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Abstract: Based on the lack of systematic research on flame propagation in large-diameter and long-distance pipelines in the
tank area of petrochemical plants, an experimental device for flame propagation in DN50-DN500 industrial-scale pipelines was
designed and built. In this paper, effects of concentration of gas mixture for propagation characteristics of steady gaseous
detonation waves in ethylene-air mixtures with DN50 pipeline were studied experimentally. The volume concentration of gas
mixture was 5.6%, 5.93%, 6.6%, 7.15%, 8.0% ethylene in air. Homogeneous C,H,/air (6.6%) and C;Hy/air (4.2%) mixtures
were used with 9 kinds of pipelines which were from DN50 to DN500 to study the effects of pipeline diameter for propagation
characteristics of steady gaseous detonation. The experimental results show that the concentration of combustible gas has an
effect on flame propagation and detonation. The detonation runup distance is short and steady detonation is more likely to be
formed when it is close to chemical equivalent concentration, when the combustible mixture is poorer or richer, the steady
detonation will need more runup distance. The detonation flame speed and pressure are more affected by the type of
combustible gas instead of pipe diameter. The detonation pressure of the mixture of 6.6% C,H,/air and the mixture of 4.2%
C,Hg/air is 15.17 and 14.47 times of the initial pressure, respectively, which is different from the reference value given by the

ISO16852 standard where the ratio p,/p, (the average value of the detonation pressure to initial pressure) increases with pipe

« WS EHA: 2020-08-28; fEE HEA: 2020-12-24
F—1EE: M1 FH(1987— ), B, wit, TR, baol.qday@sinopec.com
BIEEE: TXE(1982— ), B, Ht, BIEFEH TG, yuaf.qday@sinopec.com

095401-1


http://dx.doi.org/10.11883/bzycj-2020-0295
http://dx.doi.org/10.11883/bzycj-2020-0295
mailto:baol.qday@sinopec.com
mailto:yuaf.qday@sinopec.com

541 & B 7, A O Tl RO BB R AL SRR Y %9 1

diameter. The detonation pressure of pipeline below DN150 is far higher than the reference value which is 10 and 12. It’s
suggested that in the design of pipelines and selection and installation of flame arresters for connecting pipelines in the tank
areas, detonation pressure requires careful consideration and appropriate arresters should be selected in combination with the
installation position.
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Fig. 1 Schematic representation of the experimental apparatus
®1 ESWEEKE #2 S0mm EEXRLEMEREEBREHEME
Table1 Length of each experimental pipeline Table 2 Location of flame speed sensors in 50-mm-pipeline
%42 /mm KB /m 4% /mm KB /m experimental apparatus
50 15 250 55 fedy  fE/D | fRREE  E/D || Ry E/D
80 24 300 60 vl 144 v5 168 v9 208
100 25 400 84 v2 148 v6 176 v10 216
150 36 500 110 v3 152 v7 184 vll 224
200 48 v4 156 v8 192 v12 232
2O T JEE N SR P D F A A DB Y KU #3 50mm EESWREIEENERBHEME
LIRS, M NA JIAERRN, 2R ] Table 3 Location of flame pressure sensors in 50-mm-pipeline
Jefl 2 IR IRAR I, K L S T e A experimental apparatus
B 0~3000 mV (I HL{E S IFic 5 F Al L s {8/ fhegiag RLB/D
S b LB ] 2, 3 o AT A0S0 3 9 B 5 B bl 146 03 150
2% W R A ] (1 49 8 85 1A B /D, 573 = 150 P 188
F18D - X2 T A S5 S IR KK ) I ) 2, AR p3 154 p7 212
I KIAAEAE AN [FE S BT IO L s ) FEL{H, pt 172 P8 228

KA SRR B R[] <<0.5 ps.

