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1. INTRODUCTION
Introduction In a micro gas turbine engine different types of swirlers 
are used to produce more swirling effect and proper mixing of air with 
combustion fuel. There are axial type of swirlers, tangential type of 
swirlers and rotating type of swirlers used in the micro gas turbine 
engine. The tangential inlet swirl is especially used for its feature of 
low pressure loss and swirl intensity.The rotating pipe swirlers are not 
used in combustion because it hasn't found wide application on the 
practice. For the study of the axial guide vane it is important to take 
some data from the pre performed experiments. In these experiments 
PIV method is used to analyze the flow area. From experiments it can 
be seen that the velocity with average magnitude for the sufficient time 
period. The reporting cross section lies downstream with respect to the 
swirl generator but from the sudden expansion it is still at upstream. 
The results of these data suggest no reverse flow. In this research work 
different types of swirlers are considered and computationally 
analyzed for better swirling performance. 

2. COMPUTATIONAL METHODOLOGY
This chapter explains the overall methodology carried out during the 
project execution of Combustor-Swirler simulation. It includes the 
CAD model preparation, Domain Discretisation, Boundary 
Conditions and Solution Convergence.

2.1 CAD Modelling
Figure 1 shows the complete CAD model details of micro gas turbine 
combustor used for investigating the Swirler effects. In this micro gas 
turbine engine a convergent – divergent conical solid is used to 
increase the mixing enhancement and combustion performance. There 
is two annulus one is inner annulus with extraction part attached and 
another one is outer annulus. Both annulus has various diameter holes 
for dilution.

Fig -1 Micro Gas Turbine Model used for present analysis Name of 
the figure 

Five different configurations of swirlers have been generated using 

standard CAD tool. The diameter of the Swirler is taken as 115 mm and 
the outer casing diameter of micro gas turbine is kept as 152 mm. Total 
length of micro gas turbine engine is 449mm. 

Fig -2 Swirler Types used for the present computational investigation

2.2 Meshing
The modelled flow domain with Swirler is discretised with triangular 
elements in HYPERMESH. The Swirler profiles are captured with a 
minimum element size of 1 mm and the combustor casing is meshed 
with an element size of 3mm. The inner and outer annular passages are 
meshed with an average element size of 2mm and the mesh refinement 
is carried out with a size of 0.5 mm near the holes. Figure 3 shows the 
surface meshing of the micro gas turbine engine inner and outer 
annulus. Figure 4 shows the cut sectional view of the volume mesh 
inside the flow domain along the micro gas turbine engine. The total 
mesh count used for this simulation is around 7.7 millions  tetra 
elements with a node count of 1.4 millions. 

Fig -3 Inner and Outer Annulus of the Micro Gas Turbine Engine

Fig -4 Volume Tetra Mesh - Cut Sectional View along the flow

2.3 Physics Definition
The boundary conditions to the meshed file are applied in Ansys 
Fluent. The flow is considered as a steady flow and a pressure based 
coupled solver is invoked in order to simulate the swirling effects. The 
inlet is mentioned with 'Velocity Inlet' boundary conditions and the 
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In conventional gas turbine engine there are so many difficulties to obtain proper combustion. A swirler is used for mixing 
air and fuel for combustion and stabilizing the flame. In order to stabilize the flame, the incoming high-speed air must be 

decelerated to a velocity below the turbulent flame speed. The flame stabilizes along the locus of points where the air velocity is equal to the flame 
speed. There are so many ways to mix fuel air and stabilize the flame for proper combustion that will not only improve the fuel efficiency by 
combustion of fuel but also reduces the emission and pollution significantly by creating the internal and central recirculation zone. This paper  
presents the study of micro gas turbine engine with different configurations of swirlers. The incorporation of swirler can divide stream flow into 
multiple streams to obtain high turbulence inside the combustor for proper mixing of air with fuel and efficient performance in combustion and 
also swirler is used to stabilize flame by producing high turbulence. In this micro combustor we use inner and outer annulus to induce turbulence 
intensity and to stabilize the flame inside the combustor. In this present numerical study, a conventional micro gas turbine engine is considered 
and the swirler configurations are modified for better swirling performance. Also the porous media is used instead of swirler to improve the 
mixing performance. The CFD predictions prove that the effect of swirling is completely affected by changing the swirler hole configurations. 
Also the porous media can be used for better swirling effects.
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outlet is mentioned with 'pressure outlet' conditions. Swirler and 
Annulus surfaces are given with 'Standard Wall' boundary conditions. 
Atmospheric air is used to simulate the flow. The inlet velocity is  given 
as 70 m/s and the outlet gauge pressure is maintained with 0 Pa. The 
standard atmospheric conditions are chosen as reference. 

3. RESULTS AND DISCUSSIONS
After the solution is converged the contours and plots are obtained 
using Ansys-CFD post processing. The main objective is to get the 
maximum swirling effect with high turbulence without any pressure 
losses. Hence, the static pressure and dynamic pressure contours are 
compared along with turbulence. The % intensity of turbulence 
significantly varies according to various shapes of turbulence 
passages. In the end of the simulation all five configuration of swirler 
value is predicted with contours. In all five configurations straight 
swirler configuration is kept as base line of this simulation. Now we 
going to compare all other configurations with the base line 
configurations. For proper combustion inside the combustion chamber 
there must be low dynamic pressure and high static pressure and air 
fuel mixture ratio must be good enough for combustion. Inserting a 
swirler is creates good turbulence effect inside the turbine and the 
swirling flow we can obtain for good combustion and flame stability 
inside the combustion chamber. Figure 5 shows the static pressure , 
dynamic pressure and turbulent intensity over the swirler 
configuration. 

Fig -5   Static Pressure, Dynamic Pressure and Turbulence 
Intensity contours of straight baseline swirler model

Figure 6 shows the static pressure variations over the swirler 
configurations. It can be noted that the static pressure It describes that 
the comparison images of static pressure for four configuration swirler. 
Static pressure for corresponding four configuration is for inclined is 
124pascal, for elliptical is 37.33pascal, for diamond is 52.6pascal and 
for hybrid swirler is 47.1pascal.

Fig -6 Static Pressure Variations over the Swirler Configurations

Figure 7 describes that the comparison images of static pressure for 
four configuration swirler with guider. Static pressure for 
corresponding four configuration is for inclined is for inclined is 
159pascal, for elliptical is 58.42pascal, for diamond is 52.6pascal and 
for hybrid swirler is 47.1pascal.

Fig -7 Static Pressure Variations over the Swirler with guider 

4. CONCLUSIONS 
The numerical simulation on the effect of swirler configurations in a 
micro gas turbine engine has been simulated successfully.The 
numerical results predict the flow and turbulence nature accurately and 

give significant variations in the results.It is observed from the results 
that the turbulence intensity produced in the diamond with hole 
configuration is more effective and significantly increases the swirl 
flow.The static pressure inside the combustion chamber annulus is 
reasonably maintained without any pressure losses in both diamond 
and hybrid configurations while comparing with other swirler 
configurations.The hybrid configuration reveals a promising value for 
dynamic pressure as low dynamic pressure if satisfactory for good 
combustion process
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