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The quenching of a pre-mixed counter flame was studied experimentally, as described in 

this paper. Experimental research has been done on flames spreading in methane/air mixes 

in counter burners with various burner diameters. It has been determined how the counter 

burner diameter changes, the methane/air mixing ratio affects the flame burning velocity, 

and the quenching diameter. In this study, the quenching diameter was examined in relation 

to altering burner diameter (9, 12, 16, 19, and 23 mm) using a digital image processing 

technique. In counter flame, significant results were attained. The geometry of the burner 

edges and the air and fuel velocity have an impact on the quenching diameter in the counter 

flow. The top and bottom flame disc quenching diameters are nearly equal for both lean 

and rich combinations and grow with the burner diameter. The values of the quenching 

distance were smaller than the quenching diameter at the wide range of the equivalence 

ratio (0.46 < φ < 1.57) for mixtures, and this behavior was likely caused by the dead space. 
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1. INTRODUCTION

Clean and efficient combustion technologies are being 

introduced to reduce emissions and greenhouse gases to 

respond to air pollution and global warming [1]. More than 

60% of global warming is caused by carbon dioxide (CO2), a 

primary product of hydrocarbon combustion [2]. During 2000 

to 2010, greenhouse gas emissions increased by 80%, with an 

average annual increase of 8% [3]. Many countries worldwide 

have seriously promised to reduce combustion exhaust gas 

emissions, the major cause of air pollution and global 

warming. To achieve clean and efficient energy generation, 

combustion system designers continuously improve 

combustion technologies [4]. It is essential to have incinerators 

in energy production in many applications. Various liquid and 

gaseous fuels are used, including diesel, biodiesel, natural gas, 

liquefied petroleum gas, etc. [5, 6].  

The flame spread has been the subject of many research 

studies focused on the design and operation of incinerators. In 

most combustion processes, fuels and their mixtures are 

premixed with air before being burned [7]. Flame spread in 

medium combustion can be divided into two types. As one of 

these two types, the flame spreads until combustion and 

cooling begin [8]. The other type is quenched by walls [9]. A 

wide range of operating conditions is required to obtain these 

flame states.  

NOx emissions are significantly reduced when the burner is 

operated with a lean air-fuel mixture [10], and a significant 

reduction in pollutants such as CO, HC, and PM [11]. Various 

burner geometries and operating conditions have been studied 

empirically to determine flame limits [12-14]. A clear focus 

was also placed on the types of fuels used and the combustion 

conditions. Various studies have assisted the design of 

combustion devices with greater stability limits. 

Understanding the fundamentals of difficult combustion is 

influenced by design and operation. This includes turbulence, 

kinetics, and phase changes [15, 16]. 

When the flame approaches the wall, its behavior changes, 

and combustion reactions are strongly influenced by the wall 

surface's specifications and temperature [17]. As a result of the 

heat loss, the chemical reactions are slowed, and the premixed 

flame stops spreading toward the wall. This extinguishes the 

flame front [18]. Surface conditions (temperature, material, 

geometry, near-surface gas dynamics, flame expansion) and 

combustion medium (temperature, pressure, composition) 

play an important role in this cooling phenomenon [19]. 

Burners, ramjets, pilot combustors, and other combustion tools 

are designed to minimize the flame-quenching phenomena 

[20].  

The key concern for the designers was how to avoid having 

the flame front pushed outside of the combustion chamber or 

separated from the burner edge as a result of the unburned 

gases' high velocity as they collided with the flame. In the 

combustion process, quenching often refers to putting out a 

flame. Burners' and combustion chamber walls experience 

flame quenching [21]. The quenching diameter, abbreviated 

dq, is the minimum flame separation distance that cannot be 

achieved. This definition states that the quenching diameter 
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value depends on the fuel type, mixing ratio, and flame 

propagation directions (burner edge design) [22-25]. In order 

to comprehend the combustion process close to the burner 

wall, it is crucial to understand the flame quenching study by 

the wall [26, 27]. For premixed flames in methane/air 

combinations and another investigation in propane/air 

mixtures, the quenching diameter and flame properties escort 

to quenching circumstances were investigated [28-30]. 

Whether the flame front on the burners is facing uphill or 

downward determines the quenching diameter. The physical 

characteristics used to illustrate the differences in flame 

propagation properties are the ideal diffusion flame and its 

stretch [31-33]. 