KON R 7 R e X B 38 TR ) A5 e, A A2 0~ 100 MPa, I 50RG &« i )3 B[R] /N T 0.4 ps,
FHEME KT 500 kHzo  HI T 48R H 1 B9 IE(E T (p,,,) 38 5 A — & IBEHLYE, Nz G425 7 A= i, 1
2N T B A TR A B OR  E—E AE FH BSFT], A4l 1SO168520 (51 B BH A & I i Am 1 ) B, R H
MR E ST p,, FAEKE S, Ha ik nF

1,+200 ps
L p(t)dt

e 1
Pm 300 s (1)

X p, WHEE VI T, MPay 1, hy R V(B S B R] A5, pso

AP R G AU R i 1k | IR, BEL s DA R A S AR S MR A 2, AR I L R S
PR A A P AR R R, R R S A B A S IR A S X, o8 U, R I Se A kL AR
I, U ST 56 B P T RR AR AL T SRS, TR AR G S B B S 5 BHL R T T B Ik KO A 2 R
SCUOAE T X s TSI R TR R | WOE R TR, 7R 1 R M MR DR S IR A B

SR A A2 B R BRSAR 2 L RS S S IR A ST
12 XIEHRE

R AR S0 1o R R 22 4, AR T R Ui A S e, A TR O AR R T O . SR I R AT T
JR A AT, A S A T TG T 5 AR B A A, A R S~ 10 A% SL IR A I IR R G S 86 AR

095401-3



541 & B 7, A O Tl RO BB R AL SRR Y F o

SR P S 38 MR A PR B B SR o KT O P O, 3 e e P K R I AR K, K
[ A0 i e KR JEE R )R AR R GE . T IR I SR I, 08 2o 43 A s SRR o S T )

? RWAERSIHL

AN KIGERE R IR IR | e R NIBEC S AR EHEHI, X E AR, A
RO R R B AR SR OB RE I
21 S

Bl 2~3 451 T CH, BN ECRE Y CH,/Z SR B WIHE R 35 Bt (146D~ 228D) 14 K AL HE R J1 Fi
KIGAERE R NE . B TOUIF B 5 WRE 5 S0, Horpid 28 2 SO I 5 51 Y08 19 B K 25 1 (46 1E iR 2%
HfiRE, TH)

4.5 3000
3530 ——5.60%
40r 2 6.60% e
——T7.15% ~ 2500} DL
35+ ——8.00% ) —v—7.15%
g ——8.00%
s =
& 30t 2
= 8 2000F
E &
S5t 0
g
=
20k = 1500F
ﬁ*\w
1L5F -
. . . . . 1000 .
140 160 180 200 220 240 140 160 180 200 220 240
L/D L/D
2 AIF CH, KRGECT CH, /28 UL R T ] K3 AlF CH, KFRECT CHy/a URG YIS AL
Fig.2 Detonation pressure of different C,H, Fig.3 Detonation flame speed of different C,H,
concentrations in air concentrations in air

MK 2~3 A LIFF, 24 C,H,/2 RS SR T CH, IR 40H 5.93%, 6.6% F1 7.15% I, KA1
B RN 77 B S 0 A A AR I R, 22 Uk S G 1 BHE T MR AT, M KA R = 150D LU RIE AL T
TSR, M2 1800 m/s, 5 CI BRIGHE LM E R . Y CH, KRR E0h 5.6% (Z0A T.00) i), 2k
S AR LR L ) I B 3R K, ELE A JOHA I il — 20 AR 1 2 IR M B AR R R, T 4E 190D LR B Y
MRS ER X S TR AR BT, AR 8 2 SR TR B e AR i i, — e R L S 4
FRNE, AT B K 0 AL RE P B R T O AR AR, RIS AR 2 X A R W IN T C,H, R B4
N 6.6% WA SR E R . 24 CH, RF 0 8% (i Bk T ) I, K M 3 R AR T ) 540 T 2
1ol H 2 BUAS K AU 3, X FEE T RIS CH, MBI B8 I, S 800 DR SR 3R X G SR i 0 K
SRR AR RS 0 55 DA 4 P B %) A SRR IR AR SR A A I T v, 1T v T R R A I R DA R 1
FERE ST, 3038 I B B, X — I 5 5 B AT S g 3 i e — 3K

