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GEME e e B L AR () 7 %, S PR TR RE A AR X B TR A O MR KRR R RS . ST Uk,
X W 2 Sk (1 20 L BRAVEE, W Bk o sl mi 55 Z A KE L R 4ot BT 30t IR uE Bz A
BLUF 0940 B0 R, IR 1 TR . SEUe R4 FEALAE 20 L BB AEREIR . BUR RS, MK RS . MAERS .
BOR ARG S Mo, iR R G 0.4 MPa (W8N R H) . Zad KEEMER SLIRARER, R R o0 T A
KRBT AN FZ R £k, BB IR RS K A R E A AL RE R KA 90 1, ¥ sk BE I E N 90 . ZMIRG
W77t A KR NE T 7 60 JB 2 e B 7E 500~ 700 g/m? 22 [8], % E 2 M IR 4 W) SE 6 B W O 600 g/m®, 3R
FHREAR e g5k 7 3, S8BT S 8025 i, 2K AR B[R] B 90 ms. iR 2 A7 BOPR fiE -1 4
BIESEAT R, R TS B 50 ms, A7 = AR 50 ms (193 Sh VB FE T i 2 w5k ifF AR KERE, 47
3 JSURE . VRORE A 2 B AR v R ) SR o AR FEAR Th R 22 2 B 90 ms TR ILEZ MR G W . A R Gi 4
) A PR U 85 20~ 50 °C =2 1], PR ZR e 1 PR ARl 18, 2 DN 37 ek DX ) 9 AR N 8 55 20 s B
SR 0.1 °C, W AR W) I BRFE N B0 LT R 22248 1k, WUTR A W T8 Bl i) ik ) 38, B8 5 18 e T R — 3K
BOR 72 50 16 ) A% 8 >R B BE 1T T ) A8 AR B3CHE , - Hh S
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Fig. 1 20 L spherical explosion system
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SR e, H
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T 20~ 50 °C I3 S L P9 23 500 4545 85 (300 g/m?®) | 404/ 2 Bk (AR A B 1 B MR B He=1 - 1, 3t
600 g/m?) | FEKY/ LTk A FE e CER Ry« St : EFEH BE=2 1 : 1), LBk (600 g/m?) 4 F 41 51| 1Y e KA
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Table 1 Explosion parameters of aluminum powder/air mixture
Temperature/ C Ignition energy/J Pinax/MPa (dp/dp),,,/(MPa-s™) K
21.7 90 0.858 62.659 17.008
24.4 90 0.817 65.625 17.813
31.0 90 0.861 62.705 17.020
35.0 90 0.856 68.205 18.513
37.2 90 0.912 71910 19.519
40.0 90 0.791 67.469 18.314
45.0 90 0.812 75.292 20.437
50.0 90 0.773 71.381 19.375
F2 BHIZHEAMIBESY
Table 2 Explosion parameters of aluminum powder/ether mixture
Temperature/ C Ignition energy/J Do/ MPa (dp/dp),,,/(MPa-s™) K,
21.7 90 0.971 106.616 28.939
25.0 90 0.943 109.204 29.642
30.0 90 0.946 120.792 32.788
32.9 90 0.924 124.851 33.889
34.0 90 0.919 126.464 34.327
35.0 90 0.918 127.204 34.528
40.0 90 0.914 124.704 33.849
48.0 90 0.910 113.233 30.736
50.0 90 0.923 106.087 28.796
R3 EM/CBRAEEREAMEBESY
Table 3 Explosion parameters of aluminum powder/ether/nitromethane mixture
Temperature/ C Ignition energy/J Pinax/MPa (dp/dp),,,,/(MPa-s™) K
21.7 90 1.114 108.675 29.498
25.0 90 1.199 105.969 28.764
30.2 90 1.189 112.852 30.632
35.0 90 1.161 134.557 36.524
41.6 90 1.129 132.174 35.877
45.4 90 1.090 116.910 31.734
50.0 90 0.996 110.454 29.948
22 RABRIEENBEEETHIRZE
S rp, BRADERIERER O s 07 3, TR A% B 0 A TR RERE 1, DR SRR K I 9T U E BE S Y

