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Abstract

To investigate the influence of porous materials at explosion vents on methane explosion propaga-
tion in utility tunnels, experiments were conducted using a visualized duct assembly consisting of a
main chamber and a top venting interlayer. A 9.5% methane-air premixed gas was used as the test
medium. The study compared flame morphology, propagation velocity, and peak positive overpres-
sures at four measurement points across two vent locations (200 mm and 600 mm) and three ma-
terial configurations (no porous material, 10 PPI, and 20 PPI). The results indicate that shifting the
vent location from 600 mm to 200 mm reduced both the peak velocity and the peak positive over-
pressures at the measurement points for any given material configuration. The 20 PPI material sig-
nificantly restricted flame spillover from the interlayer; peak interlayer pressures were 1.05 kPa
and 3.43 kPa at the 200 mm and 600 mm locations, respectively—reductions of 71.93% and 90.96%
compared to the no-material cases. However, changes in material configuration did not lead to sim-
ultaneous improvements across all metrics; the lowest peak velocity at the 200 mm location oc-
curred in the no-material case, while the lowest average peak overpressure across the four meas-
urement points was observed with the 10 PPI material. When the primary objectives are to reduce
interlayer positive overpressure and limit visible flame propagation within the interlayer, the 20
PPI material at the 200 mm location performs best; control objectives for the main chamber and the
interlayer should be considered separately.
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Figure 1. Experimental platform
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Figure 2. Schematic of vent and porous material with a 200 mm layout as an example
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Table 1. Experimental conditions
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s MR 1437 B /mm B E
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P20-200 200 20PPI
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Figure 3. Flame propagation under different material configurations for

the 200 mm layout
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Figure 4. Flame propagation under different material configurations for the 600
mm layout
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Figure 5. Flame propagation velocity for different material configura-
tions at the 200 mm position
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Figure 6. Flame propagation velocity for different material configura-
tions at the 600 mm position
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Table 2. Peak flame velocity at different vent positions
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BH 2 2 AT O, = FhARHEC B 7E 200 mm A7 B T 138 FEIE 3K T 600 mm A1 &, B 56.00%~82.99%
FEASEIR G Y, AN 2R AR BT I, KO B3 T 1 Pl e A R PR B i R, % TC BN )5
FEVEAE ALK . 20PPT AHXS 10PPT SRR AEL, HAFDGS JE A RE 000 (1748 Ak J7 ) 7 7 A7 2 1) A — 2
AR B s e B A R B E . IR 22 T rT ae SHEALRE 77 00 e YU B0 R KO R B B R A
XK.

3.3. IBIERBES

JE 770 N B AT LR )4y KRR, & 7. ] 8 e HUCeAkHS 20PPL BCE, 730l JE2R 200, 600 mm 7 &
(R VYEAE g g 5o Bl A [FIAR B B AE SRR A 8, WA R AR 2 A — 3. ASCRL&I Rl K
TR N D3 0 E VPN AR bR, USRI R EIL R BEER, AR PPN e B IR . AR E
N g R0 200 B PR AN R AT 8 ) SRS S 92, AN R S A i — S RO 08% 2 D A 2% 5 4

200 mm A B T, VUIEIE 1) 1F R EAE SR, 5 H1E 1B TR R A be 5 ORI A2 #3240 [ A B85
DI . 2% 20PPI MkHE, 2 CHA BIIE R B A2 2IPRE], 1m0 LR = A0 O- B 5 K@ R s
TR AHER R STA8 A . BREA 2 F LM R 2 R T ek, FEANBER &0 = 7 A0 TR

600 mm i & T, N600 )% Z2E /a5, CHA IE#EIEELT] 37.93kPa, T =R
Mo B4 FIRFRIRZ TR E A AFTEROER  T WG, BRI G 2R e B R 5 2 E AR 1 X 3
20PPI A1 RH# CH4 I8 PR A 3.43kPa, {HAE — CHI U5 18.73 kPa, K] Je 2 IEHE I EIAAE F&IK)5, I
N R R PR B R TR HE IR AR

B TOLRIIERB R IEE A T35 3, DU S (E A5 I 18 I8 R E M AR . MR R E T,
200 mm £7 B S IEEEE KT 600 mm A&, 5 JUGUEE E AR —8. %45 0K, 200 mm
Al B AEARSE B AR SR I f I R A s SCRADREC B, UG A1 T BA B S 1) 2 () 2

11 |[—— CHI
0
11 F
EZa L 1 1 1 L 1 1 L L |
10 |— CH2
0
90 F

s
o
4
= L L L L L L I L L |
1 2.6 |—— CH3
313}
o N I .
-1.3F
L 1 I I L L I L L |
9.3 [—— CH4|

0.0
9.3 F
C18.6 L 1 1 1 L 1 1 L L 1
0 100 200 300 400 500 600 700 800 900 1000

] (ms)
(a) N200

DOI: 10.12677/me.2026.146143 1441 ol TAE


https://doi.org/10.12677/me.2026.146143

b 55

11
0
-11 F
’22 C 1 1 1 1 1 1 1 1 1 I
fl— 12
0
= f
< -t
g 1 1 1 1 1 1 1 1 1 1
2126 — cu3
" 0.63
0.00
-0.63 |
1 1 1 1 1 1 1 1 1 1
0.94 |—— CH4]
0.00
-0.94 |
-1.88 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000
I (ms)
(b) P20-200

Figure 7. Overpressure under the 200 mm layout
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Figure 8. Overpressure under the 600 mm layout
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Table 3. Positive peak overpressure of each channel for six working conditions

F 3 NETANSEBEEBEEE

T CHI1/kPa CH2/kPa CH3/kPa CH4/kPa T £ VA 32) (/K Pa

N200 12.89 10.04 1.84 3.74 7.13
P10-200 9.22 2.42 2.73 2.52 422
P20-200 11.56 7.13 1.25 1.05 5.25

N600 19.04 19.04 12.16 37.93 22.04
P10-600 16.96 11.53 11.10 13.84 13.36
P20-600 18.73 13.40 12.48 3.43 12.01
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Hep SEARR . X0 U0, SME. KRR 92 2 1A e AH BB AR
Table 4. Reduction effect of interlayer pressure compared with the no-material condition at the same position
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