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Study of the gaseous fuel combustion respect to the O2 concentration 
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Abstract : This paper dedicates thermodynamic and combustion processes respect to the NOx formation and 

O2.concentration in the combustion air. Model of the boiler and the burners were made in the ANSYS 14.0. Results 

of the simulations have approved the results of the previous paper that increasing of the O2 concentration leads to 

the growth of the thermal equipment power but it has negative influence on the NOx production. Increasing of the 

O2 mass concentration by 1 % is leads to rising of the NOx by approximately 6 %.   
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1. Introduction 

Natural gas is one of the cleanest organic fuels, 

nevertheless it produces pollutants in combustion 

process. The major pollutants of the combustion in 

the atmosphere are carbon monoxide CO, nitrogen 

oxides NO, NO2, sulphur dioxide SO2 and 

hydrocarbons. The most toxic emissions are nitrogen 

oxides [1-3]. 

Nitrogen forms seven oxides, of which only 

monoxide and dioxide, NO and NO2, are dangerous 

pollutants, with dioxide being more dangerous than 

monoxide [4]. 

In natural conditions in the atmosphere, the 

amount of nitrogen oxides is measured in 

percentages. Nitrogen on the planet annually 

mobilizes about 140 million tons. Pollution by 

nitrogen oxides occurs both locally and globally [5-

8]. 

In the current article were made the simulations of 

the industry gas burner which are installed in the 

high-pressure boilers. 

2. Model description 

To understand and calculate the mechanism of the 

NOx formation the CFD simulations were made. 

Combustion processes were calculated in the ANSYS 

Fluent 14.0 [9].  

 

 

 
Figure 1 ANSYS models of the boiler and burners 

 

The models of the 30 MWh boiler and two 15.7 

MWh burners are in the figure 1. The model was 

made in the integrated to the ANSYS module Design 

Modeler. The redrawn geometry of the burner was 

simplified to decrease the numbers of the elements in 

the mesh to reduce calculation time of the simulation. 

Andrii Kulikov1 ● Marcel Fedák1 ● Milan Abraham1 ● Jakub 

Vahovsky1 

1
1 Department of Process Technique, Technical University of  Košice, Faculty of 

Manufacturing Technologies with a seat in Prešov, Bayerova 1, 080 01 Prešov, 

Slovak Republic, andrii.kulikov@tuke.sk  

Category : Original Scientific Paper 

Received : 27 January 2018 / Revised: 17 February 2018 / Accepted: 10 Marec 2018 



Advances in Thermal Processes 

   and Energy Transformation 

 

 

24 

 

Nevertheless any changes in the geometry must not 

influence thermodynamics or chemistry processes in 

the boiler. Total number of the elements in the model 

mesh is 7 946 439. Example of the generated mesh is 

in the figure 2. 

 

 

 
Figure 2 ANSYS mesh of the boiler and burners 

 

Parameters of the mesh generation (proximity and 

curvature advanced size function) were selected for 

the best definition of the different planes and 

volumes. 

3. Simulation 

To understand the thermos mechanical processes 

inside the boiler simulation of the non-premixed 

combustion was made. All input physical parameters 

were chosen according to the normal operation 

conditions of the boiler and the burners. 

Simulations of non-premixed combustion were 

made with the fuel of average composition for 2017 

year according to the SPP report (Table 1). 

 
Tab. 1 Composition of the fuel 

Natural gas composition [mol,%] 

Methane 95,361 

Etan 2,6231 

Propane 0,6437 

Butane 0,8504 

Pentane 0,0407 

Hexane + other 0,0255 

Carbon dioxide 0,3788 

Nitrogen 0,7205 

 

The air composition is in the table 2. 

 

 

Tab. 2 Composition of the air 

Element Volume [%] 

N2 0,79 

O2 0,21 

 

Results of the simulation are in the figure 3. 

 

 
Figure 3 Results of the simulation (temperature and 

velocity) 
 

At the upper part of the figure 3 is shown 

temperature volume rendering. At the dawn part of 

the figure 3 is shown velocity streamlines of the inlet 

mases. 

According to the results of the simulation the 

maximum temperature inside the boiler is 1931 K. 

The areas of the maximum temperature are situated 

near the wall in front of the burners. Average 

temperature inside the boiler is 1705 K.  

