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triggered during industrial storage and transportation. Explosion venting is therefore regarded as a critical safety protection
measure. To reveal the explosion venting characteristics of ethanol mist and provide experimental guidance for industrial venting
design, a comprehensive experimental platform was established based on a 20 L spherical explosion vessel, integrating mist
dispersion, ignition, pressure and flame acquisition, and explosion venting units. Explosion and venting experiments of ethanol
were conducted under a concentration range of 0~800 g/m?, with three different vent diameters and six distinct static activation
pressures. The results show that an ethanol mist concentration of 500 g/m*® produces the most severe explosion under the
experimental conditions investigated, with a maximum explosion pressure of 0.79 MPa and a peak explosion index of 34.8
MPa-m/s. It is clearly found that increasing the static activation pressure and reducing the venting diameter lead to higher
explosion pressures and suppressed flame propagation. When the static activation pressure is increa§g rom 320.22 kPa to 426.96
kPa, the maximum explosion pressure is increased by 31.9%, while the average flame propagati é ity'is reduced by 25.5%.
When the venting diameter is enlarged from 60 mm to 100 mm, the maximum flame propagation is increased by 15.3%.

reas a higher static activation

A smaller venting diameter results in a more elongated flame jet with concentrated s
pressure delays the flame appearance time and increases spark generation. Based on ental data, the venting area
equation specified in the NFPA 68 standard is modified, and a venting area mode licable to ethanol mist explosions is

established. The findings provide valuable experimental evidence and data supp: e optimization and design of explosion

venting systems in the industrial storage and transportation of ethanol.
-
-
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Fig.1 Schematic diagram of the experimental test system
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Fig.5 Variation curves of flame propagation velocity with time and trend of average propagation velocity under various

working conditions
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Fig.6 Transient burst flame structures under the conditions of n=6 and D=60 mm, 80 mm and 100 mm, respectively
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R P BB AIEIE S, PONIBIHATIIER S, K OIS, NG LR
SRR, FIRTROCIR R MDA B, A TR P, IOV A — I P

METEE o, B ANEIMBIEE 0.1(barg) BONFRHG R b #EIE L LB 5 IR AL 200N -

A, =[(0.127log, K, - 0.0567)P % +0.175P, % (P, - B]V*} (4)

UEFEARNLL 6 HIZ O LA, REEIE RN NEL 2, L Byt Lo M Ky NEE R, A, H
AR e, KA/ ZFEIHATZ AR NS, RE 2 MAUE REEAE, BERAAAR
(4), 133 OPmZ Mg AR i IR A 5

0.610

A, =1[(0.127log, K¢, - 0.0567)P" '~ 0.610

+0.195R " 201%p7 - 0.22)117° (5)

AR EE R?>=0.9935, RAPLEHHE S SR & B s, Al O HERR R IR B R I
J1~ FRASBNAE IR0 HE BN AR T R 1 V428 AR (ST e I FH T 1 2R SR 6 28 430 110 o T AR T
MTAE, BRI U ) SL IR A IR IR IR 2 2 o RN 152, A USRI A 32 BR T AHiE
FUSRERAHIT Tik: 20 L BREAZS . WS IRFETRIRG 100~800 g/m’. siKBEEA 10 J LR KA K RE
T MR BN M EASSEE 120 190~280'kPa,  H itk F2 TE A et il 54 .

*2 BILASSHHIE

Table 2 EXperfmental data under various working conditions

T Py/bax Poax/bar K/(barm-s™) D/mm A,/m?

1 3.2022 3.8878 78.49014 60 0.002827
2, X 4.£696 5.1259 96.24386 60 0.002827
773 . 2.4060 3.0327 66.34286 80 0.005027
4 3.2080 3.1588 69.80201 80 0.005027
5 1.9704 1.8636 32.70423 100 0.007854
6 2.6272 29514 53.26117 100 0.007854
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AHIFIT 20 L BEARMER S MR RS, K15 T SRR EBRRAL, o8 TIEIRE . &
BENE IR F7 St A R R PR i, R SE T IE T R S MR T AR R, LB A58

(1) LTV 2 P i P o R P S S T G B, 500 g/m® N SEEG 251 T B SR R IR B, it
I 5 KERVE R /735 0.79 MPa. e K /) ETFHEZE 128.40 MPa/s. JRIEFEEIE(E 34.8 MPa-m/s; #id1%
WIE G, BRIESREE R .

Q)RR 7755 KA 18 0 P 2 S rg i SR o S B A 7388 n 5 ik 42 AR 108/ & 3R THR KE
FEAT 3K IGERE . FRSEfEE 1M 320.22 kPa & 426.96 kPa I, H KHENEIE S17F R 31.9%, K
T T I AL B P PR 25.5%; B T4 60 mm §7 K4 100 mm B, KIGUEAEEZLRTT 15.3%. Tk
MR T 75 [R5 5 KGRI W B 5 RIS, B — S S EORE .-

(3) bk 42 S FAS AR 5 JIRE AR K K T 25 AT 235 (R A P SN BN, KOHE S U
K, RAEHI AR AR, KR E U DL I [A) BB T &S s T SRl KSR ) A Je
IR 27 . RS AR, IR AR e A ) KRR R .

(4)%:T NFPA 68 FrifE il RS J1KRERA S, 456 50 KPS BIE BE £ B2 v 55 1M 1 K )
SERSCIERAL, BIA, = [(0.12710g,o K4,—0.0567)P~ 810 4 0475p70810p _0.22)1v?/3, fE KR

FGE R T AR T e Tl 2 55 TR 2R 4 O Mg L AR S Bk T R e B S H K

S22 3Rk
[1] LIJ, CHEN H, ZHANG K. Effect of droplet size on deflagration characteristics of ethanol-air spray in a spherical vessel

[J]. Process Safety and Environmental Protection, 2022, 165: 789—798. DOI: 10. 1016/j. psep. 2022. 08. 021.

