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ABSTRACT: 
This computational study investigates the influence 

of methane fuel mass flow rate on the internal thermal 

field of a gas turbine Can-Type combustion chamber. 

A two-dimensional and three-dimensional model of 

the combustor was developed using AutoCAD and 

SolidWorks, followed by numerical simulations 

performed with ANSYS Fluent 2021 R1. The 

Reynolds-Averaged Navier-Stokes (RANS) 

equations were solved using the standard k-

ε turbulence model, coupled with a one-step eddy 

dissipation combustion model for methane air 

reaction. Simulations were conducted across a fuel 

mass flow rate range of 0.0003 kg/s to 0.0007 kg/s, 

while maintaining constant inlet air conditions and an 

adiabatic wall assumption. The results demonstrate a 

direct but nonlinear relationship between fuel mass 

flow rate and average combustion chamber 

temperature. Increasing the fuel flow by 33.3% to 

133.33% yielded corresponding temperature 

increases of only 0.224% to 1.611%, indicating 

diminishing thermal returns at higher flow rates. 

Contour plots of static temperature reveal the spatial 

progression of the high-temperature region with 

increased fuel input, highlighting intensified thermal 

loading on chamber walls. The findings underscore 

the inefficiency of relying solely on increased fuel 

flow to elevate combustion temperatures beyond a 

certain threshold. Instead, the study emphasizes the 

importance of optimizing air-fuel mixing, swirl 

dynamics, and liner cooling for effective thermal 

management. This work provides quantified insights 

that can inform fuel scheduling strategies, combustor 

design refinement, and cooling system integration to 

enhance operational efficiency and durability in gas 

turbine systems. Recommendations for future work 

include experimental validation and extension of the 

analysis to alternative fuels and more complex 

combustion chemistries. 

 

Keywords: Can Type Combustion Chamber, Mass 

Flow Rate of Fuel, Gas Turbine, Thermal Analysis, 

Temperature Field, Computational Fluid Dynamics 

(CFD), ANSYS Fluent 

 

I. Introduction 
Gas turbines are fundamental to modern 

power generation and aviation, operating on the 

Brayton cycle to convert the chemical energy of fuel 

into mechanical work [1 − 2]. The performance and 

efficiency of these engines are critically dependent on 

the complex thermochemical processes occurring 

within the combustion chamber, or combustor, one of 

the engine's core components alongside the 

compressor and turbine [3]. As the core component 

bridging the compressor and turbine, the combustor 

must efficiently burn fuel within a high-pressure air 

stream to deliver a high-temperature, uniform 

working fluid to the turbine inlet [ 4 − 5] .This 

process must be achieved while minimizing pressure 

losses, ensuring combustion stability and 
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completeness, and preserving turbine hardware 

through controlled temperature profiles. 

Extensive research has been dedicated to 

optimizing combustor performance through various 

avenues. Prior investigations have systematically 

examined the influence of combustor 

geometry [6–8] , the use of alternative working 

fluids [4],and advanced cooling strategies employing 

baffles and vortex generation [9] . Furthermore, 

studies have focused on operational stability, 

analyzing phenomena such as lean blowout in model 

combustors [10] , and have assessed the impact of 

inlet air distribution [11], humid air [ 12], and steam-

diluted fuels [ 13]. Material advancements, such as 

the application of ceramics [14], fundamental studies 

on the role of turbulence [15]  have also contributed 

to the body of knowledge aimed at enhancing 

combustion efficiency and reliability. Despite this 

comprehensive research landscape, a precise, 

quantified understanding of a key operational 

parameter remains under-explored: the direct effect 

of fuel mass flow rate on the internal thermal field 

within a methane-fueled combustor. While the 

relationship between fuel input and general 

performance is acknowledged, the detailed spatial 

and temporal temperature response to variations in 

methane mass flow rate lacks systematic 

characterization. This gap limits the ability to fine-

tune operational strategies for optimal efficiency and 

emissions control under varying load conditions. 

To address this lacuna in the current 

literature, this study employs CFD to conduct a 

numerical investigation. The primary objective is to 

quantify the relationship between methane fuel mass 

flow rate and the resulting temperature distribution 

inside a model gas turbine combustion chamber. By 

simulating a range of fuel mass flow rates, this 

research aims to elucidate the consequent effects on 

the internal temperature profile of the gas turbine 

combustion chamber.  

