%38 % 455 M w5 i Vol. 38, No. 5
2018 4F 9 H EXPLOSION AND SHOCK WAVES Sept. , 2018

DOI: 10. 11883/bzycj-2017-0109 XEHS: 1001-1455(2018)05-1106-09

RS X W iR-T S IEME NG INE 220m

BT EXH KEX.FAE B2F KEE
CH M VT 40 0 U2 R T A S % LT3R 0 213016)

TR WF5T T Rt 4 B2 S | R 540 [ B | B A 49 s () 2 25 F T -5 5000 R o R oK g o 2380 Y 1) 52
Wi, SR U - 3 (RANS) 77 B2 R il U A B TR P U T+ AR RS A B A 72, £ B2 3 i e A 0 & I &2 = Tk
Gkt DL Uit 0 5 M TN B SE AL . 25 SR 0] . B JE R AE 0. 5~0. 7 B, [ 15 49 8] FE X U Jom s s S
AT 5% M0 A5 K o JF o I 5 0 A — 3% A5 AR R R T 8 R 8 K 5 T R A ) 194 28 TR AT X6 A A 4 14 5 T B Sy
03, 2 T 5 oL T4 T AL B S I 3R DR B e R, KA R At D S N A R B T

LB . OB RANS 5 2 5 I 9 5 B4

RES %S 0357.5;TESS EiRFRAE ., 1302527 MEKFRARRD: A

AR P 2 B TR HE S0 R 95, G G 22 5[] DN A A B A g e 7 A ) et 3Bt % ) R
B2 RS0 L AR (N E (787 N

A B B N ARG TS A : Chapman S50 B 58 X0 A [0 3 W0 47 6 19 45 T8 PN I 15 15 R0 3
FIRRGE s 2 B2 O AG G 28 W B 0 B K H 30 B ] B 189 K s Dobashi™  Masri %) [ Tbrahim %8 %€ ¥ 43
BT T AN [) 5 k- 400 235 K X 0% . 0 BT 77 A 1) 5 i) & LS B R s e 49 A 3550 e e R T TR A AR 5 B0 (IR
J& 5 Ciccarelli Z5 WF 58 T A [7) B A 40 [] 85 X K A2 6 818 1) 5 00, B35 5 4 [R) B 5 BHL 8% LR 5 B, 2k
TR R,

i 5 A 2 VB D vk 1) e RN 6 B30I R 40 00 9 TF s 1 FH 1 32 BR 255 ) i) AR i e,
Dunn-Rankin 48" | Naamansen %5 X} [ % 90 i1 38 KO0 7% 05 2o R 0 A7 e 00, & B KO0 5 1 15 0 1
FHG 772 A B 0 (9 8 4 s Gamezo S50 ) B A4S T8 P JOMA 1% 3 0o B E AT 2 K — AR B AL, R B
U I A PR R T W R T R Y L S B B A R ER e S A A BLAE SR 15 Sarli
SRR R IR AL 5 W A T R b A5 AR AR A bl T TR R 4 B S AR RS KM 1 4% 45 33 B2 5 Johansen
SEEUR i B 2 R A A P KA AR Y 2RI LA T I S A5 KO AT AN B A X )2 I K A
JEPIAS LA b 0 A% 1 B TR B 5 AT A T J2 Uk TR MR 5 X7 R 3k S 17 [

XoF T i L 85 A RIRE L RANS(Reynolds averaged Navier-Stokes) #5815 45 5 8 i kg
A AELXT T 55 o EROU B0) R T i T U 20 A R, R ORGS0 A% LR T B AR S A TR L
AYIEEBRN  RANS J7 3 1 5y 52 30 AR SR T2 fff DR it 70 A e TR vl e S B 14 7 1%

AL A0 Tl b B LA P R B (RNG ke (AT SEHE ke LA S SST ko Jift PR ) L XoF JG 5 15
Py 1 NN ot 28 SOPIUR KA AR R HEATRBEAUL 2 B AT SE 3 ke MBEAU Y THIR A5 L 5 S0 B Fc 40 NN X
BT R I RA B I 7 T B A . S T I, SR T AT 52 B ke A5 BRY X AN [v) BHL 26 3% AN [ s 5 490 ) B
AN (7] [ i ) 225 ) A 8 0T PR e - 225 AR 0 A T e ) 28 R R A7 2 o5 49 BT 5 e 43 AT I A 0 ST G i A R
KAATEAE T B TR AL, SR A BEA34 51 A JOE I A e 2%