AR, I 2~3 AT LUE Y, BEE CH, IRFR B4 o, 45 25 1R S IG5 A B8 5, i Ik )
HOR 5L IAH R Y AL, R ) CLH, R B 5.6% I, HUBZE T 1 B i T CH, KB 80 5.93%,
6.6% 1 7.15% it 7 (4 55 T 7 (8, ixX B2 i 24 CH, ARFRUS A 5.6% I, MR35 3 Ak F— 5 1 3 BTk
&, AT LR, X TTNE 2 0] LLE H, H R S ER AL — 3 1 T RS, FER AR

XA A A T, TR SR B A T AR S E R T, A BE R BE R, N 24 %k
HI 2 PO, A2 i B AT B SO FERR MR ) HE I R T 120 58 AR ) (0 At b 1T 38 24 38 Jin 2 4
22 EREN

2 PR LI RS M B AT ERAE M, A RS 4 R F CLH, IRBR A ECR 6.6% 1 CH/ZE RIRA R
55 CyHg R 4.2% 1 CHy % AR A SITF RS .

K4 45T 50~500 mm %5 9 FAS [ 45 42 F P FP AT RS2 SR A S8 KRB R LHEHE I, |

095401-4



941 %

B 7, A O Tl RO BB R AL SRR Y

594

Kl 4 ATLVE Y, AR E, IR B0 R
6.6% M C,H/= IR G M E HE LR T
IRBLAIHL 4.2% B CHy 2 IR &AM, X F 82
i T C,H, fh2% KW i M T C Hy, KMARR R I
N7 56 B O BTG B ARk, BEE B AR B,
HA 25 L O A 2 BT S 9% 8 A, 3 5 PP AR 2 R
HERIEART K.

B T KA AD T 25 AL RS i, sl B 5
ERIEATEI, R 3 ANFRAF A5 80 i 22 (X
FEFEATFRAE . 1SO16852 bRl vt i % i k4
T JEE i 25 2R I W 1 A B R S AR SRS, | 3 A4
Y e KA 22 A It 10% RIIA K S AR SRR
Ao Hokore o R AR s A B L S R . Horp,
L,=3D, H L,=100 mm, L,=500 mm, 2L,+L,>
30D, Hrr D A ENE, A7 mm,

RE SUTG ek 49t T P R 22 6 N e R T v AH
AR/ N i IR 22, B 6= (Vinax = Vinin) /Vinin

I R A 25 O AE S 22 21 2 52 TR
F14) AL O 22 e KM

Sk TG b S A [ RS A AR P R G £
FERFPE, R TG a4k A B, BSR4 55 R
71 po SRR ST py B HAH (p, /o) VE A HL MR 25
ISWALOE =+

& 6 251 T 50~500 mm %5 9 F AR 452 T
HREE T S50 ET1 (po/p) MR, Hirpsrgg
O30 R AR RV AE 1 X RL I po/py (8, BB 5 51N
polpo MBI 2275 B, B1+20% [ FER{E . MIE 6
R DIEE, M 50 mm # K E 500 mm,
polpo HIXFEE, BI7E 12~19 Z 8], 1SO16852 Fx
WV KBRS po/po MR R BE— L4574 A~ IX
B8], a0 4 FroR, IR 20% LA N 8 J 25 45 v] LA
INKRREBE. MR 4B, p./p, AR
A R B T B R R, RELE A SCHE . T
6 1, po/p 1B I A Bl A A% 48 K 52 20 ) b 3
HEH, o FRAK T N p/p, FIIEN 15.17, H
X 2% 0 (—11.27%~12.13%)

MRYEE S FER MASAY 3 A7 B A5 TP A1 6

5ERMERWME 7 R, H, B4 h 18016852 45 H 4 iE

2000
=~ 1900
g
£
2 1800
&
[}
=
=
= 1700
—=—4.2% C;Hy/air
—o—6.6% C,H,/air
1 600 . . . . .
0 100 200 300 400 500

