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Numerical Simulation of Premixed Turbulent Methane Combustion 

in a Multi-Inlet Cyclone Combustor 

Highlights 

❖ The residence time of the fuel in the combustion chamber has been extended  

❖ Better mixing and proper combustion are achieved 

❖ A uniform temperature range and low emissions are achieved  

 

Graphical Abstract 

Simulation of combustion of a mixture of methane and air 

 

 

Figure. CH4 mass fractions 

 

Aim 

Improve better combustion and reduce emissions 

Design & Methodology 

This study utilized the ANSYS Fluent CFD code to conduct numerical analysis. The simulation was carried out for an 

air:methan ratio (φ) of 1.0 

Originality 

Although there are studies on multi-inlet cyclone burners in the literature, there are no studies on gas fuel with low 

calorific value. In this study, low CO were achieved  

Findings 

The residence time of the fuel in the multi-inlet cyclone combustor was extended 

Conclusion  

Due to better fuel mixing, a uniform temperature field and low emissions are obtained 
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The authors of this article declare that the materials and methods used in this study do not require ethical committee 

permission and/or legal-special permission 
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ABSTRACT 

The multi-inlet cyclone combustion chamber simulated in this study has 14 tangential gas/air inlets, each with an internal diameter 

of 9.525 mm, and is inclined 30° towards the front end of the combustion chamber in 2 symmetrical rows of seven. This study used 

CFD code to numerically simulate a multi-inlet cyclone combustor fueled by methane. The standard k-Ɛ model was chosen to 

simulate turbulent flow. Eddy Dissipation was used to simulate the combustion of a premixed mixture. The simulation was carried 

out for an air:fuel ratio (φ) of 1.0. The design velocity at the entrance to the combustion chamber is 20 m/s. In all cases, the inlet 

gas temperature was assumed to be T=300 K. The number of iterations was 3000. The other physical constans were taken from the 

literature. The computational default value was used for the operating pressure. The results of the study showed that the proposed 

cyclonic combustor provides better fuel mixing, increases the residence time of the fuel in the combustor, achieves a uniform 

temperature field and reduces emissions. 

Keywords: Multi-inlet cyclone combustor, CFD Modelling, methane combustion. 

 

Çok Girişli Siklonlu Yakıcıda Türbülanslı Ön 

Karışımlı Metan Yanmasının Sayısal Simülasyonu  

ÖZ 

Bu çalışmada simüle edilen çok girişli siklon yakıcı, her biri 9.525 mm iç çapa sahip 14 teğet gaz/hava girişine sahiptir ve yedili 2 

simetrik sıra halinde yanma odasının ön ucuna doğru 30° eğimlidir. Bu çalışmada metanla beslenen çok girişli siklonlu bir yakıcının 

sayısal simülasyonunu yapmak için CFD kodu kullanılmıştır. Türbülanslı akışı simüle etmek için standart k-Ɛ modeli seçilmiştir. 

Önceden karıştırılmış bir karışımın yanmasını simüle etmek için Eddy Dissipation kullanılmıştır. Simülasyon, 1,0 hava:yakıt oranı 

(φ) için gerçekleştirilmiştr. Yanma odasının girişindeki hız 20 m/s'dir. Tüm durumlarda giriş gazı sıcaklığının T=300 K olduğu 

varsayılmıştır. İterasyon sayısı 3000'dir. Diğer fiziksel sabitler ise literatürden alınmıştır. Çalışma basıncı için hesaplamalı 

varsayılan değer kullanılmıştır. Çalışmanın sonuçları, önerilen siklonik yakıcının daha iyi yakıt karışımı sağladığını, yakıtın yanma 

odasında kalma süresini arttırdığını, üniform bir sıcaklık alanı elde ettiğini ve emisyonları azalttığını göstermiştir 

Anahtar Kelimeler: Çok girişli siklon yakıcı, CFD modelleme, metan yanması 

 

1. INTRODUCTION 

Energy holds an extremely significant function in 

ensuring sustainable and safe development of society. 

