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Table 1- Fuel composition

Species Mole fraction
Name Chemical [%]
formula
methane CH, 877
ethane C2He 4.7
. N,
nitrogen 4.7
propane CaHy 1.74
butane Cathio 0.79
pentane CsHty, 0.23
hexane Cota 0.08

co,

carbon dioxide 0.05
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Figure 2- (a) Schematic drawing of the ADSB; (b) Burner head
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Figure 3- Block diagram of ignition unit
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Figure 4- Electrode placement at nozzle exit
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Table 2- Parameters of the seven investigated flames

Case Central air Annular air Fuel Pgiobal Sw
D Axial Tangential Axial Tangential
[g/min] [g/min] [g/min] [-] [-]
Swo05 81.2 74.8 187.5 132.4 24.1 0.8 0.51
Sw07 68.2 88.2 164.1 148.7 0.8 0.70
Sw09 49.1 109.0 147.7 1721 0.8 0.90
Swll 30.4 130.8 131.8 190.7 0.8 1.08
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[Central Air Inlet]

Number of Cells Inner Swirler Outer Swirler Fuel Line Burner

Coarse 27500 5175 100 149480 182255

Medium 110000 20700 400 597920 729020

Fine 440000 82800 1600 2391680 2916080
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Figure 5- Computational domain and boundary conditions
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Figure 16- Contours of flammability factor calculated based on gaussian assumption
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Figure 17- Contours of measured ignition probability
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Figure 18- Instantaneous images of the ignition phenomenon for Sw05 conditions; imaging speed of 3000 fps; spark created at
location 7 = 10 [mm] and z = 20 [mm].
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Figure 19- Instantaneous images of the ignition phenomenon for Sw07 conditions; imaging speed of 3000 fps; spark created at
location 7 = 10 [mm] and z = 20 [mm].
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Figure 20- Instantaneous images of the ignition phenomenon for Sw09 conditions; imaging speed of 3000 fps; spark created at

location 7 = 10 [mm] and z = 20 [mm].
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Figure 21- Instantaneous images of the ignition phenomenon for Sw11 conditions; imaging speed of 3000 fps; spark created at
location 7 = 10 [mm] and z = 20 [mm].
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Figure 22- flame front progression along the axis for different operating conditions
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English Abstract

The effect of swirl intensity on the probability of successful ignition and
kernel propagation in the Amirkabir double swirl burner.

Hamidreza Tajik®, Sadegh Tabejamaat®*, Alireza Fazlollahi-Ghomshi®

1- Ph.D. student, Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran, hrtajik@aut.ac.ir
2- Professor, Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran, sadegh@aut.ac.ir
3- Ph.D. student, Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran, fazlollahi.a@aut.ac.ir
*Corresponding author
(Received :2023/05/23, Received in revised form: 2023/07/17., Accepted: 2023/08/14)

In this article, the influences of swirl intensity on the mixing pattern, successful ignition probability, and flame
propagation manner in a non-premixed gas burner with natural gas fuel have been examined by using numerical
simulation and high-speed digital imaging. The ignition success probability maps were scrutinized under
changing spark location in axial and radial directions. The flow field and mixing pattern were further inspected
with the aid of numerical simulation. High-speed digital imaging was employed to study the initial flame kernel
propagation. The ignition success probability diagrams defined three areas. The first, dubbed the ineffective
zone, holds less than a 20% ignition success chance. The second, known as the transitional zone, has an ignition
success probability between 20% and 80%. Ignition success here significantly depends on the spark location.
The third area—the high-probability zone—has over an 80% ignition success chance. Findings from the study
demonstrate an increased swirl number promotes a higher mixing rate, but it doesn't enhance the distribution of
successful ignition probability. Higher swirl numbers actually reduce the high-probability zone, whereas lower
swirl numbers allow a broader distribution in the burner outlet and better ignition characteristics.

Keywords: Ignition, Swirl Flame, Non-Premixed Combustion, Flame Propagation, Numerical Simulation.

VOA



