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1 LWERESHIE

1.1 SLEig#E

S T A EE RO IR BE RS KRG MR RGE A FAR, E 1 BTR
PO R R R IR B B BE MR B B 3 WA, A IRE KR 5.4 m AMEN 240 mm, NN
200 mm, AR L R 169 L. W55 R G0 M 25 SURGRHL Al HE .U B A8 00 A0 255 1 Sk SR AL .
KA AT TA 119 NFLCEAR 0.5 mm) 1E Bk, R IR U B E D Z 0. R4 = IR s
RE ., — BRI T I ARG SC B BB B L R R 40 23 SR 0 e S R 2 2 A v as IS L OB U L O
FEHE ] PR AR S AL . UK R G I KA R TR R S A, LRI — E E A C4
REZY S — % 87 (1D) LT A — R B 76 A5 JE P L. DU &R 40 rh A& IR L F Ay IR 2% B R 4R
FOFEALEE N, HhE AR 1 Py 27 ~77 B AR I A R A B 0.5 m, 5 R R R =2 1] (1Y
PRESHRIRA 1.4.1.9.2.4.2.9.3.4.3. 9 m, G MLt =] 477 i i 200 e e s, £ %
SRS RN —10PC/105 Pa, PR /NTF 1% . L BT A /N T 103 Q, W &5 Fl 0~6 MPa, T.{E
T EE N —40~150 C i 48 J1 150 %0 . REESIF N 1 MHz,
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Fig. 1 Structure of the vertical shock tube
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1.2 FEEM

SRR SR A 7 RP-3 A8 i A3 BRI, O A R vl AU R . LR A A A R S B A L HE A
92. 1Y MU RN Z 7. 9 Yo 135 5 e RP-3 TR0 2 JAE il 4% Jl 0 Jot 2 20 B UL 38 1570 PR M) i 5 1 L 8%
JEE IR R A T TR X LR R A TR BB O, RP-3 AR AU 2 O A T AL L 20

R1 RPIMETEMAS

Table 1 Components of RP-3 aviation kerosene 23
Naphthenes Alkyl Indan & Naphthalene
Alkanes ) Naphthalene o
Monocyclic Bicyclic Tricyclic benzenes tetralin derivatives
52.2 33.8 6.0 0.1 5.1 1.3 0.6 0.9

R2 RPIM=HEMEEZELESEM

Table 2 Physicochemical characteristics of RP-3 kerosene

Molecular formula ~ Molecular weight Density at 20 °C/(g * cm *) Boiling point/C Condensation point/C

C;-Cys 148. 33 0.79 185 —60
Theoretical Latent heat of Low heating
Smoke point/C ) Cetane index
air-fuel ratio vaporization/(J « g ') value/(k] » m *)
24.6 16 345 43200 43

1.3 LWHE
1.3.1 BB

MG R 1 7R, S A S0 SRR AT« B e MR OB 22 A R B I A U TR A b Rl B R s RO
ALK BRI S 0 T 2 T A STE D, LR B — 2 B R 7 s PR R R IR 22 36 7 Rk 25 IR B B LR ik
2R E IR I RIER G th DHY-6 ZE 38 Bf (] 4 ] &5 (ff P ) R 3R 45 A 7 il R L SR SRR B S )
B 5 B S0 58 WU L BT R4 28 R 2 KB T A AR
1.3.2  mUNFEIR B iE] 9L #%

AR S0 K AT T R TG 1 R fih 2 T 2 AR IRD E DN 1. 00 s, AREE P A S50, HRE IR 58 4 T O R S
BT TR FE T 0. 20 s, 5 R AR MK SOHE B M5 Sk 3582 0. 10 s, Wi FRZE A 755 0. 30 s, ;X R A AT LU IE %
REA B IEH n_L 25E B TR R 0. 30 s, T A L, e R SRR E] A 1. 00 s, LB AR 1 1B KE T 4R
Z T TR G P
1.3.3 I5REEsE

SEH0 R T B RO T S 6 v 0 R 11 A 5 R L O T e M R A R b A TR I A T K
SERRRUR B R . R TR UEAE 52 — AR B 2 /0 R TR S
1.4 BEIE

STEGEIRIE N 1 Kk 8 5 T ADY I T C4 ¥VENEZY , E IR AE 5 AT LA a ok 48 98 1 e 25 1)
A, AR SCRRC 1] b Ay R A A 1 20 30, 45 HH S 6 BT SR FH R IR Y B 5 20 B 6 R

