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Abstract

To explore the influence of loose accumulation bodies on the propagation law of gas explosion, a
pipeline gas explosion model was established by using Ansys Fluent, and the flame propagation and
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overpressure evolution process under different porosity, blockage ratio and blockage length-to-di-
ameter ratio conditions were analyzed. The results show that when the porosity is small, the flame
propagation is temporarily inhibited before entering the accumulation area, and the flame speed
increases significantly after entering the accumulation area, and is negatively correlated with the
porosity. With the increase of porosity, the overpressure peak and pressure rise rate increase ac-
cordingly. With the increase of the blockage ratio of the accumulation body, the flame propagation
speed, overpressure peak and pressure rise rate increase simultaneously, and the explosion inten-
sity shows an overall strengthening trend. At the same time, the position where the overpressure
peak appears moves forward with the increase of the blockage ratio, and the change trend of the
pressure rise rate is consistent with that of the overpressure peak. The influence of the blockage
length-to-diameter ratio on the explosion characteristics shows differentiated features: with the in-
crease of the length-to-diameter ratio, the flame propagation in the accumulation body is inhibited,
and the flame speed in the accumulation area shows a change rule of first decreasing and then in-
creasing; the overpressure peak and pressure rise rate increase with the increase of the length-to-
diameter ratio, and the final speed of the flame after passing through the accumulation body also
increases.
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Figure 1. Geometric model of the test pipeline
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Figure 2. Comparison of simulation results with experimental results
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Figure 3. Geometric model of the explosion pipe
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Figure 4. Distribution of the peak explosion overpressure along the
pipeline under different grid sizes
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Figure 5. Temperature propagation patterns in loosely packed materials with different porosity
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Figure 6. Variation in flame speed as a function of distance from the
ignition source at different porosity levels
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Figure 7. Peak overpressure and pressure rise rate at monitoring points during the explosion
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Figure 8. Turbulent kinetic energy of the flame passing through the packed zone at different void ratios
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Figure 9. Temperature propagation patterns in loosely packed bodies with different blockage ratios
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Figure 10. Variation in flame speed as a function of distance from the
ignition source at different blockage ratios
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Figure 11. Peak overpressure and pressure rise rate at monitoring points during the explosion
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Figure 12. Turbulent kinetic energy of the flame as it passes through the accumulation zone under different blocking ratios
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Figure 13. Temperature propagation patterns in loosely packed bodies with different blockage ratios
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Figure 14. Variation in flame speed as a function of distance
from the ignition source for different blockage aspect ratios
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Figure 15. Peak overpressure and pressure rise rate at monitoring points during the explosion
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Figure 16. Turbulent kinetic energy of the flame passing through the packed zone under different blockage aspect ratios

& 16. FRIFAZEEL T X ki@ id R X EmiR sh e

DOI: 10.12677/me.2026.143072 726 ol TAE


https://doi.org/10.12677/me.2026.143072

HAME %

HAEFRRSS, SURIEK IR B A EE R, SEURR K SR EEY K. .
4. &g

AR Ansys Fluent BAFHEAT 1 BLHHBEEBUEREIUBT T, WG 1 haBOER AR A L FHZE ELAEH
FERAR LR FLATR IS, SR LR E, BRI AT R AR ARG 0L, #5101 BL R &g,

1) Bl SR 2 BRI, AR P e A R T KOG B THT T B5 R S R AR FL IR, S350k MG R
Pk S iy o MERA S SRR, R ACE I HERA I B FAIR, OB EERR RS T it X 22iE, &
BUR SR ST R E R T

2) Bt HER A PE ZE LA, T8 A B R A T AR D . R 51 A IR B T B SR L
HR G s 2 T o e 4 253 L9 EU ARSI I K, L A 9 B8 (1 i KA 42 5 SRS 5 77 (R ot [X 35K

3) HERRRBHZERAR LIS, HERUR PN A B0t R RO BELRR M0 58, KO FEHERRAAR 25 B P9 B A% 4
SR AR LER G DN RN SEAC TR AR S RS 7 0 A TE BRI RO R, S EOERUA S T
DX 38 FR) X s WA R 7 s 5k 2 5y i L 28K A8 b O KT 42 e

E&WE

B 5K F AR R ST R SR 25 X 35 VR R AR HE AR A DX 33 B 37 X v o8 30 1 s A WL A1) B A AR
B (s 52574241) “PUITENE DT - MR ) Bl AT TN A6 B T O A 1 R R 2 e AR R
7 (G5 52574242),

SE 0k

(11 Z=m, Ay, 5, S B TR ME RS IS I A 28R S R (0], A B = AR 254k, 2025, 35(2): 127-136.

