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ABSTRACT 

Under laboratory conditions (298 K and 1 bar) and using a wide range of air-to-fuel mixing ratios, an experimental 

combustion test was performed with ILPG. Combustion has been critical to human life since ancient times for 

practical applications. Accurate data is always required since laminar combustion speed is one of the most critical 

characteristics of premixed flames. The laminar combustion velocities of an LPG/air flame under atmospheric 

conditions were calculated using a vertical-diameter burner (with and without N2). In addition, the effects of 

nitrogen gas separation of the flame from the outside environment were investigated both with and without the 

use of a flame stabilizer, and in a 12mm cylinder diameter. In addition, Schlieren imaging equipment was ready 

to measure and investigate (flame stabilization limitations) to obtain comprehensive data by analyzing a Schlieren 

flame forward image of a 12 mm diameter flame. This experiment obtained results for the valence ratio using 

different flame stabilizer angles to obtain valence ratios with and without N2. 

Keywords: LPG; laminar burning velocity; Vertical flames; Flame stability; Schlieren; N2; Flame stabilizers of 

different angles. 

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 
In order to produce energy in the form of heat and 

light, a fuel must combine chemically with an 

oxidizer, such as air or oxygen, to produce 

combustion [1]. Fuels can be liquid, gaseous, or 

solid. The International Energy Agency (IEA) 

estimates that the energy consumed globally due 

to burning fuels like natural gas and petroleum is 

around 88% [2]. The combustion process is 

currently utilized in various sectors, including 

transportation, power generation, heating, steam 

boilers, and others [3]. Because of this, the 

percentage of pollutants emitted by combustion 

processes, including nitrogen oxides, sulfur 

oxides, volatile organic compounds, carbon 

dioxide, and soot, has increased in all their uses. 

These contaminants directly affect both the 

environment and human health. Thus, to lessen 

these, fuel needed to be burned more precisely 

and effectively [4]. Four main categories can be 

used to categorize flames:  

• First, there is stability. It is said to be 

unstable when the flame front shifts 

concerning the function or anything else. In 

any case, the capacity to witness the flame 

front move steadily inside the system is 

what a steady flame front means.  

• Second, one thing to consider is the kind of 

gas flow through the reaction zone: Flames 

come in two different varieties: turbulent 

and laminar.  

• Third, mixing and reaction-diffusion. A 

premixed flame, or a flame that 

simultaneously burns and mixes, is utilized 

(a diffusion flame). Fourth, the physical 

conditions of the significant reactants are as 

follows: solid-liquid-gas [5, 6].  

The burning velocity has been estimated using a 

variety of techniques. These techniques may be 

divided into two groups: 

1. A steady flame is achieved by injecting a 

stream of gas into a burning flame at a rate 

proportional to that of combustion [7]. 

Many researchers have used several 

techniques that fall within this category, 

such as Bunsen, flat flame methods [8, 9], 

nozzle burning [10, 11], slot [12, 13], and 

other methods. 

2.  Non-stationary flame: This technique 

passes through the initially quiescent 

mixture using this technique. [7] The 

techniques categorized as class (2) include 

the tube method [14, 15], the constant 

volume bomb method, which was used by 

several researchers [16, 17], and lastly, the 

Lewis and Von Elbe-developed soap-

bubble technique [18].  

