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The goal of this study, which focuses on the effect of the bluff-body form on the flame’s 

stability, is to contribute to the study of the stability of a CH4-H2-Air diffusion flame. It 

is, in fact, a numerical simulation of a diffusion flame CH4-H2-Air stabilized by a bluff 

body in three different shapes: cylindrical, semi-spherical and conical. The equations 

governing turbulent reactive flow are solved using the Ansys CFX program (Navier 

Stokes equations averaged in sense of Favre). The k-ε model simulates turbulence. For 

combustion, a mixed EDM/FRC (Finite Rate Combustion) model is utilized. The results 

of the analysis of temperature profiles, CO2 concentrations, and velocity in axial sections 

very close to the injector are satisfactory: they meet the criteria of stability, high 

temperature at a lower speed, and more stable in the case of a cylindrical shape than in 

the other two cases. 
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1. INTRODUCTION

The principle of stabilization of a flame can be summarized 

in the existence of a high temperature zone associated with a 

zone of slowdown of speed, in order to create a continuous 

thermal source able to maintain the combustion. This requires, 

on the one hand, an equal flow velocity and propagation zone 

of the flame and, on the other hand, a sufficiently long contact 

time for the mixing to take place. Thus, several practical 

devices can be used to stabilize a flame: a pilot flame, an 

obstacle (bluff-body), a plate or a bar placed in the flow 

mixture, and as often used in industry, a recirculation zone 

with a swirl [1]. Many authors confirm that the use of a bluff-

body type burner is undoubtedly the most interesting 

technique for the stabilization of a non-premixed flame, 

according to Nguyen [1]. Due to their relevance to several 

practical applications, such as bluff-body combustors, which 

are widely used in industrial applications [2], bluff-body 

flames have received much interest in recent times because of 

their better overall mixing properties, enhanced flame stability, 

and ease of combustion control. In bluff-body stabilized 

flames, a vortex around the bluff body creates a complicated 

turbulent environment similar to that observed in industrial 

combustors. These flames, on the other hand, have simple and 

well-defined boundary requirements. As a result, bluff-body 

stabilized flames are an excellent model for investigating the 

interaction of turbulence and chemical reaction, and they may 

be used to bridge the gap between theoretical issues and 

engineering applications [3]. A noteworthy model issue is a 

bluff-body stabilized jet diffusion flame, which can be used to 

a wide range of engineering combustion systems [4]. The 

stabilization of a flame by a bluff-body is a process whose 

principle is to place in the flow a hurdle type 'bluff-body', 

which may be the lips of the burner, to allow the development 

of the recirculation zones (hot zone, stable, associated with a 

slowdown zone) in its wake [1]. Several practical and 

theoretical research have been conducted on this flame 

stabilization approach. Correa et al. [5] used laser Raman 

scattering and the joint velocity-composition probability 

density function model to analyze a stable non-premixed 

methane-air flame. They discovered that without the use of a 

pilot flame, the bluff-body burner creates a very turbulent field 

leads to localized extinction, and that the recirculation 

stabilized flame investigated was considerably closer to real 

burners. Dally et al. [6] took measurements in the well-defined 

vortex, behind the axisymmetric bluff-body reacting methane 

flame, and compared the results to the results of a numerical 

simulation employing the conventional and modified k-

epsilon type turbulence techniques. The bluff-body 

recirculation zone exhibited two distinct structures, according 

to their findings: a small inner vortex closest to the jet and a 

big outer vortex close to the air side. Dally and Masri [7] have 

demonstrated that flames stabilized on both piloted and bluff-

body burners are comparable by calculating differential 

diffusion parameters from experimental data in non-premixed 

flames in turbulence of various fuel mixes and Reynolds 

numbers. In an experimental setup, Ahmed et al. [8] built a 

novel turbulent non-premixed bluff-body burner with radial 

fuel injection to study the spark ignition characteristics in a 

complicated design applicable to gas turbine combustors. The 
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stability limits are substantially broader than the ignitability 

limits, but they get closer with swirl, and that the mixture 

fraction distribution is extremely sensitive to variations in fuel 

and air velocities, with the mixture inside the vortex tending 

to be well-mixed and rich. With biogas as fuel, Noor et al. [9] 

