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Abstract - LPG/air flames in axi-symmetric opposed nozzle burners were experimentally investigated for different flow 
velocities, nozzle geometries, and N2. The variety of experimental techniques employed allowed considering the issue from 
various perspectives, providing information on the interaction between the fluid dynamic processes and chemical reactions 
taking place in the burner: The fluid dynamic instabilities can trigger the complete flame extinction, where a flame re-ignition 
would be expected considering the stability diagrams. For detailed investigations of processes and phenomena in the 
premixed counter flow, it is sometimes necessary to apply more than just one flow visualization technique, since each method 
has its own characteristics of strengths and weaknesses. In the present study, Schlieren technique was used to analyze the 
effect of nozzles angle (30⁰, 45⁰, and 60⁰) and nitrogen on the flame stability. Significant results were obtained in the area of 
flame propagation. Limits of stability in the counter flow (blow-off flame, double flame, disc flame and distortion flame) 
depend basically on the shape of nozzles and velocity of fuel and air. Use of N2 leads to a decrease in the convective heat loss 
as the strain is increased. Increasing the strain will also reduce the flame width by pushing the flame closer to the stagnation 
surface to keep the balance between the burning velocity and the flow velocity. 
 
Index Terms - Premixed Counter Flame, Angle of Nozzle, N2,  Stability.  
 
I. INTRODUCTION 
 
When a combustible gas mixture is ignited by a heat 
source within a flow field, a deflagration wave, or 
premixed flame, propagates relative to the flow into 
the unburned gas consuming the reactants and leaving 
behind hot products. The simplest problem in 
premixed combustion is the  planar unconfined flame 
that propagates steadily into a quiescent mixture. The 
flame then depends on two parameters, which are 
characteristics of the combustible mixture: the 
adiabatic flame temperature T a, achieved when the 
mixture burns to completion under isobaric and 
adiabatic conditions, and the laminar flame speed SL, 
which is the speed that the (planar) flame travels into 
the mixture in the absence of heat losses. In 
combustion applications flames seldom behave in 
such an idealized way; they are typically corrugated 
and propagate in a non-steady manner. The 
temperature and propagation speed vary along the 
flame front and depend on non-uniformities in the 
mixture composition, heat losses, the diffusivity of the 
various species comprising the mixture and the local 
flow conditions ahead of the flame [1]. 
 
II. STABILITY LIMITS OF LAMINAR 
FLAMES  
 
There are two types of stability criteria associated with 
laminar flames. The first is concerned with the ability 
of the combustible fuel–oxidizer mixture to support 
flame propagation and is strongly related to the  
 

 
chemical rates in the system. In this case a point can be 
reached for a given limit mixture ratio which the rate 
of reaction and its subsequent heat release are not 
sufficient to sustain reaction and, thus, propagation. 
 
This type of stability limit includes (1) flammability 
limits in which gas-phase losses of heat from limit 
mixtures reduce the temperature, rate of heat release, 
and the heat feedback, so that the flame is not 
permitted to propagate and (2) quenching distances in 
which the loss of heat to a wall and radical quenching 
at the wall reduce the reaction rate so that it cannot 
sustain a flame in a confined situation such as 
propagation in a tube. 
 
The other type of stability limit is associated with the 
mixture flow and its relationship to the laminar flame 
itself. This stability limit, which includes the 
phenomena of flashback, blow off, and the onset of 
turbulence, describes the limitations of stabilizing a 
laminar flame in a real experimental situation [2]. 
 
This flame, of course, continues to propagate even 
after the ignition source is removed. There are mixture 
ratios, however, that will not self-support the flame 
after the ignition source is removed. These mixture 
ratios fall at the lean and rich end of the concentration 
spectrum. The leanest and richest concentrations that 
will just self-support a flame are called the lean and 
rich flammability limits, respectively. The primary 
factor that determines the flammability limit is the 
competition between the rate of heat generation, 
which is controlled by the rate of reaction and the heat 
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of reaction for the limit mixture, and the external rate 
of heat loss by the flame. The literature reports 
flammability limits in both air and oxygen. The lean 
limit rarely differs for air or oxygen, as the excess 
oxygen in the lean condition has the same 
thermo-physical properties as nitrogen [3]. 
 