The findings of this work are intended to 

provide actionable insights for gas turbine design 

engineers and operators. A clear, quantified 

correlation between fuel flow and combustion 

chamber thermal management will inform more 

precise control algorithms, aid in the design of 

combustors with wider operational envelopes, and 

contribute to strategies for improving overall cycle 

efficiency and reducing thermal stresses on turbine 

components. 

 

II. Materials and Method 

 

2.1    Materials 

2.1.1  Combustion Chamber Material  

The super-alloy Inconel 718, which is based on 

nickel, was selected as the material for the 

combustion chamber wall because of its exceptional 

strength and ability to withstand oxidation and 

corrosion at high temperatures. 

2.1.2  Fluid Dynamics Computational Tool 

In this study, CFD is utilized for analysis and 

simulation. During the research process, all relevant 

boundary conditions and assumptions were taken into 

consideration. 

2.1.3  Use of AutoCAD software  

The combustion chamber under consideration was 

designed using the AutoCAD software.  

2.1.4  Data Source and Gathering  

The Ibom Power Plant Company, situated in the Ikot 

Abasi Local Government Area of Akwa Ibom State, 

Nigeria, provided the data for this study. Data are also 

obtained from published papers, experimental data 

from other researchers, and data bases or data 

logbooks.  

 

2.2  Methods 

The following are the methodologies used in this 

study:

  

2.2.1  Creating a 3D Model of the Combustion 

Chamber Geometry: 

The Can type combustion chamber design was 

chosen for this study. Figure 1 shows the geometry of 

the gas turbine Can-Type combustor chamber. The 

combustor's dimensions are 220 mm in diameter and 

420 mm in the Z direction. Vanes give a whirling 

velocity component by directing the primary input 

air. The primary main air inlet has a total surface area 

of 80 cm2. Fuel is introduced into the primary air flow 

by means of fuel inlets, each of which has a surface 

area of 0.21 cm². Twelve port air inlets, each with an 

area of 1.8 cm², are used to introduce the primary air 

into the combustion chamber. The unburned fuel is 

completely burned by injecting the secondary air 

after the primary air. The fuel injector injects 0.2 m 

of dilution air to regulate the flame temperature and 

NOx emissions. 0.05 m² is the area of the can-type 

combustor's circular outlet. The CFD model used in 

this work considers a single Can. This system is 

composed of the primary burner, combustor wall, 

secondary air inlet, swirl air inlet, dilution air inlet, 

and output. Air and natural gas can enter the 

combustor through a swirl burner.  

Dilution air has two purposes, providing the 

additional air required for complete combustion and 

cooling the combustion liner, which is normally 

heated to a high temperature.  

It is directed to the surrounding cylinder concurrently 

with secondary air. To accurately depict the swirl 

flow prior to fuel-air mixing in the main primary 
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zone, a swirl burner is also modeled. The liner holes 

are required to cool the combustion products, to 

maintain a constant temperature profile at the exit in 

the dilution zone, and to cool the liner wall 

configuration. They are also required to supply 

enough air to the primary zone for full combustion at 

the selected primary zone equivalency ratio of 1:2. 

The diameter of the air entrance holes is determined 

by the required greatest penetration. The effective 

sizes of the holes were calculated using the following 

formulae in equations (1), (2) and (3). 

 

        
∆𝑃3−4

𝑃3
= 

143.5𝑀ℎ 𝑇3

𝑃32 𝐶𝑑2𝐴ℎ2         (1)  

          

         𝐶𝑑 =  
𝑘−1

0.6 √[4𝑘−𝑘(2− 𝛽)2]
          (2)                                     

       

     𝑘 = 1 + 0.64√[2𝜇2 + (4𝜇4 + 1.56𝜇2 (4𝛽 − 𝛽2)]        (3)                   

      

                                       Where: 

 

𝐴ℎ is the area of inlet ports. 

 
∆𝑃3−4

𝑃3
 term is taken to be 6% 

 

𝐶𝑑 is given as 0.65. 

𝑀ℎ denotes the mass flow rate through the ports (kg/s) 

 

Solid Works, a modeling program, is used to model the combustor in 3-Dimensions (Figure 1). The end view of 

a 3D model of a combustion chamber of the Can Type is displayed in Figure 2. As seen in Figure 3, a reduced 2-

Dimensional solid model was built and used to produce the computational grid (Meshed) in order to simplify the 

simulation and cut down on computing time as shown in Figure 4. 
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Figure 3: 2D Model of Can Type                                          Figure 4: 2D Meshed Model of Can Type     

Combustion Chamber                                                                   Combustion Chamber. 

