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Abstract 

The paper describes reacting flow analysis of a gas turbine 

combustion system. The method is based on the solution of 

Navier-Stokes unsteady equations using unstructured grid 

due to the complexity of geometry of the combustor. 

Turbulent swirling flow in can-type model of a gas turbine 

combustor is computationally investigated. The turbulence 

effect are modelled through the basic modeling strategy, a 

two and three-dimensional Unsteady Reynolds Averaged 

Navier-Stokes (URANS) approach is applied, employing a 

differential Reynolds Stress Turbulence model (RSM and 

SST k-). The combustion system  includes swirler vane 

passages, fuel nozzeles, swirl cone, and all holes in ptimary, 

dilution. The total geometry gas been created using the pre-

processing GAMBIT and SolidWorks, and the meshing has 

been done using GAMBIT, and the analysis carried out in 

ANSYS FLUENT 14.0 solver. Numerical predictions of the 

mean flow field showed a large inner recirculation zone and 

an outer recirculation zone which represents a typical result 

of confined swirl flames. This comparaison shows the 

importance of three-dimensional effects combined with 

flow unsteadiness. 

 

Mots clefs: URANS, RSM, Gas turbine, SST k- 

 

1. Introduction  

Numerical simulations of the flows in gas turbine 

combustors had become an unavoidable way to accelerate 

the design of this type of modern engines and optimize their 

performances: reducing fuel consumption, limiting noise 

and air pollution, avoiding combustion instabilities...etc. 

The simulations also facilitate the understanding and the 

visualization of physical phenomena often inaccessible by 

the experimental measurements. The use of numerical tools 

for simulating unsteady combustion phenomena still 

presents some issues; the Reynolds Averaged Navier-Stokes 

(RANS) approach, also in its time-resolved form, URANS, 

has been proven of not being capable of resolving all time 

and space scales, which play crucial roles in highly 

turbulent unsteady combustion. Swirling lean premixed 

flames are frequently used in modern gas turbine 

combustors since they offer a possibility of controlled 

flame temperature and thus favorable thermal NOx 

emissions and avoid intrusive methods disturbing flow 

field. Combustion requires the effective mixing of fuel and 

oxidizer. For premixed flames, mixing takes place in a 

separated mixing chamber. This type of burner imposes the 

danger of a flashback of the flame into the mixing chamber. 

Another possibility is the mixing of fuel and air within the 

burner chamber. This prevents the danger of flashbacks, but 

homogeneous mixing is more difficult to achieve. A method 

often used in practical burners is the application of the 

swirling flows to improve mixing. In the swirl burner 

natural gas freely propagates into the burner chamber in the 

axial direction and is surrounded by the combustion air 

flow which has radial and tangential velocity components 

(swirl) in addition to the axial flow. The resulting flow field 

is strongly turbulent. Hot burned gases are transported back 

to the nozzle by internal recirculation in the flame and thus 

ensure effective mixing and stable ignition conditions. 

Swirling flows have been the subject of intensive 

experimental, analytical and numerical investigation over 

many years [1-2-3-4 and 5]. The application of swirling 

flows in industrial gas turbine combustors is of particular 

interest to the current work. 

The goal of actual study is flame behavior according to 

transit natural gas turbulent flame evolution is analyzed 

using commercial code ANSYS-FLUENT 14.0 [6] with 

URANS Simulation model to treat turbulence coupling to 

partially premixed model to treat combustion. Models are 

applied to a three-dimensional geometry; they gave suitable 

results and were able to describe a detailed flow field. 

Results of the mean as well as the time-dependent 

numerical predictions of the turbulent vortex structures 

were presented. 

 

2. Combustor configuration 

The can combustor is a feature of the gas turbine engine. 