If the velocity of the unburned mixture is increased, 
the flame will leave the tube and, in most cases, fix 
itself in some form at the tube exit. If the tube is in a 
vertical position, then a simple burner configuration, 
as shown in Fig. 1, is obtained. In essence, such 
burners stabilize the flame. As described earlier, these 
burners are so configured that the fuel and air become 
a homogeneous mixture before they exit the tube. The 
length of the tube and physical characteristics of the 
system are such that the gas flow is laminar in nature 
[2]. 
 
However, near the burner rim the flow velocity is 
lower than that in the center of the tube; at some point 
in this area the flame speed and flow velocity equalize 
and the flame is anchored by this point. The flame is 
quite close to the burner rim and its actual speed is 
controlled by heat and radical loss to the wall. As the 
flow velocity is increased, the flame edge moves 
further from the burner, losses to the rim decrease and 
the flame speed increases so that another stabilization 
point is reached. When the flow is such that the flame 
edge moves far from the rim, outside air is entrained, a 
lean mixture is diluted, the flame speed drops, and the 
flame reaches its blow-off limit [4]. 
 
If, however, the flow velocity is gradually reduced, 
this configuration reaches a condition in which the 
flame speed is greater than the flow velocity at some 
point across the burner. The flame will then propagate 
down into the burner, so that the flashback limit is 
reached. Slightly before the flashback limit is reached, 
tilted flames may occur. 
 

 
Fig.1 Formation of a tilted flame [2]. 

 

 Fig. 2, represents the conditions in the area where the 
flame is anchored by the burner rim. Further assume 
that the flow lines of the fuel jet are parallel to the tube 
axis, that a combustion wave is formed in the stream, 
and that the fringe of the wave approaches the burner 
rim closely. Along the flame wave profile, the burning 
velocity attains its maximum value (SOu). Toward the 
fringe, the burning velocity decreases as heat and 
chain carriers are lost to the rim. If the wave fringe is 
very close to the rim position (1) in Fig. 2, the burning 
velocity in any flow streamline is smaller than the gas 
velocity and the wave is driven farther away by gas 
flow. As the distance from the rim increases, the loss 
of heat and chain carriers decreases and the burning 
velocity becomes larger. Eventually, a position is 
reached position (2) in Fig. 2, in which the burning 
velocity is equal to the gas velocity at some point of the 
wave profile. The wave is now in equilibrium with 
respect to the solid rim. If the wave is displaced to a 
larger distance position (3) in Fig. 2, the burning 
velocity at the indicated point becomes larger than the 
gas velocity and the wave moves back to the 
equilibrium position [5], [6]. 

 
Fig. 2, Stabilization positions of Bunsen burner flame 

[2].  
 
III. COUNTERFLOW  METHOD 
 
The counter flow method or opposed jet method is 
based on the stabilization of flames between 
counter-flowing jets. Both jets deliver a premixed fuel 
and oxidizer mixture. As a result, on both sides of the 
stagnation plane, premixed flames will be visible, like 
shown in Fig. 3, the flames stabilize in the flow and do 
not have any heat loss interaction with the burner. As 
can be seen in the figure indicated by the streamlines 
is that the flow profile of this configuration is not 
perpendicular to the flame front, which causes 
straining of the flow. Due to this straining the flames 
become stretched. The strain/stretch rate can be 
controlled by adjusting the distance between the 
nozzles. A larger distance between them will lead to a 
larger distance between the flame fronts. As a result 
the strain rate is smaller: so the flames become less 
disturbed. By repeating this experiment at various 
strain rates a correlation can be found between 
burning velocity and strain rate [7]. To determine the 
laminar burning velocity the strain rate needs to be 
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extrapolated to zero stretch. The resulting burning 
velocity depends highly on the model used for the 
extrapolation to zero stretch. A linear model as 
initially presented by Law [8] gives higher laminar 
burning velocity results for methane-air flames 
compared to a more recent nonlinear stretch model. 

 
Fig. 3, A schematic illustration of a premixed counterflow burner 

[9]. 
 