The sufficiency and reliability of supplying electricity 

and heat to the growing needs of the economy and 

population are of decisive importance. Traditional energy 

provides about half of the world's man-made emissions 

of greenhouse gases and harmful substances into the 

environment [1]. 

However, achieving emission reduction targets requires 

the use of alternative, low-carbon or non-carbon fuels in 

the energy and industrial sectors using combustion 

systems [2]. 

Exploration of pristine, low-carbon alternative fuels 

alongside in-depth examination of combustion 

mechanisms stands as pivotal technological avenues 

toward enhancing energy efficiency and mitigating the 

discharge of pollutants into the environment [3-5]. 

Researchers are diligently engaged in investigating 

manufacturing and utilization of environmentally 

friendly energy sources, including CH4 and H2. A 

growing body of scholarly inquiry is dedicated to 

emission reduction strategies and carbon dioxide 

mitigation, alongside the promotion of safe energy 

practices. 

Natural gas, primarily composed of methane (comprising 

85 to 96 percent), represents an efficient and 

environmentally friendly fossil fuel source. Methane is 

high hydrogen-to-carbon ratio contributes to the 

mitigation of carbon emissions (CO and CO2) during 

combustion. 

Numerous scientists have undertaken experimental and 

computational investigations into the combustion 

properties of CH4 and various gases across diverse 

conditions [6-8]. 
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Tunçer investigated the laminar flame velocities of 

hydrogen-rich methane fuel with chemical kinetic 

simulations based on the GRI 3.0 mechanism. It was 

determined that hydrogen enrichment increased the flame 

as expected. The investigation examined the influence of 

hydrogen ratio and pressure on flame velocities and 

emissions. He found that increasing pressure reduces 

flame velocities, but in turn increases emissions. 

Emissions and flame rates increase with increasing 

hydrogen content. He focused on one- and zero-

dimensional simulations. The focus in zero-dimensional 

simulations is the effect of equivalence coefficient 

fluctuations resulting from thermo-acoustic instability on 

lean flame extinction and emissions. In this study, it was 

observed that hydrogen-rich mixtures were more 

resistant to equivalence ratio fluctuations [9]. 

V.V. Morozov, P.D. Shilin, A.A. Ravina, S.A. 

Shalynkov, in their work presented the results of 

numerical modeling of the combustion process of CH4 

and atmospheric air in аn axisymmetric cylindrical 

burner. The simulation was carried out under the 

assumption of a staged combustion process with partial 

pre-mixing, where fuel was injected through the central 

annular channel and air through the outer annular 

channel. In their research, they used CFD modeling for 

the combustion process of a fuel mixture in an air flow 

using the ANSYS Fluent software package. The validity 

of the solved problem was confirmed through 

comparison of experimental data with numerical 

simulation results depicting the process of methane 

combustion in atmospheric air within an axisymmetric 

cylindrical burner. A mathematical model of chemical 

reactions of combustion of individual components of the 

sweep is proposed, taking into account their chemical 

kinetics depending on temperature and their 

concentration. The results obtained using it showed a 

high rate of reactions, while the time of their occurrence 

was several times greater than the time spent by the 

reagents in the burner, which allowed us to conclude that 

there is no influence of chemical kinetics on the working 

process, that is, the combustion process in the burner is 

determined by diffusion mixing high-speed air jets [10]. 

Mustafa Ilbas, Ilker Yılmaz, in their work, conducted 

experiments using two different fuels (M70H30, 

M30H70) mixed from hydrogen and methane. The 

outcomes of this experiment demonstrated a positive 

correlation between the H2 content in the blended fuel 

and both the elevation of temperature levels and the 

reduction of CO emissions. Burning fuel mixed with 

hydrogen and methane produces lower CO emissions 

because the C/H ratio decreases as the fuel is mixed. 

Reducing CO emissions results in a significant increase 

in combustion efficiency. It has been demonstrated that 

hydrogen-methane fuel blends can be effectively utilized 

without necessitating significant modifications to the gas 

burner [11]. 

