%520 % 454 wOE 5 W ik Vol. 29, No. 4

2009 4 7 A EXPLOSION AND SHOCK WAVES Jul. s 2009

XEHS: 1001-1455(2009)04-0390-05

EEREASERNRRETE

WEM, EER, & F MK

(R B Tl R IR i 5 20 4 TR B, VL9 B At 210009)

T . R T A5 B BRIE 2548 P T R 01 1 i A5 3 38 77 26 ML DA SR B8 KM 5 0 A 48 1 i AR B L DA 378 1
J12 Rk N Bl 1 2 5P R R wee i AR BT EBU-Arrhenius #8 B A8, il F SIMPLE %&Xﬁ“ﬁlﬁ
HE T M ERTE 25 2% 4t 2 (8] P9 e *%i‘ﬁ@hﬁ&ﬂ’uﬁ%khW%%Lﬁ?%&fﬁfrﬁ AR T SRR BT
FR O TR 7 A% 38 b DL R SR T B R L BB L R T OO b 2 e T R 4 2 A R L TSR, W‘P“kka(i{ﬂi
B e ol e R R o R - N0 | B g K i R B 1¢(ﬁﬁﬂlﬁ4§ﬁﬂ’]f’lﬁ4fﬁﬁﬁ

LR MRME 2 MR SIMPLE 5535 s BRIE 28 88 5 TR S 44

hESES: 0381 EfRZERAE: 130 - 3510 MEiFRERE: A

P VR 13 25 5 e DA B 25 a R K B B R BR O AR L B R I R R IER R TR —. HETA
ST 0 S [ B P2 bR i NFPA 68 B4 45 T 4k T & P9 A I3 ) BHURE B 1) 2 4 it il i 11 3k (R
A I 5T R A TR R — B 4581 . D. Bradley., V. V. Mokov %5 L it 45 52 56 %4 98 1 28 56 oy Jit
Bl BN T A R R R TR R E BRI A S AR IR A L2
AF 5 AR ) B30, DAASE Ay TR S T 4R A P 48 A B ik,

TR B A 1 S B B AR B A i ELIF TR e — N A T AT A R B S Rk A R
F0 2 i B0 A R A AR 3 T R R AR B4 I 43 B R 43 80 a5 KT B R R T o R R R ) A
5 25 TR R B 2 o0 o A 10 1 O A AN )RR B A T R T SRR 1 2 R A S R BB(E A AL A T 1 ke Bk
TE 45 2 M B Ao B R R S E AT T RO 43 BT o 00 B T AR A A B R T O T X K B TR R 3 1 5 i)
DA T} S5 28 4 B T R 0 5 B ) 5 ) 1 BF 5

1 HFEBMTERE

1.1 BEAXFRE
PR AR I R — A R AR e B I A A B SR Sl S L B S I R A 2 4 P 7

*n [6-7]

% %ﬁ”=0 1

a(§?1)+9Z?, ({Ou,u — e gz ) *551—5—3; (/Ae %j*%%[&,(pm+#e zz:j] (2)
5§%l+j%@mh*§§%ﬂzgg+sh (3)
%Jr%(pqum *:T: %j:Rﬁ, (4)

XSSP E O 2 0] DLl L JE R A AU Navier-Stokes J5 #2420 H #225K fi .
e BRI IR, In TR BE « FIFEHUR ¢ 24T TN

» UWimHEEI: 2008-03-10; &E HEY: 2009-01-12
EETAR: X HRBIFIEAI A (50904037) ; T B8 H KRB #IERIBF 525 B (06kjB6200381)
fEHE® A EAMA98I— OB B LW E,



o4 U MRS BROW 25 8% P 0 10 it O 5 391

o) I (o Ik
Y +(71,- ou i e G — pe (5)
DWpe) | A (g deN_ e . &
7 +31j puE— - iz, C\G . C.p - (6)
. 7(714,1. du; auj 7& du;
6= | 545 ) S0, (et 5 ) .

it T AR 8 DX L IR SR RIS AR S A B AL T AL B TR B 0 Ak s I 7 L T b AT, 2 N o R

F2 B I T A R 25 AU T I B A s /NG AT 1 B TR PR T R R A R A BRI AT A R a3 v A
{H , BRBERTRIE ] EBU-Arrhenius #5181

Ry =—min(| Rya |+ | Rur 1D (7

E .
Ria =Bp2w1w2 GXP(*ﬁ) s Rt =Crpup %mln(wl sWs W3 )

o HIARI BB s p HIEBIE T 5w vy v 53BN A BEALE @ ok IS B sk RKG.S, B
7T it AR BE AR e R i I B 5 wor, I R AL 43 1 T it 43 B0 Ry, TR B MR B B BR B S % 5 e SRy T T
e MR R0 M KB IR ;C . Cy von 000 NHEGLBUE DB 1. 44,1, 92.,0. 85,
0.85.1.00 F1 1. 30; B Arrhenius B F ;5w vw, vws FERABEM B350 R AR EHG T AR
JE 5 Ceny B W HL
1.2 HEFZE