E=50945. 3+ 5860W @))
KX E it )W N EA i, g, A SRBEEMNCRILE 3.
3 BESEMEER

Table 3 Mass and output energy of ignited materials

&

Uﬂ

Initiation source E/Kk] E,/(MJ « m ?) | Initiation source E/k] E,/(MJ+m %)
1D 5. 94 0.19 1D+3 g C4 23.53 0.75
1D+1¢g C4 11.78 0. 37 1D+5 g C4 35.25 1.12
1D+2 g C4 17. 66 0.56 1D+8 g C4 52.82 1.68

025201-3



%2 = JiS ) il 2% Eihd o532 %

PO S D, BT R R A R AE R ) AR 0, AT DA R R R R WO R R m A A,
SCOFTH R R R E, R E E 5T E R AR 0 LA

E, =E/(xr*) (2)
K r AR E N, m,

2 HRIDWITR

2.1 RESEEXTREIGFERERN R

ey S A2 % E 2 45 RE 6 5 | P AR 1 /N KRB B L S T B AR R e IR L O A R A
FRIESHC . ORI Y A L o 7R S BT A WRRE 58 4 R BE BT T 10 B8 5 AU A 4 S PR Ik 4 1Y
AP Z ., YR o=1 ORI 5 2R, 7 A R AR AIK . ABFR T SR o=1 Iy
KRRHARL V) Bl € T I 0T < S i AR RS D7 B B A A s S R o, AR (4) 5K
THRMR BE Y L =1 BRI AT,

th\\lw - 7'IRT (3)
0
VvV, = Zlf‘:M (4)

oA p AU PR ESR, Pas Vi B IS B K Lo~
FIRF, m® sn IR h = YW, mols T 2 09k
B 2 X0 B, K R S SR H %L, J/(mol » KD 0}

Vo OBIRIE S o= 1 BRI BL mL; M O T 0
FOD T it a TR 2 s o KR /et B0
B 2. th TR B A s 2 ot

AT — 5 1 fi 22 - X R A TR) SCHR ) 4 1k S f 03

BARUR RIIREAE 1% A7 02p *
P I b R R I SRR e SR R . 02 04 06 08 10 12 14 16 18 20 22 24
JE SR 5, I ) R B Y L 4 S R G, T E ¢

H 73249 0. 40 MPa, IE B g KB 1,00 s, Gl 2L 58 2 -2 5 2 % I G 1 A B 4 Bt 1 11 25 1L ]
BWE T 5 MRE SR ¢ M FMa MM E %M Fig. 2 Variation of minimum ignition energy with
I REBEEE E, e WWEEEE N T RERIAZ Dy N equivalence ratio for aviation kerosene cloud
491. 2 pm, Dry.1 4 354. 5 pm, BEARSZEG 45 5 WL 3% 4
M 2, R4V I ABOEE B SRR . B3R 4 REL 2 AT 2 o<1 B, i s 00 Vil 1 i 7 ke
VRAE B, B 2 A T 0 B B ARG 5 2 o> 1 I B, B 25 5 H T i ks (H R 28 18 i
25 ST VBT 2 55 1Y) i S R R T B Y o LU A B, AR Ak R B L LT L U B AE — i IR M R
BRI (172, Ml 25 530 ) 1 S 43 BB 40 L 351K, L B

F4 FARAREYBLTMEIREB-ZSZENIEREEE

Table 4 Minimum ignition energy of aviation kerosene cloud with different equivalence ratios

® V/mL  E\m/(MJ*m™) @ V/mL  Eim/(MJ e m™) ® V/mL  E\pw/(MJ e m™)
0. 46 19.5 0. 82 1. 28 54. 6 0.21 1.98 84.5 0. 35
0.91 39.0 0.23 1.52 65.0 0.29

