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Abstract  
 

 

The main objective of this paper is to investigate the 

flow through axial Swirler. Air swirler can control the 

combustor performance by assisting in the fuel-air 

mixing process and producing recirculation region 

which act as flame holders and influences residence 

time. Such analyses are necessary for predictions and 

optimization of real gas combustors Thus, proper 

selection of a swirler is needed to enhance combustor 

performance and to reduce NOx emissions. Four 

different axial air swirlers were used based on their 

vane angles i.e., 30ᵒ, 40ᵒ, 50ᵒ, 60ᵒ.The model geometry 

has been created using CATIA Software, meshing and 

analysis were carried out in Ansys – Fluent 13.The K-Ԑ 

and RSM (Reynolds stress model) turbulence model are 

to be used to model the turbulence and results were 

compared for the effect of swirlers and mass flow rate 

on the flow field. 

 
Keywords— Combustor, Axial swirler, Turbulence, 

recirculation,   Combustion efficiency 

 

1. Introduction  
The combustion chamber is a turbo-engine 

component to which fuel supplied by feeding nozzles, is 

mixed with air flow coming from the compressor, after 

the fuel has been injected into the flow, the flow will 

enter the flame region. It does this with quite a high 

velocity. To make sure the flame isn‟t blown away, flow 

reversal can be applied in the primary zone. This causes 

the flow to reverse direction. The best way to reverse the 

flow is to swirl it. This is done using swirlers. The two 

most important types of swirlers are axial swirlers and 

radial swirlers .The most important advantage of flow 

reversal, is that the flow speed varies a lot. So there will 

be a point at which the airflow velocity matches the 

flame speed. (The flame speed is the speed, relative to 

the airflow, at which the flame can move.) This is the 

point where the flame anchors.  

      
 

2. Air Swirler 

 
A basic requirement of all gas turbine engines is 

that the flame stay lighted over a wide range of 

operating conditions. This is especially for aircraft 

combustor which has to cope with the adverse condition 

of low pressure and temperature, occasionally the 

ingestion of rain or ice. The primary zone airflow 

pattern is of primary importance to flame stability. 

Many different type of air flow pattern are employed, 

but one feature common to all is the creation of toroidal 

flow reversal that entrains and recirculates a portion of 

the hot combustion product to mix with the incoming air 

and fuel. These vortices are continually refreshed by air 

admitted through holes pierced in the linear walls, 

supplemented in most cases by air flowing through 

swirler. 

 

 
Fig. 1 Recirculation zone created by air swirler 

 

3. Recirculation Zone  
 

Swirl develops the radial pressure gradient and axial 

pressure gradient in the flow, these pressure gradient are 

responsible for the formation of the recirculation zone. 

The central toroidal recirculation zone (CTRZ) occurs 

due to the swirl strength. Central recirculation zone 

(CTRZ) is in the form of toroidal vortex .Low pressure 

region is created in the downstream of the combustor. In 

that region centrifugal force is created, this pushes the 

flow away from the centre axis. Because of this reason 

the recirculation zone is created. Efficiency of swirl 

flow create pressure drop along the downstream of the 

combustor reappears as kinetic energy of the swirling jet 

flow. Recirculation zone is created to provide a low 

velocity region, which is used to anchor the 

flame.
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Recirculation zone induced by swirler.

 

 
 

4. Swirl Flow 
Swirling jets were used for stabilization and control 

of flame and to achieve high intensity combustion. The 

common method of generating swirl is by using by 

using angled vanes in the passage of air. Most 

conventional combustor employs the axial flow type 

swirlers. The swirler vanes were usually flat for easy of 

manufacture, but curved vane was sometimes used for 

their better aerodynamics properties 

 

4.1Swirl flow generation methods 

 Swirl flows are generated by three principal 

methods: 

a) Tangential entry (axial-plus-tangential 

entry swirl generator) 

b) Guided vanes (Swirl vane pack or Swirler)  

c) Direct rotation (rotating pipe)  

 

4.2 Swirl Flow Characterisation 

Swirl flow is a main flow produced by air swirled by 

the swirler. Swirl is to decrease the velocity gradient 

cause‟s rapid decay of the velocity in the flow field with 

increase of swirl flow.  Swirling flow induces a very 

high turbulent recirculation zone. Swirl flow has a 

centrifugal force to accelerate the flow. Air is introduced 

tangentially into the chamber, forced to change its path 

which is due to the formation of recirculation zone. 

