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I.  INTRODUCTION 

The technology of gas turbines (GT) has been 
significantly developed in recent years in terms of 
material choice, conceptual characteristics, and 
operating conditions. The improvement of the GT 
cycle efficiency constitutes the major
research works. Furthermore, the reduction of gas
release is taken into consideration to preserve the 
environment [1]. 

The actual study is conducted on a GT cycle 
owned by the Tunisian Society of Electricity and Gas 
STEG   and installed in Gabes (South East of Tunisia). 
This gas turbine is a General Electric (MS 9001 E’) 
GT 165 type PG 9171 E of about 100 MW of net 
power. Numerical simulation of the performance
gas turbine Swirl stabilized combustor was conducted 
using CFD method. This installation 
constituted by an axial compressor with 17 stages and 
a turbine with three stages. The combustion section is 
of “inversed flow” type engendering 14 annular 
combustion chambers equipped with:
spark plugs, flame detectors and fuel injectors
interested to study the formation of pollutants in the 
combustion chamber. 

II. POLLUTANT GASES F

The combustion process produces
pollutant gases such nitrogen oxides (NOx), carbon
monoxide (CO), and unburned hydrocarbon (UHC).

NOx are present in all combustion processes. They 
arise from the oxidation of the nitrogen contained in 
the air, as well as from the organic nitrogen contained 
in the fuel. Their formation process requires high 
temperatures [2]. 
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NTRODUCTION  

technology of gas turbines (GT) has been 
developed in recent years in terms of 

conceptual characteristics, and 
improvement of the GT 

cycle efficiency constitutes the major aim of the 
Furthermore, the reduction of gas 

release is taken into consideration to preserve the 

The actual study is conducted on a GT cycle 
owned by the Tunisian Society of Electricity and Gas 

and installed in Gabes (South East of Tunisia). 
a General Electric (MS 9001 E’) 

GT 165 type PG 9171 E of about 100 MW of net 
Numerical simulation of the performance of 

gas turbine Swirl stabilized combustor was conducted 
This installation it is mainly 

axial compressor with 17 stages and 
stages. The combustion section is 

engendering 14 annular 
combustion chambers equipped with: flame tube, 
spark plugs, flame detectors and fuel injectors. We are 
interested to study the formation of pollutants in the 

FORMATION 

he combustion process produces different 
pollutant gases such nitrogen oxides (NOx), carbon 
monoxide (CO), and unburned hydrocarbon (UHC). 

ent in all combustion processes. They 
from the oxidation of the nitrogen contained in 

as from the organic nitrogen contained 
formation process requires high 

Consequently, one of the possibilities 
NOx concentration is to maintain the temperature of 
the burner and the metal surfaces inside the 
combustion chamber as low as
assured using several methods. The
injection in the combustion chamber is one of t
processes used to reduce the NOx release [
methods are also investigated in the purpose to 
decrease the NOx emission in the GT power plants 
such as Dry Low NOx combustor [
process [5]. The CO and UHC
the incomplete combustion reaction.
parameters affecting the pollutant gas emissions
GT power plant are the equivalence ratio and the 
primary zone temperature. 

III. GEOMETRY DESCRIPTION

MESHING 

A. Geometry description of combustor

The studied combustor is a swirl
industrial gas turbine combustor. It represents 1/14 can 
combustion chambers forming the combustion section 
of a reverse flow can-annular type gas turbine 
combustor. The injector and the flame tube
principal components of the combustion section 
(Fig.1). 

 

Fig 1: The injector and the flame tube of the 

combustion chamber

The injector 

The flame tube 
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Consequently, one of the possibilities to reduce the 
concentration is to maintain the temperature of 

the metal surfaces inside the 
combustion chamber as low as possible. This can be 
assured using several methods. The water steam 
injection in the combustion chamber is one of the 
processes used to reduce the NOx release [3]. Other 

are also investigated in the purpose to 
emission in the GT power plants 

combustor [4] and reburning 
]. The CO and UHC emissions are due to 

omplete combustion reaction. The main 
parameters affecting the pollutant gas emissions form 

e the equivalence ratio and the 

EOMETRY DESCRIPTION: CONCEPTION AND 

MESHING  

Geometry description of combustor 

The studied combustor is a swirl-stabilized 
industrial gas turbine combustor. It represents 1/14 can 
combustion chambers forming the combustion section 

annular type gas turbine 
combustor. The injector and the flame tube are the 
principal components of the combustion section 

 

Fig 1: The injector and the flame tube of the 

combustion chamber 

The flame tube  



 
The geometry of interest has a rotationally periodic 

repeating nature. So, the simulative domain adopted 
here is the 1/4 of the whole chamber (Fig. 2).