 

2.2.2   Numerical Requirements for the Research 

 

Table 1: Numerical Requirements for the Research Study. 

Inlet boundary conditions  

Primary Air 

The injection mass flow rate 0.0012kg/s 

Turbulent viscosity ratio 10 

Inlet air temperature 633.15K 

The turbulence intensity  20% 

Mass fraction of oxygen 0.233 

 

Fuel Inlet 

Flow direction Axial component of flow direction 

The injection mass flow rate 0.0003kg/s – 0.0007 kg/s 

Turbulent viscosity ratio 10 

Inlet fuel temperature 633.15K 

The turbulence intensity 20% 

The species mass fraction 1 

Thermal radiation  Local temperature 

 

Secondary Air 

The injection mass flow rate 0.0018kg/s 

Turbulent viscosity ratio 10 

Inlet air temperature 633.15K 

The turbulence intensity 20% 

Mass fraction of oxygen 0.233 

 

Outlet 

The relative pressure 0Pa 

Mass fraction of oxygen 0.233 

Thermal radiation Local temperature  

 

Wall 

Wall Stationary wall 

Wall boundary condition No slip 

Wall roughness  Smooth 

Wall heat transfer  Adiabatic 

Mass sensitivity 0.95 

Thermal radiation Opaque 

Diffusion fraction 1 

(Author’s Compilation) 
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2.2.3   Mesh Generation 

Owing to the combustor's intricate form, an 

unstructured grid was employed in this investigation. 

Table 2 provides a summary of the primary quality 

specifications of the mesh, which was produced 

automatically. The geometry is intricate, with five 

distinct solid bodies. Sweep mesh was used, which 

combines structured and unstructured mesh. Figure 4 

shows this in action. In complex geometries, a higher 

mesh concentration was placed around the burner 

region to capture important flow development. 

                              

Table 2: Mesh parameters 

Mesh method Automatic 

Element size 0.02166m 

Edge sizing for swirler air inlet port Number of divisions: 60 

 Bias factor: 5 

Edge sizing for fuel inlet port Number of divisions: 60 

 Bias factor: 5 

Edge sizing for symmetry axis Number of divisions: 300 

 Bias factor: 5 

Edge sizing for outlet Number of divisions: 50 

 Bias factor: 5 

Edge sizing for dilution inlet air Number of divisions: 60 

 Bias factor: 5 

Edge sizing for secondary inlet air Number of divisions: 70 

 Bias factor: 5 

Edge sizing for primary inlet air Number of divisions: 70 

 Bias factor: 5 

Edge sizing for wall Number of divisions: 140 

 Bias factor: 5 

Growth 1.2 

Number of Nodes 14952 

Number of Elements 14126 

Capture proximity Yes 

(Author’s Compilation) 

 

2.2.4 Model Assumptions and the Methane Fuel 

Combustion Equation  

The simplest hydrocarbon, known as an alkane, is 

methane, an odorless, colorless gas that is found in 

large quantities in nature or can be produced 

artificially. It is assumed that the fuel used in this 

investigation is pure methane. Methane makes up 

more than 90% of the composition of natural gas; 

other gas  

compositions are present, but they are very minor and 

insignificant. The exothermic (heat-releasing) 

chemical reaction that takes place when methane is 

burned. This reaction involves hydrogen, oxygen, 

and carbon. The following is the reaction's major 

product list in equation (4), which also includes 

water, nitrogen oxide, and carbon dioxide: 

 

  𝐶𝐻4             +        4𝑂       →       𝐶𝑂2             +     2𝐻2𝑂       +       𝐻𝑒𝑎𝑡                        (4) 

  (𝑀𝑒𝑡ℎ𝑎𝑛𝑒 + 𝑂𝑥𝑦𝑔𝑒𝑛) →     (𝐶𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 +   𝑤𝑎𝑡𝑒𝑟 + 𝐻𝑒𝑎𝑡) 

 

This indicates that one part of methane must burn for 

every four parts of oxygen. The combustion 

reaction's byproduct reveals that there are two parts. 

As previously mentioned, four oxygen molecules are 

needed for every methane molecule to completely 

burn. The volumetric ratio of methane to oxygen is 

provided in the solution for equation (5) because the 

oxygen molecule consists of two atoms, or two 

portions. The generalized eddy-dissipation model is 

used to investigate the methane-air combustion 

system. Assuming that the fuel undergoes complete 

conversion to and, the combustion will be 

represented by a global one-step reaction mechanism. 