J 3 WA B AT A A e KRR R T P T KIBRNE TR T P 2R AN AN R 2 BT
M 2 W R e AL BT LLE Y, 76 S50 R EE VS L (20~50 °C) P, 44585 (300 g/m?®) 19 55 AR HE )
Prax TE 0.77~0.91 MPa Z [H], i B X [6] if J5 AHXEF- 25 Hs 77 0.835 MPa £ 9% 1Y I T %30, 7] LUE VR
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Table 4 Explosion parameters of ether/air mixture

Temperature/ C Ignition energy/J Do/ MPa (dp/do),,,./(MPa-s™)
21.7 90 1.140 107.351
25.0 90 0.975 51.469
26.4 90 0.957 76.469
33.0 90 0.856 73.528
35.0 90 0.862 61.763
40.0 90 0.801 30.881
50.0 90 0.777 33.087
() P TR PEE AL TGS o 022 PR A 52 0 VR 1K S
N S N WA S N 5 1.1F “ Tt
(] J T B DX TR], SR08 b A R ik 2000 °C, 2 Lol R
25 X B 4 AT 2 I 0 A ) 48 oo} T
PEHT, AR 5 adt B2 A1) (R B9 T 4R, 7R SE 40 R B g§ ) : ‘
T 15 PR PR 7 0 R 7 R 2 R, ) 2% 2 06/
TH £ 35 1 50 TR N 2 0, R i) 2 kR <05y
A5, PR ] pou A AR ol a
{1142 Ether Al LI 1, 4 2, (600 g/m®) 021 7 Rl Ether/Nitromethane
(1 P 7E 0.80~1.15 MPa 22 [, i T 25 1 16 N
= B 2B S e 9 20 25 30 35 40 45 50
M6, ST AR SER . 2R 42 35 e/
AT, A5 20735 C 2l L) py,, FREWEE N 2 KM AR5 T 2

24.9%, 35~50 °C Z 0] p,. FFEIREE R 9.2%, &
TR A s W T £ Tk R R, AU LA
PR T AE B NS kR A S8 B, A LB T AR e o ARE ot A S, R IR = 55 1
Ponae T HAHRLEE S AN ZS SARB Y Do FIETT AL, LRI po R A8 L0 A5 1 D PR 2 SR EE A7)
AR Ak T 300

£k AlVEther 7T LI, 4583 © ZWE=1 : 1(3 600 g/m®) #Y p,, 7E 1.1~ 1.2 MPa 2 [i], iR B TH 5
A 4.9% T RER B . AH LLZEAR Ry (it ZemT LU 1, CBER AR SR AL TIR G 7.0%~ 19.4% MR KE TR
77, HARXT SRR M 0 22 = 8 0 e D7 AR ARG 0T 7, Wl TR e SRR R ) 2 AARI IS . R STk
AR AEDE HE T 85K IF [B] KR 1) 12 405 30 BT, 385 0 7 Ik 1) & A 3R T R0 1) A0 R Ok, B, ELHISS Tl 40k
OYBUREI S AR 25, — 8 B L B0 TR 2 R AR T

i il 28 Al/Ether/Nitromethane 1] LLA H, 858 = Bt : 3L HE=2 : 1 : 1(3 600 g/m’) B9 p,., 7F
1.05~1.20 MPa Z [1], B /) T i R 1 1 7 T BR IR 11.9%. 56 FBE 19385 02 100 C, v LB 1R 4l
WAH, DL g mT LA 1R R TR K 24 10 Al 35 R e R 38 n T IR A 9 B e KR KE R 7, £ Tk =6 2 44
SR AR 2R 2 AR I RS E 1
23 RABEENEARRBEEETHHE

Fiz HEORY 212 M K ST 7 AR i Ak FRAS 3 0 8 1 I K R 1 TR (dp/do),,,. 153 4 41 (dp/de),,,, Rl IR
AR 2, A 3 T .

F 4 P 3 T2k AL AGE ST LA S, 4B80 8 (300 g/m?®) By fe KRB KR TE 1 L FH R (dp/do),,,, 7E IR E
DX [H] (20~50 °C) N AT 8% MR, AT LU VE S5 R TC G, Bk F8 50 18.4 244 .

