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Abstract – In this paper, a numerical simulation is developed to study the preheating effect of the 
air in a three-dimensional cylindrical combustion chamber using the FLUENT-CFD code. 
Particularly, we are interested on the calculation of the characteristic parameters such as the 
axial velocity, the temperature and the mass fraction of carbon monoxide. This study consists of a 
special treatment of mathematical models. The considered approaches resolve the governing 
equations of system. The main objective of this work is to study the behavior of the parameters 
considered previously during the variation of the air inlet temperature. The obtained results show 
that the variation of the inlet temperature presents a direct effect on the considered parameters.  
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I. Introduction 

Turbulent combustion is found in industry most often in 
gas burners, turbojets and rocket engines. Turbulence 
plays an essential role in mixing as quickly as possible 
the gases present. It is essentially due to the strong 
gradients of velocity that exist at the air entrance [1, 2]. 
This fact is encountered in the industrial sector. As an 
example, we can found it in the burners used to convert 
the stored energy in the molecular bonds of fuels into 
thermal energy and then into mechanical energy. Thus, 
controlling combustion is a vital capacity in the 
development of new industrial systems, such as 
propulsion systems [3, 5]. One of the challenges that 
industry must face today in order to accompany 
technological development is to reduce the impact of 
combustion on the environment. This impact is 
manifested in the release of polluting chemical species, 
of which oxides of nitrogen (NOx) and gases 
participating in the greenhouse effect, such as carbon 
oxides, CO and CO2. This challenge forces engine 
manufacturers to propose ever more innovative solutions 
to achieve the objectives set. 
Several works aim to minimize these emissions by 
introducing techniques such as lean burning, combustion 
of fuels of renewable origin and which does not contain 
carbon. 
Hydrogen H2 and methane CH4 are two important fuels 
from an energy point of view. CH4 has a significant 
practical application in the energy sector since it is the 
major constituent of natural gas. Hydrogen is a clean, 
carbon-free fuel. Its combustion produces only water and  

 
 
a reduced amount of nitrogen oxides. Indeed Hydrogen is 
not a primary energy but an energy vector [6]. The effect 
of preheating air in a combustion chamber provides 
significant energy savings and reduces fuel consumption, 
coupled with CO reduction techniques, and has found 
applications in several sectors Industrial sectors. 
The main objective of this work is to present a 3D 
thermo chemistry study in a cylindrical combustion 
chamber fed by G222. In these conditions, the mixture 
named G222 is based on 77% of methane and 23% of 
hydrogen. Starting with injection of G222 and air at the 
same temperature equal to T=300 K, the temperature of 
the fuel is then fixed to the previous value and the 
temperature inlet of the air is varied at T=300 K, T=500 
K, T=750 K and T=900 K. The simulation was carried 
out by the CFD code FLUENT. The obtained results 
show that the preheating of the air presents a direct 
impact on the parameters of the combustion. 

II. Mathematical Formulation of the 
Problem  

The equilibrium equations of the aero-thermo-
chemistry used for the combustion study with a 
compressible flow [5-8] are defined by the continuity 
equation: 
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The momentum equations are written as follows: 
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The energy equation is written as follows: 

ijj

i

ii

i

i

i

u
xt

p
huhu

x
hu

x
h

t

























)]

~~([)
~~(

~  (3)                                    

The species equations are written as follows: 
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Where i = 1, 2, 3 and   j = 1, 2, 3. 
The thermodynamic state is written as follow: 
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In these equations, the unresolved Reynolds stresses 

)~~( jiji uuuu   require a subgrid scale turbulence model. 

The unresolved species fluxes )
~~( fifi YuYu   and the 

enthalpy fluxes )
~~( huhu ii   require a probability 

density function (PDF) approach. The filtered chemical 

reaction rate is characterized by f . 

The LES models and the PDF approach are explained 
and detailed in our previous work [5-8]. 

III. Experimental Configuration  

As presented in figure 1, the considered combustion 
chamber shows a cylindrical shape with a radius R4=61 
mm and a length L=1 m fed by two coaxial jets. The 
central jet has an internal radius R1=31.57 mm and an 
external radius R2=31.75 mm, to inject the fuel G222 
with a mass flow Q1=7.2 g/s at a temperature T1=300 K. 
The annular jet presents an internal ray R3=46 mm, 
injecting a preheated air a mass flow rate Q2=137 g/s at 
different temperatures equal to T=300 K, T=500 K, 
T=750 K and T=900 K. The combustion chamber is 
pressurized at 3.8 atm with a isothermal temperature 
equal to T=500 K [9-14]. Moreover, the presentation and 
comparison of results are based on normalizing length 
and velocity by using, respectively, the injector radius 
R≡R3 and the inlet bulk velocity of the air U≡V2.  

 
Figure 1. Geometrical arrangement of the combustion chamber. 

 

IV. Results and Discussions  

The equations of the balance sheet are solved by the 
finite volume method. The mesh used is of the hybrid 
type so that prisms are chosen at the centers and 
parallelepipeds in the rest of the field of study of the 
combustion chamber. 