HOE 1Y =1 W ORI AR AR BE R R KA . SXIE NN 2 o<1 8 o> 1 I, RI7E 42 i 22 sl
BHE Z A5 DU T 33 LE AR 22 R ) 480 SORHER o B RA L  JAN 2 AR R S B A O3 BE O
RS HE A T =1 I 75 25 2 (09 RE A BE U0 G . (FUR . 923800 2 Hh 9 88 = 25 T
F4 I 5L % BE B R AEL T AN IR AE o= 1 AL TR A ) 5 A — 00, JEBRC IR AN - 8 de . ol T 0PI AR = 55 4
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5 SR AN ] AR AT O AR K 5 g 52 % 9375 S 30 HC O T T 0 K 3l S ) 9 RS A /N
A AT IR R 2 55 8 M SO R AN S 2, LA R A G i % B A O A RE BTG 2 S
JOREE s d i s R TR e 5 T A R IR A B 2 O A TR L R R A T 2 S L 2 B/
AR RS Jt BE R T = 25 I 2 A B A XA B A R 2 5 R
2.2 WEEE 3SR A0 AR I B R

5§ 5% s 3 S i A A A R R T O Sl WM Y TR AR S ORI TR TR E TG 5 55 R L T
EQUEASS e RS AE R 3 S NP5 IRk 1bu:Y S A VS PR SRR WA i NN S Y G e T R
W ST, IS 38 R F7 . MI5E T 0. 2~0. 6 MPa 3B 5 ANBE55 1 N RP-3 it 45 18 1 ik
REBIEIR S, SCR RIS 1 % 8 5 TN 5 g KEZy, RISFHDEME N 1. 12 MJ/m?,
3N A BREMA R R 39 mL, W M Ry 0. 91,

TE SCFEIRIE po MISFERE D, A

pave:%ZPi’ Dzwe:%ZDi (5)
i=3 i=3

R ps~pr BN 37 ~ 77 AL ISR AS B FE I {H . MPa; D, ~D; 535k 3% ~ 77 15 g i 45 ) SF- 14 ¢
YEGAB S ,m/s, T 27 15 Ba% I 2] i 48 R A2 13 TR i 4 K, IR TH B A R % 08 ps
DS 359 1 T L SF Y89 0 R 4l L Wt 55 R ) Ol B

B KSR T 3 R, I 3 T M 0edp . i’?“
JEJ179 0. 40 MPa I}, RP-3 fiff 25 #5319 - By A o.62f — '

B HESKEIRA s IR T 0. 20~0. 40 MPa B, o o0 / — 1 2
W I )8 RP-3 05 K 00 2 R 2l . / I -
VI 5 L TR T B8 TR S K T 0. 40 MPa i, osol / oo
MRS BB W TR ) WA R AL BeAh .Y / N
R FE 1N 0. 20 MPa EFHE] 0. 40 MPa i, V-t 1] & 1=e
JEAY b TR B A s A 0. 40 MPa F F+3] 0. 60 MPa 0521 03 o 33 G590
S A5 (0 A 48 -2 3R i A 1 Spray pressure/MPa

TE 590~610 m/s 75 Bl N 8l Bl 25 W8 55 1% 1 B 4 B3 T R B 55 R iR ARk

T A0 23 8 VT 2 2% 19 S 34 48 S R 1R R U ZF Fig. 3 Detonation velocity and explosion pressure of RP-3
Ak il 28353 D) A5 U IR aviation kerosene under different spray pressures

A3 MR PR L — O TR B AIK 1 W8 55 1 FRL Y
BREHE B W 2= 55 WA B AT I L 2 181 AR/, 35 8 1 3l 008 O I 28 A0 ak /DN R BB T e 22 1 52
Wi, 55—y T TR AR M SRR F M Sh R L W 5 55 7 A 1 K Y- 32 3 1R R G 5K /0N L AT 4 W R O &
A ULRE T T 3B 55 0l /D L A R R AR B B T o T B 5 R T T v O A N T B TR s B Ok
RIS Al /N s DT 2 553 il 1 A2 005 1 28 A0 dak, JORORH R B LB TR A 4R B T L T Y AR 8 35 R ) R
0. 40 MPa B , - X585 FE AT /1N B2 A AIG . T B2 B T 2038 0 MR ORH TR 2 55 76 A 8 i gk 4 o 3 T Ok
B RE T b, 4 RE W, DT G 32 2 0 2 07 » 5 M T B K S 4
2.3 EBIEFEEEXTHAEENREN D