Fuel gas, known as liquefied petroleum gas (LPG 

or LP gas), comprises a volatile combination of 

hydrocarbon gases, notably propane, propylene, 

butylene, isobutene, and n-butane. Heating 

appliances, kitchenware, and automobiles use 

LPG as a fuel gas. As a propellant for aerosols, it 

is increasingly used[19]. During Snelling’s 

research on the volatility of gasoline, LPG was 

first obtained in 1910. LPG has many uses, such 

as fuel, home appliances, building materials, 

heating, and light sources. LPG is cheaper than 

similar products since it is a by-product with 

multiple uses. Despite its many benefits, LPG 

raises some valid safety concerns in commercial 

and domestic contexts [20, 21]. With enhanced 

fuel efficiency, fewer emissions of pollutants, and 

diminished fuel consumption, these alternative 

fuels make it easier to achieve environmentally 

friendly combustion. The laminar burning 

velocity is a key metric that describes several 

characteristics relating to the reactivity, 

diffusivity, and exothermic nature of a particular 

fuel-air mixture. The ability to predict the 

operational characteristics and emissions of 

various fuel systems, including internal 

combustion engines, industrial furnaces, and gas 

turbine engines, as well as to validate various 

chemical kinetic mechanisms connected to the 

fuel, underscores the paramount importance of 

the burning mixture of combustible fuel.  
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The truthful. Laminar burning velocity (LBV) is 

one of the crucial characteristics utilized to 

comprehend precisely how to investigate the 

viability of using LPG as an alternative fuel in 

various burning systems [22]. The evaluation of 

various chemical kinetic processes of the fuel and 

the anticipation of operational and emission 

characteristics of various combustion systems, 

such as industrial furnaces, internal combustion 

engines (IC), and jet engines, is made easier by 

the laminar burning velocity of a flammable 

mixture [23]. 

2. Device Parts and Experimental 
Method 

The test rig for this investigation consists of four 

units: a Schlieren photography setup, an LPG 

distribution system, an air delivery system, a 

vertical burner unit, and an N2 delivery system. 

The first unit is an LPG cylinder, an LPG flow 

meter, and a flow regulator. These comprise the 

LPG delivery system. The second unit is a 

vertical burner consisting of a vertical burner 

long enough to develop entirely and a mixing 

chamber. The third unit is an air delivery system, 

including an air compressor, airflow meter, and 

regulator. The fourth unit is the delivery system 

cylinder of N2, a regulator to control the flow of 

N2. A concave mirror, a plane image, and a light 

source, a knife edge are among the components 

of the Schlieren photography system's fifth unit. 

Figure 1. Illustration of the experimental device 

used for the control and control system for the 

amount of flow and gas distribution air and gas 

are mixed before the mixture enters the vertical 

burner, and the amount of gas entering the mixing 

chamber is regulated by a gas flow meter that 

receives gas from a gas cylinder. The amount of 

air entering the mixing chamber before being fed 

to the burner is controlled by an airflow meter. 

The amount of nitrogen is controlled and supplied 

by a readily accessible cylinder that contains 

nitrogen with a purity of 99% while air is drawn 

through an air compressor. The reactants can be 

quickly combined in the mixing section 

(premixing flow). The laboratory conditions were 

308K and 1 atm for experimental work. The 

device parts are:  

1. A fuel regulator valve. 

2. Volumetric flow of the fuel. 

3. Sensor for fuel temperature. 

4. Regulating valve for air. 

5. Volumetric flow of air. 

6. Sensors for air temperature. 

7.  The air compressor.  

8. LPG cylinder. 

9. Nitrogen cylinder. 

10.  Nitrogen jacket. 

11.  Chambers for mixing. 

12. Thermocouple. 

13.  Vertical burner. 

14.  Schlieren system. 

 

 



  

 

Figure. 1.(a) System Diagram. (b) The Device System image. 

 

 

 

 

2.1 Experimental Tools  
The burner tube model consists of a single copper 

burner tube fashioned into a test section. The 
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burner has a diameter of 12 mm. A standard 

burner length was selected using the conventional 

(50xd) approach to guarantee the achievement of 

fully developed laminar flow at the burner's 

perimeter on every occasion. A key factor in 

determining flame stability is the selection of 

such pipes. To envelop the vertical burner with 

nitrogen gas and create a nitrogen jacket at the 

burner terminus, a new component was 

developed by a technician and added to the upper 

end of the tube burner. This element is depicted 

in Figure 2. This design features an open cylinder 

from the top and a burner tube connected from the 

bottom, ensuring the burner orifice aligns with 

the nitrogen cylinder aperture. This cylinder 

extends to a height of 62 mm and has an external 

diameter of 96 mm. The base on which the tube 

ignites from the bottom is made of stainless steel 

and yields a consistent flow. Nitrogen exit holes 

are outfitted with 2-, 3-, 4-, and 6-mm 

dimensions. 