 

Fig 2 : the ¼ of the studied combustor 

 
Gas fuel is supplied to the chamber through an 

annular nozzle of the injector. It th
sixteen small holes, each of 4 mm diameter and 
opening into the combustion air Swirler. The flame 
tube has 360 mm as a diameter and 1000 mm as a 
length. It penetrates in the reaction zone
combustion chamber through the Swirler and
series of gauged holes, bored in the cap and in the tube 
itself .The cap contain 90 holes of 4 
one and the tube contain 24 holes of diameters varying 
between 40 and 30 mm.  

The fuel is directly injected in each combustion 
chamber through swirler communing to the air a 
rotational movement. That improves t
of the fuel-air mixture and promotes the combustion. 
The mass flow rate of the fuel is controlled by a servo
valve connected to a regulation system
combustion occurred in the primary zone of the 
combustor and then the the hot gases are 
the secondary and dilution zones. In the dilution zone
a quantity of additional air is injected to decrease the 
temperature at the outlet of the combustion chamber 
and at the inlet of the turbine. Also an additional air is 
passes from about 3292 holes to protect the wall of 
flame tube from the high temperature.
and location of each type of holes are illustrated 
Tables 1. 

Table 1: Holes distribution corresponding to each 
zone 

Zone Flame tube 
cap 

Primary 
zone 

Holes 

number 

90 16       

Diameter 
(mm) 

4 30     40

 

The Tunisian Natural Gas is used as fuel. The 
thermo-physical properties of this fuel are given on 
table 2.  

 

 

 

 

 

The geometry of interest has a rotationally periodic 
repeating nature. So, the simulative domain adopted 
here is the 1/4 of the whole chamber (Fig. 2). 
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he hot gases are propagated in 
the secondary and dilution zones. In the dilution zone 
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temperature at the outlet of the combustion chamber 
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flame tube from the high temperature. The parameters 
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Dilution 
zone 

 8 4 

40 60 

The Tunisian Natural Gas is used as fuel. The 
physical properties of this fuel are given on 

 

Table 2: Fuel thermo-physical properties

 

Elements Mass 

composition 

Nitogene 

Methan 

Carbondioxid 

Ethan 

Propan 

Méthyl-2-

propan 

Butan 

 

B. Meshing  

Because the complexity of the geo
unstructured meshing is used with tetrahedral cells. 
There have 1600000 cells. As mentioned below  
geometry of interest has a rotationally periodic 
repeating nature. So, the simulative domain adopted 
here is the 1/4 of the whole
million cells is the mesh of only the
chamber. The mesh generated for the
is 4 * 1.6 = 6.4 million cells.
generated mesh: 

 

 

 

Fig 3: Generated mesh with holes 
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physical properties 

Mass 

composition  

1,51 

77,02 

1,15 

15,96 

4,20 

0,04 

0,12 

Because the complexity of the geometry, 
unstructured meshing is used with tetrahedral cells. 
There have 1600000 cells. As mentioned below  the 

interest has a rotationally periodic 
simulative domain adopted 

here is the 1/4 of the whole chamber. So the 1.6 
million cells is the mesh of only the 1/4 of the whole 
chamber. The mesh generated for the whole chamber 

million cells. Fig 3 presents the 
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IV. NUMERICAL MODELISATIO

The reactive Navier–Stokes equations 
the equations governing turbulent reacting 
steady state of the conservation equations for mass, 
momentum and energy are respectively

��� ��� � 0 
Given the expression of the tensor of the viscous 

stresses the equation of momentum is then in the form:

��� �� ��� � 	�P � � �μ��� �� � ��
� �� 

� �	� �� �� � ��
� �� � ����� 	 ∑��� ]+

With: 

�:  the density 

P: the static pressure 

��: the velocity vector 

h:the sensible enthalpy 

K=k+��: the thermal conductivity 

��: the turbulent thermal conductivity according the 

turbulence model used. 