investigated the vortex and ignition site for a bluff-body non-

premixed MILD burner. According to their calculations, the 

inner vortex between the air and fuel nozzle is the best location 

for the ignition point since the low velocity of air and fuel 

mixing will enhance the igniting process. The ignition energy 

will have ample time to ignite the combination due to the low 

speed turbulent swirl flow. In addition, to the computational 

research, Dally et al. [10] provided a comprehensive collection 

of experimental data with variable fuel jet velocities exhibiting 

variable amounts of local extinction. The flames are labeled as 

HM1, HM2 or HM3 depending on the fuel jet velocity. In the 

turbulent combustion community, Sydney bluff-body flames 

have long been a favored target flame. As a results, numerous 

researchers have examined the HM1 flame numerically, using 

a variety of fuels, models, and methodologies. Muradoglu et 

al. [2] used a combined velocity and turbulent PDF technique 

for frequency compositions combined with a coherent 

particle/hybrid solution technique to estimate the performance 

of the combined PDF method in terms of flow prediction and 

standard mean fields by comparing the calculated radial plots 

with the available experimental data. Kim and Pitsch [4] used 

large turbulent eddy vortex simulations and an integrated 

formulation of a conditional filtration technique to examine 

the dynamics of flow, standard mixing, and production in the 

same flame at sub-filter sizes. They observed that there is a 

huge numerical dissipation and intensive mixing of the fuel 

and air near the end of the recirculation zone, when turbulence 

is completely established. In two separate incidents, Hossain 

and Malalasekera [11, 12] worked on the Sydney flame. They 

used a laminar flamelet model and a k-turbulence model to 

examine the structure of the field, flame structure, mixing 

pattern, and turbulence fluctuations in the first scenario [11], 

which included both HM1and HM3 flames. They examined 

three distinct areas of the deceptive body flame: (i) 

recirculation, (ii) neck, and (iii) puff-like region. Inside the 

recirculation zone, two vortices were discovered. For the HM1 

flame, there is a larger outer vortex on the bluff-face, body’s 

and a much smaller inner vortex further downstream. The 

inner vortex loses its recirculation pattern and combines with 

the jetting in an HM3 flame, while the outer vortex decreases 

and becomes shorter. They next looked at the HM1 flame in 

the second scenario [12] to see how well the various 

combustion models predicted pre-mixed turbulent combustion 

when combined with the k-turbulence model. Sheet flame 

models, equilibrium chemistry, finite equilibrium, and laminar 

flamelet were utilized to simulate combustion in this flame. 

However, few research on the effect of bluff-body from in 

non-premixed combustion have been conducted. An 

experimental study of the influence of the geometry of the 

stabilizer on the development of a non-premixed flame made 

by Nguyen [1] showed that the recirculation zone generated by 

a disk stabilizer, was longer, wider and more intense than that 

observed in the case of the tulip, that the aerodynamics of the 

return flow generated by the disk was more disturbing than 

that created by the tulip and that the stabilization domain is 

more extensive in the case of a wake of smaller size where the 

recirculation speeds are lower, that is to say in the case of the 

tulip rather than that of the disc. Based on this last remark and 

using a tulip stabilizer, Esquiva-Dano and Escudie [13] carried 

out another experimental study on a non-premixed flame 

stabilized by the shaped obstacle (tulip) to present five 

stabilization regimes. Among them, the triple flame regime or 

the blue ring flame whose stabilization point was located at the 

interface between the recirculation zone in the wake, 

consisting of a premix of fuel, air and products combustion, 

and the annular air flow. Devaraj and Maran [14] looked into 

the influence of illusion body form and discovered that 

combustion with a solid cylindrical illusion body produces 

temperatures twice as high as combustion with a circlip, but 

with a substantially bigger pressure drop, which is the major 

drag driver. Other studies are also important and have dealt 

with various problems of combustion in different media such 

as Ren et al. [15], Felsch [16], Lemay [17], Zohra et al. [18], 

Ma et al. [19], Rakopoulos et al. [20], Liu and Reitz [21], 

Mohammed et al. [22], Rakopoulos et al. [23], Juntarakod et 

al. [24], Olikara and Borman [25], etc. 