According to the simulation there is a good 

circulation of the hot gaseous mases inside the 

combustion chamber (aprx. 3-5 times). 
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Figure 4 Results of the simulation (NOx) 
 

Figure 4 represents mass fraction of the NO. 

Maximum concentration of the NO in the boiler is 

182 ppm. The average concentration inside the 

combustion chamber is 89 ppm, concentration at the 

exhauster is 138 ppm. From the EU legislative the 

maximum possible NOx exhausting for such thermal 

equipment is 250 ppm (taking to account year of 

reconstruction and burners type). 

According to the results the most of the NO is 

produced at the end of the flame, close to the wall. As 

it is represented in the figure 4 the thermal NOx are 

the main source of the pollutants. Figure 5 represent 

simplified scheme of the NOx formation. 

 

 
Figure 5 simplified scheme of the NOx formation. 

 

Thermal NOx produces majorly in the flame front 

and areas of the high temperatures so their production 

is controlled by the nitrogen and oxygen molar 

concentrations and the temperature of combustion. 

According to the Arrhenius formulation combustion 

at more than 1,500 K exponentially increase 

concentrations of thermal NOx. 

 

 
Figure 6 Concentration of the NO along the flame axis 

 

Figure 6 represents concentration of the NO along 

the flame axis. According to the results of the 

simulation length on the flame is around 2,5 - 3 m. 

As it is shown in the figure 6 concentration of the NO 

increased exponentially along the flame axis (from 0 

to 3 m). Next area from the flame end to the wall is 

characterises as an area of high temperatures where 

NO production is also majorly controlled by the 

Arrhenius formulation. 

There is equipment which is installed in the 

burner to inject O2 to the air to increase the power of 

the boiler and this way to cover the maximum heat 

consumption. 

The simulation with higher O2 concentration was 

made with next air composition (tab 3). 

 
Tab. 2 Composition of the air with higher O2 concentration 

Element Volume [%] 

N2 0,78 

O2 0,22 

 

The results of the simulation of the boiler with 

higher O2 concentration in the air are in the figure 7 

 

 
Figure 7 Results of the simulation (temperature and 

velocity with higher O2 concentration.) 
 

At the upper part of the figure 7 is shown 

temperature volume rendering. At the dawn part of 

the figure 3 is shown velocity streamlines of the inlet 

mases. 

According to the results of the simulation the 

maximum temperature inside the boiler rise by 5,7 % 

to 2041 K comparing with the simulation with lower 

O2 concentration. The areas of the maximum 

temperature are situated near the wall in front of the 

burners. Average temperature inside the boiler is also 

increased by 6,2 % to1811 K.  

According to the simulation there is still good 

circulation of the hot gaseous mases inside the 

combustion chamber (aprx. 3-5 times). 
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Figure 8 Results of the simulation (NOx with higher O2 

concentration) 
 

Figure 8 represents mass fraction of the NO. 

Maximum concentration of the NO in the boiler 

increased by 6,04 % to 193 ppm comparing with the 

simulation with lower O2 concentration. The average 

concentration inside the combustion chamber has 

risen up to 95 ppm, concentration at the exhauster - to 

145 ppm. Figure 9 represents concentration on the 

NO along the flame axis. 

 

 
Figure 9 Concentration of the NO along the flame axis 

 

According to the figure 9 increasing of the O2 

mass concentration by 1 % leads to rising of the NOx 

by approximately 6 % in the current working thermal 

characteristics of the boiler as the thermal load of the 

combustion chamber is placed in the Arrhenius 

formulation border. 

Conclusions 

Above theoretical and experiential knowledge 

which allows understanding and calculating the 

mechanisms of NOx formation in the high-pressure 

boilers. Also the main management points of control 

of the thermal machines respect to its efficiency and 

ecological problems are presented. 

Simulations confirm the mechanism of the NOx 

formation according to the Arrhenius formulation in 

the thermal equipment with high thermal load of the 

combustion chamber. Increasing of the O2 mass 

concentration by 1 % is leads to rising of the NOx by 

approximately 6 %.  

Nevertheless it is possible to increase the power 

of the thermal equipment by rising of the O2 

concentration in the combustion air.  
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