H £ Ether AT LU, 26 Tk (600 g/m®) (Y 35 KRR KE 07 b T3 28 (dp/do),,,, 75 L X 3] (20~
50 °C) MIBE A B b FHA WY A T a3, DX R Y R A 72%. 7E 20~35 C Z[H) N R IE B2 122, 11

Fig. 2 Maximum explosion pressure vs. temperature
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4% [CBE T B 3.3 MPals, 1fif 35~40 °C Z[H] £ 140]

HHRICE T FE 6.2 MPa/s, 40 °C 2 J5 fE R 45 9] 20l . Rt T

AR . A FUAR A TE ) B3R A5 A ML T LA S .

T X TR A R, SOMT E 5 H R, £

FUAR A TE SRS, AR b T AR AR g 80 e S —
22 AUEther 1] L, §/ C BEIR & S o}

(B = ZE=1 ¢ 1, 3% 600 g/m®) (19 B KHRAE I ) S ol

T (dp/di),,, E T X ] (20~ 50 °C) P B sl A Ether

R F T W SE TR M . 7 35 C JLoEe

TS 2 2 AT UGS A AR R 24, 4 g [ 2025 30 35 40 45 50

Temperature/°C
B3 g HE b T AR B R AR A 2k

Fig. 3 Explosion pressure rise rate vs. temperature

HAUK 1.4 MPa/s, S REEKE R H880TE 345 4 o

i il ¢ Al/Ether/Nitromethane °] UL & Y, 45
¥/ Tk S FE R GER B (BRA + Clk - g =
201 1) BRI YE R J) BT R (dp/dh),,, 7 EE X [E] (20~ 50 °C) P BE & B - T+ B 2 0 T Bk
A 37 C I RAFYT . £ 20~30 °C X [P R 4% G HE N 0.4 MPa/s, 30~37 °C X ] F- 34 45 [C
FERATN 3.3 MPa/s, 37~ 50 °C [X ] 24 4545 G EE Wl /N 1.9 MPa/s, 5 KR 1E 1 F8 507 36.5 7247 Hign]
PAAS XA = AR A Y, 7R B R IRE AR WIS LT, A7 — AR 10 S H B TR A P
FRNE IR T35 B e R, X T[R4 o b L AN [

ZEA LRESIE T LA Y, PRI R 4 S8 I G S50 A 0 KB R B S R, X B ¥ R M TR 2 5% 11 LR
YEFR AR 76 W 2 A I 55 B0, X & 45 5 7 R V0T B 0 2 2 P KO VE R 7 b T 8 ) 5% 2 — 4 o
5 R R TR rh SO B 1 B o R K R USSR . BB R AR R LT, Z AR
B A R H o b ) B U B T TR AR KR JRLT K

3 IMRIREXRIETBRAVFZAD

HT 3 2 8 M A A K S D R U AR AR E , JIr AR K E 1 B K AE R O S A e A, 32 282 3 O
HR B RTINS 2o AN A, S 2 2 HP R R I AN R MR W DR i T EE AR A T R o

/

AR S BT XSO AR S Y, AR © OB - AR E=2 ¢ 1 2 1(BTRVR I ) IRG Wi 752
55, 2 BAE N R TR EE T A9 4 T FR (Lower Explosion Limit, LEL), W3 5, M35 % 5 P AIEHELH T
FEIE T BRFf IR R A AR A i £, anT&] 4 B .
w5 RIETIRME 180 | -m- Experimental data
Table 5 Lower explosion limit data —— Approximate curve
175
Temperature/ °C LEL/(gm™)
21.7 180
243 175
27.8 160
332 155
37.5 150
42.5 150 202224262830323436384042444648505254
510 150 Temperature/°C

P4 JBRNET BR B IR AL Al il 22

Fig. 4 Lower explosion limit vs. temperature

H 141 4 v S50 (BRI ARL(EL TT LA, 70 IR A A DX ) P, 3R 00 R0 K T IR O B T iy AR AT
B M5 16.7%, HE 37 C LIS A PR A TR AR o X e SE B (0 AN L 2 m] LA, ol T 52 0K 2
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(3) W [ Z2 AR G W 1 R T O 0 3 85 I v i /0, 32K 380 YRR AR i o5 2 i T R ) L A I T
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Experimental Study on the Effects of Ambient Temperature on
Explosion Characteristics of Multiphase Mixtures

