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A numerical study on the flame structure and stability of non-premixed
methane-air and methane-oxygen turbulent tubular flame
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Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Recently, tubular flames have been considered due to their advantages in geometry of the flame. The
Received 06 October 2016 major importance of tubular flame is its uniform temperature distribution. Therefore, it may reduce
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¢ ) thermal fluctuations along the combustion chamber. In this paper, a non-premixed tubular flame is
Available Online 25 December 2016

simulated numerically under various operational conditions. A solver is developed in openFOAM and
numerical results are validated against the experimental measurements. Also, temperature distribution

Keywords:

Tubular Flame and concentration of major species of the flame in the middle of the bumer are investigated and

Combustion compared using global, two-step and DRM22 as chemical kinetics. In addition, stability of the flame in

Non-premixed Flame air presence as oxidizer has been studied. Results show that by increasing oxygen mole fraction in

Stability oxidizer, the equivalence ratio of the steady tubular flame region decreases and the flame will be
established uniformly in equivalence ratio near the extinction limit. If pure oxygen is used as oxidizer,
flame temperature will increase considerably and tubular flame can be stable for equivalence ratio
between 0.1 and 0.2. Thereupon carbon dioxide from the flue gases is added to the oxidizer to control
the flame temperature changes. Establishment of steady tubular flame in presence of carbon dioxide is
simulated too. Results show that by decreasing oxygen mole fraction, the equivalence ratio of the steady
tubular flame region increases and the stability zone becomes wider.
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Table 1 Size of Burner
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Table 2 Operating Conditions

B ? Vy (m/s)
0.4 7.29
0.5 9.11
0.21 0.9 16.41
1.0 18.23
0.2 6.94
0.3 13.89
0.40 0.9 31.25
1.0 34.72
0.1 521
0.2 10.42
0.60 0.4 20.83
0.5 26.05
0.1 6.95
0.2 13.89
0.80 0.3 20.83
0.4 27.78
0.1 8.68
1.00 0.2 17.36
0.3 26.04
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Fig. 5 Comparison of radial distribution of CO2 mole fraction with
different kinetics using CHy/air in the middle of combustion chamber
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Fig. 3 Comparison of temperature radial distribution with different
grids using CHy/air in the middle of combustion chamber
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