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In this chapter we illustrate and discuss the temperature and carbon mass fraction, results 

obtained by the simulation Combustion is not mixed hydrogen and propane in cylindrical burner 

The simulation was performed using the LES dynamic model based on PDF thermochemical 

approach by FLUENT-CFD code. 

III .1 Description of the combustion chamber 
        The configuration of the two coaxial jets that confine the combustor is given in figure III 

.1Where it was the focus of numerous experimental investigations because of its relatively 

simple geometry and its similarity to gas turbine burner [57,58]. Thereby, we investigated the 

numerical validation of the LES/PDF coupled models with the experimental data, to study the 

behavior of the non-premixed combustion fueled by mixture of ܥଷ଼ܪ	 and H2. Whereas, the study 

consists of three main parameters: mean axial velocity, mean temperature and mean mass 

fraction of Carbone monoxide. The cylindrical combustion chamber is of ray R4=0.06115m and 

L=1m in length supplied by two coaxial jets, the central one has an internal ray R1=0.03157 m 

and an external R2=0.03175 m, which injects the methane with inlet mass flow rate and 

temperature respectively Q1=0.0072 kg/s and T1=300K. The annular one has an internal ray R3= 

0.04685m, that injects the air with an inlet mass flow rate Q2=0.137 kg/s and preheated at a 

temperature T2=750K. The combustion chamber is pressurized to 3.8atm and has a constant 

temperature wall of Twall=500K [57,58].  

 
Figure III.1:  Schematic of the burner. 

 

The present numerical study investigates Three dimension (3D) cylindrical burner. Where, the 

grid used for all the simulations is performed by Gambit. Therefore, the selected meshes are of 

parallelepipeds type; the grid is smooth and refined for both nearly solid boundaries of the burner and in 

the longitudinal direction in the level of interaction of air and fuel, to accommodate more information in 
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the solid boundary and the flame zone. The volume contains approximately 40.000 cells, the size of a 

cell ranges from 3.62e-07 m2 to 7.57e-05 m2. 

III.2 The Governing Equations 
The turbulent combustion can be written in Cartesian coordinates as [43-56]: 
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Progress variable:                 
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   (III.4)  

Thermodynamic state:                              p RT                                                            (III.5) 

 

Where: 

i=1, 2, 3 and j=1, 2, 3 

 Unresolved Reynolds stresses )~~( jiji uuuu  , requiring a subgrid scale turbulence model. 

 Unresolved species fluxes )~~( fifi YuYu   and enthalpy fluxes )~~( huhu ii  requiring a probability 

density function (PDF) approach. 

 Filtered chemical reaction rate f . 

  

III.3 EXPERIMENTAL CONFIGURATION AND APPLICATION DOMAIN 

The configuration of the two coaxial jets confined within the combustor is given in figure 

III .1. It was the focus of numerous investigations because of its relatively simple geometry and 

its similarity to power plant burner [57,58]. The cylindrical combustion chamber is of ray 

R4=0.06115m and L=1m in length supplied by two coaxial jets, the central one has an internal 

ray R1=0.03157 m and an external R2=0.03175 m, which injects the methane with inlet mass 

flow rate and temperature respectively Q1=0.0072 kg/s and T1=300K. The annular one has an 

internal ray R3= 0.04685m, that injects the air with an inlet mass flow rate Q2=0.137 kg/s and 

preheated at a temperature T2=750K. The combustion chamber is pressurized to 3.8atm and has 

a constant temperature wall of Twall=500K [57,58]. 
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III .4 Results and Discussion  
We begin with the validation of the coupled models described previously with the 

experimental data [58]. After that, the same parameters used for the validation are used also to 

control the flame behavior supplied by the H2 or cଷH଼ fuels. 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). 

III .4 .1 Mass Fraction of Carbon monoxide CO 
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Figure III.2:  curves comparison between quantity of CO from burning fuel Propane and 

hydrogen fuel. 

 

the data turned out that the value of CO hydrogen fuel is much less (almost non-existent) 

of its value for the fuel propane, where the distance between the two curves in the range of 92%, 

when the first leg ( at the beginning of the combustion chamber) have low CO value and is 

highest peak for CO for propane fuel when Yco=0.13 then decreases to be absent in the mid the 

radius of the combustion chamber 
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III .4 .2 Temperature 

 

  

 

 
Figure III.3:a comparison between the temperatures of fuel  ܥଷ଼ܪ	and hydrogen fuel 
 
Curves showing a comparison between the temperatures ܥଷ଼ܪand hydrogen where the 

highest value in the fourth leg of the temperature amounting 2100K, All curves peak in the 

flame districts decreasing when the wall of the combustion chamber, Because the flame zone is 

the chemical reaction of fuel with air districts is also considered these interactions publisher of 

heat, to disappear this summit and diminish their value. This is due to move away from the 

combustion zone When Which move away from the flame zone, the temperature stabilizes at 

close values lower than the previous stations to the values of this region and containing the 
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combustion gases . Explain the high degree of fuel propane heat in the various stations, 

compared with hydrogen fuel 

III .4 .3 Velocity Field 

    

  
 

 

Figure III.4:Shown comparison between the velocities of propane and hydrogen at different stations 

inside the chamber 
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We can see in this figure the comparison between the speeds of the propane and hydrogen 

in different steps inside the combustion chamber. We can observe that the curves of the two 

combustibles have almost the same shape. The curves shows too that they have a peak in the 

flame zone. This peak equal one (U=1). We can also see negative values for this two curves in 

the upper and lower turbulence zones and the alimentation combustible zone of the combustion 

chamber. Then, this values cancel in the fourth and the fifth station; this is due to the distance of 

the flame zone. We observe that the speed of the Hydrogen is greater in percentage than the 

speed of the Propane; because the mass of the Hydrogen is lower than that Propane. The 

consequence is that the gas speeds are greater in the same quantities of flow for the two 

combustibles. 

Conclusion 
After comparing the combustion of  propane and  hydrogen we found that the: 

 The emission of carbon monoxide  Non-existent for hydrogen combustion in the 

combustion chamber of all stations , but exists for Propane . 

 High degree of fuel propane temperature in different stations, compared with 

hydrogen fuel . 

 Hydrogen is faster than propane. 

Through these results we conclude that the hydrogen fuel is better than propane, which 

is clean and is not harmful for Environment 
 




















