reach the minimum amount of carbon dioxide, it is better to have a lower inlet air
�ow rate. This means that in the real world, where this value is lower than all the other values in the
graph, the lowest carbon dioxide emissions can be reached. When the second point is examined, it
becomes clear that at this point the concentration of carbon dioxide has increased slightly; But as
mentioned in the previous section; The amount of carbon monoxide has decreased signi�cantly
compared to the �rst point. Therefore, it seems that if the emissions of carbon dioxide and carbon
monoxide are to be considered simultaneously, the second point, that is, when the initial inlet air �ow rate
is 0.2 kg / s and the secondary inlet air �ow rate is 0.3 kg / s; Creates more optimal conditions in terms of
emissions.

3.7. Effect of inlet air �ow on CH4 pollutant concentration
Methane is another pollutant from a waste incineration plant. As mentioned for other pollutants, changes
in combustion conditions can also cause major changes in the methane release rate. Table 8 shows the
mass values of methane in terms of changes in inlet air �ow. The Table 8 shows the mass �ow rates of
methane emitted from the chimney in kilograms per second. This graph shows the methane �ow rate in
kilograms per second.
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Table 8
Mass values of methane in terms of changes in

inlet air �ow Rate
0.6 0.4 0.2 Primary

Secondary

1.47E-01 1.63E-01 1.7E-01 0.1

1.32E-01 1.50E-01 1.52E-01 0.3

1.22E-01 1.32E-01 1.39E-01 0.5

The desired outputs are prepared in terms of secondary intake air �ow and in three separate diagrams for
three different primary intake air �ow rates. Figure 6 clearly shows that with increasing secondary inlet air
�ow, the amount of methane gas leaving the chimney decreases. Also, by studying the primary inlet air
�ow rate and considering the secondary inlet air �ow rate, it is clear that increasing the primary inlet air
�ow rate also reduces the production of methane gas in the output products of the incineration process.
This reason indicates that with the increase of inlet air, both in the primary and in the secondary part, the
abundance of oxygen in the process increases and the products move to compounds with more oxygen
content such as carbon dioxide and the production of a compound such as methane which does not
contain oxygen. By considering the methane production as an indicator, the actual process in which the
initial inlet air �ow rate was 0.2 kg / s and the secondary inlet air �ow rate was 0.1, has the highest
methane production and is the most undesirable. Whereas when the primary and secondary air �ow rates
are at their maximum values of 0.6 and 0.5 kg / s, we will have the lowest methane production and will
naturally be the most desirable from the point of view of methane emission.

4. Conclusion
The input data such as combustion conditions and inlet discharges as well as the geometry of the
problem were in accordance with the actual values operating in the Kahrizak power plant. The outputs,
which were the amount of pollutants and the temperature of the secondary combustion chamber, were
obtained using CFD modeling. Also, these output values were measured experimentally that were real
values used for modeling validation. Studies have shown that there is a good correlation between the
values obtained from the modeling and the actual measured values. Therefore, this con�rms that the
developed model has a relatively high e�ciency for the actual description of the system. Therefore, this
model was used and the distribution of temperature, pressure and speed as well as the distribution of
different pollutants were displayed as a contour. For example, the examination of the contours
completely con�rmed that the pressure in the secondary chamber would decrease but the speed and
temperature would increase sharply. Examining these contours will provide a very useful understanding
of the process.

Then, the effect of inlet parameters such as initial air �ow on output parameters such as the amount of
carbon dioxide produced was investigated. The results were analyzed for the three contaminants and
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classi�ed into tables and graphs. The results indicate that increasing the inlet air �ow, both primary and
secondary, will increase carbon dioxide emissions, ie in other words, for a given fuel �ow rate, the amount
of exhaust carbon dioxide will be directly related to the inlet air �ow rate. Also, the study of methane
emission showed that with increasing the �ow of incoming air, both primary and secondary, the amount
of methane production will decrease. In other words, for a given amount of fuel, the amount of methane
output will be inversely related to the amount of inlet air �ow. Also, the study of the amount of carbon
monoxide emissions shows that the amount of production of this gas, although not completely linear, but
its general trend is decreasing, ie it decreases with increasing the in�ow of incoming air. Of course, this
trend is not completely reduced and in some places it shows different behavior. Therefore, optimal
conditions for the production of each of the pollutants were obtained. In order to be able to optimize the
amount of pollutants emitted, we must select a mode as the selection in which the production of all
pollutants is in lesser condition. Since the behavior of pollutants is different, it is not possible to reach a
point where the production of all pollutants become minimum. To solve this issue, various combustion
models in terms of primary air �ow and secondary air �ow were investigated. The concentrations of each
of these contaminants were determined for each of these conditions. In order to �nd the optimal
conditions, the lowest value that each of the pollutants saw in the studied condition was selected as an
indicator and all the output numbers of that pollutant were weighed according to the desired index for
that pollutant. The state with the lowest overall weight was selected as the optimal state in terms of
pollutant production. This mode is proposed as a mode for this power plant, which by reducing the
combustion conditions in that conditions, the amount of pollutant production index is greatly reduced. In
this case, the initial air �ow is 0. 6 kg / s and the secondary air �ow rate is 0.3 kg / s.
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Figure 1

Contours of Mass Fraction of CH4
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Figure 2

Contours of Mass Fraction of CO



Page 20/22

Figure 3

Contours of Mass Fraction of CO2
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Figure 4

Alteration of carbon monoxide �ow rate in terms of initial air �ow rate
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Figure 5

Changes in carbon dioxide in terms of initial air �ow rate

Figure 6

Methane changes in initial air �ow rate