Strength of the flow is dependent of swirler vane angle 

and supplied air pressure. One of the effective ways of 

inducing flow recirculation is to fit swirler in the dome 

around the fuel injector. Vortex breakdown causes 

recirculation in the core region .When the amount of 

rotation imparted to the flow is high. The swirl 

component produce strong shear, high turbulence and 

rapid mixing thus having control over stability, intensity 

of the combustion, size and shape of the flame region.  

Swirl has a better aerodynamic properties, Swirl can 

promotes high combustion efficiency, easy ignition, 

recirculation zone, residence time stability and blow off 

limits. 

 

5. Computational Method 

 
In this study, to understand the effect of swirl angle 

on the flow field produced by axial swirler, four 

different configuration of swirler with varying swirl 

angle of 30
o
, 40

o
, 50

o
, and 60

o 
were taken. In all the 

cases of swirler configuration constant pressure drop of 

0.5 bars were maintained. Turbulence is modeled using 

both RSM and K-Ԑ turbulence model, and results were 

compared with each other. To predict the effect of inlet 

Reynolds number on the flow field, four different cases 

of swirler were selected with of Reynolds number 

(24700, 62800, 125000, 190000 and 250000).  In this 

part also both RSM and K-Ԑ turbulence models were 

used and the results were compared. 

5.1 Swirler  Dimensions 

Parameters of interest to axial swirler designers are 

depicted by below. They include:  

Vane angle ᶿv - 30°, 40°, 50°, 60° 

Inner hub radius Rhub -10mm 

Outer swirler radius Rsw -30mm 

Vane thickness tv, -1.5mm 

Vane length cv,-5mm  

Number of vanes nv -8 

 
 

Fig 3 Swirler Dimensions 

 

 

5.2 Computational Domain Details 
The geometry considered for the study consists of an 

inlet pipe of length 100mm and of diameter 30mm, 

swirler is fixed with inlet pipe. Swirler consists of 8 

vanes of thickness 1.5mm and height of 8mm. All the 

eight vanes are symmetrical about center axis. A 

divergent extension is provided at the swirler exit to 

support the strength of tangential velocity produced by 

swirler. A long circular duct consists of diameter 25mm 

and length is about 600mm fixed with divergent 

extension, a convergent type of nozzle is attached to 

prevent the reversal of flow from the atmosphere into 

the domain. 
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5.3 Geometry and Grid details 

The three dimensional flow regions along with 

swirler with appropriate swirl angle was modelled using 

software CATIA. Three dimensional unstructured grids 

was generated using tetrahedral mesh in Ansys work 

bench. The grid cells were refined in the critical regions, 

like swirler inlet and exit, in anticipation of high 

velocity and pressure gradient. The solutions were 

predicted by using Ansys Fluent 13. 

 

 
 
Fig 4 Computational grid of axial swirler 

 

 

 
Fig.5 Computational grid of domain 

 

 

Table 1. Swirler angle with corresponding nodes and 

elements 

 

6. Assumptions and Boundary conditions  
The assumptions and boundary conditions are 

essential and is a critical part in modelling a flow 

accurately. In this the flow is assumed to be steady, 

isothermal and turbulent. 

 

Inlet 
At the inlet of the computational region, the inlet 

boundary condition is defined as mass flow inlet.  