A numerical investigation was undertaken by A. Krainov 

and K. Moiseeva to explore the combustion dynamics of 

an air-methane mixture within a slot burner featuring an 

internal insert and adiabatic external walls. The study 

delineated the domain of high-temperature stationary 

combustion mode for lean compositions, contingent upon 

the gas supply rate and volumetric CH4 content in the 

mixture. The maximum extent of advancement of the 

combustion front within the slot burner channel was 

established, contingent upon the mixture composition. 

Furthermore, it was demonstrated that the presence of an 

inert internal insert within the slot burner expands the 

combustion limits of the methane-air mixture [12]. 

Jianfeng Pan, Hong Yu, and their colleagues conducted a 

comparative analysis of the combustion characteristics of 

premixed CH4 and O2 within 3 distinct types of 

mesocombustion chambers, each possessing an identical 

hydraulic diameter. Experimental measurements were 

performed to ascertain the upper limits of flammability 

of the premixed gas within combustion chambers of 

varying cross-sectional geometries. The experimental 

findings revealed a periodic reduction in the upper 

flammability limits of premixed gases when the CH4 flow 

rate remained constant across combustion processes 

occurring within round, square, and rectangular 

combustion chambers. Additionally, under identical 

input parameters, the gas-phase reaction intensity within 

a combustion chamber with a round cross-section 

surpassed that within a square cross-section chamber, 

while the rectangular cross-section chamber exhibited the 

lowest intensity. Furthermore, at constant inlet velocities, 

the square cross-section combustion chamber 

demonstrated a higher average temperature compared to 

others, whereas the round cross-section combustion 

chamber exhibited less temperature variation and more 

uniform temperature distribution [13]. 

In their study, M. Ilbas, S. Karyeyen, and I. Ozdemir 

conducted a numerical investigation into pre-mixed 

hydrogen flame behavior within both closed and open 

combustion chambers. Utilizing computational fluid 

dynamics (CFD) methodology, the burning and 

discharge characteristics of pre-mixed hydrogen were 

extensively examined. The simulation encompassed 

variations in the excess air coefficient ranging from 0.8 

to 1.7. The findings revealed a maximum temperature 

distribution of approximately 2000 K within the closed 

combustion chamber [14]. 

Li Guo and others conducted a comprehensive study, 

utilizing both experimental and computational methods, 

into the characteristics of CH4/O2 flames augmented with 

H2 in a microclosed combustion space. Their findings 

revealed that the integration of hydrogen considerably 

extends the stable combustion range of CH4/O2 flames 

within microconfined spaces by approximately 20% 

when the hydrogen integration ratio reaches 50%. 

Moreover, they observed that the frequency and 

maximum flame propagation speed, denoted as FREI, 

experience augmentation. Additionally, they noted a 

nearly linear decrease in the extinguishing distance of 

CH4/H2/O2 flames with increasing H2 ratio. This 

phenomenon is attributed to the heightened critical rate 
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of scalar dissipation, leading to local flame attenuation in 

flames enriched with higher H2 content [15]. 

In this paper, Zhigang Liu and his colleagues examine the 

pollutant discharges, steady operational scope, and flame 

structure for the MILD jet combustor model. Variations 

in methane/hydrogen volume ratios span from 0:10 to 

5:5. Notably, NOx emissions remain below 5 ppm at 15% 

O2 with hydrogen volume fractions below 50% under 

atmospheric conditions. Utilizing the chemical reactor 

network (CRN) model, calculations reveal an increasing 

influence of thermal losses on NOx emissions with rising 

adiabatic combustion temperatures. Concurrently, 

augmented turbulent combustion rates and heightened 

reaction intensities result in compressed reaction zones 

with escalating hydrogen content. Moreover, an increase 

in hydrogen content correlates with a narrowing of the 

stable operation range of the combustion chamber, with 

stable combustion becoming untenable beyond a 

hydrogen content exceeding 50% by volume [16]. 