The reaction is as follows: 

 

𝐶𝐻4 + 𝑎(𝑂2 + 3.76𝑁2)  →   𝑛𝐶𝑂2 + 
𝑚

2
𝐻2𝑂 + 3.76 𝑎 𝑁2 + 𝐻𝑒𝑎𝑡                   (5)           
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  𝑛 = 1;𝑚 = 4 

        𝑎 =   𝑛 + 
𝑚

4
 

        𝑎 =   1 + 
4

4
 = 2 

𝑇ℎ𝑒 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑎𝑠 in equation (6) 

  𝐶𝐻4 + 2(𝑂2 + 3.76𝑁2)  →   𝐶𝑂2 + 
4

2
𝐻2𝑂 + 3.76 (2)𝑁2 +  𝐻𝑒𝑎𝑡                                        (6) 

The complete combustion reaction can thus be written as follows in equation (7) 

  𝐶𝐻4 + 2(𝑂2 + 3.76𝑁2)  →   𝐶𝑂2 +  2𝐻2𝑂 + 7.52 𝑁2  +  𝐻𝑒𝑎𝑡                       (7)   

 (𝑀𝑒𝑡ℎ𝑎𝑛𝑒 + 𝑂𝑥𝑦𝑔𝑒𝑛) →      (𝐶𝑎𝑟𝑏𝑜𝑛 𝑑𝑖𝑜𝑥𝑖𝑑𝑒 +   𝑤𝑎𝑡𝑒𝑟 + 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 + 𝐻𝑒𝑎𝑡) 

 

The stoichiometric coefficient, formation enthalpies, and reaction rate-controlling factors are defined in terms of 

the reaction equation above. Using the eddy-dissipation model in the turbulence-chemistry interaction model, the 

reaction rate will be calculated under the assumption that turbulent mixing is the process that limits the rate. 

 

2.2.5 Determining mass air-fuel ratio for the complete combustion of methane with a 150% theoretical air. 

𝐶𝐻4 + 1.5 𝑥 2(𝑂2 + 3.76𝑁2)  →   𝐶𝑂2 +  2𝐻2𝑂 + (0.5 𝑥 2)𝑂2 + (1.5𝑥 7.52) 𝑁2                     (8) 

 

𝐴𝑖𝑟 − 𝑓𝑢𝑒𝑙 𝑟𝑎𝑡𝑖𝑜 =  
𝑚̇𝑎𝑖𝑟

𝑚̇𝑓𝑢𝑒𝑙

 

= 
1.5 𝑥 (2 𝑥 4.76)𝑥 28.97

1 𝑥 (12 𝑥 1 + 1 𝑥 4)
 

=  25𝑘𝑔 𝑜𝑓
𝑎𝑖𝑟

𝑘𝑔
𝑜𝑓 𝑓𝑢𝑒𝑙 

 

2.2.6  Combustion Simulation Process  

This study presents a simulation of the combustion 

process within a gas turbine combustor. The 

simulation is run using the software ANSYS 

FLUENT. For the turbulent premixed combustion 

flame, the ANSYS FLUENT 2021 R1 solver was 

particularly employed to solve the governing 

equations.   According to the assumptions, the stable 

Reynolds Average Navier-Stokes (RANS) equations 

used to describe the air flow and combustion process 

inside the combustor. Equations (9), (10) and (11) 

respectively, provide the generic continuity, 

momentum, and energy equations as follows: 

 

    ∇ ⋅ (𝜌𝑉⃗ ) = 0                                                                                                         (9)                   

  

 
𝜕

 𝜕𝑥𝑗
(𝜌𝑢𝑖 𝑢𝑗 − 𝜏𝐼𝑗) =  − 

𝜕𝑃

𝜕𝑥𝑖
              

𝜏𝐼𝑗 =  𝜇 (
𝜕𝑢𝑖

𝜕𝑥𝑗

+ 
𝜕𝑢𝑗

𝜕𝑥𝑖

) − 
2

3
𝜇
𝜕𝑢𝑘

𝜕𝑥𝑘

 𝛿𝑖𝑗 − 𝜌̅𝑢𝑖
′𝑢𝑗

′ 

        ∇ ⋅  (𝜌𝑢𝑖ℎ) =  ∇ ⋅ (𝑘𝑒𝑓𝑓∇𝑇) + 
𝜕

𝜕𝑥𝑗
(𝑢𝑖 𝜏𝐼𝑗) + 𝑆ℎ          (10) 

= 𝑘 + 
𝜇𝑡𝐶𝑝        

𝑃𝑟𝑡
                                            

                                                                               