In this context and using the HM1 flame, the present study 

aims to determine the influence of the shape of the bluff-body 

on the stabilization of a CH4-H2-Air diffusion flame whose 

fuel mixture is equal to the volume fraction of methane and 

hydrogen (50:50 CH4 / H2). To do this, we dared to modify the 

'head' of the bluff-body (the nozzle of the injector acting as an 

obstacle). A numerical simulation of this flame was carried out 

using three forms of bluff-body: cylindrical, conical and semi-

spherical. 

 

 

2. MATERIALS AND METHODS 

 
The geometry employed by Ren [15] has been applied in 

this investigation, with the same fuel and air input conditions; 

it is a flame (HM1 flame) whose fuel, methane-hydrogen, is 

surrounded by a bluff-body, which is surrounding by a co-

current of air. Figure 1 depicts the computational domain, as 

proposed in the linked study [15]. The center of the plane of 

the jet outlet is used as the coordinate system’s origin. 

 

 
 

Figure 1. Schematic drawing of the computational domain 

 

The following numerical circumstances were chosen for the 

calculation: 

▪ A diameter of 0.05 m for the bluff-body known as a 

Sydney bluff-body, Db;  

▪ An axial velocity of 118 m/s for the fuel, with a turbulence 

intensity of 10% and a hydraulic diameter of 0.0036 m, at 

a temperature of 300 K; and 

▪ At a temperature of 300 K, an air co-current of 40 m/s 

with a turbulence intensity of 10% and a hydraulic 

diameter of 0.25 m. 
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The equations governing reactive turbulent flow are solved 

using the ANSYS CFX program (Navier Stokes equations 

averaged in sense of Favre). The k-ε model is used to simulate 

turbulence. For combustion, the combined EDM/FRC (Eddy 

Dissipation Model/Finite Rate Combustion) model is utilized. 

With constant transport parameters, the flow calculation code 

solves the conservation equations for mass, velocity, 

turbulence, energy, and species. According to Felsch [16], the 

set of equations governing the flow is described in this 

publication. However, we solely consider the stationary 

scenario in our research. 

The entire mass conservation equation is as follows:  

 
𝜕�̅�

𝜕𝑡
+

𝜕

𝜕𝑥𝑖

(�̅��̃�𝑖) = 0 (1) 

 

The mass fractions of the species are calculated using the 

following equations: 
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The principle of momentum conservation: 
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The Reynolds stresses are the terms ρ̃ui
"uj

"̃ . The classic 

turbulence, k-epsilon, model is used to model them. Gravity 

and body forces are not taken into account. 

The standard k-ε model is an approximate model or strategy 

for resolving governing equations in which unknown terms, 

such as Reynolds stresses, arise. As a result, certain 

assumptions have been made. 
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With μt = Cμρ̅
k̃2

ε̃
. If the values for �̃� and 𝜀̃ are known, the 

Reynolds stresses may be calculated. This leads to the k-ε 

model, which solves the model transport equations for �̃� and 

𝜀̃. The kinetic energy of turbulence is calculated using the 

following equation: 
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Pk is the k production, calculated as follows: 
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Finally, the following equation [16] is used to estimate the 

rate of dissipation of k: 
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(7) 

 

The values of five constants of the standard k-epsilon (Cμ, 

σk, σε, Cε1 and Cε2) are determined from an experiment for a 

shear flow investigation. 

Energy conservation entails: 
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∂ẽt

∂xi

] − 

∂

∂xi

[
μ

σ

∂

∂xi

(
1

2
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The computational domain was discretized using the same 

mesh; a multizone mesh with 49,474 nodes for 45,379 

elements in the cylindrical bluff body, 40,771 nodes for 45,648 

elements in the semi-spherical bluff body, and 40,093 nodes 

for 45,268 elements in the conical bluff body, which required 

about 3,000 iterations. 