Arranged around a central annulus, can combustors are 

designed to minimize emissions, burn very efficiently and 

keep wall temperatures as low as possible. The combustor 

configuration has been illustrated in Fig. 1. The flame is 

stabilized by a law swirl number (S = 0.6). The size of the 

combustor is 590 mm in the Z direction, 250 mm in the Y 

direction, and 230 mm in the X direction. The primary inlet 

air is guided by vanes to give the air a swirling velocity 

component. The total surface area of primary main air inlet is 

57 cm
2
. The fuel is injected through six fuels inlets in the 

swirling primary air flow.   
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There are six small fuel inlets, each with a surface area of 0.14 

cm
2
. The secondary air is injected in the combustion chamber 

through six side air inlets each with an area of 2cm
2
.  

The secondary air or dilution air is injected at 0.1 m from the 

fuel injector to control the flame temperature and NOx 

emissions. The can-type combustor outlet has a rectangular 

shape with an area of  0.0150 m
2
.  

 

Fig. 1: Combustor configuration 

. 

3. Modelling, boundary conditions 

The three-dimensional geometry was created using 

GAMBIT-FLUENT pre-processor [7]. A view of the grid 

system is shown in Fig.2. The meshed geometry contained 

31567 Nodes, 106651 Elements (Tetrahedra: 74189, 

Pyramids: 1989 and Wedges: 30473). The boundary 

conditions are summarized in Table 1.  

 

 
 

Fig. 2: 3D grid system 

 

ANSYS-Fluent 14 offers a variety of different models for 

turbulence and combustion. A 3D URANS-RSM procedure 

is applied [6]. For comparison, the Shear Stress Transport 

(SST) model is also applied within the 3D URANS 

formulation for assessing the performance of RSM vs. SST. 

The RSM and SST models are also applied within a 2D-

axisymmetric URANS formulation, and the results are 

compared with 3D URANS ones. The near-wall turbulence 

is modeled by the wall-functions approach [6]. The 

turbulence-chemistry interaction model called the eddy-

dissipation model is based on the work of Magnussen and 

Hjertager [8]. In this work, a two-step mechanism to model 

the combustion of methane in air was employed: 

CH4 + 3/2 O2   —> CO + 2 H2O                                    (1) 

CO + 1/2 O2 <—> CO2                                                      (2) 

The unsteady simulations were performed using the 

commercial CFD code ANSYS-FLUENT 14.0 [6], which is 

based on finite volume technique, is used to solve the 

governing equations. For the time discretization an implicit 

second order time differencing scheme was used. For the 

spatial discretization a bounded central difference scheme 

was used for the momentum equation, a second order 

upwind scheme for turbulence equations and a first order 

upwind scheme for the energy and species equations. The 

pressure-velocity coupling is numerically implemented 

using the SIMPLE algorithm. 

Table 1 : Boundary conditions 

 Type values 

Primary air 

inlet 

 

  

Mass flow 

inlet 

U =  10 m/s;  

Q=  0.0688875kg/s 

Dh = 85 mm. 

T = 300K 

It = 10% 

Fuel inlet 

 

 Mass 

flow inlet 

U =  40 m/s;  

Q =  0.00218033kg/s 

Dh = 4.2 mm. 

T = 300K 

It = 10% 

Secondary air 

inlet 

 

 

Mass flow 

inlet 

U =  6 m/s;  

Q =0.00845225kg/s 

Dh = 16 mm. 

T = 300K 

It = 10% 

Combustion 

chamber exit 

Outflow  

Flux 

 

Walls of 

combustion 

chamber 

 

Wall  

 

T = 320 [k] 

 