Mustafa Ilbas and others performed an experimental 

investigation to explore the combustion instability 

characteristics of CH4-NH3 blended fuels for low-swirl 

and premixed burners. The study scrutinized the 

influence of NH3 supplementation to CH4 fuel gas on 

temperature and emissions. Pure CH4 and three different 

CH4-NH3 mixtures at a concentration of 0.7 equivalents 

were utilized, along with three distinct acoustic 

parameters. An increase in ammonia addition led to 

elevated flame instability values, particularly evident at 

95 Hz where the most significant distortion effect was 

observed. The addition of NH3 to methane CH4 fuel did 

not notably alter combustion characteristics; however, 

projected levels of NOx emissions notably increased due 

to the association of nitrogen with ammonia. Despite this, 

exhaust gas measurements did not reveal high levels of 

NOx emissions [17]. 

In their investigation, Mustafa Kemalettin Büyükakın 

and Semiha Öztuna employed computational fluid 

dynamics (CFD) techniques to conduct a numerical 

examination of CH4 and O2 combustion, devoid of a pre-

mixture enriched with H2. Both pure CH4 and natural gas 

were utilized as fuel sources, with an excess air 

coefficient set at 1.2 across all considered combustion 

simulation scenarios. Varying H2 addition ratios of 25%, 

50%, and 75% by weight were applied. The resultant 

findings from the numerical studies demonstrated that 

methane enrichment with hydrogen led to a reduction in 

carbon emissions while significantly augmenting the 

formation of thermal NO emissions [18]. 

In their investigation, Meng Zhang, Zhenhua An, and 

their colleagues scrutinized the impact of CH4 and H2 

regulation on emission characteristics within the air-

ammonia flame in a gas turbine combustion chamber. 

Their findings revealed that NOx and unburned ammonia 

(NH3) emissions can be concurrently managed to desired 

levels with an equivalence factor (φ) of approximately 

1.1. Analysis of NO and NO2 variations with respect to φ 

for the NH3/H2/O2 flame and NH3/CH4/O2 flame at a 

mixing factor (Zf) of 0.1 demonstrated similarity to the 

NH3/O2 flame, with the peak shifting towards the 

enriched state. This suggests that the NH3/O2 flame can 

be regulated by incorporating a small quantity of active 

fuel without exacerbating NOx emissions [19]. 

In their research, Mustafa Ilbas and Serhat Karyeyen 

conducted a computational modeling of a turbulent flame 

involving unmixed hydrogen (H2) within a model 

combustion chamber. Computational fluid dynamics 

(CFD) investigations were carried out utilizing the Fluent 

code, with variations in fuel composition ranging from 

pure hydrogen to natural gas (including 100% H2, 70% 

H2 + 30% CH4, 10% H2 + 90% CH4, and 100% CH4). The 

introduction of air at a rate of 25% through two tangential 

inlets was incorporated. The study outcomes revealed a 

general rise in flame temperature with the incorporation 

of H2, while the introduction of methane led to 

temperature reduction and consequent emissions 

reduction. The implementation of staggered air supply 

led to the formation of rich and lean combustion zones, 

thereby mitigating NOx emissions through the 

combustion chamber outlet [20]. 

Modern methods for modeling fuel combustion are 

designed to determine high combustion efficiency and 

minimal emissions of pollutants into the atmosphere. 

Mathematical and computer simulations are extensively 

employed in the development and optimization of 

practical combustion equipment due to their significantly 

lower costs compared to experimental testing and 

prototyping. To date, no real progress in development or 

optimization can occur without numerical or computer 

modeling. [21]. 

This research work proposes a cyclonic combustor 

designed with full premixing capability. This design 

ensures good pre-mixing of fuel and air, due to which 

more uniform combustion occurs inside the cyclone 

combustor and the flame completely occupies the body 

of the combustion chamber. 

 

2. MATERIAL and METHOD 

In this work, a multi-inlet cyclone combustor is 

investigated, which gives very good results with very low 

NOx emissions. This type of combustor is mainly used to 

burn fuels with low calorific value. The multi-inlet 

cyclone combustor modeled for this study is shown in 

Figure 1. The proposed combustor has 14 gas/air 

tangential inlets each of 9.525 mm ID and are inclined 

towards the front end of the combustion chamber by 300 

in 2 symmetrical rows of seven. Characteristics are as 

follows [22]; 

Diameter of the combustor exit        : 76.20 mm 

Diameter of the cyclone combustor  : 152.4 mm 

Total length of the combustor           : 457.2 mm 

Geometrical swirl number                 : Sg=7.91 
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Figure 1. The multi-inlet cyclone combustor 

 

Thus before simulation starts, there are many points to be 

considered; definition of the modelling aims, generation 

of the grid, definition of physical models, choice of 

turbulence model, choice of combustion models. 