[2] THERE, M, B, TR LE -2 N ) 3 FR kA T A R R R D], A AR S, 2024,
34(10): 116-123.

[3] Moen, L.O., Lee, J.H.S., Hjertager, B.H., Fuhre, K. and Eckhoff, R.K. (1982) Pressure Development Due to Turbulent
Flame Propagation in Large-Scale Methane-Air Explosions. Combustion and Flame, 47, 31-52.
https://doi.org/10.1016/0010-2180(82)90087-6

[4] Nguyen, T., Strebinger, C., Bogin, G.E. and Brune, J. (2021) A 2D CFD Model Investigation of the Impact of Obstacles
and Turbulence Model on Methane Flame Propagation. Process Safety and Environmental Protection, 146, 95-107.
https://doi.org/10.1016/j.psep.2020.08.023

[51 Wei, C, Yu, M, Li, H., Wang, J., Hu, G., Yao, Y., et al. (2026) Effect of Square-Aperture and Solid Rectangular Ob-
stacles on Pressure Evolution and Flame Dynamics in Methane-Air Continuous Explosion. Fuel, 404, Article 136405.
https://doi.org/10.1016/j.fuel.2025.136405

[6] @Rk, AR, BARN, S KRR X ) v BReRG 0t T S0 A E o o i A% R R Ve R v (R BB ARSI D]. w22
SHEFERIEERIR, 2019, 15(2): 99-104.
[7] FRAER, SiE, XBar%. BT Charlette #7121V G YIXS ILHURELE 2 M )], 48 5HE SR, 2022,
22(5): 2420-2427.
(8] R, RN B AR XS % P TE A PLITR I E R LS 0 BB AU )]. 224 538 TR, 2020, 27(4): 189-
194.
[9] fREIE, PR, SKFNE, 55 BRGVECEXT S A TR LR G A EE BT 7T [T]. R SIS,
2024, 24(1): 127-134.
[10] FEAHYE, BilAR. 32 PR 7 6] RSP0 22 4 0 R & SRR ER M S BN S ma B 5 (], o B 2 A P B2 R,
2016, 12(2): 83-87.
[11]  #Me%, EE, EEY. KRG AR ER it )], b E =24 =RBEHR, 2010, 6(5): 71-76.
[12] REAS, XI&, AP, 5. F6GY) 5 8 R R PE L PO R AL JE AR M s (0], P B 2 2P RHE R,
2017, 13(5): 151-156.
[13] Na’inna, A.M., Phylaktou, H.N. and Andrews, G.E. (2014) Effects of Obstacle Separation Distance on Gas Explosions:

DOI: 10.12677/me.2026.143072 727 ol TAE


https://doi.org/10.12677/me.2026.143072
https://doi.org/10.1016/0010-2180(82)90087-6
https://doi.org/10.1016/j.psep.2020.08.023
https://doi.org/10.1016/j.fuel.2025.136405

[14]

[15]

[16]

The Influence of Obstacle Blockage Ratio. Procedia Engineering, 84, 306-319.
https://doi.org/10.1016/j.proeng.2014.10.439

Wang, X., Hao, Z., Ma, H. and Gao, K. (2025) Large Eddy Simulation Study on the Effect of Barrier Distance Gradient
on Gas Explosion. Arabian Journal of Chemistry, 19, Article 2942025. https://doi.org/10.25259/ajc_294 2025

X2, W/NPE, ERME, & XIARBERG YIRS SR IE KA S R B A T TT[)]. %A SR,
2018, 18(1): 161-165.

AR, DL RE) 70 Al S i K B F X S ) S8 5 BAULBIE 2 [D]: [ 2 Arie o). bt R kR,
2024.

DOI: 10.12677/me.2026.143072 728 ol TAE


https://doi.org/10.12677/me.2026.143072
https://doi.org/10.1016/j.proeng.2014.10.439
https://doi.org/10.25259/ajc_294_2025

	松散堆积体对瓦斯爆炸传播特性影响研究
	摘  要
	关键词
	Research on the Influence of Loose Accumulation Bodies on the Propagation Characteristics of Gas Explosions
	Abstract
	Keywords
	1. 引言
	2. 瓦斯爆炸数学物理模型
	2.1. 瓦斯爆炸数学模型
	2.2. 数学模型可靠性验证
	2.3. 物理模型构建
	2.4. 网格无关性验证

	3. 结果与分析
	3.1. 空隙率对瓦斯爆炸的影响
	3.2. 阻塞比对瓦斯爆炸的影响
	3.3. 阻塞长径比对瓦斯爆炸的影响

	4. 结论
	基金项目
	参考文献

