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Abstract: To prevent and contain mine gas explosion accidents, the explosion suppression performance
of potassium salt powders and their action laws in the pipe network were deeply explored. In a pipe
network with parallel pipelines, branching pipelines, and angular connecting pipelines, an experimental
study on the suppression of gas explosions by three potassium salt powders, namely KHCO,, K,C,0,, and
KH,PO,, driven by N,, was carried out. The pyrolysis characteristics of the powders were studied through
thermogravimetric ( TG ) analysis. By combining explosion experiments, the overpressure changes were

monitored. The explosion overpressure and overpressure attenuation coefficient under the action of
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potassium salt powder were explored. Moreover, the explosion suppression mechanism was analyzed with
the assistance of the Chemkin-Pro simulation software. The results indicate that after the explosion
suppression by the three powders, the superposition and attenuation process of the shock wave pressure is
eliminated, and the overpressure time-history curve exhibits a " single peak value" characteristic. Among
them, the KHCO, powder has the best suppression effect on the explosion overpressure peak value, with a
decrease range of 83.2% - 88.9%. K,C,0, ranks second, and KH,PO, is relatively weaker. The
pressure attenuation degree in the oblique angular connecting branch pipe 4 is greater than that in other
branch pipes. Both the branch pipe 4 and the turning section can leverage their own structural
characteristics to enhance the overpressure attenuation effect, and they are regarded as preferred locations
for installing explosive inhibitors. KHCO; is able to maximize the utilization of this structural characteristic
to enhance the explosion suppression effect. Additionally, the shock wave overpressure attenuation
coefficient K, of the branch pipeline section shows a situation where it is less than 1. This phenomenon is
found to be exacerbated by the addition of K,C,0, and KH,PO, powders. Through the analysis using the
Chemkin-Pro simulation software, it is concluded that the free radical content under the KHCO; working

condition is the lowest, and the explosion suppression effect is the best, followed by the K,C,0, working

condition, and finally the KH,PO, working condition.
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attenuation; pipe network
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Fig.2 Thermogravimetric analysis of three powders
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Fig.3 Overpressure changes at monitoring points 1-4 before and after explosion suppression with different powders
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Fig.4 Overpressure changes at monitoring points 5—8 before and after explosion suppression with different powders

0.5
——KHCO, —— KHCO,
- KZCZO4
—— KH,PO,
——9.5%CH,

0.4

== s 0.0
00 05 10 15 20 00 05 10 15 20

I T /s e fil/s
() T, T,
B 5 |SAFEBEMERE T,—T, BEEZWX

Fig.5 Overpressure changes at monitoring point 9-10
before and after explosion suppression with different

powder explosive suppressor

FRKE R B 0 ] A FH 5 55 060 4K I KHCO, >
K,C,0,>KH,PO,
2.3 BEZRRSFHE
FE SURTRIZERY (88 e s Dl R 8. K, o & B
I R R I R K, O SR B U I R
ARG K, P Boh i il i R R B M
SR B bR B A R T AR A
REEEIEANE 6 iR, Kl 6a 73 7B,
= W A5 X Kb s e R W A5 Y Ak e

FRRAEL; K, = W O A XA ) P foe AL M DM A Z Ak
PR s i R AP 5 M= Wi 0 A5, 22 A s e R
,'.5? Y 4b 9B R A R, K eb B B E T,

= W A5 O A Fry e s i AL/ M M A N Ak P
thﬁ Ky = W O A R R R AR W i P Ak
PR s Fi L 5 M = Wil s P Ak ) s i R AL M
MON AR R, & 6c Y L AVEE Y K, =
DA F A 1) R 5 R/ 0 A G A 1) A s i R
(o 25 WD A A0 A s R B2 1,

P G
V4 O
o o]
oX oYy Oo ON CcF
(a) SFEEE (b) B EEE (o) LEEE

6 IRIEEERR
Fig. 6 Experimental pipeline types

TERR B A [ R 2 4 4 R, 87 0 oA
[ B 5 A S B AN ) AR PR S DR ALE . DL BB
R IR R K, B SRR, T/ T, BIE
R, H Ty FUT, B TR 4 N xR BIA
O HARAE BREE G, RHAIK S 4 BRI R R,
F e pdi AR 0 W, NI, FE R KSR 4



hoE e B o e

- 54 - China  Safety

Science

H35%
20254F

Journal

x1 BFHENSBERBRHY
Table 1 Overpressure attenuation coefficient at each

monitoring point

RECKR | TR KHCO; | K,C,0, | KH,PO,
T/T,=1.076 | 1.118 | 1.154 | 1.071
Ty/Ts=1.087 | 1.127 | 1.068 | 1.106

K, T,/T,,=1.070 | 1.132 | 1.125 | 1.090
Ty/T,=1.091 | 1.025 | 1.110 | 1.099
Ty/T,=1.097 | 1.148 | 1.136 | 1.132
T/Ty=1.110 | 1.226 | 1.217 | 1.102
T,/Ty=1.027 | 1.036 | 1.045 | 1.005

K, T,/T,=0.960 | 0.968 | 0.957 | 0.942
Ty/T,=1.176 | 1.148 | 1.160 | 1.149
T,/T,=1.045 | 1.018 | 1.086 | 1.039

K, T,/T,=1.097 | 1.193 | 1.054 | 1.116
T,/T,=0.872 | 0.789 | 0.803 | 0.867
Ty/T,=0.969 | 0.912 | 0.948 | 0.972

i Ty/T,=1.063 | 1.375 | 1.100 | 1.093
T/To=1.117 | 1.170 | 1.175 | 1.162
T,/Ts=0.982 | 0.982 | 0.920 | 0.963
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