AR R R PR RE B L A5 B AR RE L 0. 37~1. 68 MJ « m BRI 5 AMME R BLIEAE h RP-3 M4 S5
BORRNETE ) SRR A, SCE TR iS5 IR J1 9 0. 40 MPa, W SR Lol 1. 28, SEIG 45 B IL K 5,

H1 3% 5 AL [l — A S8, po AL po AECRIYEIN ., XEH T 27 LRI B 3 U8 LB . &2
B 7 R R K S L T 37 ~ 77 AL AR R B R R R A, T 2 S AR N . RIEE, py ~ pr WU BNE
FEISEASTE 0. 10 MPa LA . F AT DU T, A28 S 22 00 8 1. 9 m JE R K R B T R 1% 4% . 55
— 5 T 24 A6 R R e e AR R VR T L R A R R PR L W B O gL 5 AR,
D, ~D; /33150 T 20. 03% .15. 06 % .14. 84 % .16.45% .21. 31 %,
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Hi 4 al A, B 5 R AR RE A0 0, O 2 4

Do EHIBIE po T8 E T BB T A, o] e
X% T RREHR = %5 1R PR SRR TE o] 1%°
Ve P AT () TR AR Y AR BB S L o orp 1600 2~
LGRS A L . R RE AL £ 06} 1550 &
LI 2 T B B B S AR R R AR S 0] g &
Ko XN L A . R AR SR 04 i
BT N R B TE AR R 7 5 Al O3 1™
FRAERE T IO LI 5 B A SR ERA, 20 02 o4 06 08 10 12 11 16 g
X AT B A PR A S R A TR T R RN 28 R A lgnition energy/(MJ-m®)
% 4% Kotk 22 9F HoAe A g o 72 rh BRORH™ AR i 28 R i B4 MR A B R S BB B Y B AL
AN H TS AR N FE A B RE i o vk X ME Fig 4 Detonation velocity and explosion pressure of RP-3
KRB RE aviation kerosene under different initiation energies
x5 AEARBEEEZHTHIRER
Table 5 Experimental results under different initiation energy conditions
E./ Pressure/MPa Do/ Velocity/(m = s 1) D/
(MJ »+ m™2) 27 37 47 57 67 77 MPa 37 4= 57 67 77 (m-s™ 1)

0. 37 0. 35 0.29 0. 27 0.23 0.25 0. 26 0. 26 559 520 476 488 447 498

0. 56 0. 81 0. 40 0.38 0.35 0.34 0.35 0. 36 571 537 533 521 485 529

0.75 0. 82 0.47 0. 45 0.43 0.43 0.42 0. 44 593 560 567 631 505 571

1.12 1.30 0.76 0.56 0.66 0. 64 0. 66 0. 66 693 614 618 606 579 622

1. 68 1.70  0.94 0.77 0.73 0. 86 0. 96 0. 85 774 712 654 649 609 680

2.4 RE S S X ARSI F1R E B R0
R IR R 2 5 S NI 0k B 2 LA A

WOE . RO AR 112 M/ EE [ e e
71709 0. 40 MPa, il i S5 I T RP-3 fii 25 Sl 72 066k gig
0.46,0.63,0.91,1.28,1.52,1. 67,198 % 7 ok | 1 lo0s ©
JEE M4 L A R . LR ST 2 S L3 6, E 062l 2% g
WRIER 6 R 2P R R PR IR & ] 1596 &
H AR E R A 5 TR 058l Zzz
M 6 BT LLE LB p. Ab, R AR AR os6k 1584
W45 14 f S HE TR 0. 76 MPa, AH I 1 f5c K48 3y 04 06 08 10 12 14 1o 18 20
693 m/s, V-3 F i B KAEH 0. 66 MPa, - 2445 3 Equivalence ratio
B KAE N 622 m/s, Hix KA L AEERIE Y & 5 R R B R A Ak
tboh 1,28 Wy scuselh . oE— 2035 AT, MH b T Fig. 5  Detonation velocity and explosion pressure of RP-3
B E LEUE N 0.46.0.63.0.91.1.52.1.67.1.98 aviation kerosene under different equivalence ratios