BRIE I 25 2% A2 R 350 mm fiHAR S 1R
A 50 mm,+ 165 mm, 3% 22 & AME R 50 mm; ZhER
25 6] H A2 R 400 mm, K 660 mm, % & F] il XF FR
PR XN B 1 FTR . WA AR TR —
IR 2 ol 1 -2 ROTUTR A, 28 4% Ah

Spherical vessel Exterior space

Conduit for vented explosion

% TERRIEAC AR R A A K L SR 2 000 feniton point
K, W) HR I 20 5 K DX 3k AT 50 %6 e 1% Rk Ik st ] 48 B B 1R B
E.%Eﬂ‘%ﬁﬁéﬁﬂiﬂﬁ%ﬁ% BE AR R Fig. 1 Schematic plan of computation zones

3R AR IR 1R 7 R SIMPLE 553k,
2 HEEREHH

2.1 HEERIBEIE
N T B UEAS SCH TS s R AR AR I SR B AT TR

5501 550
Simulation . Simulation
4501 o Experiment 450 * Experiment
< 350 F < 350
= =
Sh X
250 F 250
15() [ 150 r
L] L] . ; .
50 Il 1 I 1 1 i ) 50 1 1 1 1 I L. ]
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
t/ms t/ms
[ 2 F P i AR B K R ) & 3 Y-y itk A5 B A K

Fig. 2 Pressures of non-equilibrium explosion venting Fig. 3 Pressures of equilibrium explosion venting



392 DS 1 5 et i %29 %

P 2 7 AR -1 M R FF BRIE 2 e i Hg 0 T g B [ P 22 AR 15 20 Tt %8 T 0 0 340 kPa, die KA HE TR
7179 529 kPa, HUR )5 A P R E I . 18] 3 375 - i itk 45 05 BR P 25 4 o 4 K T g Bl I 8] 1) 722 1 1§
B kKB TR T3 500 kPa, fie KEKE TR J1 o4 538 kPa, #I K J5 o 48 X T 138 Wi 58 2= 420 4 R 1. A
Al LA L2 A AL BUETH A AUR S SRR A G
2.2 HEERSH

P 4 7R BRI 2845 0 KRR T ST T IS KO A5 4 e P BROE 28 20 N MR B SR (AR KT . IR
T LUE G BROE 28 2 iR AR v AL B R LA B e AR E BOE B A PO USSR AR R R
BRBE - SN T S BRTE 100 HL FC OG5 BE S R A5 3T 0T o KO e 2 A8 T I I3k 7 S S kg S 4 5 SR KO i
GRS 8] kR B R KR SR B MR T IR N 5 o AR SRR o T 498 MR L e i 0 ) ¢
v NP IR AT LA Y« AR e Al DR M O T R B N B T B R R B AT R R TE 8 ms TN 52 AR
8 » UL b JCHEA T T AR 2o i v 2 AR i I A% AR A 3 T AR OR I

BRIE 25 45 e A5 5 S50 JOHE B T A2 L AR T B o T O o TR DL I 50l DL L A g 0 3T T AT Ok [
T B T A L 48 R 52 8 BE T 249 O, 50 st 1) 2l BE AR /N JLF- 0, AR S A T A 1) A 9K AR A i 3R e
BB sl T iz S B, R BE SN 7. 67 m/s MR AT IT S g R AT i 3 e O 1)
ARG SIEIZL AR ¢ =100 ms F, 88 H LA R AEL, K5 1 160 m/s, IR 7 A48 1 10 B 0 %™ A g i
AT DL 1T T i A O T AR A B i TR AU GRS B AR R B SRR . O T UE B R BT
THE AN TR I 20 3 2 2 T 2 A 2L DL 6.

(a) t=30 ms

(a) t=30 ms

(b) t=70 ms

i ———t—,

(c) t=75 ms
(¢) t=75ms
=00
A\ -
(d) t=100 ms
(d) =100 ms
\
‘J
P4 bR o R Y IR R A 2 P05 R ook e 1Y) B B O i
Fig. 4 Temperature contribution of explosion venting Fig. 5 Velocity vector of explosion venting
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explosion venting pipes
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Explosion-vented processes for methane-air premixed gas
in spherical vessels with venting pipes

SHI Xi-lin, WANG Zhi-rong, JIANG Jun-cheng”

(College o f Urban Construction and Safety & Environmental Engineering
Nanjing University of Technology, Nanjing 210009, Jiangsu, China )

Abstract: A mathematical model, considering the inner and outer fields of explosion vessels, was in-
troduced to explore the induced mechanism of high explosion-vented pressures and the characteristics
of flame and pressure transmission in spherical vessels. Based on the conversation equations for hy-
drodynamics and chemical reaction dynamics, by adopting the k-e turbulent model and the EBU-Ar-
rhenius combustion model, the SIMPLE algorithm was used to investigate numerically the methane-
air premixed gas vented explosion process in the two-dimensional space of the spherical vessel with a
conduit for explosion venting. The characteristics of flame and pressure transmission and gas flow in
the process of vented explosion were obtained which could reflect the dynamics of gas explosion. The
turbulent combustion appearing in the process of vented explosion accelerates the transmission of the
combustion flame. Venting explosion conduits confines seriously the high-pressure gas venting from
vessels.

Key words: mechanics of explosion; vented explosion; SIMPLE algorithm; spherical vessel; combus-

tible gas
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