    
𝜕(𝜌𝑢𝑗𝑌𝑖)

𝜕𝑥𝑗
= 

𝜕(𝜌𝐷
𝜕𝑌𝑖
𝜕𝑥𝑗

)

𝜕𝑥𝑗
+ 𝑀𝑖  𝜔𝑖                                                                                               (11)  

 

𝑌𝑖 represents mass fraction for mixture gas of 𝐶𝐻4, 𝑂2, 𝐶𝑂2, 𝐶𝑂, 𝐻2𝑂 𝑎𝑛𝑑 𝑖𝑛𝑒𝑟𝑡 𝑁2. The term 𝑀𝑖  𝜔𝑖  is the mass 

production rate of species. 𝑀𝑖  is the molecular weight of 𝑖𝑡ℎ  species. 𝜔𝑖  is the reaction rate. Gas thermal 

conductivity, 𝑘𝑡 is derived from Prandtl number as in equation (12). 

      Pr =  
𝜇𝐶𝑝      

𝑘𝑡
                                                                                                                              (12) 

   Where Pr = 0.07. The diffusion coefficient, D, is estimated by Schmidt number, given as: 

𝑆𝑐 =  
𝜇

𝐷
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      Where 𝑆𝑐 𝑖𝑠 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑎𝑠 0.7 

2.2.7 Convergence criteria 

To define the convergence criteria the following values were considered, thus, for the simulations that used the 

standard  𝑘 −  𝜀   model convergence criteria defined can be seen on Table 3. 

 

                       Table 3: Convergence criteria used on the simulations of the standard 𝑘 −  𝜀 model. 

Residual Absolute criteria 

Continuity 10−3 

x-velocity 10−3 

y-velocity 10−3 

z-velocity 10−3 

Energy 10−6 

Epsilon 10−3 

Fmean 10−3 

Fvar 10−3 

P1 10−6 

(Author’s Compilation) 

 

2.2.8 Computing the Temperature Percentage 

Increase inside the Combustion Chamber  

The following formula was used to determine the 

percentage increase in temperature inside the 

combustion chamber: (Original temperature - New 

temperature) / (Original temperature) x 100  

Where:  

New temperature is the increase temperature inside 

the combustion chamber.  

The initial temperature inside the combustion 

chamber is known as the original temperature. It is 

assumed by this formula that the initial temperature 

was not zero. To prevent division by zero, a separate 

formula should be applied if the initial temperature is 

zero. 

 

2.2.9 Temperature Measurement inside the 

Combustion Chamber  

The average temperature inside the combustion 

chamber during CFD simulations, which are run at 

different mass flow rates, is used to calculate the 

temperature inside the chamber. To do this, CFD 

simulations at various mass flow rates must be run. 

Temperature data was then extracted from each 

simulation, the average temperature inside the 

combustion chamber was determined for each 

simulation, and the average temperature values were 

recorded. This method offers a thorough 

comprehension of the combustion chamber's internal 

temperature distribution under varied mass flow 

rates. 

      

III. Results and Discussion 
 

3.1 Relationship between Mass Flow Rate of 

Methane Fuel and Temperature Inside the 

Combustion Chamber  

Contour plots of static temperature for fuel mass flow 

rates from 0.0003 kg/s to 0.0007 kg/s are shown in 

Figures 5-9. The corresponding graph of average 

temperature versus fuel flow rate is presented in 

Figure 10. 

 

 
 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 1 Jan. 2026, pp: 309-319     www.ijaem.net     ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.35629/5252-0801309319    | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal       Page  316 

 
 

 
Figure 9: Contour Static Temperature for Combustion with 0.0007 kg/s Mass Flow Rate of Methane Fuel 

 

 
Figure 10: A Graph of Temperature against Mass Flow Rate 

 

The results indicate a direct but nonlinear relationship between methane mass flow rate and the average 

combustion chamber temperature. As summarized in Table 4, increasing the fuel flow by 33.3% to 133.33% 

resulted in diminishing returns, with temperature increases of only 0.224% to 1.611%, respectively. 

 

                    Table 4: Comparison between Percentage Increase in Mass Flow Rate of Fuel and                       

Average Temperature inside the Combustion Chamber. 