J: the diffusion flux of species 

 !: the rate of heat release in the combustion.

A. Turbulence model 

In this simulation, the standard k
standard wall functions was used as a turbulence 
model. The k − epsilon model was first proposed by 
Jones and Launder [6]. It is now consider the standard 
turbulence model for engineering simulation of flows.

The standard k − epsilon model is a model based 
on model transport equations for the turbulence
energy (k) and its dissipation rate (ɛ).

The turbulent (or eddy) viscosity
by combining k and ɛ as follows: 

μ" � C$ρK
�

ɛ  

Where C$ is a constant 

The turbulent conductivity kt is given by:

k" �
C)μ"
Pr"  

B. Combustion model  

The non-premixed model is used in this study as a 
combustion model. 

In non-premixed combustion, fuel and oxidizer 
enter the reaction zone in distinct streams. This is in
contrast to premixed systems, in which reactants are 
mixed at the molecular level before burning.

Non-premixed modeling involves the solution of 
transport equations for one or two conserved scalars
(the mixture fractions). 

The basis of the non-premixed modeling approach 
is that under a certain set of simplifying assumptions,
the instantaneous thermo-chemical state of the fluid is 
related to a conserved scalar quantity 
mixture fraction, f 
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is given by: 

premixed model is used in this study as a 

ustion, fuel and oxidizer 
the reaction zone in distinct streams. This is in 

contrast to premixed systems, in which reactants are 
mixed at the molecular level before burning. 

premixed modeling involves the solution of 
one or two conserved scalars 

premixed modeling approach 
is that under a certain set of simplifying assumptions, 

chemical state of the fluid is 
related to a conserved scalar quantity known as the 

The mixture fraction can be written in terms of the 
atomic mass fraction as 

f=
34534

34,789:5
Where Z<is the elemental mass fraction for 

element,i. The subscript ox denotes the value at the 
oxidizer stream inlet and the subscript fuel denotes the 
value at the fuel stream inlet.
mixture fractions in the system (fuel, secondary 
stream, and oxidizer) is always equal to 1:

f=ffuel+fsec+fox

 

C. Radiation model 

The discrete ordinates (DO) radiation model

model the radiation in this project.

D. NOx Formation 

NOx emission consists of mostly nitric 
(NO), and to a lesser degree nitrogen dioxide
and nitrous oxide (N2O). NOx 
photochemical smog, contributes to acid rain, an
causes ozone depletion. The NOx 
capability to model thermal, prompt, and fuel NOx 
formation, as well as NOx 
reburning in combustion systems

For thermal and prompt NOx 
the species transport equation is needed:

∂
∂t �ρY@A� � ��ρvCDY@A� �

E		is the effective diffusion coefficient.

S@A the source term to be determined next for 

different mechanisms. 

E. Boundary conditions  

The boundaries conditions of this simulation are 

summarized on table 3: 

Table 3: parameters of boundaries conditions 

boundaries

 
Boundary Boundary 

condition 
Flux 

(kg/s) 
Combustion 

air inlet 
Mass flow 26.42 

Methane 

gas inlet 
Mass flow 0.4557

Side 

sections 
Rotational 

periodicity 
 

Casing 

walls 
Adiabatic 

walls 
 

 

V. RESULTS AND DISCUSSIO

The aim purpose is to predict the emissions of this 
power plant installation specially the NOx emissions 
because of their adverse effects on human health and 
the environment. As mentioned above
parameter which control the NOx emissions is the 
temperature. Fig 4 presents the distribution of 
temperature in the periodical side sections
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The mixture fraction can be written in terms of the 

4,GH
534,GH 

is the elemental mass fraction for 
. The subscript ox denotes the value at the 

the subscript fuel denotes the 
value at the fuel stream inlet. The sum of all three 
mixture fractions in the system (fuel, secondary 
stream, and oxidizer) is always equal to 1: 

+fox=1 

The discrete ordinates (DO) radiation model is used to 

in this project. 

consists of mostly nitric oxide 
(NO), and to a lesser degree nitrogen dioxide (NO2) 

. NOx is a precursor for 
photochemical smog, contributes to acid rain, and 

NOx model provides the 
model thermal, prompt, and fuel NOx 

NOx consumption due to 
reburning in combustion systems. 