1 6 A~ SEE A L e B R A Y 1. 28 SEE A A7
KRR po 3RS T 17.9%.11.9%.8. 2% 1. 5% . 1. 5% . 11. 8% ., F- 348 ¥ D, /93 & 7 3.5%.
4.0%.2.3%.1.1%.0.6%.2. 0% . FHULATN, o B 2 6 Lo X 98 R 19 52 e L S s B g . fR &1 5 AT
M o<1, 3 B, PS5l T B4 0 R A B R R 2 E A N PR T o= 1. 3 BfFT L SF A4 Y
PR RR I, 2 J5 2518 F e B R A e AR BB “ UK, 2 ik, RP-3 i as - IR G W & 4
PR VEAEAE e AR B IO 2 1 8 3t ok 1 R et e K
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®6 TRRELBELTHRRER

Table 6 Experimental results under different equivalence ratio conditions

Equivalence Pressure/MPa Dave/ Velocity/(m + s~ 1) D.ve/
ratio 27 37 47 57 67 77 MPa 37 4= 57 67 77 (me+s 1)
0. 46 1.04 0.65 0.57 0.56 0.57 0.59 0.56 639 633 609 578 548 601
0.63 1.30  0.68 0.60 0.59 0.56 0.53 0.59 651 625 600 578 546 598
0.91 1.28 0.69 0.57 0.62 0.59 0.58 0.61 667 638 611 581 546 608
1.28 1.30  0.76 0.56 0.66 0.64 0.66 0. 66 693 614 618 606 579 622
1.52 1.28 0.61 0.61 0.75 0.62 0.63 0. 65 632 674 606 603 559 615
1.67 1.27 0.72 0.59 0.68 0.61 0. 66 0. 65 638 676 625 594 558 618
1. 98 1.28 0.72  0.60 0.58 0.58 0.59 0.61 659 630 600 598 565 610

3 %5

(1) WA S0 v RP-3 A2 M5l i 70 G o R Bk 32 > i LU B ML 2 LB AR o=1. 28 B3k 3|
fx/MH 0. 21 MJ/m*,

(2) ARSI S5 T e FEMR 5 TR 120 0. 40 MPa, BUETEBE A R R B8 33K B fe K, 3 1 L 0% J Bl 5 ot
RIS 2 E U,

(3) S0 3 W AR IR T 0 25 VIO 2= 5 e U D RE A A% 5 L O ELIK B SRR BME D) B 42
KBRS, 78 0.37~1. 68 MJ/m” A5 a5 K RE 5 Y0 ] A A J% 1 o B w5, RIP-3 0 225 A5V ) i ool 4%
FEE, BB EECR.

(4) Wl Tl B 22 ak LU 30, i 2 JE e MR 0 S 808 i T s, EL BN MR BE X B L o= 1. 28 I, JORR) I 8 33
J5 T 38 B B i 5 (HL B 25 Tk B > 0 L Ak S 1 R IR S HCR T Rt

S 3k
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Explosion Characteristics of RP-3 Aviation Kerosene
Ignited by a High Explosive

MAO Haoqing, HUANG Weichao, LI Bin, XIE Lifeng

(School of Chemical Engineering » Nanjing University of Science and Technology ,
Nanjing 210094 ,China)

Abstract; In this study, the deflagration and detonation parameters of RP-3 aviation kerosene in a vertical
shock tube,200 mm in inner diameter and 5400 mm in height, was measured at different initiation energies,
spray pressures and equivalence ratios in direct ignition by a high explosive to further explore the influencing
factors of the combustion characteristics of the RP-3 aviation kerosene. The results show that the critical initi-
ation energy of the aviation kerosene decreases sharply at first and then rises slowly with the increase of the
equivalence ratio,and its changing trends are basically in an “L.” shape. When the spray pressure varies from
0. 20 MPa to 0. 60 MPa, the detonation velocity and the explosion pressure are both in the shape of an inverted
“U” along with the changing of the spray pressure at the same fuel concentration. The detonation velocity and
the explosion pressure curves have a linear ascending tendency with the increase of the initiation energy. More-
over,when the initiation energy ranges from 0. 37 MJ/m?” to 1. 68 MJ/m?, the aviation kerosene cannot reach
the state of detonation. The detonation velocity and the explosion pressure of the fuel at first increase and then
decrease along with the rising of the equivalence ratio,also in an inverted “U” shape.