BAI Chunhua, ZHANG Chengjun, LIU Nan, YAO Ning
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to explore the influence of ambient temperature on the explosion properties of
aluminium/ether/nitromethane gas-fluid-solid multiphase mixtures, we use a 20 L spherical explosion tank to
experimentally obtain the effect of temperature on the mixture explosion over pressure, the maximum
explosion pressure rise rate and the lower explosive limit. The results show that: under the experimental
condition, the explosive characteristic parameters of ether decrease with the increase of temperature. The
explosion characteristic parameters of aluminum powder are less affected by the changing temperature. The
explosion pressure of gas-liquid-solid polyphase mixture decreases slightly with the increase of temperature,
and the maximum explosion pressure rises first and then decreases. There is an optimum concentration ratio
for the optimum explosion power. The lower explosive limit of gas-liquid-solid polyphase mixture decreases
with the increase of temperature, and the lower limit of mixture tends to be stable after gasification of most
volatile substances.

Keywords: ambient temperature; explosion characteristics; lower explosion limit; multiphase mixture
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Fig. 1 Schematic diagram of explosive device
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Researchers LEL/% UEL/%
Kondo, et al.l"” 5.0 15.5
Vanderstraeten, et al.?” 4.6+0.3 15.8+0.4
Li, et al.™™ 5.0+0.1 15.74+0.1
This study 5.29 13.16
14
2 _W
§
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E —e— Lower explosion limit
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Fig. 2 CH, explosion limits under different temperatures

(ambient pressure)

A2 Al 50, % TR SR, SR ER TR E R 25 °C i, BEME EFR A 13.16%, FER M 5.29%, M KEH BRTE
Rl 7.87%; 440 IR T T+ 5 & 200 °C W, B KE LBR R 12.80%, TR T[N 4.30%, 5 4E % BR 75 Bl
8.5%, MEVEML PR KA E 3N 8%, H FE T A [A] B2 ih FO 3 B M A PR L 3% 2.,
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Table 2 CH, explosion limit and explosion pressure under different temperatures (ambient pressure)

Temperature/ C UEL/% LEL/% UEL pressure/MPa LEL pressure/MPa
25 13.16 5.29 0.62 0.100
50 12.50 5.20 0.58 0.081
75 12.40 4.90 0.56 0.073
100 12.30 4.50 0.56 0.073
120 12.40 4.40 0.52 0.065
200 12.80 4.30 0.45 0.052

A X FC T K L BRI FRACHE 5 400 i il B 4045 45 38«

FUITRR A 1 BR

FUHH 0 T PR

y = 13.48652 —0.02036x + 8.53628 X 1075 x>
ey TR FE B, %; x ML, °C; A R %L R=0.786 09,
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Fig. 3 CH, explosion limits with different CO

concentration( 7=100 °C)
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Table 3 CH, explosion limit and explosion pressure with different concentrations of CO (7=100 °C)

CO concentration/% UEL/% LEL/% UEL pressure/MPa LEL pressure/MPa
1 17.7 4.5 0.42 0.27
5 16.5 2.8 0.52 0.27
10 16.0 0.7 0.56 0.28
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Fig. 4 Relationship between CH, explosion

pressure and temperature

& 5

—=— Upper limit explosion pressure
—e— Lower limit explosion pressure
/I
@

2 4 6 8 10 12
CO concentration/%

FURIE 1 CO IR BOE &

Fig. 5 Relationship between CH, explosion pressure

and CO volume fraction
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Fig. 6 Relationship between CH, explosion limits and Fig. 7 Relationship between CH, explosion limit

and CO concentration
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Table 4 Function fitting parameters under coupling conditions with varying temperatures and CO concentrations