 

 

 
Figure.2. Manufacturing steps (nitrogen jacket) 

 

2.2 Schlieren Technology Layout 
In order to provide high-resolution contrast to the 

Schlieren technique, optical components like 

mirrors or lenses can be utilized. This will enable 

the case being investigated with the unaided eye 

or photography film to be differentiated. Based 

on some geometrical optics and wave 

considerations, the Schlieren system is an optical 

system [5]. In this study, the mirror was 

employed to display the specifics of the system 

installation, Schlieren visual processing, and the 

necessary optical picture. The concept and 

elements of the system are described as follows: 

Installed in close proximity to the flame, the 
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parabolic mirror’s 76 mm diameter and 70 cm 

focal length cover the flame. At the same time, 

the light source is hidden behind the mirror. 

Following that, the light bounces off a vertical 

beam or the camera and requires a sharp edge to 

scatter the beam and display the Schlieren image. 

The measuring method used here is the 

methodology of flame cone angle [24]. This 

technique is very helpful for flame cones with 

straight sides, as shown in Fig. 3 and Fig. 4. 

 

 

 

Figure 3. The Schlieren method’s organizational structure. 

 

 

 
Figure 4. The flame form using the Schlieren 

method. 

 

 
Figure 5. The flame retainers at different angles. 
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Figure 6. (a) photo of flame without stabilizer. 

(b) photo of flame with stabilizer. 

 

 

Figure 7. Concave mirror forms. 

 

The flame retainer is placed on the upper edge of 

the burner and is made of brass in a V pattern. 

And at different angles. The diameter of the tube 

is 12 mm. The stabilizer increases the combustion 

area and stabilizes the flame. The results of this 

study were obtained for a tube with a diameter of 

12 mm. A photo of the flame with and without 

stabilizer is shown in Figures 7a and 7b. The 

stability of the LPG flame at lower equivalency 

ratios was tested to see whether the pilot flame 

might improve. 

3. Calculations and experimental 
technique 

The following methods were used to determine 

the mixing ratios for the mixture (ILPG) with air 

that provides the burner with its optimal 

performance while operating at a diameter of 12 

mm. The mixture preparation process is critical in 

accurately calculating the flame propagation 

velocity by optimizing operating conditions (0.5-

1.4). 

1. Operation of the system (air/fuel): This 

phase includes the activation of the fuel 

(LPG) system, which is governed by a 

manually operated valve, and the 

activation of the air compressor, which is 

controlled by a valve located on the air-fuel 

flowmeter board. 

2. The airflow and fuel flow are expressed in 

volume units (L/S) to ensure precision in 

measurements. The indication on the 

flowmeter must be confirmed to be steady 

and constant throughout the reading 

operation. 

3. An external ignition source (a lighter) is 

used to ignite the combination of fuel and 

air, which is then allowed to burn for a long 

time until the flame stabilizes. 

4. Under all circumstances, Place the camera 

in a fixed position and at a fixed distance 

from the image board. 
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5. Capturing an image of the flame profile and 

using the Schlieren optical technique to 

create a high-resolution depiction of the 

flame's morphology and project it onto a 

whiteboard in front of the flame. 

6. Follow the same procedure as before, 

changing the volumetric values of the fuel 

and air to, respectively, Vf and Va. 

7. Use the flame retainers at various angles to 

repeat the previous action. 

8. Repeat the preceding processes while 

adding and using the nitrogen system as an 

insoluble gas. Below are equations used to 

find experimental results. 

3.1 Equivalence Ratio. 
Փ = ((A/F)stoic )/((A/F) act)   

 (1) 

Where:  

(A/F) stoic is the air-to-fuel ratio of the 

LPG 

(A/F) 𝐚𝐜𝐭 Air–fuel ratio is the mass ratio of 

air to a fuel. 