Keywords: RP-3 aviation kerosene; vertical shock tube; direct ignition; critical initiation energy; detonation

velocity ; explosion pressure
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Fig. 2 Comparison of experimental results and simulation results
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Table 1 Material parameters of air
o/(kg+m %) Cy C, C; C, C; Cs E,/MPa Vo
1.29 0 0 0 0.4 0.4 0 0.25 1.0
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Table 2 Material parameters of triangular wedge

o/(g+cm ) G/MPa E/MPa y Ajc/MPa By ¢/MPa Cie N T./K
7.83 0.30 0 0.25 496 434 0.014  0.26 1788
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Table 3 Material parameters of the wall surface

o/(g*cm *) E/GPa v R../MPa o./MPa 7/(Pa -+ s) o,/ MPa
2.70 25 0. 30 3.10 14. 48 0 28.96
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Fig.3 Tunnel model with spoilers
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Fig.5 Pressure nephogram near spoilers with different thickness at 6.5 ms
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Fig. 6 Curves of peak overpressure versus distance
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Table 4 Peak overpressure of units with different spoiler thickness

d./em pa, /MPa pp /MPa pc /MPa| d /cm pa, /MPa pp /MPa pc /MPa|d /em pa, /MPa py /MPa pc /MPa

10 0. 457 0.323 0. 597 40 0.434
20 0.451 0.320 0.588 50 0.425
30 0.442 0.317 0.581 60 0.421

0.315
0.313
0.310

0.577 70 0.416 0. 309 0.562
0.570 80 0.413 0. 307 0.558

0. 564
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Simulation Analysis of Influence of Spoiler Structural Parameters
on Shock Wave Attenuation Characteristics

ZHAO Beilei"*,ZHAO Jiguang®,CUI Cunyan®,L.IU Ningyuan''?,
WANG Yan'?,XIN Tengda'?, WANG Yaqi

(1. Company of Postgraduate Management , Equi pment Academy ,Beijing 101416 ,China;
2. Department of Aerospace Equipment , Equipment Academy ,Beijing 101416 ,China;
3. Equipment Development Strategy Research Institute , Equipment Academy ,Beijing 101416 ,China;
4. Beijing Space Information Ralay and Transmission Technology Research Center ,
Beijing 100094, China)

Abstract ; Setting spoilers in the tunnel is an effective way to accelerate its shock wave attenuation. In order to
investigate the influence of the spoiler structural parameters on its shock wave’s attenuation, numerical
simulation was carried out using the ANSYS/LS-DYNA finite element software. First, based on the fluid-solid
coupling algorithm, the equal scale model of Schardin’s experiment was established. The simulation results
were found to be in good agreement with the experimental results, which verified the validity of the simulation
model. Then the numerical method was used to investigate the influence of the spoiler thickness, inclination
angle and interval on the shock wave attenuation in a silo tunnel when the rectangular spoiler width was a
constant. The results show that when the other parameters remain the same, with the increase of the spoiler
thickness, the overpressure attenuation of the shock wave becomes increasingly more obvious. When the
spoiler thickness is 40 cm, the spoiler with the inclination angle of 105° and the interval of 6 m is the most
beneficial condition for the shock wave attenuation. These results can provide valuable reference for the design
of the tunnel protection.

Keywords: spoiler; shock wave;attenuation;numerical simulation
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Detonation Propagation in Hydrogen/Methane-Air Mixtures
in a Round Tube Filled with Orifice Plates

WANG Luging' . MA Honghao'* , WANG Bo' ,SHEN Zhaowu'

(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials (LMBD) ,
University of Science and Technology of China ,Hefei 230027 ,China;
2. State Key Laboratory of Fire Science sUniversity of Science
and Technology of China ,Hefei 230026 ,China)