Explosion limit a b c R
UEL 15.581 15 0.024 67 —0.257 92 0.863 63
LEL 6.471 86 -0.012 67 -0.470 77 0.990 92
o B — Explosion limit/% Explosion limit/%
= / 14.23 0.48
g \\77% 14.59 0.97
2165 ! 14.94 1.46
160 | | 1530 s
Z \\555 ‘ 15.65 2.44
514 16.01 2.93
5 1408 O‘g\n 16.37 342
Uy, 209055 ‘&S Nien %2 90 N EXY
g 60 & 17.08 2 2, 100 2 0 % 4.40
ey, 050710 2% T 2 ention
Uy, O 17.43 5 CO com 4.89
o 17.79 538
(a) UEL (b) LEL
B8 WA S CO SR I X Y e 438 X A B Y 45 5% i

Fig. 8 Coupling influence of initial temperature and CO concentration on CH, explosion limit

FRAE 1] 8 W1 : Bl 3 T, PUIDTAR KR T BRI, KE 1 PR T, B o e s 5 184 o s B vl Ik
PES R CO MR EETH i, FOWrRAE LR . TRRYS TR, (FAR ME BR VS BB AR 58, FUIT IR JEFE R PR3 . 5w
KX JERR BRI, K X R E 3 H A 600~ 800 °C, £ F 1] =ik 1200 °C, AR g SCHk [21] AT A1, R B, RO
PR BT R, K BRI, ek BRI AR O, PR B3 Ak XA B B v, B R e R OK KR E S
FLHR I, By 1k & A BT KE

WILRIRE R 100 C . CO RN 1% B, FLHMRLE LR 17.7%, HFRH FREFEY 13.16% 97K
Y 53R 34.5%, BRI e 6 ¥k 82 31 LA PU 30T -2 AROIR A AR AE i Tl . CO 4514 T B I M KR 4 v

U, JE I K G 0, B AT A A B S PR A T S T s R RS B B ), ok DX B ] 2 AR v

FUHT & A= S KE I AT B

6 & it

XIWIIR LTI CO AR 3 A FH O FUIT K A R i 2R AT T 50, 13 B LU R 458

(1) B ATRPE UM CO YR BE Ty, RO M B FR L R BRI W, 3 el PR Rl A2 95 T i 2 T
o, HRAE L BR TR, T BRR s LI b BRSO A, FUIU AR R FR S 0 il R
R AR

(2) FLHr R M B RR . R BRERKE K 1 B 2 00 4R T8 B T i3 B mE A BRI, PO K B R . R R JE S Bl
# COWEH .

(3) i il 5 v A RAME AR CO XU R ARG 25 A T, FUITRR B BN B, B B BRTH s, PUIT R A
Bz 48, AR SR BR A5R E L CO URVR B T LIl /R L = a+ bT + en ) ZR 25 WA R A CO UM XS 1 4
P FIR B RE £3 5  LE BR— PR R A e R, ELA R AR b BR A S 5 Dy 2

(4) S TR TE BRI DXL 37 4 0 4l R 5 20 05 DX 38 2 [ B9 56 2%, 8 5 28 40 2 T 5 O g ik 2
CO UM Bk, MR RS T AT RRTE TR 5 W X S R A B A 32 o A 28 2 TR 1 P A 5200

045203-6



33 % H RIAE: IR S COUMAM G AR AU FUIT R S B S S 54

S22 3k

(1]
(2]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

JAOALA IR BTG [M). Fe s E I Ry ki, 2002: 146-160.

FHEHE, 1, EEOC S H ALK XS R PRI SO SR (0], AR, 2014, 39(Suppl 1): 117-122.

WANG H Y, FENG C, WANG Z W, et al. Dangers and critical parameters of inert gas injection during mine fire sealing [J].
Journal of China Coal Society, 2014, 39(Suppl 1): 117-122.

Beia s, Bk, hERS K RPABR ARG EH (1], B4R, 2008, 33(2): 126-130.

LIANG Y T, LUO H Z. Current situation and development trend for coal mine fire prevention & extinguishing techniques in
China [J]. Journal of China Coal Society, 2008, 33(2): 126-130.

TENL VR A FLUCHRAE [7]. 57 3134, 2013, 12: 32-35.

DING B C. Five explosions in four days [J]. Labour Protection, 2013, 12: 32-35.

PR R, R AE AR, AR R L TR Xk B e -2 TR A W R KA SRR S R Y SRR BT Y (0], 4R AR S bl 2017, 3703):
453-458.

