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FEATURES OF THE STRUCTURE OF FLOW AND MIXTURE 

FORMATION OF FUEL AND OXIDIZER IN BURNER DEVICES WITH 

FLOW TURBULATORS 

 

Summary. The article presents data from numerical studies of the effects 

of plate flow turbulators installed on the breakaway edge of the flame stabilizer 

on the transfer processes in a cylindrical stabilizer burner. The features of the 

fuel and oxidizer flow structure in the presence and absence of flow turbulators 

are discussed. The calculation results concerning the features of mixture 

formation processes in the burner device under consideration are analyzed. The 

data from computational experiments concerning the effect of plate flow 
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turbulators on hydraulic losses in a cylindrical stabilizer-type burner device are 

presented. 

Key words: cylindrical stabilizer burner, plate flow turbulator, CFD 

modeling. 

 

Introdaction. Intensification of working processes in stabilizer burners is 

an important way to increase the efficiency of fuel combustion. Various methods 

of intensification are used, such as the use of niches, the echeloning of 

stabilizers [1-18]. The presented work considers the use of such an 

intensification method as the installation of plate flow turbulators. It is proposed 

to study a cylindrical burner device of the stabilizer type with fuel supply 

through a system of holes on the side surface of the stabilizer into the oxidizer 

flow. The choice of this burner device as an object of research is due to the 

growing needs of energy practice in the use of these devices, the scope of 

implementation of which is low-power fire engineering facilities. 

 

Statement of the problem and results of the research. 

  

 

 

Fig. 1. Longitudinal section of a cylindrical stabilizer burner with plate flow turbulators: 

1 – cylindrical channel; 2 – cylindrical flame stabilizer; 3 – gas supply holes; 4 – plate 

turbulator 
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The geometric characteristics of the burner device with flow turbulators 

under consideration are shown in Fig. 1. The following values were taken as the 

initial data for the research: distance L1 from the gas supply holes to the 

breakaway edge of the flame stabilizer – 0.06 m; gas (methane) flow rate 10 

m3/hour; excess air coefficient was 1.1; absolute temperature of gas and air – 

300 K; the intensity of flow turbulence at the burner inlet was taken to be 3%. 

 The following research results were obtained using the FLUENT 

software package. 

Let us consider the patterns of fuel and oxidizer flow in a cylindrical 

stabilizer burner device with and without plate flow turbulators on its breakaway 

edge. According to the results of mathematical modeling, the installation of 

plate turbulators on the stall edge of the stabilizer leads to a significant change in 

the structure of the fuel and oxidizer flow (Fig. 2). 

 

 

a) 

 

 

 

b) 

Fig. 2. Streamlines in the presence (a) and absence (b) of plate flow turbulators 

 

Thus, behind each of them, recirculation zones arise, the sizes of which 

significantly exceed the size of the recirculation zone in the stern region of the 
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stabilizer, both in the case of the presence and absence of turbulators. As can be 

seen from Fig. 3, when using turbulators, the length of the reverse current zone 

behind the stabilizer increases almost 1.5 times, and the maximum flow velocity 

in this zone increases by 1.3 times. Thus, the installation of plate turbulators has 

a favorable effect on the conditions of flame stabilization due to the increase in 

the size of the reverse current zone, as well as an increase in the value of the 

maximum flow velocity in it. 

 
Fig. 3. Distribution of the axial velocity component along the axis of the turbulent wake 

behind a cylindrical flame stabilizer in the absence (1) and presence (2) of flow 

turbulators 

 

According to the data obtained from the computational experiments, with 

the plate turbulators installed, there is a significant increase in the flow 

turbulence intensity levels I compared to the situation without them (Fig. 4, 

where the solid lines correspond to the boundaries of the reverse flow zones). 

Thus, in the cross section of the burner device corresponding to the stall edge of 

the stabilizer, with the turbulators installed, the maximum values of I reach 58% 

(Fig. 4. a), b), which is 1.8 times higher than the corresponding values for the 
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situation when the burner is not equipped with flow turbulators. The differences 

in the maximum values of turbulence intensity ΔІmax decrease with increasing 

distance from the stall edge of the flame stabilizer downstream. In the cross 

sections z=0.25 m; 0.27 m, the ΔІmax values are 32%; 20%. 

 

 

The highest values of I are observed directly behind the turbulators; on the 

axis of the turbulent wake behind the cylindrical stabilizer, these values are 

significantly smaller. As can be seen from Fig. 5, here, in the presence of a 

 

  
а) b) 

  
c) d) 

Fig. 4. Turbulence intensity fields in the presence (a), (c) and absence (b), (d) of flow 

turbulators in the cross sections of the burner z = const, located on the stall edge of the 

stabilizer and downstream of it: a), b) – z = 0.25 m (stall edge of the stabilizer); c), d) – 

z = 0.27 m 
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turbulator, the value of I does not exceed 31%, and in its absence - 22%. The 

obtained results of mathematical modeling also showed that the installation of 

turbulators causes a relatively insignificant increase in pressure losses in the 

burner device. In the absence and presence of flow turbulators, they are equal to 

11.4 Pa and 24.9 Pa, respectively. 

 
Fig. 5. Distribution of turbulence intensity along the axis of the turbulent wake behind a 

cylindrical stabilizer in the absence (1) and presence (2) of flow turbulators 

Fig.6. Fields of methane mass concentration in the presence (a), (b) and absence (c) of 

flow turbulators in the longitudinal section φ = 0˚ (a), (c) and φ = 45˚ (b) 

 

а) 

 

b) 

c) 
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Thus, the installation of plate flow turbulators on the breakaway edge of 

the flame stabilizer ensures significant flow turbulization with a relatively small 

increase in the hydraulic resistance of the burner device. 

The results of the study, illustrating the features of fuel and oxidizer 

mixture formation in a cylindrical stabilizer burner device with and without 

plate flow turbulators, are presented in Fig. 6 – 7 (solid lines indicate the 

boundaries of reverse flow zones). Here, zones I and II correspond to the 

methane content in the mixture below the lower and above the upper 

concentration limits of ignition, respectively. In zone III, the fuel and oxidizer 

mixture is within the concentration limits of ignition. 

 

 

  
а) b) 

  

c) 
d) 

 
Fig. 7. Fields of methane mass concentration in the presence (a), (c),) and absence (b), 

(d) of flow turbulators in the cross sections of the burner z = const, located on the stall 

edge of the stabilizer and behind it: а), b) – z = 0,25 m (stabilizer breakaway edge); c), d) – 

z = 0,27 m 
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As can be seen from Fig. 6, in the recirculation flow zone in the near wake 

behind the stabilizer in both situations under consideration, the required 

concentration limits of the combustible mixture are provided, which is a 

necessary condition for flame stabilization. The data presented in Fig. 7 indicate 

that behind the flow turbulator a zone of significant size is formed, in which the 

fuel mixture is within the concentration limits of ignition. 

Thus, when installing turbulators, both flow turbulence and a 

corresponding intensification of mixture formation processes are observed. 

Сonclusions. An analysis was conducted of the possibilities of 

intensifying the flow and mixture formation in cylindrical burners by installing 

plate flow turbulators on the stall edges of the stabilizer. 

It is shown that: 

- when installing turbulators, significant turbulence of the flow and 

intensification of mixture formation processes are observed in accordance with 

the turbulence of the fuel and oxidizer flow;  

-  pressure losses in the burner are relatively small and amount to 13.5 Pa   

for the situation under study, which is due to the presence of flow turbulators. 
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