IV. THERMAL-DIFFUSIVE (TD) 
INSTABILITIES IN COUNTER FLOWS  
 
Thermal diffusive instabilities are known to occur in 
both premixed and non- premixed combustion, for 
reviews see [10], [11]. In this configuration, the 
reactants are supplied separately to the reaction area 
and combustion occurs where they meet in 
stoichiometric proportions. The choice of using 
diffusion flames to study these instabilities is justified 
by the limitations inherent to the premixed 
configuration. However, considerably more attention 
has been directed towards the thermal-diffusive 
instabilities of premixed than nonpremixed flames. In 
premixed combustion, the reaction is located in a 
flame front that travels with a characteristic velocity in 
the combustible mixture. The pioneering work of 
Mallard and Le Chatelier [12] on a simple laminar 
flame front traveling in a tube revealed the thermal 
nature of the mechanism responsible for flame 
propagation. It is the much stronger coupling between 
the reaction and diffusion processes [11] in this 
configuration that gives rise to aerodynamic 
instabilities resulting from thermal expansion. study 
of [11] and [13] instability makes flat flame fronts 
simply established in a chambered flow of combustible 
mixture Fig. 4-a, unpractical for experiments aimed at 
investigating flame dynamics because of the strong 
coupling between this important hydrodynamic effect 
and the combustion process. A premixed flat flames 
can be generated by supplying a combustible mixture 
through a porous injection plate because of the 
stabilizing effect of heat loss at the plate [13], see 
sketch in Fig. 4-b,. However, this approach induces 
important perturbation of the flame front because of 
the heat loss and possible upstream diffusion of 
radicals towards the cold injection plate, where they 

are neutralized through wall collisions. Another 
approach consists at opposing free jets of the 
combustible mixture, resulting in the formation of two 
planar flames on either sides of the stagnation plane 
formed by the jets impinging one another, see [14] for 
pictures and Fig. 4-c, for a conceptual sketch. The 
radial expulsion of combustion products creates a 
velocity gradient, stretching and stabilizing the flame. 
This stretch has been shown to also have a strong 
effect on thermal-diffusive instabilities [10] and 
extinction [14], making this configuration of limited 
use to study these phenomena. Finally, if the 
combustible mixture is injected through a porous 
cylinder, the flow rate can be adjusted so that the 
diverging flow field stabilizes the flame [15], as 
shown in Fig. 4-d,. However, buoyancy forces tend to 
break symmetry through the instability [13] if the 
experiment is not carried out in microgravity. 

 
Fig. 4, Premixed burner configurations [14]. 

 
V. GENERAL COMPONENTS OF THE 
EXPERIENCE SETUP  
 
The researcher [16] used this system, but in the 
current study was developed and the addition of other 
techniques in the measurement. The device generally 
consists of a group of systems, as follows: -  
First:- combustion system through which initialize the 
counter flame front which consists of: -  
1. Valves and regulators to control the flow. 
2. Flowmeters for air and fuel.  
3. Counter Burner.  
4. Flame temperature measuring unit.  
5. Nitrogen supply unit. 
Second:- Schlieren optical system.  
1. The light source.  
2. Expanding set of the beam.  
3. Focusing set of the beam  
Third:- Recording and filming system for combustion 
phenomenon which the Schlieren photos are recorded, 
these photos are required for the study purpose. The 
Fig. 5. shows the photographs of the practical 
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experimental and its components. Fig. 6, Schematic diagram of the experimental test rig.  

 
Fig. 5, Photograph of t he counterflow burner facility. 

 
 

 
Fig. 6, Schematic diagram of the experimental test rig. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-6, Jun.-2018, http://iraj.in 

Impact of Nitrogen and Angle of Nozzle on the Stability of Premixed Counter Flame 
 

19 

The counter burner is one of main parts of the 
combustion system which can  study premixed flame 
properties, it is considered one of the most complex 
types of burners due to the fact that components of the 
combustion mixture (fuel and air) entering into the 
two burners separately and then unite at the burner 
rim in the nozzles and through the diffusion and 
reaction the flame front is made up this type is called 
diffusion flame. The second type, when mixing the 
reactors before entering the burner is called this type 
premixed flame. 
 
The basic principle of raising the efficiency of 
diffusivity burners is to increase the aerodynamic and 
to create vorticity at surface of stagnation zone. The 
counter flow apparatus consisted of two convergent 
nozzle burners with (12mm)  exit diameters vertically 
opposed brass tubes and were spaced (20 mm) apart. 
in order to using three angle of nozzles (30O, 45O, and 
60 O) to compare the experimental data, Fig. 7, gives 
the schematic of the counterflow nozzle burner. In 
order to improve the accuracy of the data 
measurement, as will be discussed later.   
 