GAO N, ZHANG Y S, HU Y T. Experimental study on methane-air mixtures explosion limits at normal and elevated initial
emperatures and pressures [J]. Explosion and Shock Waves, 2017, 37(3): 453-458.

ATIE A B IH ELBIE [M]. B R L ek L, 1992: 40-52.

YU Q X. Mine methane prevention [M]. Xuzhou: China University of Mining and Technology Press, 1992: 40-52.

EAR, IBTE, F M. W16 X AR SR E R S (7], SRR EAR, 2011, 36(3): 423-428.

WANG H, DENG J, GE L M. Influence of initial pressure on explosion characteristics of flammable gases in coal mine [J].
Journal of China Coal Society, 2011, 36(3): 423—428.

A2, T, AR PR IR FOTRRKE R B R T LT B SR D). B S ohifi, 2013, 33(4): 415-419.

LIR Z, HUANG Z C, SI R J. Influence of environmental temperature on gas explosion pressure and its rise rate [J]. Explosion
and Shock Waves, 2013, 33(4): 415-419.

F PF 32 R 2 i) BUAST R A R SRS M R 3R 5 (D] BUB: I T LA AR K22, 2006.

o 8, RAEAR, WIROSE. TR T X FCATHRME FE R S 1 SRR RIT Y. (D). 9 KE S ik, 2016, 36(2): 218-223.

GAO N, ZHANG Y S, HU Y T. Experimental study on gas explosion hazard under different temperatures and pressures [J].
Explosion and Shock Waves, 2016, 36(2): 218-223.

FISRAE IR TR N H e AR RS2 IR SY [J]. G 4s SR, 2014, 14(4): 32-35.

SI R J. Experimental study on the explosion limits of methane under coupling effects of temperature and pressure [J]. Journal of
Safety and Environment, 2014, 14(4): 32-35.

CUI G, LI Z L, YANG C. Experimental study of flammability limits of methane/air mixtures at low temperatures and elevated
pressures [J]. Fuel, 2016, 181: 1074-1080.

LIZM, GONG M Q, SUN E Y, et al. Effect of low temperature on the flammability limits of methane/nitrogen mixtures [J].
Energy, 2011, 36: 5521-5524.

KARIM G A, WIERZBA I, BOON S. The lean flammability limits in air of methane, hydrogen and carbon monoxide at low
temperatures [J]. Cryogenics, 1984, 24(6): 305-308.

JEPGAE, Ttk S SEHKE, S FLIT & X 5t P s FUAT AR KR L BR R R A5 [J]. JkE 5 i, 2013, 33(4): 351-356.
ZHOU X H, MENG L, SHI M J, et al. Influences of sealing fire zone in high gas mine on impact factors of gas explosion limits
[J]. Explosion and Shock Waves, 2013, 33(4): 351-356.

GIERAS M, KLEMENS R, RARATA G, et al. Determination of explosion parameters of methane-air mixtures in the chamber
of 40 dm® at normal and elevated temperature [J]. Journal of Loss Prevention in the Process Industries, 2006, 19(2/3): 263-270.
DIN. Determination of explosion limits of gases and vapours: DIN EN 1839-2004 [S]. Berlin: DIN, 2004.

ASTM International. Standard test methods for limiting oxygen (oxidant) concentration in gases and vapors: ASTME2079-07
[S]. American Society for Testing and Materials, 2013: 1-2.

KONDO S, TAKIZAWA K, TAKAHASHI A, et al. On the temperature dependence of flammability limits of gases [J]. Journal
of Hazardous Materials, 2011, 187(1/2/3): 585-590.

VANDERSTRAETEN B, TUERLINCKX D, BERGHMANS J, et al. Experimental study of the pressure and temperature
dependence on the upper flammability limit of methane/air mixtures [J]. Journal of Hazardous Materials, 1997, 56(3): 237-246.
BROSCHERET S JRBE [M] LR, SRS, 3. Ut Rl N RAL, 1983.