[2] MEAKKN, HBA, ZERI, S5 AT BRI AR VERF T A B IR BR BT FUE (D], AL iR RE, 2023, 42(8): 4215 - 4226. DOI:
10. 16085/j. issn. 1000-6613, 2022-1698.

[3] WANGY,LIUY, ZHANGH. Expefimental study on explosion characteristics of ethanol-water mixture sprays [J]. Journal
of Hazardous Materidls,/2021,\403: 123658. DOI: 10. 1016/j. jhazmat. 2020. 123658.

[4] AN RSN E NSRS PR, 2023 R4 AL TAT W 2 MG i ik & [R]. dbat: BIEUEHLER, 2024.

[5] NATIONALK FIRE.PROTECTION ASSOCIATION. Standard on explosion protection by deflagration venting: NFPA 68
[S]. Quincy; MA: NFPA, 2021.

[6] UHEAM, EER, FER, & Fhi-2RRAMMHERE R S 7). F E 2Rk, 2007, 17(12): 107 -
110. DOI: 10. 3969/j. issn. 1003-3033. 2007. 12. 019

[7] DEM, FRE, BN BEESNSRMET D] BYES i, 2009, 29(4): 390 - 394. DOI: 10. 3321/j. issn:
1001-1455. 2009. 04. 010

[8] BAO Q, FANG Q, ZHANG Y, et al. Effects of gas concentration and venting pressure on overpressure transients during
vented explosion of methane-air mixtures [J]. Fuel, 2016, 175:40—48. DOI: 10. 1016/j. fuel. 2016. 01. 084.

12



o5 e if

Explosion and Shock Waves

1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

DUAN Y, WANG S, YANG Y, et al. Experimental study on methane explosion characteristics with different types of
porous media [J]. Journal of Loss Prevention in the Process Industries, 2021, 69: 104370. DOI: 10.1016/j. jlp. 2020. 104370.

FRERE, FEUT, SRAGHE, S5 PR HE A SRTTAE SR 2 ALRTRLE IR PR R KO e i RO B E AR ], %4 534k
¥4, 2014, 14(6): 91 - 95. DOI: 10. 13637/j. issn. 1009-6094. 2014. 06. 022.

GAO W, YU J, ZHANG X Y, et al. Characteristics of vented nano-polymethyl methacrylate dust explosions [J]. Powder
Technology, 2015, 283: 406 - 414. DOI: 10.1016/j. powtec. 2015. 06. 011.

GAO W, YU J, L1 J, et al. Experimental investigation on micro-and nano-PMMA dust explosion venting at elevated static
activation overpressures [J]. Powder Technology, 2016, 301: 713—722. DOI: 10. 1016/j. po@ 6.07.012.

vé&tk ;he Process Industries,

PROUST C. Turbulent flame propagation in large dust clouds [J]. Journal of Loss P

2017, 49: 859 - 869. DOI: 10. 1016/j. jlp. 2017. 05. 011.

RICHE, TR, 5K, S MHERACPEXHE 00 AR & 1 SRR 1 )
DOI: 10. 11883/bzycj-2024-0024.

RUI S, LI Q, GUO J, et al. Experimental and numerical study on tth vent burst pressure on vented methane-

air deflagrations [J]. Process Safety and Environmental Protection, 4V542. DOI: 10. 1016/j. psep. 2020. 08. 028.

CHEN Z, FAN B, JIANG X, et al. Investigations of secon@ siox/s induced by venting [J]. Process Safety Progress,
2006, 25(3): 255 - 261. DOI: 10. 1002/prs. 10139.

JIANG X, FAN B, YE J, et al. Experimental invespigations on the external pressure during venting [J]. Journal of Loss
Prevention in the Process Industries, 2005, 18(1): 21426 1: 10. 1016/j. jlp. 2004. 09. 002.

LIN C, WANG Q, ZHANG J, et al. Effect of droplet evaporation on deflagration characteristics of ethanol spray [J]. Fuel,
2023, 331: 125876. DOI: 10.1016/j. . 2022.(?5876.

e I S5 B LT KA S K B AR AR PE 2], P ] 22 A B2 4R, 2014,

TR, XU, BRoGHE, 55 e
1003-3033. 2014. 09. 018.

24(9): 64 - 69. DOL: 10. 1626 i is
FAKANDU B, ANDREW

9,
Journal of Loss $(
9,

\ LAKTOU H. Vent burst pressure effects on vented gas explosion reduced pressure [J].
i the Process Industries, 2015, 36: 429-438. DOI:10. 1016/]. jlp. 2015. 02. 005.

NATIONAL PRQTECTION ASSOCIATION, NFPA 68. Standard on explosion protection by deflagration venting
[S]. 2012 ine¥/, MA: Batterymarch Parck, 2007.

-

EUROPEAN COMMITTEE FOR STANDARDIZATION, EN 14491. Dust explosion venting protective systems [S], 2013.

ZHANG K, CHEN S, LI Y, DUO Y, WEI L. Effects of equivalent ratio and initial temperature on the explosion
characteristics of ethanol, acetone, and ethyl acetate [J]. Frontiers in Energy Research, 2024, 12: 1435466. DOI: 10.
3389/fenrg. 2024. 1435466.

B, T, AR S IKE SR G St AR T AU )], A S EREE A, 2022, 22(4): 1862-1871. DOIL: 10.
13637/j. issn. 1009-6094. 2022. 04. 047.

13