 

 

3. RESULTS AND DISCUSSION 

 

The results of our calculation are presented in terms of 

temperature, velocity and CO2 mass fraction profiles. The 

analysis of these results in axial sections downstream of the 

injector and in the vicinity of the latter, and more precisely in 

the recirculation zone (0.26 < Y/Db < 1.3) and in the mixing 

zone (1.3 < Y/Db < 1.8) as defined by some studies [9, 17] 

shows that the cylindrical shape of the bluff body satisfies the 

principle of stabilization of a flame which can be summarized, 

according to Kim and Pitsch [4], to the existence of a zone at 

high temperature, associated with a slowing zone of speed, in 

order to create a source continuous thermal capable of 

maintaining combustion. 

To ensure the convergence of the multi-zone mesh, we 

firstly tested its sensitivity on different calculation grids with 

an increasing number of cells (Table 1), all having a non-

uniform multi-zone mesh. 

 

Table 1. Number of mesh cells and nodes 

 
Grid Cells Nodes 

1 26,475 29,262 

2 45,379 49,474 

3 65,024 70,158 

 

In order to assess the grid sensitivity of the results presented, 

additional calculations on a progressive refined grid were 

carried out. In each case, the grid was obtained by multiplying 

the number of points by a factor of 1.2, in both x and y 

directions. The comparison between the results obtained with 

coarse (26,475 cells), fine (45,379 cells) and dense (65,024 

cells) grid, is reported in Figures 2 and 3. It can be shown that, 

in terms of radial velocity and temperature profiles, the 

solution convergence has been reached and the solution 

becomes independent of the mesh sizes over the mesh called 

fine mesh. Further mesh refinement was tested and not 

presented for brevity. 
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(a) at Y/Db = 0.26 

 
(b) at Y/Db = 0.6 

 
(c) at Y/Db = 1.3 

 
(d) at Y/Db = 1.8 

 

Figure 2. Radial velocity profile for different mesh grids in 

various flow sections 

 

Figures 4, 5 and 6 show the structure of the flame for each 

bluff-body shape. To begin with, it demonstrates that this 

structure is dependent on the bluff body shape, and that the 

flame does not flourish as much in the case of a conical or 

semi-spherical bluff body as it does in the case of a cylindrical 

bluff body. In the case of a cylindrical bluff body, the 

maximum temperature of the flame is substantially higher than 

in the other two cases: 1973 K versus 1529 K in the conical 

case and 1457 K in the semi-spherical case (Figure 4). 

 

 
(a) at Y/Db = 0.26 

 
(b) at Y/Db = 0.6 

 
(c) at Y/Db = 1.3 

 
(d) at Y/Db = 1.8 

 

Figure 3. Radial temperature profile for different mesh grids 

in various flow sections 
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Figure 4. Temperature iso-contours for different bluff body shape: (a) cylindrical, (b) conical and (c) semi-spherical bluff bodies 

 

 
 

Figure 5. CO2 mass fraction iso-contours for different bluff body shape: (a) cylindrical, (b) conical and (c) semi-spherical bluff 

bodies 

 

 
 

Figure 6. Velocity iso-contours for different bluff body shape: (a) cylindrical, (b) conical and (c) semi-spherical bluff bodies 

 

 
 

Figure 7. Effect of the bluff-body shape on the wake structure for different types of mesh 
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The highest mass fraction of CO2 in a semi-spherical and 

even conical bluff body is lower than in a cylindrical bluff 

body; 0.13 % in the semi-spherical case, 0.24 % in the conical 

case, vs 9.05 % in the cylindrical case. It’s worth noting that, 

in comparison to the cylindrical shape, the evolution of the 

mass fraction of CO2 is low in these latter two shapes (Figure 

5). 

In the two cases of spherical and conical forms of the bluff-

body, there is no discernible difference in the flame 

propagation speed (Figure 6). 

Figure 7 depicts the streamlines near the injector’s outflow 

(the wake structure). The shape of the wake that forms 

downstream of the bluff body and serves as a recirculation and 

mixing zone is determined by the bluff body’s shape. In the 

event of a semi-spherical shape of the barrier, the vortices 

created at the injector outlet are quite small, which decreases 

the mixture and trends to and blow out the flame. These 

vortices are larger and tend to bypass the flame in the case of 

a conical obstruction, smothering the fame. The results also 

demonstrate that these current lines are uniform of oval forms 

concentric in the cylindrical shape a little further from the 

injector, that is, in the zone of propagation of the jet, whereas 

in the two other situations, these current lines scatter, tend to 

break, and their shape cannot be determined. 