045203-7


http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.1016/j.fuel.2016.04.116
http://dx.doi.org/10.1016/j.energy.2011.07.023
http://dx.doi.org/10.1016/0011-2275(84)90139-5
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.1016/S0304-3894(97)00045-9
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.1016/j.fuel.2016.04.116
http://dx.doi.org/10.1016/j.energy.2011.07.023
http://dx.doi.org/10.1016/0011-2275(84)90139-5
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.1016/S0304-3894(97)00045-9
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.1016/j.fuel.2016.04.116
http://dx.doi.org/10.1016/j.energy.2011.07.023
http://dx.doi.org/10.1016/0011-2275(84)90139-5
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.1016/S0304-3894(97)00045-9
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3321/j.issn:0253-9993.2008.02.002
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.3969/j.issn.1000-4335.2013.12.009
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.11883/1001-1455(2017)03-0453-06 
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.013
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.11883/1001-1455(2016)02-0218-06 
http://dx.doi.org/10.1016/j.fuel.2016.04.116
http://dx.doi.org/10.1016/j.energy.2011.07.023
http://dx.doi.org/10.1016/0011-2275(84)90139-5
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.3969/j.issn.1001-1455.2013.04.003
http://dx.doi.org/10.1016/S0304-3894(97)00045-9

33 % = JE Ll i 2% i 541

Experimental Study on the Coupling Influence of Temperature
and CO Concentration on CH, Explosion Limit

BAI Gang'?, ZHOU Xihua'?, SONG Dongping'*

(1. College of Safety Science & Engineering, Liaoning Technical University, Fuxin 123000, China,
2. Key Laboratory of Mine Thermodynamic Disasters &Control of Ministry of Education
(Liaoning Technical University), Fuxin 123000, China)

Abstract: Gas explosion often occurs in the course of closing fired coal mine. The explosion limit and
maximum explosion pressure under temperatures ranging from 25 °C to 200 °C and CO volume fractions of
1%—-10% are studied by using a special 20 L explosive device. The results show that upper and lower
explosion limits all decrease with increasing CO volume fraction, the range of explosion limit is widened in
the presence of only CO. The upper gas explosive limit increases while its lower limit decreases as
temperature increases. At ambient pressure, the upper gas explosive limit increases quadratically with initial
temperature while the lower limit increases logarithmically with initial temperature. Increasing CO volume
fraction results in increase in both the upper pressure limit and the lower pressure limit. Coupling CO gas
with high temperature, the gas explosive upper limit increases and the lower limit decreases thus higher risk
is expected in such condition. Explosive limits, especially the upper limit are more sensitive to coupling
factors than to single factor.

Keywords: temperature; combustible gas CO; explosion limit; explosion hazard
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1 TERBENT
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B LA I X B B2 A A AR T S5 10.7 m, 5N 3.5 m, TR BE 45 AR 0.4 m, SR
0.3 m. TRRMIMEIEE, 12 MR oo, 2 IR0 IS 0 28 B 1AT, S 3 2 R BT A9 A, A 75 R 43510
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Table 1 Parameters of soil material

Material Thickness/  Density/  Cohesion/ Internal friction Elastic Poisson’s
ateria
cm (grem™) kPa angle/(°) modulus/GPa ratio
Plain fill 130 1.8 6 10 0.0042 0.30
Completely decomposed granite 210 1.9 20 25 0.02 0.24
Sandy strongly weathered granite 620 2.0 30 32 54 0.21
10700
Electricity d ) N [T
cabin |essse.  Integrated cabin
W ITTL .
TS % Gas ~

Gravity Pressurfe pipe
Water pipe sewage pipesewage p1p€ %

p‘ p_q Gas cabin
"~ ~ N /L

400 300 300
ke b ) k) k
1 T 1
3500 . 4700 L 2500
a 1

BI1 45 EG A BT (B : m)
Fig. 1 Underground pipe gallery section( Unit: m)
1.2 ARTIRBERSHY
K H LS-DYNA ST R B A, 25 JEXT PR [a] 8, DU A5 0 xOy THAE R X FR T 2N 1/2 B8R, 1t
SR DL K] 2, ABERD X R T SR I B 24 o, JHC A B TR 5 B8 h TG I S 3 5 DA 4D TG PR Sl 9 PR 055 2 1,
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Concrete pavement