In this experimental investigation, methane and air are 

premixed before entering the burner. The study focused on 

determining the influence of the changing nozzle diameter for 

the counter burner on the quenching diameter for propagating 

flames through the counter burner (disc and double disc 

flames) in methane/air mixtures. In this study, direct cooling 

distance measurements near the surface of a flame were 

collected using a modern, high-resolution technique. For the 

study of flame suppression, the optical system was used to 

record the stabilization disc and front images of a dual-disk 

flame. 

 

 

2. EXPERIMENTAL SETUP 

 

The experimental data for premixed counter flames were 

collected by using a combustor system, including counter 

ramjet and the optical technique. The wide range for disc and 

double disc flames are prepared; fuel gas (Methane) and air 

flow rates are tested. The optical system recorded the stability 

disc/double disc-shaped flame front images required to study 

quenching flame. The system components are shown in Figure 

1. The counter burner includes two copper pipes at 30 mm 

diameter, fixed in the counter direction by steel structure, and 

many nozzles with different diameters: 9, 12, 16, 19, and 23 

mm. The distance between burner edges was fixed at 40 mm. 

The current study dealt with the premixing process as the most 

important combustion process used in industrial furnaces, and 

the methane-air mixture was prepared before it reached the 

nozzles of the counter burner to reduce the effect of the outside 

air surrounding the two burner nozzles. This area was 

surrounded by a nitrogen container (a transparent container of 

heat-resistant glass filled with gas Nitrogen during burner 

operation). During the trials, a pair of air flowmeters was used 

for measuring airflow rates, while a second pair was used to 

assess CH4 gas flow rates. A wide range of equivalent ratios 

were also investigated. The fuel/air ratios were obtained by 

controlling the flow rates of both petrol and air, and the 

equivalent ratios were calculated. 

The studies employed a digital camera called the "Phantom 

VEO 440" with a frame rate of 180 frames per second. The 

optical system consists of a collection of lenses and a (He-Ne) 

laser source with a power of 0.21 mW and a wavelength of 713 

nm. Images of the flames were captured at a resolution of 1280 

720 dpi. When the camera was installed in front of the test rig 

at a 90° angle for the laser path, it was placed on a fixed base. 

When the top and bottom borders of the counter burner stayed 

fixed, all procedures for the optical alignment along the test 

rig section were confirmed. By adjusting the nozzle angles for 

the burner's edges and CH4-air for a broad range of 

equivalency ratios (0.46 1.57), images for flame discs with 

good contrast have been created. Additionally, a 

straightforward spark ignition system was installed close to the 

burner's edges to initiate mixture combustion. The geometrical 

properties of the flames with various nozzle sizes, the burning 

velocity, and the quenching diameter were calculated using 

flame images received from experiments. In experiments, the 

maximum mixture composition was incrementally approached 

until the flame disc's ability to move between the top and 

bottom burner edges was completely lost. Images taken with 

the digital camera demonstrated the dead area. 

 

 
 

Figure 1. Schematic view of the experimental setup 

 

A digital image processing technique was used to collect 

data from the recorded flame images, and a MATLAB code 

was developed to carry out this purpose. This algorithm is 

divided into three steps: flame front determination, flame 

attributes collection, and calculation of flame parameters. 

Figure 2 shows the algorithm structure and main flame 

parameters. The first stage included the noise reduction in the 

flame image background by subtraction it from the source 

image. In order to produce a flame front image with less 

background noise, a calibration image (source image) was 

obtained without combustion and compared to each image. 

The original image was converted into a binary image in the 

second stage using a threshold ratio of roughly 0.8-0.85. The 

thresholding process results in a binary image calibrating an 

actual value or threshold to the matrix pixel numbers, 

consequently, it assigns the value 1 (white) to all pixels in the 

chosen image with contrast above a threshold and the value 0 

(black) to all other pixels. More so, several morphological 

operations were used to improve the quality of the binary 

image, such as the erosion and dilation method and speckle 

reduced by using an opening operation. The third stage 

includes quantitative analysis of the flame front in images and 

measuring several parameters; flame spatial location, disc, 

double disc flame diameter, burning velocity, and the flame 

quenching diameter. According to the most popular approach, 

the burning velocity was calculated by measuring the amount 

of gas mixture consumed per second and dividing it by the 

flame disc's surface area [12]. 
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where, Su is the burning velocity cm/s, dc is flame disc 

diameter (mm), Qmix is unburned gases volumetric flow 

(cm3/s). Also, the main parameter for determining the 

quenching diameter is the critical Peclet number (Pe) and the 

flammability of the combustion mixture [30]. 
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where, η is the thermal diffusivity of the unburned mixture, 

and dq is the flame-quenching diameter. 

