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Abstract— This project presents the design of combustion 

chamber and analyzing it by introducing a swirler nozzle at 

the inlet. Analysis is carried out both for the static inlet 

nozzle and swirler nozzle to understand the behavior of the 

fuel inside the chamber. The fluid used here is propane ( 

C3H8 ). The computational approach attempts to make a 

reasonable balance to handle the aspects of complicated 

physics and chemical interactions of the flow. Accordingly, 

in this study an attempt has been made by using CFD 

approach using ANSYS FLUENT 15 to analyze the 

behavior of the fuel  and the flow pattern within the 

combustion chamber and also parameters such as static 

temperature, temperature distribution, velocity magnitude, 

and temperature at the chamber walls at the exit of 

combustion chamber is obtained. And the comparision is 

made for static and swirler nozzle all the above mentioned 

parameters to conclude the results of the combustion 

process. 
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I. INTRODUCTION 

Gas turbine is an internal combustion engine in which the 

gases expand due to one or more than one combustion 

chambers to drive a turbine. A rotary compressor driven by 

the turbine shaft compresses the air used for combustion. In 

a gas turbine combustor high pressure air is fed through 

compression system. In combustor air then heats up at 

constant pressure. After heating up the air then passes from 

combustor through nozzle guide vanes into the turbine. In 

ramjet and scramjet engines air will be directly fed into the 

nozzle.The combustor must maintain a stable combustion 

process despite of very high air flow rates. For this reason 

the combustors are carefully designed to mix the air and fuel 

mixture and then to ignite attain complete combustion 

process. Combustor plays an important role in engines 

operation and determining the operating characteristics such 

as fuel efficiency, turbulence intensity of fuel and flow 

patterns inside the combustion chamber is of prime 

importance. 

II. GAS TURBINE COMBUSTOR MODELLING WITH CFD 

The parameters required for the dynamic combustor model 

can be known from a CFD analysis of the combustor flow in 

case of the application of the theory to a particular 

combustor design. The objective of the work is to develop a 

three-dimensional numerical simulation on the basis of the 

finite volume method work is to develop a three-

dimensional numerical simulation on the basis of the finite 

volume method for predicting the penetration and mixing 

characteristics and all the parameters happening inside the 

combustion chamber which would help the betterment of the 

turbine. Gas turbine combustor design represents an 

ambitious task and time consuming in experimental 

analysis. A significant number of competing criteria must be 

optimized within specified constraints in order to satisfy 

performance requirements. Computational Fluid Dynamics 

(CFD) is increasingly applied in industry due to its 

capability to provide early detailed information of different 

technical design variants with in less time.The major parts 

of the combustion chambers include the chamber liners, 

entrance Swirlers, fuel nozzles, liner cooling slots and holes, 

primary and secondary dilution holes. Major consideration 

in the designing of a combustor is the inlet mass flow paths.  

The large portion of the combustor inlet flow is used for 

cooling the metal casing and diluting the combustion 

products. 

III. CFD PREPROCESSING: 

Geometric model is generated in ‘SOLIDWORKS’ which is 

very popular modeling software. The generated model is 

exported to the further process in the form of .IGES   as it is 

a third party format which can be taken in to any other tools. 

Extracting the fluid region is the next step in which all the 

surfaces which are in the contact of fluid are taken alone and 

all other surfaces are removed completely. To keep the 

domain air /water tight some extra surfaces are   created. 

This clean-up is done in ANSA meshing tool which is very 

robust clean up tool. 

 
Fig. 1: Gas turbine image 

 
Fig.2: geometry cleanup 

IV. MESHING 

After cleaning up the geometry surface mesh is generated in 

ANSA tool itself. All the surfaces are discredited using tri 

surface element .As the geometry has some complicated  

and  skewed  surfaces  tri  surface  elements  are  used  to  
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capture  the geometry. The following figure shows the 

surface meshes. 

 

 
Fig. 3: surface mesh on the body 

V. VOLUME MESHING 

Volume  mesh  is  generated  in  T-Grid  which  is  a  robust  

volume  mesh generator. Volume is discretized using 

tetrahedron .Each and every cell centroid is the co-ordinate 

at which the navier-stokes system of equations are solved. 

Mesh details: 

Mesh Count Quality 

surface mesh 498281 0.6 

volume mesh 1315192 0.81 

VI. SOLVER SETUP 

Ansys-fluent is used as the solver for this case.  

 Fluid is assumed to be 3-D, turbulent. 

 Turbulence is model by K-ᶓ  model  with Energy ON 

 Simple algorithm is used to solve the problem  

 Species transport is used  

 Segregated solver is used for pressure-velocity 

coupling. 