Stoichiometric evaluation of liquid petroleum gas 

(LPG) fuel allows for the following (A/F) stoic 

evaluation: 

“CxHy+a(𝑂2+3.76𝑁2)→xCO2+y/

2(H2O)+3.76N2”    

 (2) 

“C3.671H9.342+6.0065(𝑂2+3.76𝑁2)→ 

3.671CO2 +4.671 (𝐻2O) +22.58444N2” 

“(A/F) a = 𝑚̇𝑎/𝑚̇𝑓”  (3) 

“(A/F) s = 4.76 * a * 
ℳ𝑤𝑎

ℳ𝑤𝑓
”   

  (4) 

a = x + y/4 For Stoichiometry  

  (5) 

For simplicity's sake, it will be assumed that the 

air constitution contains 21% O2 and 79% N2 (by 

volume), signifying that there are 3.76 moles of 

N2 for every mole of O2 present in the air. 

𝜌𝑎=P/RT   (6)  

𝜌𝑎 =1.18 kg /𝑚3 at (laboratory condition =1, 𝑇 = 

298 𝐾)  

MḞ = ρFQF     

 (7) 

QF=UFρF     

 (8) 

MḞ =UFρFAF     

 (9) 

MȦ= 𝜌𝐴𝑄𝐴     

 (10) 

QA=UA𝜌𝐴     

 (11) 

𝑀𝐴̇=𝜌𝐴U𝐴𝐴𝑎     

 (12) 

mmix= ṁ + ṁ     

 (13) 

m𝑚𝑖𝑥 = 𝑄𝑚𝑖𝑥     

 (14) 

3.2 Reynolds Number of Mixture 
Re mix = ρmix∗U∗D

μMIX
    

 (15) 

Where:  

D=diameter of tube 

D=12 mm 

3.3 Density of Mixture 
𝜇𝑚𝑖𝑥 =μF % fuel+ 𝜇𝑎𝑖𝑟 % air   

 (16) 

𝜌𝑚𝑖𝑥 =𝜌𝑎𝑖𝑟 % air + 𝜌𝑓𝑢𝑒𝑙 %   

  (17) 

 Qmix  =  
mmix

°

ρmix
     

  (18) 

The precision of calculating the equivalent ratio 

depends significantly on the purity of the gas fuel 

utilized. The purity of LPG was reported to be 

98.42 percent by refiner laboratories in Baghdad 
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(AL-Doura). The components of LPG are ethane 

(C2H6) at 0.6%, propane (C3H8) at 33.7%, pentane 

(C5H12) at 2%, and butane (C4H10) at 63.7%. The 

LPG equivalence hydrocarbon mixture could be 

estimated as C3.671H9.342. 

3.4 Equivalent Carbon Atoms Number 
method 

(CxHy) = 
%∗x

100
 

ethane (C2H6) =
0.6∗2

100
= 0.012 

propane (C3H8) = 
33.7∗3

100
= 1.011 

Butane (C4H10) =
63.7∗4

100
 = 2.548 

pentane (C5H12) =
2∗5

100
 = 0.1 

Carbon atoms number (x) 

=2.548+1.011+0.1+0.012 = 3.671 

3.5 Equivalent Hydrogen Atoms 
Number Method 

(CxHy) =
%∗y

100
 

ethane (C2H6) =
0.6∗6

100
 = 0.024 

propane (C3H8) =
33.7∗8

100
 = 2.696 

Butane (C4H10) =
63.7∗10

100
 = 6.37 

pentane (C5H12) =
2∗12

100
 = 0.24 

H2 atoms number (y) 

=2.696+6.37+0.036+0.24=9.342 

The LPG equivalence hydrocarbon mixture 

would be C3.671 H9.342. 

