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Abstract – The present paper shows a numerical study of the Co-flow turbulent flame configuration using the 

Reynolds Averaged Navier-Stokes (RANS) modelling with detailed chemistry. The presumed Probability Density 

Function (PDF) model combined with the k-Ɛ turbulence model is adopted. The GRI Mech-3.0 mechanism that involves 

53 species and 325 reactions is used. The effect of the turbulent Schmidt number Sct and the C1ε constant in the 

turbulent dissipation transport equation is highlighted. Despite the simplicity of RANS approach compared to other 

complex models such as LES and DNS, the results show that this approach is still able to simulate the turbulent flame.  
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I. Introduction 

Energy demand is rising due to the increase in 
electricity requirements, heating and cooling etc. Energy 
requirements can be met by different energy resources 
such as fossil fuels, renewable energy, nuclear energy, 
biomass etc. However, most of this energy comes from 
the combustion of fossil fuels. 

In recent years, the negative effects of combustion on 
the environment particularly greenhouse gas (GHG) 
emissions released to the atmosphere that contribute to 
global warming have received much attention. 
Consequently, the study of combustion process is 
extremely important in order to reduce environmental 
impact and enhance the energy efficiency. Most of the 
industrial flames are of a turbulent non-premixed type, 
called also diffusion flames. This kind of combustion is 
controlled by the flow, and consequently, it is very 
sensitive to the turbulence [1, 2].  

In this paper, a presumed Probability Density 
Function (PDF) approach is used in turbulent combustion 
modelling. This approach solves the evolution of the one-
point, one-time PDF for a set of variables that determines 
the local thermochemical of combustion process [3]. This 
approach is also fairly elaborate, and consequently, 
computationally expensive, especially when the number 
of chemical species is large such as the GRI Mech-3.0 
mechanism. On the other hand, presumed-PDF approach 
gives a form of PDF to close the chemical source term, 
which is computationally less expensive even if complex 
chemical mechanisms are considered [4, 5]. 

 

 
In the present study, the combustion chemistry of 

chemical species is described by the GRI Mech-3.0 
mechanism. This one consists of 325 reactions that 
involve 53 species. The mechanism precision was 
intensively assessed in previous studies [6, 7]. 

The purpose of this paper is to provide a numerical 
characterisation of the Co-flow configuration turbulent 
combustion using the Reynolds Averaged Navier-Stokes 
(RANS) modelling with detailed chemistry. 

II.   Problem statement  

Figure 1 presents the geometry of burner. The 
combustion burner is modelled by a cylinder with a 
diameter D = 800 mm and a length of 1200 mm (See 
Figure 2). The central fuel jet (D1 = 8 mm) is a mixture 
of CH4, H2 and N2. This fuel jet is surrounded coaxially 
by air jet (D2 = 140 mm). Figure 2 shows the simulated 
domain. 

 
 

Figure 1. Geometry of burner. 
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Figure 2. Geometry and boundary conditions 

 

The boundary conditions are summarized in Table 1. 
Table 1 Boundary conditions 

Number Boundary conditions 

1 Velocity inlet  
Intensity of turbulence I= 5%

Hydraulic diameter D 0.004h m





 

2 Velocity inlet  
Intensity of turbulence=1 %

Hydraulic diameter D 0.069

Average velocity =0.3 m/s

h m








 

3 Pressure inlet  
Intensity of turbulence I=0.1%

Hydraulic diameter D 0.39h m





 

4 Slip Wall 

5 Pressure outlet 
Intensity de turbulence I=1 %

Hydraulic diameter D 0.4h m





 

6 Axis (v = 0 m/s) 

 
 

In this paper, a 2D steady-state simulation of the 
physical domain was considered due to the axial 
symmetry of the system. Figure 3 shows the 
computational Mesh used to simulate this turbulent 
flame. It is a structured non-uniform grid with about 
16044 cells, designed to give high resolution in the flame 
region and close to the inlets and save computational 
efforts elsewhere. The grid domain is 1200 mm in axial 
and 400 mm in radial direction from the jet exit. The 
grid-independency of the results was also verified. 
 
 
 
 

 
 

Figure 3. Grid of the computational domain 
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III. RESULTS AND DISCUSSION 

In this section, the numerical simulation results 
compared with the experimental measurements are 
presented and discussed [8]. 

The effect of the C1ε constant on the flame velocity is 
illustrated in Figure 4. For both positions presented here, 
it is seen that the case with C1ε=1.64 gives better 
prediction of the experimental values than those with 
C1ε=1.44 
 
 The effect of the C1ε constant on the flame 
temperature is illustrated in Figure 5. It is seen that the 
case with C1ε=1.64 gives better prediction of the 
experimental values than those with C1ε=1.44 and 1.60. 
This indicates the existence of a strong interplay between 
turbulence and combustion model formulations. Figure 6 
presents the effect of the turbulent Schmidt number Sct 
on the temperature prediction. Reducing the Schmidt 
number is the better. 
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Figure 4. Velocity profiles at x/D1 = 5 and 40 
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Figure 5. Temperature profiles at x/D1 = 40 
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Figure 6. Temperature profiles at x/D1 = 5 
 
Temperature contours are depicted in Figure 7 to 

visualize the development of flame inside the domain. It 
is seen that a high temperature region is formed around 
the mixing region. 

 

 

Figure 7. Computed contours of mean temperature 
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The mixture fractions Z, Profiles and contours, are 
presented in Figure 8 and 9 respectively. It is seen that 
the agreement between the numerical predictions and the 
experimental results is good. 
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Figure 8. Mixture fraction profiles 
 
 

 
 

Figure 9. Mixture fraction contours 

 

IV. Conclusion 

A numerical investigation of turbulent flame 
configuration using the Reynolds Averaged Navier-
Stokes (RANS) modelling with detailed chemistry was 
presented. The presumed Probability Density Function 
(PDF) model is combined with the k-Ɛ turbulence model 
was used. The GRI Mech-3.0 mechanism that involves 
53 species and 325 reactions was adopted. The effect of 
the turbulent Schmidt number Sct and the C1ε constant in 
the turbulent dissipation transport equation was 
highlighted. The results show that this approach is still 
able to simulate the turbulent flame. 
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