Non-reflective boundary

Plain fill
Fully weathered granite

Sandy weathered granite

Air
2.8m 4.7 m 8

P2 SHEARE AL R A o 4T R
Fig.2 Cross section of the explosion center of the model
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Symmetry plane
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A6 FR 0 # #05% F Solid164 i14:$7—5@*;%, R’ Fig.3 With anti-explosion structure
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p=Co+Cipt+Copt® + Csp’ +(Cy+ Cspt+ Copt? Ey (1)

X u=p/(po=1), o9 HHIH L, 0o WV E L, By WIEIETIRNRE, Co~ Co WIRETT SR LtkZ
TR D7 B A S HOL R 2P,
T2 AMSTARTHESH

Table 2 Parameters for linear polynomial equation of state'”"!

Material p/(kgm?)  CyMPa  C, C, G, C, C, c, E/MIm®) oy,
Air 1.234 0.1 0 0 0 0.400 0.400 0 0.250 1.0
CH,-Air 1.293 0 0 0 0 0.274 0.274 0 3.408 1.0

NI IR EE 3 4% T R VAT T, 0 00 TR Bk 1 A AR 24 2R FH*MAT _PLASTIC_KINEMATIC Bfi 5

045204-3



33 % = JE Ll i 2% i 541

ALY, 5] A*MAT_ADD_EROSION fx fift 2 R0 ) Sfe 47 il B 50 2 34, R B8 - A Wi IR 32 BN g IR
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TR S RO 3.

®3 RBBRIMWHESH

Table 3 Parameters of concrete and steel

Material Density/ Elastic Poisson’s Yield Shear Tensile
(grem™) modulus/GPa ratio strength/MPa  modulus/GPa strength/MPa
Reinforced concrete 2.5 30 0.22 33.8 12.5 3.5
Steel 7.9 220 0.30 314 20 600

+ 3R FH*MAT_FHWA_SOIL # B AY , 33 I8 — il 45 ][] P 458 05 44 ), %64 k3 A [ 4R 50 B
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MRS E E=1.203 GPa, JA# L v=0.3, JiE iR 58 )& Fig. 4 Stress-strain curve of aluminum foams
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2 HEERSR
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(b) Laying foam aluminum anti-explosion structure
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(c) Laying foam aluminum sandwich anti-explosion structure
5 hik il e
Fig. 5 Overpressure image of shock wave
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Fig. 6 von-Mises stress map of no explosion-proof pipe gallery
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Anti-Explosion Performance of Different Anti-Explosion Structures
under Gas Explosion in Pipe Gallery

LIU Xiliang"**, LI Ye', WANG Xinyu"**, GURKALO Filip'

(1. School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454000, China;
2. Henan Key Laboratory of Underground Engineering and Disaster Prevention, Jiaozuo 454000, China;
3. International Joint Research Laboratory of Henan Province for Underground Space Development

and Disaster Prevention, Jiaozuo 454000, China)

Abstract: The project of loop pipeline in Pingtan test area is used as the engineering background. To
compare the anti-explosion performance of “foam aluminum” and “steel plate-foamed aluminum-steel plate”
anti-explosion structure under gas explosion, a 3D pipe gallery and soil structure is studied and analyzed by
ANSYS/LS-DYNA. The results show that: the structure closest to the explosion gas on the internal wall is
broken down at first followed by the damaging of the joint structure of interior and exterior wall in the gas
cabin. The stress in the aluminum foam sandwich structure attenuates most quickly. Measuring point peak
stress can be reduced as much as 67.35% by aluminum foam sandwich structure compared with no
explosion-proof structure. Measuring point peak stress is reduced by 43.99% by aluminum foam structure.
The kinetic energy peak value of gallery without anti-explosion is 0.11 kJ. The kinetic energy peak value of
gallery with aluminum foam sandwich is 0.021 kJ. By comparison to the gallery without any explosion-proof
structure, the kinetic energy is reduced by 80.9%. A comprehensive suggestion is that, laying aluminum
foam and aluminum foam core material can reduce the damage of the corridor structure, and the aluminum
foam sandwich structure behaves the best.

Keywords: underground engineering; anti-explosion performance; numerical simulation; pipe gallery;

energy absorbing material
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