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Fig. 1 Schematic diagram of the apparatus for explosion experiments
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Fig. 2 Droplet size distribution of the fine water mist

TR AR =k
4-3
o H, + (1 - o) CH, + — 2% (0, +3.76N,) -
(1)
4-3
(1= ¢1,) CO, + (2 — 0, ) H,0 + 376 x — LN,
N l:i:'
Ny,
oy, = —— X 100% 2)
- ny, +nCH4

K o, WESIER G P BRFREL, nu, WP 5, ney, W9 W) BTG 5

FEAEHL# F ANSYS Chemkin-Pro 24R2 1) Premixed Laminar Flame Speed Calculation #5571 . A%
WETHS KT B 5, A% 4016 2 808 B2 (Grad) AT (Cury) 23 511 B & 0.01 F10.05, 35 SR R B
0~10 cm, M5y 1500, FIAA TR A 298 K, H 124 0.1 MPa. M0k, 157 0k #8 ik 2% 1 17 3 i
(Soret Z Mz ) Xof FHHE - S0 -3 MR BE 52 ) o AL 40L P FH A AL SC A vy 3 39808 - 2 i, JHG v FR e - S0 AL 3
i GRI 3.0 5 San Diego HLl 44, KHCO, AYHLIE n] L Babushok 2524 il i 5% 4R B, MLERRES )5, 1k
W3 FhY T FE LAY 2 A S B AT XS LU IR, 3R 4 R AN 1# 3 TR o

50 -
~ - - This work -
w45 GRI 3.0 , A
£ 40 © usc2 / AN
=4 Aramco 3 ,” \
= \
£ 35f ’ .
2 / \
g 30F // \\
2 / \
£ 25 , \
= ’ '
g 200/
g ’
g I5F
<
’J 10 i 1 1 1 1 1
0.6 0.8 1.0 1.2 1.4

Equivalence ratio
B3 0, =30% I/ [FIHLIRAY 2 TRk beidt B
Fig. 3 Laminar burning velocities calculated with different reaction mechanisms at ¢y, =30%
— YRS R KA ) R O R A ST R MRS D R | RE R ST E TR
S T
M =puA=C 3)
s MR TR A p IR G W B s ud SRR R, w Sl ERE, 4 S TR C R
Yy by fE 5

045301-3



9540 45 B OMEAE: BTKHCO AN /K 2 %) He- A U A A A R AL 5543

ay, d
M=+ —(pAY ) —AoxW, =0  k=1,2,---,K, 4)
dx dx
fil 2~ 7
dT 14
Ma_c_pa( ) ZPYkaCpk +_p;wkhkwk— Q)

Yoo ves Wio b 2050 W0 ke B0 50 0 B, I BICERBE | R R SR FITORE FUAR, K, R R R
Mﬁ%ﬁk%@%%ﬁf%ﬂﬁ%fﬁﬂEww ﬁﬂﬁmn%ﬁwﬁﬁﬂﬁﬁﬂﬁﬁo

2 RS

21 RIS

& 4(a) /R THE TR K ZAE T (W FRAH ), @n,=20% B KA L5 (A ad FE o O 52 B DA 2 Bk
T BIAR 4 B JCHA I BLADE 248 o BeAh, 3 08I0 214 il 0948 4 KO (=50 ms) , 3 7] LAH B F KM R
Bz i 2 R EAEXTFRER A AR G R i 2

W 20 7K 55 5 2 A T KA R B I 25 . AnTE] 4(b) IR, M 417K 55 ORI KHCO, B, 555 5 2k
YA )RR AR T BURB 46 B JCHA T 2R, O3 UM TE AL R o 7 v s RS S8 R B AR 54 (25~35 ms) o I
A, 5500 5 KBRS il O & AR S, RS S BUIABI A R AR AR . S HE A KA, B4 T KA
9&5@4®ﬁﬂbk%%%§%%MMﬁFﬁ6M%oLTBI?%%E$$%ﬁ§ﬁﬁ§Fﬁ%,
B8R T KM D-L ARFEE MR & 4(c). K 4(d) FIE 4(e) Tz, 24 KHCO, By 5 & 43500 5 0 3%,
7% F11% B, KA R 7 AR MR S5 1, BMRSS F FRAE 1 5 38 v 5 FL T A0 B0 IE A G . AR B R 45

5.0 ms 5.0 ms

15.0 ms 25.0 ms
25.0 ms 33.5 ms
30.0 ms 39.0 ms
40.0 ms 44.0 ms
50.0 ms 49.5 ms
60.0 ms 56.0 ms
65.0 ms 64.0 ms
75.0 ms 72.0 ms
85.0 ms 79.5 ms