 

 
 

Figure 2. The flame structure data and main parameters in 

digital image processing 

 

 

3. RESULTS AND DISCUSSION 

 

The counter flame photos for a wide variety of equivalency 

ratios in the various burner diameters-9, 12, 16, 19, and 23 

mm-were first captured during the experiments. To analyse the 

behaviour of the counter flame when it propagates in them, 

their diameters were thus gradually raised. Figure 3 displays 

the Su burning velocities and a function of the equivalency 

ratio for rich and lean sides for methane/air mixture at various 

nozzle orientations. According to the statistics, the burning 

velocity increased with increasing nozzle diameter. 

 

 
 

Figure 3. Burning velocity as a function of the equivalence 

ratio for a different nozzle diameter 

 

The counter burner's nozzle diameter has a less significant 

impact on the Su flame-burning velocity, as demonstrated in 

Figure 4. For nozzle diameters greater than 12 mm, the nozzle 

angle of the burner also has a similar impact on the rate of 

flame propagation. For higher levels of these parameters, a 

difference in flame propagation velocity is apparent. For a 

stoichiometric mixture, the burning velocity in a nozzle with a 

diameter of 9 mm is lower than in nozzles with higher 

diameters. 

 

 
 

Figure 4. Burning velocity as a function of the nozzle 

diameter for a stoichiometric mixture 

 

For narrower nozzle edges, the cooling effect of the burner 

edges on the flame is noticeable. The relationship between the 

dead space and nozzle diameter ratio and this effect is depicted 

in Figure 5 (changing nozzle diameter is dependent on 

increasing nozzle angle). With the nozzle diameter lowering 

up to 9 mm, the dead space and nozzle diameter ratio 

marginally rise. This rise is more pronounced and more 

frequently accompanied by a decline in laminar burning 

velocity and a potential reduction in the local temperature of a 

chemical reaction for smaller nozzle sizes. On the other hand, 

the bottom flame disc had a higher dead space to nozzle 

diameter ratio at a modest nozzle diameter of 9 mm than the 

top disc flame. 

 

 
 

Figure 5. Dead space and nozzle diameter ratio as a function 

of burner diameter 

 

Figure 6 shows variations between the propagation limits of 

the disc and double disc counter flames in lean and rich mixes 

with nozzle diameter=16 mm based on photos captured by the 

digital camera. Generally, there are many differences in the 

color of the flame front with the dead space, so lean mixtures 

for either flame disc or double disc were blue, while the rich 

ones show a bright blue. Figure 7 displays the quenching 

diameters as a function of mixture concentration. For lean and 

rich mixes, the quenching diameters nearly always rise as the 

nozzle diameter does. Additionally, due to dead space, the 
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quenching diameter values for all combinations within the 

equivalence ratios were higher than the quenching distance. 

 

 
 

Figure 6. Images of the disc and double disc flames for lean 

and rich mixtures 

 

 
 

Figure 7. Experimentally determined quenching diameter as 

a function of the equivalence ratio 

 

Figure 8 shows the comparison between experimental 

measurement results and experimental results in the literature 

of the burning velocity at 19 mm burner diameter shows a 

good agreement in the premixed flames. The mean percentage 

of differences between the literature results of premixed flame 

and the experimental measurement is 8.8%. 

 

 
 

Figure 8. V of burning velocity at burner diameter 19 mm 

 

 

4. CONCLUSIONS 

 

The analysis of multiple experimental findings presented in 

this study enables consideration of potential quenching limits 

for premixed counter flames. Experimental research has been 

done on flames in methane/air mixes propagating in the 

counter burner at various nozzle angles. It has been calculated 

how the counter burner's nozzle angles change with the 

methane/air mixing ratio, flame burning velocity, and 

quenching diameter. In this study, the quenching diameter was 

examined in relation to altering burner diameter (9, 12, 16, 19, 

and 23 mm) using a digital image processing technique. The 

findings for the flaming disc and double disc were obtained 

within the stability bounds. Basically, the diameter of the 

nozzle and the velocity of the fuel/air mixture determine the 

quenching diameter for the counter burner. The quenching 

diameters for the top and bottom flame discs are nearly 

identical for both lean and rich mixtures, and they become 

larger with nozzle diameter. All mixtures within the 

equivalence ratios (0.46 < φ < 1.57) had quenching diameter 

values greater than quenching distance due to the existence of 

dead space. 
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NOMENCLATURE 

 

dq 

dc 

Quenching diameter, in [mm] 

Disc flame diameter, in [mm] 

Su Burning velocity, in [cm s-1] 

Pe Peclet number 

 

Greek symbols 

 

η The thermal diffusivity 
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