D/mm

4 AR T IE KRR L
Fig. 4 Detonation speed of different pipe diameters

\Spark

5 18016852 pRif e THR R BEAY A7 BB B
Fig. 5 Location settings of detonation speed in ISO16852

20

80. 150 I 1
15 ¢ } { l ' | T
14 T

\Qo; 0 12
N 10

5-

0 100 200 300 400 500

D/mm

6 HEEJIATENAET] p,/p, HSEREXR
(6.6% C,H,/2%5%)
Fig. 6 Relationship between p,_/p, and pipe
diameters (6.6% C,H,/air)
4 18016852 ¥R p/poBEE
Table4 p,,/po given by ISO16852

80 mm<<D 150 mm<<D
M D<80 mm D>=1000 mm
<150 mm <1000 mm
CHyZA 1022 1242.4 14+2.8 16+3.2
CHYyZES  10£2 1242.4 1442.8 1643.2

EARSY FUE, 4391k 80 F1 150 mm; F [A]

K10, AFFEE . I 7 AT RUE Y, ST 50~500 mm %5 9 FAFAR T A 6 Bt KA 8.9%, YIANHEIT 10%,
HAERMR, H6 /N, B 10 AR IATT . Sne 5 BRSNS, X F 2 BRI G,
AT BR AR TR R S50 7 R S 184 N, 773 0 )2 KRB S AR S T ARG D/ D, T el A9 58 M T R

FESIAY, 32X B L 50 mm AR A, 3 000 a5 A R R R i 25 G 1] 8 i, LT 4 A SIS, AE
4 HERLIGH, S [N 8.52%, SminlE N 4.02%, F54 1SO16852 i) i i 3ok i ) 5 B A A 2 g oA U

095401-5



541 & B 7, A O Tl RO BB R AL SRR Y F o

10 80 150 2 000
n 4.02% 5.96%
ol . m N [ 8.52% 4.12%
1800t _1 N 2
: : -
- 6f L] = L
éx S 1 600
4r 2 1400}
" £
u =S
2t - * 1200 v,
[ ] Vi
1 1 1 1 1 A V3
0 100 200 300 400 500 1000™—— 5 3 4
D/mm n
Bl 7 RREERT K Omax fE(6.6% C,H/25S) %8 50 mm B EA R 7 B AL KA PE (6.6% C,H/25 )
Fig. 7  6max in different pipes Fig. 8 Flame speed at different positions in
(6.6% C,H,/air) 50 mm pipeline (6.6% C,H,/air)

E—25 R CHy 2 SR A NE N SR I, A5 R 40 C,H /28 IR A, BRI E 9~10 B
Re E9H, p/py (HIFABEE G A B B3R, 9 FER T po/p, FXIME N 14.47, HHXH R 25
(—6.37%~+6.21%) ., Christoph 21" $231] 1SO16852 #5fE" t p._/p, 1H BB 5E SR HE Lietze 18 33 7l MRS AL
LIRS R Y, 1AL ST Christoph 25U AR p /p, WA BE 5 FRAERLN I, X AT BE 2 i T B R AR il
IR 5 KIGB R RN RSB R 1R e —5. 78 KMGIERE 2T & O I SR FE
KON 5 T RE T IS e | AT T A2 B R R A R 2 v N MG R R R G, RN R BRI R R S
BRI E SR, LA LAE 1, SR 100 mm DL B, SEIGIAE049 p/p, (553 4 T E9EY)
AR, X EEEM TE R KRG, i FZ X KOG T A AR s N S8, X 6 AN 9, 24
K H CH,/2 SR AR, BVES R KIS, SER MG p./p, (553 4 P REBAE—ERNmME, X
W po/po SR A KR, T B — A% .

