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Figure 1- Stages of distorted tulip flame formation in a premixed mixture[11]
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Table 1- Elementary reactions and reaction rate parameters for seven-step H,—O, kinetic scheme[40]

Reaction A (cm®/mol.S) B E. (cal/mol)
H+0,=0+0H 3.62x10" -0.91 1.653x10*
O+H,=H+OH 1.53x10° 2.67 6.296x10°
O;+H,=OH+OH 5.13x10% 0.00 4.805x10*
OH+H,=H,0+H 6.64x10% 0.00 5.155x10°
OH+OH=H,0+0 1.90x10% 0.00 | 1091x10?
H+OH+M=HZO+M 6.67><1022 -2.00 0.000
H+H+M=H,+M 220x108 -1.00 0.000
Third body efficiencies:

2.5 for Hy, 16 for H,0, and 1.0 for all other M
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Figure 2- Schematic diagram of the closed channel (combustion chamber). Points S and P indicate the location of spark plug and
pressure sensor, respectively
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Figure 3- Time trace of flame front position in closed channel
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Figure 4- The chamber pressure history due to flame propagation
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Figure 5- Schematic diagram of the closed channel with a 90° bend
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Figure 6- Time sequence of the flame shape in the horizontal section of the channel. The colors designate the temperature (K) from
the unburned mixture (black) to the burnt gas (white)
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Figure 7- Time sequence of the flame shape passing through the 90° bend. The colors designate the temperature (K) from the
unburned mixture (black) to the burnt gas (white)
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Figure 8- Time sequence of the 3-D flame shape propagating in closed channel with a 90° bend
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Figure 10- The chamber pressure history due to flame propagation in the closed channel with 90° bend
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Figure 11- Time trace of flame front position in closed channel with a 90° bend
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Figure 12- Time trace of flame tip speed in closed channel with a 90° bend
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Figure 13- Time sequence of velocity vector field near the flame front. The black lines indicate the flame front
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The dynamics of premixed flame propagating in a channel is inherently unstable. This instability shows itself
as a flame inversion and finally tulip flame. The present study is investigated the effect of a 90° bend on the
propagation of the tulip flame. The three-dimensional (3-D) large eddy simulation (LES) approach is
performed utilizing the artificially thickened flame (ATF) combustion model with a 7-step chemical
mechanism. The present results show that the onset of the flame deformation at the horizontal portion of the
channel that coincides with the decreasing in the pressure growth and the flame front propagation speed, the
flame inversion occurs. At this moment, the formation of a pair of large-scale vortex in the burned gas near
the flame causes a change in the flow field around the flame front. In the horizontal section of the channel, the
3-D tulip flame forms with four tongues. After entering the bend, the lower tongues speed up and dominate
the flame propagation. Hence, after a while, the upper tongues completely fade and the lower tongues occupy
the entire width of the channel. Although the bend has not a significant change on the increasing trend of the
chamber pressure, the amplitude of the flame speed oscillation decreases to some extent.

Keywords: Flame dynamics, Tulip flame, Distorted Tulip flame, hydrogen-air mixture, Large Eddy
Simulation