Range of Mass 

Flow Rate of Fuel 

(Kg/S) 

Percentage 

Increase (%) 

Range of Average 

Temperature (Oc) 

Percentage Increase in 

Average Temperature 

(%) 

2230

2235

2240

2245

2250

2255

2260

2265

2270

2275

0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008

Te
m

p
er

at
u

re
(O

C
)

Mass flow rate (kg/s)
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0.0003 – 0.0004 33.33 2235 – 2240 0.224 

0.0003 – 0.0005 66.67 2235 – 2259 1.073 

0.0003 – 0.0006 100 2235 – 2264 1.477 

0.0003 – 0.0007 133.33 2235 – 2268 1.611 

 

The contour plots show the spatial evolution of the 

high-temperature zone. With increased fuel flow, the 

high-temperature region expands, leading to 

intensified thermal loading on the combustor walls. 

The observed nonlinearity and diminishing thermal 

returns are attributed to several factors: the fixed air 

supply limiting complete combustion at higher fuel 

flows, increased radiative and convective heat losses 

from the larger flame, and chemical equilibrium 

limitations at elevated temperatures. 

 

3.2. Comparison with Existing Literature 

The finding that geometry and flow organization are 

critical for thermal management aligns with and 

extends previous research. Studies focusing on 

geometric variation [6, 7] established the importance 

of flow paths. 

 

The present work quantifies how, within a fixed 

geometry, the control variable of fuel flow has limited 

thermal efficacy without optimized mixing, 

reinforcing conclusions from integrated design 

studies [8]. Furthermore, the diminishing returns 

highlight why advanced cooling strategies [9] are 

essential not only for component protection but also 

for maintaining efficient combustion chemistry at 

high loads. 

 

3.3. Thermal Implications for Combustor Design 

The results demonstrate that simply increasing fuel 

flow is an inefficient method for raising combustion 

temperature beyond a certain point. For effective 

thermal management and performance enhancement, 

optimization of air-fuel mixing, swirl intensity, and 

liner cooling is paramount. These insights are directly 

relevant for improving combustor operability, 

emissions control, and component durability. 

 

3.4. Limitations of the Study 

While this study provides valuable insights, several 

limitations should be acknowledged: 

• Combustion Chemistry: The single-step 

global reaction mechanism does not capture 

intermediate species, detailed kinetics, or pollutant 

formation (e.g., NOx). 

• Steady-State Simulation: The RANS 

approach does not account for transient phenomena 

like combustion instabilities or dynamic thermal 

stresses. 

• Adiabatic Wall Assumption: Real-world 

heat transfer through liner cooling was neglected, 

which would alter the predicted temperature 

distribution. 

• Modeling Approximations: The use of the 

standard 𝑘 - 𝜖  model and simplified radiation 

treatment may not fully capture complex turbulence-

chemistry-radiation interactions. 

• Geometry and Boundaries: The study 

considered an isolated single can. Interactions in a 

multi-can array and variations in inlet conditions 

could influence results. 

• Fuel Composition: The fuel was assumed 

to be pure methane, whereas natural gas composition 

varies. 

• Experimental Validation: The findings are 

based solely on numerical simulation and require 

experimental validation. 

Addressing these limitations in future work through 

advanced modeling, validation, and more detailed 

physicochemical representations would enhance the 

predictive capability and practical applicability of the 

findings. 

 

IV. CONCLUSION AND 

RECOMMENDATIONS 

 

This computational study has systematically 

investigated the influence of methane fuel mass flow 

rate (0.0003 – 0.0007 kg/s) on the thermal field 

within a Can-Type gas turbine combustion chamber 

using CFD. The key finding is a direct but nonlinear 

relationship, where increasing fuel flow by 33.3% to 

133.33% yields diminishing temperature rises of only 

0.224% to 1.611%.  

This nonlinearity underscores the presence 

of limiting factors such as fixed air supply, increased 

heat losses, and chemical equilibrium at higher fuel 

inputs. Spatial analysis confirmed the expansion of 

the high-temperature core and increased wall thermal 

loading with higher fuel flow. 

The study concludes that relying solely on 

increased fuel delivery is an inefficient strategy for 

significantly raising combustion temperatures. 

Effective thermal management requires integrated 
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optimization of air-fuel mixing, swirl dynamics, and 

cooling flows. These quantified insights can inform 

more precise fuel scheduling algorithms and 

combustor design for wider operational stability and 

reduced thermal stress on components. 

 

For further studies, the following are recommended: 

• Experimental validation of the computation 

results. 

• Extension of the analysis to transient and off-

design conditions. 

• Inclusion of detailed chemical kinetics for 

emission prediction. 

• Investigation of the effects of alternative fuel 

compositions. 

• Coupled analysis of thermal and structural 

performance. 
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