4. Results 
The rate of the chemical reaction and, thus, the 

speed of the flame may be increased by raising 

the flame's temperature to the corresponding ratio 

in the free portion of the mixture. The Schlieren 

system gives high accuracy in the measurements 

based on the refractive index of the laser beam 

that passes through the interaction area of the 

light beam. The geometric dimensions of the 

front of the flame for every one of the burners 

under study were obtained via experimental 

evaluations, and this effect is seen in the analysis 

of the Schlieren sample of optical images. 

The equivalence ratio also affects the laminar 

combustion speed, as the combustion velocity 

increases when the equivalence ratio is 

approximately (Φ = 1.1). The combustion speed 

after that starts to decrease with a parity ratio of 

less than 1.1 until the occurrence of the explosion 

because the amount of air has become greater 

than the steady state with the same amount of 

fuel. Following the cone formed by Schlieren's 

images led researchers to discover that the 

portion of the flame with the smallest surface area 

had the quickest burning rate.  

It can be seen that the increase in combustion 

speed is due to the use of flame stabilizers at 

different angles on the burners. In addition to the 

use of N2 gas, the utilization of a flame insulator 

that is separate from its surroundings helps to 

preserve the stability of the combination (air and 

fuel). It prevents the air in the external 

environment from affecting the reaction and 

combustion process. The increase in the 

combustion speed is the reason for the use of N2 

as a result of obtaining an equivalent mixture 

between the reactants and not allowing air to 

participate, as the highest value of the combustion 

speed is 55.7 cm/s with stabilizers and 44.3 cm/s 

without a flame stabilizers.  

The flame is at an angle of 32 degrees with a 

burner diameter of 12 mm. One of the most 

critical parameters in burner efficiency is 

temperature, among other parameters like 

combustion speed. A flame stabilizer mounted on 

the burner raises the temperature, increasing 

thermal efficiency. The results showed that the 

flame temperature was higher than without a 

flame stabilizer. 

The higher the thermal efficiency, the higher the 

temperature a flame stabilizer achieves when 

installed on the burner. The results showed that 
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increasing the flame temperature more than 

without a flame stabilized. 

 

 
Figure 9. Impact of burning velocity on the 

equivalence ratios ɸ 12mm D (without and with 

Flame stabilizer with 20° angle and without N2). 

 

 

Figure 10. Impact of burning velocity on the 

equivalence ratios ɸ 12mm D (without and with 

Flame stabilizer with 20° angle and without N2). 

 

The flame stabilizer angle's value rose, resulting 

in a rise in the flame's temperature. Burning a 

significant quantity of the mixture causes the 

flame temperature to rise. The highest 

temperature was 1126 without the flame 

stabilizer and N2 and 1145, 1190, 1250, 1330, and 

1335 with a flame stabilizer for the flame 

interface for different angles; the values of the 

angles are 20, 26, 32, 38, and 41 with a parity 

ratio of 1.06, 1.05, 1.03, 1.02, and 1.1 for a 

diameter of 12 mm. 

 

 

Figure 11. Impact of flame temperature distribution on Φ at 12 mm D with and without Flame stabilizer 

at angle 20. 
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Figure. 12. Premixed vertical flame stability 

limits at(12mm) without N2 

5. Conclusions 
Flame temperature, flame structure, and laminar 

burning velocity were examined as the three 

critical characteristics of laminar premixed LPG 

or air flames. Photographs were obtained of the 

flame structure. The laminar burning velocity 

was calculated using the angle technique 

employing Schlieren images. 

Calculate angles by converting images to the 

Solid Work application. Based on the 

measurements described above, the following 

conclusions were drawn: 

1. Schlieren images show the laminar 

burning velocity (Su) of premixed 

LPG/air flames determined using the 

angle technique at 310 K laboratory 

temperature and 1 atm atmospheric 

pressure. With and without a flame 

stabilizer, the maximum velocity was 

achieved in both situations with a 12 mm 

burner diameter. 

2. The stability zone is decent, although the 

maximum stability zone was attained with 

a 12mm burner diameter. 

3. Because it is the primary factor boosting 

the effectiveness of the per-mixing 

process between air and fuel, the burner 

diameter plays a significant role in the 

mechanism of flame stability. 
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