Abstract: In this study experiments were carried out in a round tube,5800 mm in length and 48 mm in
inner-diameter, filled with orifice plates, to investigate the detonation of hydrogen-air mixtures and
stoichiometric hydrogen-methane-air mixtures,and the DDT (Deflagration-to-Detonation Transition)
limits were determined. The blockage ratio of the orifice plates was 0. 56,and the spacing was divided
into two,i. e. »S=D and S=2D,in which S and D are the obstacle spacing and the tube diameter. The
flame velocity was obtained using photodiodes mounted on the tube wall. The results show that the
flame regime observed is the quasi-detonation or the choked flame. The flame velocity measured for
S=2D is larger than that for S=D,and the velocity fluctuation is more significant. This indicates that
the cycle of the detonation failure and re-initiation is longer for S=2D, which is similar to the “galloping
detonation”. For hydrogen-air mixtures, detonation re-initiation occurs more aptly at S=2D,and the limits
correlate well with d/A=1. In the case of hydrogen-methane-air mixtures, the DDT limits for S=D
and S=2D are both consistent with d/A=1,where d and A are the inner diameter of the orifice plate
and the detonation cell size. The results indicate that the obstacle spacing has a significant effect on the
propagation of detonation,i. e. , detonation propagates more aptly for increased spacing. To generate
the quasi-detonation,the opening of the orifice plate has to be large enough to contain at least one cell
size while the spacing has to be large enough to form detonation re-initiation.

Keywords: gas explosion;orifice plates; DDT limits; hydrogen-methane
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Fig. 1 Coal dust layer MIT tester
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1. Thermocouple height adjustment knob; 2. Spring; 3. Heater base; 4. Recording thermocouple on hot plate surface;

5. Hot plate surface; 6. Heater; 7. Metal ring; 8. Control thermocouple on hot plate surface;

9. Dust layer thermocouple; 10. Heater leads
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Fig. 2 Structure of coal dust layer MIT tester
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(a) Type a (b) Type b
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Fig.3 Typical T-¢ curve of coal dust layer on hot surface
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Minimum ignition

No. Coal quality Particle size/mm  Thickness/mm Ignition type  Ignition time/min
temperature/C
1 Lignite 0.2 ) 290 a 18
2 Long flame coal 0.2 5 310 a 22
3 Not sticky coal 0.2 5 330 a 18
4 Gas coal 0.2 5 320 a 20
5 Coking coal 0.2 5 340 c 11
6 Lean coal 0.2 5 360 c 9
7 Meagre coal 0.2 5 370 c 13
8 Anthracite 0.2 5 =400 No fire =30
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Variation Law for Minimum Ignition Temperature
of Coal Dust Layer

LIU Tianqgi"*?,LI Yucheng"**,1.UO Hongbo'**

(1. College of Safety Science and Engineering ,Liaoning
Technical University s Fuxin 123000,China;
2. Key Laboratory of Mine Thermodynamic Disasters and Control of Ministry
of Education ,Liaoning Technical University,Fuxin 123000,China;
3. Research Center of Coal Resources Safe Mining and Clean Utilization ,
Liaoning Technical University , Fuxin 123000,China)

Abstract ; In this paper we studied the variation of the minimum ignition temperature of coal dust layer
with its metamorphism, particle size and thickness using the minimum ignition temperature measurement
system. The results showed that, with the gradual increase of its degree of metamorphism, the
minimum ignition temperature of coal dust layer varied from 290 °C to above 400 °C ;and that when
the coal dust layer of lignite,long flame coal,non-stick coal, gas coal were ignited, an obvious flame
was observed; and that,as the coal dust particle size decreased, the minimum ignition temperature of
different kinds of the coal dust layer exhibited a significant reduction trend. It was found that when the
thickness of the layer is 15 mm, with the particle size decreasing from 0. 5 mm to 0. 075 mm, the
minimum ignition temperature decreased by 31.0%,26.7%,28.1%,25.8%,28.6%,27.8%,18.9%
and 15. 0%, respectively, indicating a very obvious effect of the coal dust particle size. With the
increase of the layer’s thickness,the minimum ignition temperature of different kinds of the coal dust
layer exhibited a decreasing trend,while the trend of anthracite was the least significant.