IV.1. Axial velocity 

Figure 2 illustrates the radial profiles of the average axial 
velocity obtained by numerical calculation. According to 
these results, it has been observed that the high velocity 
values are located in the area of the flame presented by 
the peak in both stations defined by x/R=0.14 and 0.38. 
Indeed, these profiles show the same pattern when the 
production of the mixture layer presented by the peak is 
located approximately in the same position. The curves 
represent some change in the average velocity in the non-
premixed cylindrical combustion chamber when the 
radial distance changes from x/R=0.14 to x/R=0.38. 
Indeed, it has been noted that the different profiles are 
superimposed identically with a slight decrease of the 
average velocity which is affected by the preheating of 
the air. In these conditions, the maximum value of the 
axial velocity is equal to V=23 m.s-1 for T=300 K. 
However, it is equal to V=20 m.s-1 for T=750 K.  
Figure 3 shows a 2D view of the axial velocity 
distribution in the non-premixed cylindrical combustion 
chamber confined by two coaxial G222/air jets. In these 
cases, the iso-surfaces of the temperature are defined 
with the inlet conditions characterized by an air 
temperature equal to T=750 K and a G222 fuel 
temperature equal to T=300 K. We consider that high 
values of velocity are located in the flame zone, however, 
the velocity decrease when we go far to this region.   
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(a) x/R=0.14 
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(b)  x/R=0.38 

Figure 2. Radial profiles of the axial velocity.  
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(a) x/R=0.14 
 

 
 

(b) x/R=0.38 
Figure 3. Distribution of the axial velocity. 

IV.2. Temperature 

Figure 4 illustrates the temperature profiles in the 
combustion chamber during a non-premixed combustion 
of the G222. According to these results, these profiles 
present the same appearance. In these conditions, the 
highest value of the temperature appears in the vicinity of 
the flame areas and it is equal to T=2300 K. However, it 
is very low near the burner wall, where the temperature is 
equal to T=500 K. The area of the flame is a zone of 
chemical reaction of the fuel with air, so this source of 
heat is generated by the chemical reactions caused by the 
rupture of carbon bonds and hydrogen, Oxygen to 
produce H2O, CO2, CO and OH. The preheating zone 
defined by T=750 K is located at x/R=0.14. The peak 
value characterized by T=1950 K at the position 
r/R=0.45. However, at x/R=0.38 and r/R=0.45, the 
temperature is equal to T=2000 K. Figure 5 shows a 2D 
view of the temperature distribution in the non-premixed 
cylindrical combustion chamber confined by two coaxial 
G222/air jets. These iso-surfaces of the temperature are 
defined with the inlet conditions characterized by an air 
temperature equal to T=750 K and a G222 fuel 
temperature equal to T=300 K. the results show that the 
high temperature is produced by the combustion. 

Whereas, high values of temperature are located near the 
flame region. 
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(a) x/R=0.14 
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(b) x/R=0.38 

Figure 4. Radial profiles of the temperature. 
 
 
 

 
 

(a) x/R=0.14 
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(b) x/R=0.38 
Figure 5. Distribution of the temperature. 

IV.3. CO Fraction Mass 

Figure 6 presents the mass fraction of the carbon 
monoxide CO produced during the combustion of the 
fuel G222. According to these results, it has been noted 
that the mass fraction of the CO presents high values in 
the middle of the combustion chamber and decreases 
until reaching the zero value in the vicinity of the walls 
of the combustion chamber. Indeed, it has been observed 
that the mass fraction of the CO decreases when moving 
away from the inlet of the combustion chamber near the 
flame area. This fact can be explained by the secondary 
reaction of the CO with O2 to become CO2. These results 
present the same distribution founded for the 
temperature. This fact means that the region of the flame 
is rich in CO, produced by the combustion. The 
comparison between these curves confirms that the 
choice of the air inlet temperature equal to T=750 K can 
improve the CO reduction. In these conditions, the CO 
mass fraction is equal to MCO=0.07 at the position 
defined by x/R=0.14 and r/R=0.35. However, it is equal 
to MCO=0.05 at the position defined by x/R=0.38 and 
r/R=0.55. 
Figure 7 shows a 2D view of the distribution of the 
carbon monoxide CO mass fraction in the non-premixed 
cylindrical combustion chamber confined by two 
G222/air coaxial jets. These iso-surfaces correspond to 
the inlet conditions characterized by an air temperature 
T=750 K and a G222 fuel temperature equal to T=300 K. 
According to these results, it has been observed that the 
maximum value of the CO mass fraction appears near the 
axis. Elsewhere, it presents a very weak value, 
particularly near the lateral surface. We observe that the 
CO profiles have same tendency with the temperature. 
Because the CO is produced by the combustion of CH4 
found in G222. 

      

0,0 0,2 0,4 0,6 0,8 1,0

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

M
a

ss
e

 f
ra

ct
io

n
 o

f 
C

O

r/R

 T=300 K
 T=500 K
 T=750 K
 T=900 K

 
(a) x/R=0.14 

0,0 0,2 0,4 0,6 0,8 1,0

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

M
a
s
s
e
 f
ra

c
ti
o
n
 o

f 
C

O

r/R

 T=300 K
 T=500 K
 T=750 K
 T=900 K

 
(b) x/R=0.38 

Figure 6. Radial profiles of the CO mass fraction. 
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(b) x/R=0.38 
Figure 7. Distribution of the CO mass fraction. 

V. Conclusions 

This paper presents a numerical simulation to model the 
preheating effect in a non-premixed combustion powered 
by the fuel G222. In this work, the phenomenon of the 
injected air preheating is considered with injection of the 
fuel G222 at a constant temperature equal to T=300 K 
and for different air inlet temperature equal to T=300 K, 
T=500 K, T=750 K and T=900 K. 
The obtained results allow us to the following remarks: 
• The ideal and suitable air temperature which gives a 
good and comfortable compromise to drive combustion 
studied and less loss of energy is equal to T=750 K. Also, 
we confirm that the temperature of the fuel is equal to 
T=300 K. 
• The carbon monoxide CO emissions are reduced in the 
case of the intake conditions characterized by the air 
temperature equal to T=750 K and the fuel temperature 
equal to T=300 K. 
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