VII. FUEL-AIR INLET 

Fixed mass flux boundary condition  

Mass flow inlet kg/s M= 0.745 

Temperature K 430 K 

Density 6.1821 kg/m3 

Inlet total pressure 4 Bar 

Velocity of fuel injection 15 m/s 

Main air inlet 

Fixed mass flux boundary 

condition 
 

Mass flow inlet kg/s 4.288  kg/s 

Temperature K 
461 K (pre-compressed 

air) 

Density 3.1576 kg/m3 

Inlet total pressure 4 Bar 

Inlet static pressure 3.89 Bar 

VIII. INVESTIGATION ON SWIRL INDUCED FLOW IN GAS 

TURBINE 

The above study is performed with smooth stream of air and 

fuel entering the gas turbine combustion chamber, with 

extensive volumes of air, supplied by the compressor and 

releasing the heat in such a manner that the air is expanded 

and accelerated into the combustion chamber. The 

temperature, pressure and turbulence intensity is discussed 

in the above investigation.  

Now, in the this investigation the main stream air 

enters the combustion chamber via a swirler nozzle. The 

fuel enters the combustion chamber separately from the air 

via a pipe in the center of the swirler nozzle. The swirl of 

the air causes a recirculation zone, which stabilizes the 

flame. After the primary combustion zone a secondary air 

stream is injected to rapidly dilute the fuel mixture and to 

lower the temperature in the combustion chamber.  

The combustion process is assumed to be adiabatic, 

i.e., the heat transfer due to conduction and/or radiation will 

not be modeled. The flow model is steady state and the 

RANS equations are solved in conjunction with the standard 

k-ε turbulence model. The thermo-chemical properties of the 

fluid are defined as per ANSYS Fluent 15.0. library. 

IX. RESULTS AND DISCUSSION 

 
Fig 4: Static Temperture with swirler nozzle 
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Fig 5: Static Temperture with straight nozzle 

The above figure illustrates the difference in temperature 

with Swirler Nozzle and without Swirler Nozzle. The 

swirler nozzle allows the air to enter into the combustion 

chamber with high turbulence hence inducing better mixing 

and hence complete combustion of air/fuel mixture. The 

straight nozzle combustion chamber shows lesser 

temperature compared with the combustion chamber with 

Swirler nozzle. The temperature in the swirler nozzle 

combustor in evenly distributed creating lesser amount of 

hotspot junctions at the walls and the exit which would 

increase the life of the part and also by uniform temperature 

distribution self ignition can be prevented which would 

cause effective burning and increase the efficiency of the 

turbine. 

 
Fig 6: Velocity magnitude with swirler nozzle 

 
Fig 7: Velocity magnitude with straight nozzle 

The above figure shows the velocity magnitude of Gas 

turbine with Swirler and with straight nozzle. It also shows 

that the velocity in Gas turbine with swirler nozzle has 

better uniform mixing than with the straight nozzle. It also 

shows the flow is fully developed across the combustion 

chamber hence better mixing of the combustor which will 

make effective combustion inside the combustor and will 

increase the efficiency of the turbine. 

 
Fig 8: Static Temperature Isometric View 

The above figure is an isometric view of the 

temperature profile inside the gas turbine with swirler 

nozzle. The temperature of the fuel entering the combustion 

chamber is 373.73 K and as it moves downwards, the fuel is 

ignited spontaneously thereby increasing the temperature. 

The ignition is spontaneous and combustion takes places 

very gradually. This shows the better mixing of fuel and air 

due to the swirler nozzle. 

 
Fig 9: Pathlines 

The path line shows the air and fuel mixing inside the 

combustion chamber. The air from the annulus is entering 

through the holes provided on the sides. This helps in 

complete combustion of the fuel at the later stage of 

combustion. This gives a through combustion of the 

combustor fuel and hence more efficient and comparatively 

large thrust force generated by the turbine. 

X. CONCLUSION 

The above analysis illustrates the difference in temperature 

with Swirler Nozzle and without Swirler Nozzle.  

 The swirler nozzle allows the air to enter into the 

combustion chamber with high turbulence hence 

inducing better mixing and hence complete combustion 

of air/fuel mixture. 

 Temperature in the swirler nozzle combustor in evenly 

distributed creating lesser amount of hotspot junctions 

at the walls and the exit which would increase the life 

of the part and also by uniform temperature distribution 
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self ignition can be prevented which would cause 

effective burning and increase the efficiency of the 

turbine.   

 The velocity near the inlet is very high and that is due to 

the nozzle effect from the swirler. After that the 

velocity magnitude of the fuel gradually becomes 

steady and due to lesser velocity the time for 

combustion inside the chamber increases which 

increases the combustion lag and helps to expand the 

gases effectively inside the chamber. 

 The ignition is spontaneous and combustion takes 

places very gradually. This shows the better mixing of 

fuel and air due to the swirler nozzle. 

 The velocity magnitude of Gas turbine with Swirler and 

with straight nozzle. It also shows that the velocity in 

Gas turbine with swirler nozzle has better uniform 

mixing than with the straight nozzle. It also shows the 

flow is fully developed across the combustion chamber 

hence better mixing of the combustor which will make 

effective combustion inside the combustor and will 

increase the efficiency of the turbine. 

 The temperature of the fuel entering the combustion 

chamber is 373.73 K and as it moves downwards, the 

fuel is ignited spontaneously thereby increasing the 

temperature.  
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