 

Condition Value 

Flow regime Subsonic 

Pressure 1.5 bar 

Flow direction Normal to boundary 

Temperature 300 K 

Hydraulic Diameter 26mm 

Turbulence Intensity 10% 

Table 2.Inlet Boundary Condition 

Outlet 

The exit boundary is defined as pressure outlet .For 

the inlet and outlet constant pressure drop of 0.5 has 

been maintained. The details of the outlet boundary 

condition are provided in Table 3 

 

Condition Value 

Flow regime Subsonic 

Outlet pressure 1 bar 

Hydraulic Diameter 35.68mm 

Turbulence Intensity 15% 

Table 3.Outlet boundary condition 

 

Mass Flow rate 

For mass flow rate across the different cases of 

swirler mass flow inlet boundary condition was chosen 

at inlet with varying mass flow values of 0.01, 0.025, 

0.05, 0.075 and 0.1 kg/s was given to vary the inlet 

Reynolds number. 

 

Mass flow rate  

(kg/s) 

Reynolds number 

(Re)  

0.010 24700 

0.025 62800 

0.050 125000 

0.075 190000 

0.100 250000 

 

Table 4 Reynolds number effect on mass flow rate 

Swirler angle Nodes Elements 

30
o 

5952 26418 

40
o 

5963 26437 

50
o 

5923 26057 

60
o 

6054 26450 
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7. Effect of Reynolds number on axial 

velocity 

 
Axial velocity distributions of all five cases of 

Reynolds number along the axial direction for both the 

K- Ԑ and RSM model were shown in the figure 6 and 7 

respectively, it indicates that reverse flow axial velocity 

within the recirculation increases with increase in 

Reynolds number. Higher Reynolds number cases 

producing stronger recirculation zone with increase in 

size. But continuous increase in inlet velocity will 

increase the size CTRZ, after some limit it will form 

open recirculation zone, which may not able to hold the 

flame. This maximum velocity limit is called stability 

limit of that particular swirler. Exit axial velocity 

predicted by RSM model was almost constant. But exit 

axial velocity predicted by K-Ԑ model was not constant.  

 

 
 

Fig. 6 Reynolds number effects on axial velocity along 

axial distance for K-Ԑ model. 

 

 

 
 

Fig.7 Reynolds number effects on axial velocity along 

axial distance for RSM method. 

 

 

 

 

8. Effect of Reynolds number on Turbulence 

Intensity  

 
Turbulent intensity distributions of all five cases of 

Reynolds number along the axial direction for both the 

K-Ԑ and RSM model were shown in the figure 8 and 9 

respectively; it indicates that turbulent intensity with in 

the CTRZ increases with increase in Reynolds number. 

With increase in inlet Reynolds number the inlet kinetic 

energy increases. This increase in kinetic energy 

produces higher turbulence in the flow.  So intensity of 

turbulence increases with increase in inlet Reynolds 

number. RSM model gives uniform profile for different 

Reynolds number case. But K-Ԑ model gives different 

forms of profile. 

 

 
 

Fig.8 Reynolds number effects on turbulence intensity 

for K-Ԑ method. 

 

 

 
 

Fig. 9 Reynolds number effects on turbulence intensity 

for RSM method. 
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9. Conclusions 
 

Complete investigations of various factors on the 

performance of flow through axial swirler with different 

swirl angle configuration were studied. The change in 

swirl angle had a large effect on the flow field. For a 

various values of Swirl angle at constant pressure drop 

across the swirler, variation in the mass flow rate, 

velocity variation and intensity of turbulence inside the 

reverse flow region were predicted by using the 

turbulence model RSM and K-Ԑ. The effect of Reynolds 

number (24700, 62800, 125000, 190000 and 250000) on 

the flow field for single swirler was predicted using the 

turbulence model RSM and K-Ԑ. It was observed that 

increase in Reynolds number has a significant effect on 

the flow field, and the results of 30° RSM model were 

better than K-Ԑ at higher Reynolds number cases. 
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