To examine the flame stability in each case, Figure 8 

highlights the flame stability criterion, which can be 

summarized as the existence of a zone of high temperature, 

associated with a slowing zone of speed, in order to create a 

continuous thermal source capable of maintaining combustion, 

according to Kim and Pitsch [4]. Indeed, the evolution of 

temperature is more critical in the case of a cylindrical-shaped 

bluff body than in the other two scenarios for distinct axial 

sections near the injector (recirculation zone and mixing zone). 

 

 
(a) at Y/Db = 0.26 

 
(b) at Y/Db = 0.6 

 
(c) at Y/Db = 1.3 

 
(d) at Y/Db = 1.8 

 

Figure 8. Radial temperature/velocity profiles at different 

axial location for different bluff body shape: temperature in 

solid line / velocity in dashed line 

 

The radial evolution of temperature in axial parts extremely 

close to the injector is higher in the case of a cylindrical bluff 

body than in the other two scenarios. It’s worth noting that the 

temperature radial evolution in the semi-spherical shape of the 

bluff body is slightly higher than in the conical shape. In terms 

of speed, it declines radially before increasing and stabilizing 

at roughly 40 m/s (air velocity). We should also remark that 

the bluff of a cylindrical body has the lowest speed before 

reaching the zone of continuity. 

Basing on these findings, we may conclude that the bluff-

cylindrical body’s shape fits the flame stability criteria: the 

presence of a high temperature zone associated with a zone of 

decrease in speed, in order to establish a continuous heat 

source capable of maintaining combustion. 

 

 
(a) at Y/Db = 0.26 

 

390



 

 
(b) at Y/Db = 0.6 

 

 
(c) at Y/Db = 1.3 

 

 
(d) at Y/Db = 1.8 

 

Figure 9. Radial CO2 mass fraction profiles for different 

bluff body shape 

 

Figure 9 indicates that the variation in CO2 mass fraction is 

small (nearly zero) in the case of a conical or semi-spherical 

bluff-body shape and in areas close to the injector outlet as 

compared to a cylindrical bluff-body shape. Incomplete 

combustion induced by smothering or blowing of the flame 

could explain the reduced or almost negligible carbon dioxide 

mass fraction in both the conical and semi-spherical forms. 

 

 

4. CONCLUSIONS 

 

In this paper, to examine the effect of the bluff-body shape 

on the stabilization of a non-premixed hydrogen-methane-air 

combustion, a numerical simulation was run using the Ansys 

CFX program. The following are the major conclusions: 

▪ The stability of the flame, in this example a methane-

hydrogen-air flame, is influenced by the shape of bluff-

body. 

▪ The cylindrical form is the only one of the three types of 

obstacles analyzed (non-contoured obstacles) that fits the 

stability requirement. 

▪ In the case of a cylindrical shape of the bluff body, the 

maximum temperature of the flame is substantially higher 

than in the other two examples. 

▪ In the case of a semi-spherical and even conical shape of 

the bluff body, the maximum mass fraction of CO2 is 

lower than in the case of a cylindrical shape of the bluff 

body: 0.13% in the semi-spherical case, 0.24% in the 

conical case against, vs 9.05% in the cylindrical case. 

▪ In comparison to the cylindrical shape, the evolution of 

CO2 mass fraction is negligible in these latter two forms. 

▪ In the event of a semi-spherical obstruction, the vortices 

created at the injector’s output are quite small, reducing 

the mixture and threatening to extinguish the flame. These 

vortices are larger and tend to bypass the flame in the case 

of a conical obstruction, smothering the flame. 

▪ The cylindrical shape of the bluff-body satisfies the flame 

stability criteria, which necessitate a high temperature 

zone in conjunction with a slow sped zone in order to 

provide a continuous thermal source capable of 

maintaining combustion. 

In overall, the current study shows that using bluff-bodies 

in combustors is a viable technique for improving heat transfer 

and flame stabilization. 
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