20 80 130 10 80 150
gl =
15+ * ! ; ;f 1
) I 7 1 -
6F [ ]
S 12 X n
~ 10 10 \’-’; ]
Y g
<yl -
5 -
2 [ ] - L] L}
0 100 200 300 400 500 0 100 200 300 400 500
D/mm D/mm
BlO  ERSHEE N po/py KRR (4.2%C:Hy 2 X) FI10 R T KM Oman (H(4.2% CHyZK)
Fig. 9 Relationship between p, /p, and pipe specifications Fig. 10 Smax in different pipes
(4.2%C;Hy/Air) (4.2% C,Hy/Air)

HE 6. & 9 n] LA MY, A8 4 3% 0 O R Bl A T 45 A% 0 15 K B2 B S A9 4 R AR, i SRR
BIRN 2B —ER LR, M T CH/ZESIRE(CH, N 6.6%), HABEEIE F1RVIEIE S 1)
15.17 1%, Mixt F CHy % IRA S (CH IR 00 4.2%), HUBRE TR R WI0R K 10 14.47 £ . 3T
T I T AR A7 R E oh B, R XT T/ NVE R ASTE (W DN150 LR ), I8 M4 8 R 71 .

3 & it

AR SCHR R T X 34 3 A T BB R ST (50~ 500 mm) )5 T8 KA IE IR AT o LS R, JETT R — R B
SLEWTSY, BRI T 458

095401-6



541 & B 7, A O Tl RO BB R AL SRR Y %9 1

(1) AT R MR 3 O KO A 1 S AT — RE S, 25 T AR A T T A T B v B2 I, 5

R SR, S5 AR A RS, T 25 TR /A IR O R e R DU T RS T B g ) 2

g

S5 AR A S B AR S . ERH AR T | 22 N B SRR R R

(2) RIGIB LA | SRR ) S A A AR AR TOIC, 32 AT MR URN 28 52 R B A5 6 1l 2 v /N I

(150 mm AR ) 835 T ) 20 5 T 1S016852 FrifE! 45 th 9 225 (8, 108 T8 Bt ik A 2 o
S Hk:

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]
[17]

TG, FKAE, 5K, % f#ETHE VOCs LA WUEZ R B CN110143376B [P]. 2018-02-13.

PROUST C. Gas flame acceleration in long ducts [J]. Journal of Loss Prevention in the Process Industries, 2015, 36: 387-393.
DOI: 10.1016/j.j1p.2015.04.001.

WANG L Q, MA H H, SHEN Z W, et al. Effects of bluff bodies on the propagation behaviors of gaseous detonation [J].
Combustion & Flame, 2019, 201: 118-128.

CICCARELLI G, DOROFEEV 8. Flame acceleration and transition to detonation in ducts [J]. Progress in Energy and
Combustion Science, 2008, 34(4): 499-550. DOI: 10.1016/j.pecs.2007.11.002.

JHPLIG, 225575, PIbe-23 SO BRIN A0 KA TRIE B T8 P A inidEiz 3l (7). M5 o, 2000, 20(2): 137-142.

ZHOU K Y, LI Z F. Flame front acceleration of propane-air deflagration in straight tubes [J]. Explosion and shock waves.,
2000, 20(2): 137-142.

CICCARELLI G, WANG Z, LU ], et al. Effect of orifice plate spacing on detonation propagation [J]. Journal of Loss
Prevention in the Process Industries, 2017, 49(9): 739-744. DOI: 10.1016/j.jlp.2017.03.014.

JAT, BT, SR IE S, AL BRSO T bt -8 AR KB OIA IR B2 e (7). R4 5 i, 2018, 38(5): 1106-1114. DOL:
10.11883/bzycj-2017-0049.

ZHOU N, WANG W X, ZHANG G W, et al. Effect of obstacles on flame acceleration of propane-air explosion [J]. Explosion
and Shock Waves., 2018, 38(5): 1106—1114. DOI: 10.11883/bzycj-2017-0049.

ZHANG B. The influence of wall roughness on detonation limits in hydrogen—oxygen mixture [J]. Combustion and Flame,
2016, 169(7): 333—-339. DOL: 10.1016/j.combustflame.2016.05.003.

TR, S N LT ARG 5T [1]. JERBLAHR, 2009, 37(2): 47-50.