Prior to commencing the simulation, a computational 

mesh was generated for the model, exerting a substantial 

influence on the accuracy and stability of the numerical 

simulation solution. 

Figure 2 shows the network structure of a multi-inlet 

cyclone combustor. Mesh details: nodes: 179 526 and 

elements: 933 738. 

  

Figure 2. Mesh structure for multi-Inlet Cyclone Combustor 

 

Considering that the flow is turbulent, the standard k-Ɛ 

model was chosen for the simulation. Premixed 

combustion modeling using the Eddy Dissipation. 

Boundary conditions for air intakes and walls are 

determined. For the input boundary conditions, the input 

velocity, composition and temperature of the flow are 

determined. The simulation was carried out for an air:fuel 

ratio (φ) of 1.0. Table 1 below shows the mass fractions 

of species at the combustor inlets. The calculated velocity 

at the entrance to the combustion chamber is 20 m/s. 

Turbulence intensity was taken as to be default value of 

10 %. In all cases, the inlet gas temperature is assumed to 

be T=300 K.  The number of iterations was 3000. 

Table 1. Mass fractions of species at the combustor inlets 

Mixture ratio Mass fraction 

φ CH4 O2 N2 

1.00 0.0540 0.2170 0.7290 

 

3. RESULTS AND DISCUSSION 

This study utilized the ANSYS Fluent CFD code to 

conduct numerical analysis of air-methane mixtures. 

The results of modeling the combustion of a mixture of 

methane–air are shown in Figures 3 to 7 

  

Figure 3. Temperature distributions (K) 

Figure 3 shows the temperature distribution when 

simulating the combustion of air-methane mixture in the 

combustor. The peak temperature level is approximately 

2195 K. In the figure you can see a constant temperature 

distribution along the entire length of the combustor, with 

the flame front located next to the chamber wall. This can 

be explained by the location of tangential air intakes 

along the chamber and stabilization of the flame at the 

wall. Temperature levels are reduced to 1800 K in the 

central vortex region of the core. This occurs due to the 

recirculation of somewhat cooler combustion products 

from the exhaust zone. 

Velocity distributions are shown in Figure 4. In the 

combustion chamber, the velocity levels are                      21 

m/s near the wall, then the velocity gradually increases 

towards the axis of symmetry and reaches a maximum 

value and then gradually decreases to zero. Maximum 

velocity is in the exhaust exit region; 39 m/s. The 

maximum velocity level is doubled due to combustion. 
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Figure 4. Velocity distributions 

  

Figure 5. CH4 mass fractions 

Figure 5 shows the mass fractions of methane. It shows 

that methane is consumed in the area very close to the 

inlets. Additionally, methane was consumed as soon as it 

entered the combustion chamber. Methane is completely 

burned. 

 

  

Figure 6. CO2 mass fractions 

Figure 6 shows the distribution of CO2 fractions. The 

estimated maximum level of CO₂ produced from the 

conversion of CO to CO₂ in the second reaction is 

approximately - 14.7%. 

  

Figure 7. H2O mass fractions 

Figure 7 shows the distributions of H₂O mass fractions. 

The maximum H₂O level for these conditions is 

approximately - 12.7%. 

 

4. CONCLUSION 

A numerical study of premixed methane in a multi-inlet 

cyclone combustor was carried out. The results showed 

that the proposed cyclonic combustion chamber can be 

considered as the optimal design for complete 

combustion of methane. The residence time of the fuel in 

the combustion chamber is also increased. Due to the 

proposed design, better mixing of fuel is achieved, a 

uniform temperature field is achieved and emissions are 

reduced. 
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