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Abstract

To investigate the optimal obstacle angel for enhancing detonation within a closed channel, this
study employs the Large Eddy Simulation (LES) method, implemented on the OpenFOAM platform,
to perform a detailed numerical investigation of the influence of obstacle angle (30°, 60°, 90°, 120°,
150°) on flame acceleration and detonation onset. The results show that setting obstacles in the
middle of the combustion chamber can form more local flames. Meanwhile, the change in the angle
of the obstacle will also generate different vortex structures and reflux zones. These differences will
affect the combustion reaction rate, thereby influencing the flame acceleration effect. Judging from
the results, the larger the Angle of the obstacle, the better the flame acceleration effect. During det-
onation initiation, inclined obstacles can indeed induce premature vortex detach earlier and simul-
taneously enhance the coupling between vortical structures and the flame front, but once the obsta-
cle angle exceeds a critical value, the increasingly open geometry suppresses the formation of effec-
tive hotspots in the vicinity of the obstacle, and the resulting pressure wave is more prone to vent
downstream rather than contribute to localized energy deposition, therefore, it can not actively re-
flect and focus near obstacles, so requires a longer distance to accelerate and achieve detonation.
This study can supplement the research on the influence of obstacles on the detonation of flamma-
ble gases and provide a reference for actual explosion-proof design.
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Figure 1. Schematic diagram of the physical model
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Figure 2. Numerical verification: (a) Flame front position changes with time; (b) Flame velocity; (¢) Comparison of pressure
curves atx=4.1 m
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Figure 3. Flame development sequence diagram for operating conditions 1~5
B 3. TR 1-5 BRBERFSIE
DOI: 10.12677/me.2025.136168 1533 il TR


https://doi.org/10.12677/me.2025.136168

R E

-20e+04 -15000 -10000  -5000 0 5000 10000 15000 2.0e+04

Vorticity (1/s) p——— ' |

002 004 006 008 L 012 014 016 018 02 2 024 026 ¢ 002 004 006 008 01 012 014 016 018 02 02 024 026

t=0.8ms t=1.6ms

°

R

\

:
Ty )
- ! 0.02 0.027 OA!)

002 004 006 008 0.1 012 014 016 018 0.2 022 024 026 o

t=2.4ms

0

Figure 4. Comparison of vorticity distribution under operating conditions 1~5
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Figure 5. Parameter changes of the flame after passing through obstacles of different shapes
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Figure 10. DDT sequence diagram for operating condition 5
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