Consequently the fuel (LPG) and oxidizer (air) 
streams respectively consisted different equivalence 
ratio (ɸ =0.65 to 1.5 ). In addition, the mean exit 
velocities at the nozzles were kept equal. The fuel was 
LPG of approximate composition (40% C3H8, 60 % 
C4H10) and was drawn from the mains by a compressor 
at a pressure of (1 bars) (gauge), and filtered to remove 
dust particles, oil, and water droplets with diameters 
greater than 2 . 
Flow rates were metered by flowmeters calibrated by 
the manufactures and arranged so that each burner 
could be supplied with (0-16 L/min) air and (0-6 
L/min) of gas for premixed  flames. The moment of 
the two nozzles were kept equal so that the stagnation 
plane of the nonoscillating flow was located at the half 
distance, (H/2), between the two opposing assemblies. 
 

 
Fig. 7, Schematic illustration of the counterflow 

nozzle burner. 

VI. BURNER CHARACTERIZATION 
 
Mixture composition profiles taken between the two 
injection were used to define the injection layer 
thickness, the effective boundary conditions and the 
mixture strength. The contoured design of flow 
nozzle, coupled to (1/25)th cell size honeycombs, 
guarantees an exit velocity profile with reasonable 
uniformity. Contained several fine wire mesh screens 
near the nozzle exits, a standard technique causing the 
flow to be laminar [17]-[19].  
 
The same burner can be used under diffusion and 
partially premixed conditions. In such a case two 
identical premixed streams are fed to top and bottom 
burner and twin flames are established symmetrically 
with respect to the gas stagnation plane.  The exit 
conditions were standard temperature and 
atmospheric pressure. The injection Reynolds 
number, based on the velocity of the mixture during 
the injection interval, the cold mixture viscosity and 
the exit nozzle diameter, was between  860 ≤ Rejet ≤ 
1380, which corresponds to 1.105 ≤ Ujet ≤ 1.769 m/s. 
Fig. 8, shown details of burners.   

 
Fig. 8, Details of counter burners.  

 
VII. RESULTS AND DISCUSSION 
 
A. Flame Position 
To measure the flame location in the burner, 
photographs were taken from the side. The images 
were then analyzed, and the flame position was 
determined as the point of maximum luminosity in the 
center between the burners. This optically determined 
flame location was checked to be in excellent 
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agreement with the location of maximum 
temperature. The flames are stabilized about the point 
where the mean velocity of propagation equals the 
mean axial flow velocity of the reactants. The flame 
surfaces appear undulatory and rapidly change about 
this stable mean position.  
 
The effects of buoyancy are more pronounced in 
making the flow asymmetric at lower flow velocities 
and large nozzle separation. The premixed burners are 
more exhibition of occurrence to the explosion due to 
the mixing of reactants before the combustion process, 
and the most exposure to the occurrence of the flash 
back phenomenon, but at the same time the most 
efficient in combustion, because the mixture is 
homogeneous and ready before the combustion 
process.  
 
These burners are considered as the most complex and 
difficult ones in terms of flame stability but they give 
high accuracy in the results. In addition to the use of 
nitrogen in the current research, they gave a higher 
confidence by not participating outside air in the 
interaction with flame front. The Figs. 9 to 14, show 
the flame stability schemes at different angles of 
nozzle, with and without use of nitrogen, at the same 
distance between the burners (20 mm).  
 
These figures are of great importance in the present 
study because they represent all the chemical and 
physical changes of the counter flame. The discussion 
concerning flame stability also aided considerably the 
use of a combustion diagram, as long as the fuel-air 
mixture is combustible.  
 
There are four limits of operation of the reacting 
counter flowing: jets blow-off, double flame, disc 
flame, and distortion flame, as depicted in Figs. 9 to 
14,  as a function of the air and fuel flow rate from the 
nozzle exit. In addition to the homogeneous mixture, 
the flow angle of the mixture and the largest area of 
vortex and mixing give a complete combustion of the 
reactors. This in turn leads to an increase in the 
velocity of reaction and diffusion due to the increased 
heat transfer between the reactors, and therefore it 
increases the temperature of the mixture.  
 
As a result, heating of the preheating area is achieved. 
This series of procedures helps to increase the stability 
of the flame front. It is also noted that nitrogen is used 
to reduce the blow-off flame, because the external air 
is not involved in the reaction, thus increasing the area 
of the disc flame and the homogeneous interaction 
between the flow of fuel and air to the counter burners. 
Either installing the air velocity or increasing the fuel 
velocity leads clearly to a flame distortion and the 

appearance of soot and carbon monoxide is in the 
yellow flame zone. 