* WTRBEH: 2017-04-05; fEEBHI: 2017-06-27
ES4TH: HEHAR¥ESFEMN FEL T H (51204026); M FK H AN K % F S5 LT WA
(2017YFC0805100,2017YFC0806600) ; A 23 4 AR W55 14 3l H (2016JSYJD04) ; B 511 B T B2 4
A2 R A L 30 B R (KFK T2015ZD03)
E—1EH: B TQ977 ), A B ##% . zhouning@ cczu. edu. en,



5% 5 JA T A RN TN e A SRR K KR I Y R T 1107

1 HERIKREWIE

1.1 #HFHER
Pe T C A Zimont #E AT BR T RE DEA TR . C R — AN R AE S iy R A A it R h

0¥,

C=-"=

n

QY]

1
Y[,e

2

A n AR =PRI Y, RRE Sy i BT ELY, AR 2RI H 5 @ BT 0 8. C=0
W R SR TFUR sC=1 i, £oR 5E R .
C Rk e 2k N .
I (_ptp aC

R e e e e e} @
. (Se), 4 F Schmidt £:S. RF B IR, HFRKKXHN S.=pU. |Ac|, Hr,p, Fom R TIKE
U, AR UG B Tt R B8 B SR F Zimont SR A S 50 A
U, =A@w) U a1 (3

o A SRR H B o A i T K BN 5 @ Ry RN A F AR i R L R AR R UL N R TR
.
1.2 XBER%S

SCERAEEANE 1 PR, AR RS R AR G R R G LG R ) AR R KA A IR Ll Bh i i
A I REE 5 mm, AME 135 mm AT 316 AU JGAE ARG AVE F A, B 12 m, N RE AT 4O D
Wit i KIRSZ K 1 6 MPa, N4 4 WL, 78 B A5 T R i A A shiltt R 22 4 0. 0 i (45 38 25 B, 7
T2 AL R R UG R AT B, b IR AR EWRE N 4. 5% . EHE Y RIRES 25 °C,
MKHEE R EPT-6 p K RERIRE & o UK RE R 0TI L B/ s KRB 50 m], e ROSUKRER: 1 ], S50
KEERELL ],

Visual v&llindow

Experimental pipe
0O O O 0O 0O O (["FO O O O O o O]l |0 O

OnOOO:|

e I I

Premix gas tank I

== = |

! Data logger |
—]
| _Eﬁcompressor | - .
Methane gas cylinders onitor
L_ | L ___ ]

K1 s R
Fig. 1 Schematic illustration of experimental setup
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Table 1 Comparison between calculated results of turbulence models and experimental results
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Fig. 4 Schematic diagram of cross section of pipeline and obstacles spatial positions
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Effect of obstacles on flame acceleration of propane-air explosion

ZHOU Ning, WAND Wenxiu, ZHANG Guowen,
Zong Yongdi, ZHAO Huijun, YUAN Xiongjun

(Jiangsu Key Laboratory of Oil-Gas Storage and Transportation Technology ,
Changzhou University , Changzhou 213016, Jiangsu, China)

Abstract: The effects of blockage ratio, obstacles spacing and obstacles spatial position on the flame
acceleration and explosion process of propane-air were studied in this paper. The unsteady combustion
process was calculated by using the Reynolds averaged (RANS) equation and turbulent flame closure
combustion model. The complex flow field around obstacles and the detailed mechanism of the inter-
action between the turbulent vortex and the flame surface were analyzed. The results showed that if
the vortex zone is short compared to obstacles spacing. one portion of the flame would get in touch
with the tube wall and some flame area would be reduced. For the higher blockage ratio, the flame ar-
ea is the most important factor affecting the flame acceleration and the optimum flame acceleration can
be achieved at the obstacles spacing of roughly one tube diameter. In contrast, the obstacles spacing
shows little effect on the flame acceleration at lower value of blockage ratio. The flame interacted with
vortex steadily during the process of flame propagation result in flame area enhancement that was
counteracted by flame area extinction resulting from flame-wall interactions. However, as the block-
age ratio increases to a critical value, the vorticity concentration area occupied most of the space be-
tween obstacles, therefore, the probability of contact between the flame and the tube wall became
very small. In addition, the influence of the spatial position of the obstacles on the flame propagation
was more significant. When the obstacles located on both sides of the pipe or in the middle of the
pipe, the initial vortex intensity was too small to consume easily and there was no obvious flame fold-
ing. The most rapid flame propagation was observed when the obstacles was located on the unilateral
side of the pipe, the turbulence vortex intensity in the flow field was the largest, the flame folding
was also the most obvious with the process of chemical reaction.
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