(a) Control (b) 0% KHCO,

4.0 ms 3.5ms

25.0 ms 26.5 ms
32.5ms 34.5 ms
37.0 ms 40.5 ms
43.0 ms 46.0 ms
49.5 ms 52.5 ms
58.0 ms 60.5 ms
66.5 ms 70.0 ms
75.5 ms 79.0 ms
81.5ms ] 86.5 ms

(c) 3% KHCO, (d) 7% KHCO,

045301-4



9540 45 B OMEAE: BTKHCO AN /K 2 %) He- A U A A A R AL 5543

(e) 11% KHCO,
Kl 4 2i/K%5H KHCO, & BT oy, =20% K IAZE B2 R

Fig. 4 Effect of the mass fraction of KHCO;-containing fine water mist on the flame structure at ¢y, =20%
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Fig. 5 Influence of KHCO,-containing fine water mist on the deflagration pressure characteristics
®1 2 KHCO, @kEXMNIEEENMEHEN EFERFM
Table 1 Effects of KHCO;-containing fine water mist on the maximum explosion pressure
and the average rate of pressure rise
on,/% Mass fraction of KHCO,/% Ty, /TS Pua/ kP2 (dp/dt)avg/(MPws*])
Control 37.62 24.13+0.84 0.64+0.03
0 34.54 21.74+0.61 0.63+0.03
0 3 49.80 20.34+0.92 0.41+0.02
7 39.90 18.71+0.41 0.47+£0.02
11 44.36 15.77+0.63 0.36+0.01
Control 37.18 26.16+0.81 0.70+0.03
0 45.14 23.46+0.59 0.52+0.02
10 3 37.70 22.16+0.95 0.59+0.02
7 34.82 18.31+0.73 0.53+0.02
11 52.12 16.29+0.34 0.31+0.01
Control 35.54 27.75+0.83 0.78+0.03
0 44.48 26.95+1.12 0.61+£0.03
20 3 42.02 25.74+0.62 0.61+£0.02
7 41.50 26.79+1.23 0.65+0.02
11 49.42 22.40+0.72 0.45+0.02
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£1 ()
Table 1 (Continued)
o, /% Mass fraction of KHCO,/% tp,../ms Pun/KP2 (dp/dp),,,/(MPa-s™)

Control 34.88 29.92+0.78 0.86+0.03

0 39.82 30.49+1.49 0.77+0.03

30 3 36.52 26.72+0.88 0.73+0.02
7 41.50 26.79+0.75 0.65+0.03

11 41.84 25.36+1.07 0.61+0.02
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ik 66.43%.
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XAANE . 24 o, =20%. KHCO, (15 /3500 11% I, NHRR (R MK BRZH 19 5.09%10° J/(m®-s) B E R
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Fig. 6 Effect of KHCO,-containing fine water mist Fig. 7 Effect of KHCO;-containing fine water mist
on the laminar burning velocity on the peak net heat release rate
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Fig. 8 Influence of KHCO,-containing fine water mist on flame thickness
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Inhibition Mechanism of KHCO,;-Containing Water Mist on
Methane-Hydrogen Premixed Deflagration

HUANG Hui', LI Yuanbing', LI Xia', SHAO Peng’

(1. School of Emergency Management, Chongqing Vocational College of Safety Technology, Chongqing 404010, China;
2. College of Chemistry and Chemical Engineering, Southwest Petroleum University, Chengdu 610500, Sichuan, China)

Abstract: Explosion prevention and mitigation technologies for hydrogen-methane gas mixtures represent a
critical research area for ensuring the safe application of hydrogen energy. This study systematically
investigates the inhibition mechanism of potassium bicarbonate (KHCO,)-containing fine water mist on
methane-hydrogen premixed deflagration using a combined approach of experiment and numerical
simulation. The results indicate that KHCO,-containing fine water mist exhibits a significant inhibitory effect
on methane-hydrogen premixed deflagration, with its suppression performance positively correlated to the
KHCO, mass fraction. Taking the condition of H, volume fraction of 10% as an example, 11% KHCO,
addition resulted in reductions of the maximum explosion pressure and the average pressure rise rate by
34.64% and 44.57%, respectively. The laminar burning velocity was reduced by up to 66.43%. KHCO,
contributes to suppression through both physical and chemical mechanisms. Physically, droplet phase change
(evaporation) absorbs heat and the generated steam dilutes the fuel mixture, thereby lowering the flame
temperature and reducing reactant concentrations. Chemically, the decomposition of KHCO, generates
potassium compounds, which undergo the KOH—K—KOH recombination cycle to scavenge key radicals
(‘H, -O, -OH). This process competes with chain-branching reactions and interrupts the combustion chain
reactions. Furthermore, the suppression process is governed by a competition between inhibitory and
promotional effects. At high hydrogen blending ratios and high mass fractions of KHCO,, the physical
evaporation efficiency becomes a bottleneck that constrains the chemical inhibition, leading to a saturation of
the overall suppression efficiency. Nevertheless, a significant inhibitory effect is still maintained.
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