 
Fig. 9, Stability Limits of Premixed Counter Flame at Angle of 

Nozzle 30O With N2  

 
Fig. 10, Stability Limits of Premixed Counter Flame 

at Angle of Nozzle 45 O With N2 
 

 
Fig. 11, Stability Limits of Premixed Counter Flame 

at Angle of Nozzle 60 O With N2 
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Fig. 12, Stability Limits of Premixed Counter Flame at Angle of 

Nozzle 30O Without N2  
 

 
Fig. 13, Stability Limits of Premixed Counter Flame 

at Angle of Nozzle 45 O Without N2 
 

 
Fig. 14, Stability Limits of Premixed Counter Flame 

at Angle of Nozzle 60 O Without N2 
 
B. Schlieren Photo Recording of the Premixed 
Flame 
The Schlieren system is one of the optical systems 
based on some of the considerations in the fields of 
geometrical optics and wave [20]. This system can be 

designed using optical elements, such as mirrors or 
lenses which give a high-resolution contrast that 
allows distinguishing the case studied by the naked 
eye or the photographic film. In this research, the 
lenses are used to show the details in the required 
optical photo, i.e. in the system installation or the 
so-called Schliener visual processing. If the light 
beam “the optical wave” passes through a dense 
medium or crosses a certain barrier, it will suffer from 
several refractions or reflections, and all these events 
will be responsible for formation the desired visual 
photo. The important thing here is the light refraction 
and diffraction. The photo of an unspecified number of 
refractions gives the body details on the display 
screen. The Schlieren system can be arranged in many 
forms as well as can be arranged by use of visual 
elements, such as mirrors and as many different 
sources have reported arrangements for the Schlieren 
system models [20, 21]. Fig. 15, manifests the adopted 
arrangement in the current search. 

 
Fig. 15, visual arrangement of the Schlieren system 

used in the research [21].  
 
After all the necessary arrangements in the preceding 
steps of preparation, the final experiments have been 
done, and the consecutive photos of counter and disc 
flame at the ratios referred to should be taken. The 
sample photo results can be seen in the Figs. 16, 17, 
and 18. Schlieren photos recorded the premixed flame 
using a (NIKON) camera type. In the experiments, the 
mixing ratios (liquefied petroleum gas with air) are 
first determined to the premixed flame with three 
models of nozzles. A sample of photography results 
can be seen in Figs. 16, 17, and 18. A specific scale has 
been used for the purpose of obtaining the true 
dimensions of the disc flame front as described in the 
previous figures and placed along the flame front.  
 
To convert these photos into numbers, they are entered 
into the computer using a scanner with a high 
resolution, which is greater or equal to (400 pixel/cm). 
Then, the photos files are opened using adobe photo 
shop (CS5) program, where it can zoom the photo 
while the visual specifications remain, as well as the 
program contains the coordinates which they can 
extract the surface points with (0.1 mm) and any other 
coordinate needs to be measured in flames. The 
description above for this program has the purpose to 
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benefit from it and its features in the flame analysis, 
especially the counter flame. 

 

 
Fig. 16, Schlieren photo of  premixed flame counter flow with 

N2 
 

 
Fig. 17, Optical photo Premixed flame counter 

flow with N2 
 

 
Fig. 18, Fluctuation of disc flame without N2 

 
CONCLUSIONS 
 
From the results of the present research work, the 
following conclusions can be draw in: 

1. The increase of operation field was reached in 
the premixed burner by using nitrogen by 
(16.6%) more than the burner that works 
without nitrogen. 

2. The use of Schlieren optical system technology 
makes it possible to provide a high accuracy in 
the flame front analysis, because of its 
dependence on the reference surface for flame 
incandescence without causing any turbulent to 
the reactants flow. 

3. Through the practical experiments, it is 
observed that installing a second set for the 
reactors flow stability (honey-comb metal disc, 
thin screen, and metal balls) near the burner rim 
led to a high smooth and reduced the reactors 
turbulent, as a result, the efficiency of air and 
fuel mixing increases, the matter that leads to 
increase the flame stability. 

4. The angle of nozzle (30O) for diffusion counter 
flame gives the shortest time for the mixing 
processes between the reactants because the 
vorticity intensity increased in the mixing area 
and activation of mixing process, as a result. 
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