4. Results and discussion  
In this section, 2D and 3D URANS modeling the Reynolds 

Stress Model (RSM) and the Shear Stress Transport model 

(SST) are compared for ability to predict flow field. Figure 3 

compars the predicted distributions of the circumferential (W) 

velocity, along a traversal line z = 0.1m, for deifferent 

turbulence modeling approaches. A similar comparaison for 

Z= 0.2m is provided in Figure 4. Comparing the time-

averaged circumferential velocity profiles, one can observe 

that 3D URANS RSM predicts a more confined vortex core 

with substantially higher velocities compared to 3D URANS 

SST. The radial profiles of the time-averaged circumferential 

velocity components extracted 0.1m above the injector inlet, 

Fig. 3, reveal that case 3D-URANS RSM, overestimates the 

negative circumferential velocity on the axis in comparison to 

case 3D-URANS SST k- by approximately 5%. Then again, 

case 3D-URANS RSM captures the intensity of the flow 

between the inner and outer shears better, Figure 3, and also 

the shape of the outer recirculation zone is better reproduced 

from the profiles extracted for cas 3D-URANS RSM. All 

testcases show the right penetration of the outer recirculation 

zone in the chamber: at  z = 0.1m, the outer recirculation zone 

is not present anymore,  Figure 4. Due to the contraction of 

the chamber into the exhaust canal rectangular a peak of 

velocity was registered next to the outlet. A similar 

comparison for z = 0.2m is provided in Fig. 4. Based on the 

profiles of time-averaged circumferential velocity at               
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z = 0.1m, one can see that  3D URANS SST k-w over-

predicts the size and intensity of  the recirculation zone 

compared to 3D URANS RSM (Fig. 3). Comparing the time-

averaged circumferential velocity profiles, one can observe 

that 3D URANS RSM predicts a more confined vortex core 

with substantially higher velocities compared to 3D URANS 

SST k-. for the comparison of time-averaged circumferential 

velocities by 3D URANS RSM and 3D URANS SST k-, 

similar trends are observed, also for  z = 0.2m. The 2D 

URANS SST k- results predict an even larger recirculation 

zone and a broader vortex core compared to 3D URANS SST 

k-. It is already mentioned above that no convergence could 

be obtained by 2D URANS RSM, which can be seen as the 

manifestation of ability of RSM to capture low frequency 

flow unsteadiness. The 2D URANS RSM results displayed in 

the figures predict a qualitatively complete different W 

velocity field, implying a region of forward flow (central jet) 

enveloped by a recirculation zone. The circumferential 

velocity profiles of 2D URANS RSM also differ considerably 

from those of 3D URANS RSM. The all cases 2D-URANS, 

reveals better profiles for time averaged circumferential 

velocity. This comparison shows the importance of three-

dimensional effects combined with flow unsteadiness.  

Generally, the time averaged characteristics of the flow field 

were very well captured by al numerical simulations.   
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Fig. 4: Time-averaged circumferential velocity profiles for 

different turbulence models along a line at z = 0.1m 

-0,15 -0,10 -0,05 0,00 0,05 0,10 0,15

0

2

4

6

8

10

12

W
 (

m
/s

)

Y (m)

 3D URANS RSM

 3D URANS SST k-W

 2D URANS RSM

 2D URANS SST k-w

 

Fig. 5: Time-Averaged circumferential velocity profiles for 

different turbulence models along a line at z = 0.2m 

5. Conclusion 

In this work, numerical simulations of complex reactive 

turbulent swirled flow correspondent to a gas turbine model 

combustor were established by means of the ANSYS 

FLUENT 14.0. Turbulent swirling flow in can-type 

combustor model of a gas turbine combustor is 

computationally investigated. As the basic modeling 

strategy, a 3D URANS approach is applied, employing a 

differential Reynolds Stress Turbulence Model (RSM/ SST 

K-). A highly unsteady and 2D/3D flow structure, the 

vortex breakdown and a presessing vortex core are 

observed.Main findings can be summarized as: 

 Differences between 3D URANS RSM and 3D 

URANS SST k- are rather substantial. The larger 

differences are observed for the time-averaged 

circumferential velocity profile, as the former predicts 

a more intense vortex core with higher maximum 

velocities. 

 2D URANS (RSM/SST K-) results may only be 

used for purely qualitative purposes. 
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