Keywords: thickness of coal dust layer;ignition temperature;change law;coal dust particle size
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Table 1 Parameters of soil material

Thickness/  Density/ Cohesion/ Internal friction Elastic Poisson’s
Material . i
cm (gecm ) kPa angle /(°) modulus/MPa ratio
Plain fill 130 1.8 6 10 4.2 0. 30
Fully weathered granite 210 1.9 20 25 20 0. 24
Sandy weathered granite 620 2.0 30 32 54 000 0.21

®2 RELIMBSH

Table 2 Parameters of concrete

Density/(g « em *)  Elastic modulus/GPa Poisson’s ratio Yield strength/MPa Shear modulus/GPa
2.5 30 0.22 33.8 12.5

1.2 BRTEBESH

A BRI RIIEAT 4 R AR, o3 B A R AR A R AR DL SR BE . R A SOLID164 5244 BT
AL IR BE S5 Lagrange $5 R KR A UM L B R DL B s ORI IS L BRCRL R A% £ B
LagrangeM#% , B Gl FH 29 Fi ALE(Arbitrary Lagrange Euler) 2 ¥, K ] LS-DYNA A [R ot FF 2
fEH CONSTRAINED_LAGRANGE_IN_SOLID #§4 7 s 47 5 WA A 71580, AR OU F: o o ok 5 2%
PR AR

LT R em-g-ps B 7E CRUE G S M TSRS B R B 25 P8 A 58 T B AL AR R AR B LR
FH 20 em M4 RSE R4 A L B T IR EE R 4500 0 BB 52 Ik, LR 5 7= B N b, il 17 sk
A BB X RS SR AT IR R BRI DR R A 2Oy TR SR R 1R ST 1/2 AR A R X
TR T R JFH X ik 24 o, R A LT 14 A 1 R S 320 3 DA ASE 400 T B 38l 1) B % 2% 14 A B e A5 A A 6 RS
El 10,

Concrete pavement Air

1.3 m Plain fill

Soil
structure ) 1.9m Sandy weathered granite
Explosive gas

Underground pipe —] 5 Air
: gallery S 28m 47m
y
Y
}\x 167 mr
3
¢ x

K1 HRRooEER
Fig.1 Finite element model
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Table 3 Parameters for linear polynomial equation of statel'?]

Material p/(mg+cm *) C,/MPa C, C, G C, Cs Ci E/(MJ+m*) V,
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

JR¥E L R« MAT_PLASTIC_KINEMATIC i 58 fR AR R | 2488 B0 2447 47 R0 o4 RHSE R, ] LU
T3 XCBRLTT I 2R RO AR B A7 T R i iz
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H AR, % RA — AN IF 9 Mohr-Coulomb T F LA bk 5 H #5116 {1 14 57 11 58 1 L 18 1E J5 Mohr-
Coulomb JE IR 1 R 52K

o, =—psing+/J.K(q)+ A% sin¢ —ccosgp=0 (2)
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Fig. 2 Overpressure contour of shock wave in gallery at different simulation times
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Fig. 5 Time history diagram of node overpressure
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Dynamic Response Analysis of Underground Pipe Gallery
under Gas Explosion

LIU Xiliang'**,LI Ye', WANG Xinyu'**,GUO Jiaqi'**

(1. School of Civil Engineering s Henan Polytechnic University ,Jiaozuo 454000,China;
2. Key Laboratory of Henan Province for 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: Many factors can cause natural gas explosions,and it will lead to serious structural damages
and human injures. This study is focused on the leakage of natural gas from underground pipe gallery.
A case study has been made in a project of the circular island road in Pingtan comprehensive test. An
underground explosion was modeled by use of the fluid-solid coupling and multi-material ALE
algorithm in finite element software LS-DYNA. On this basis, the influence of explosion shock wave
on the surrounding structure was discussed. Numerical results show that,during the whole process of
the explosion,the overpressure transferred from explosion source center to the wave front,leading to
the lower pressure in the explosion source compared to the wave front and the formation of a negative
pressure zone near the explosion source. The overpressure value of point which is on the internal wall
closest to the explosion source in the gas cabin is larger than that of other points. The maximum
overpressure is 18. 65 MPa at t=7.8 ms. At t=10 ms, the displacement and velocity reach their own
maximum values of 10. 47 mm and 3. 303 m/s, respectively. Explosion in the gas cabin, interior wall
experiences positive and negative pressure oscillation with long duration,the vibration phenomenon is
most obvious and the structure is easy to be failure.

Keywords: underground pipe; gas explosion; numerical simulation; fluid-solid coupling; multi-material
ALE algorithm
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