SI R J. Test and research on gas explosion transmission in pipeline [J]. Coal Science and Technology, 2009, 37(2): 47-50.
ZURAII A A, ZANGANEH J, MOGHTADERI B. Application of flame arrester in mitigation of explosion and flame
deflagration of ventilation air methane [J]. Fuel, 2019, 257(1): 115985. DOI: 10.1016/j.fuel.2019.115985.

LIU Q M, BAI C H, LI X D, et al. Coal dust/air explosions in a large-scale tube [J]. Fuel, 2010, 89(2): 329-335. DOI:
10.1016/j.fuel.2009.07.010.

oA, WL, B AR, 55, R [RHRAR LU A A T I =R E SR 50 [J]. TCA#IE, 2020, 39(8): 879-884.

JIANG X S, XIE W, ZHAO Y D, et al. Experimental study on gasoline air mixture explosion using long-narrow pipes with
different aspect ratios of oil storage and transportation engineering [J]. Oil & Gas Storage and Transportation., 2020, 39(8):
879-884.

VDR, SIS, XN, 55 $RE KOG T B S N I ERE 5 BEARAE [1]. f T 2431, 2016, 67(5): 2176-2184.
SUNSC,BIMS, LIU G, et al. Detonation flame propagation and quenching characteristics in crimped-ribbon flame arrester [J].
Journal of Chemical Industry and Engineering, 2016, 67(5): 2176-2184.

ISO/TC 21Equipment for fire protection and fire fighting: ISO16852:2016 [S/OL]. 2016.

H AN, LT, IR, B4R A0 SRR S R A T B RR A PR Y SE IR AT [T]. T ERHE R R KA 241,
2004(1): 95-100.

XIA CJ,ZHOU K'Y, SHEN Z W. Experimental study on effects of initial conditions for propagation characteristics of unsteady
gaseous detonation in channels with a bend [J]. Journal of University of Science and Technology of China., 2004(1): 95-100.
BSI Standards. Guide for the selection, application and use of flame arresters: CEN16793 [S]. 2016.

KERSTEN C, FORSTER H. Investigation of deflagrations and detonations in pipes and flame arresters by high-speed framing [J].
Journal of Loss Prevention in the Process Industries, 2004, 17: 43-50. DOI: 10.1016/j.j1p.2003.09.004.

L% E5H)

095401-7


http://dx.doi.org/10.1016/j.jlp.2015.04.001
http://dx.doi.org/10.1016/j.pecs.2007.11.002
http://dx.doi.org/10.1016/j.pecs.2007.11.002
http://dx.doi.org/10.1016/j.jlp.2017.03.014
http://dx.doi.org/10.1016/j.jlp.2017.03.014
http://dx.doi.org/10.11883/bzycj-2017-0049
http://dx.doi.org/10.11883/bzycj-2017-0049
http://dx.doi.org/10.11883/bzycj-2017-0049
http://dx.doi.org/10.1016/j.combustflame.2016.05.003
http://dx.doi.org/10.1016/j.fuel.2019.115985
http://dx.doi.org/10.1016/j.fuel.2009.07.010
http://dx.doi.org/10.1016/j.jlp.2003.09.004
http://dx.doi.org/10.1016/j.jlp.2015.04.001
http://dx.doi.org/10.1016/j.pecs.2007.11.002
http://dx.doi.org/10.1016/j.pecs.2007.11.002
http://dx.doi.org/10.1016/j.jlp.2017.03.014
http://dx.doi.org/10.1016/j.jlp.2017.03.014
http://dx.doi.org/10.11883/bzycj-2017-0049
http://dx.doi.org/10.11883/bzycj-2017-0049
http://dx.doi.org/10.11883/bzycj-2017-0049
http://dx.doi.org/10.1016/j.combustflame.2016.05.003
http://dx.doi.org/10.1016/j.fuel.2019.115985
http://dx.doi.org/10.1016/j.fuel.2009.07.010
http://dx.doi.org/10.1016/j.jlp.2003.09.004

	1 实验装置与实验过程
	1.1 实验装置
	1.2 实验过程

	2 实验结果与讨论
	2.1 体积分数影响
	2.2 管径影响

	3 结　论