NOx mechanisms, only 
is needed: 

� ��ρEY@A� � S@A 

is the effective diffusion coefficient. 

determined next for 

conditions of this simulation are 

parameters of boundaries conditions 

boundaries 

Pressue 

(MPa) 
Temperature   

(K) 

 10 627 

0.4557 21.36 307 

  

  

ESULTS AND DISCUSSION 

is to predict the emissions of this 
power plant installation specially the NOx emissions 

adverse effects on human health and 
mentioned above the major 

parameter which control the NOx emissions is the 
presents the distribution of 

in the periodical side sections: 



 

Fig 4: Temperature distribution in the periodical side 

sections of the combustion chamber

 
The highest temperature is noted in the primary 

zone where the methan burned with air and the 
combustion process occurs. The maximum attained 
temperature in the primary zone is about 2200 K. in 
the secondary zone, the combustion still occurred 
that’s why we show some high temperature in this 
zone. In the dilution zone and with the effect of the 
presence of dilution air, temperature marks a 
diminution and become of between 1600 and 1300 K.

The outlet temperature is given in 
temperature in the outlet of the combustion chamber is 
between 900 and 1200 K . The area weighted average 
temperature is computed as 1068 K.

 
! "# 

Fig 5: Contour of temperature in the outlet of the 
combustor 

Fig 6 indicates the emission of NOx 
of the combustion chamber. 
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Fig 5: Contour of temperature in the outlet of the 

the emission of NOx in the outlet 

Fig 6: Nox rates in the outlet of the combustion 
chamber

As we show the emissions of NOx is between 
and 30 ppm. The mass weighted average of the NOx 
formation is computed as 77 ppm

The rate of H2O in the outlet of combustor is 
shown in fig 7. As indicated the fraction of H
around 0 .02and 0.05%. The mass weighted average of 
H2O is calculated and equal to 0.0232%

Fig 7: contour of Mass fraction of H

CO2 is one of the emissions of gas turbine 
emissions which important to control it. Fig 8 
illustrates the contour of CO2 rates in the outlet of the 
burner. As calculated the mass weighted average of 
this pollutant is equal to 0.03 %.
is because the carbon dioxide if one of the major 
combustion products like H2O. 

4 

 

Fig 6: Nox rates in the outlet of the combustion 
chamber 
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ppm. The mass weighted average of the NOx 
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7: contour of Mass fraction of H2O 

is one of the emissions of gas turbine 
emissions which important to control it. Fig 8 

rates in the outlet of the 
calculated the mass weighted average of 

this pollutant is equal to 0.03 %. This high percentage 
is because the carbon dioxide if one of the major 

 



Fig 8: The mass fraction of CO

 
These results are compared with experimental 

results. Experimental measurements are
stack level of smoke given on table 4.
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Char

-ge  

Heu-

re 

O2 

% 

 

CO2 

% 

CO 

ppm 

 

NO 

 ppm 

 

N

ppm

110

MW  

12H

24 

16.1 2.8 <0.5 86.8 0.5

 
Noting that experimental measurements of NOx 

rate are performed on the indicated Gas Turbine 
power plant GT. Measurements are taken using 
appropriate probe in the GT exit before the stack 
entrance. The average experimental NOx rate is about 
87.3 ppm as shown on table 4. That represents a 

 

 

 

   

he mass fraction of CO2 in the outlet  

pared with experimental 
easurements are done in the 

stack level of smoke given on table 4. 

Corrected to 15% of O2 
NO2 

ppm 

NOx 

ppm 

 

SO2 

ppm 

0.5 87.3 <1.0 

Noting that experimental measurements of NOx 
rate are performed on the indicated Gas Turbine 
power plant GT. Measurements are taken using 

probe in the GT exit before the stack 
entrance. The average experimental NOx rate is about 

ppm as shown on table 4. That represents a 

divergence of about 10 % regarding the theoretical 
data. 
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