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Experimental study of gasoline-air mixture explosion
in imitated vertical dome oil tank
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Abstract: To investigate the influence of gasoline-air mixture volume fraction, ignition position and liquid level on explosion
overpressure parameters and flame development in vertical dome oil tank, a series of experiments with nine initial hydrocarbon
volume fractions, four ignition positions and five liquid levels were carried out in a transparent imitated oil tank. Dynamic data
acquisition system and high-speed camera were employed to detect the changes of internal and external field pressure, and to
record the transformation of flame shape. The following results were found. (1) 1.7% is the most dangerous gasoline-air
mixture volume fraction under any working condition. The development of overpressure in the inner field can be divided into
three stages: overpressure rise, overpressure release and oscillation attenuation. The formation and spatial distribution of free
radicals such as CH, C, and OH during the explosion process make the flame show different color changes under different
initial volume fractions or at different explosion stages. (2) Ignition position has a great influence on explosion overpressure
parameters. The lower the ignition position is, the greater the explosion power is. When the ignition position is in the center of

the bottom of the tank, the average pressure boost rate of the internal and external fields reaches the maximum value, being
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0.464 MPa/s and 0.053 MPa/s, respectively. (3) The change of liquid level has a great influence on the overpressure of the
internal and external field of oil and gas explosion. When the position ignition is located at the top of the side wall of the oil
tank, the 50% liquid level is the most dangerous level. At any liquid level, the outfield overpressure decreases exponentially
with the increase of scaled distance. The relationship among the maximum overpressure peak of the outfield shock wave of
gasoline-air mixture explosion at different liquid levels, the distance and the volume of gasoline-air mixture can be expressed
by a unified expression. Compared with gas space, the overpressure in liquid space has the characteristics of delay,
enhancement of negative overpressure and faster oscillation attenuation frequency.

Keywords: vertical dome oil tank; gasoline-air mixture explosion; chemical reaction; overpressure; flame
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Fig.3 The time history of overpressure measurement points in the field of gasoline-air mixture explosion in simulated tank
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Table 1 Internal field overpressure parameters of gasoline-air mixture explosion at different initial volume fractions

Penl% PrnmadkPa by /S (dp/di),, . /(MPa's ™)
0.9 20.37 212 0.10
1.1 26.71 103 0.26
14 27.02 70 0.39
1.6 27.86 69 0.40
1.7 31.59 68 0.46
1.8 27.44 90 0.31
2.0 24.67 115 0.22
23 22.98 194 0.12
2.6 20.26 462 0.04
ST R R TR R B R, N A X T R R R AT R A R K A R, SR L R

YERFES B FHF T O R (dp/di) 0y Y5 24 5037 1 700 53 TH B R B I AL oy g B LA
K RIS IA] £ oo 73BT SE S0 R0 2 B, S0 7 I R/ 300 5 (945 8 5 28 ), i A T gt 5 1) ) 5 (.

105401-5



5 42 & BRIE M, AF: AT FCHETTUM I P U E SR 10

B AR AT A 7 ), B B S5 S A B R T A o T LA Py S5 1 358 2 THEARR 5 ) S5 30 000 253 1)
TR U AAL, T R JRE B ] 2y A2 DA THEARR T R BT 1855/ 3 i R HE WA 9T FH I B5F T80, (dp/ ) o e W BT
hi A SRR AU . AN 4 BTR R (dp/do);, e AT (dD/dD) o ane 5 0o FISE RN, I 4 01501, #5
B RKBAE BTG ooy FETHIEHE I, 16 po=1.7% BRI RAE, 43514 0.46 1 0.05 MPars,
I3 9ey=0.9% B () 4.6 f5F01 8.5 £, & 0y=2.6% WY 11.5 F5F0 15.8 4% o ¢ 1 vl WLAT 4 b AR B4 5
Xof $ 0 R ) PRAG S IR AR K, 0y =1.7% I BT SR IE S SE R o T (dp/do)y, aye FE (dp/dD) gy e RARZ, 3% 5 00
i e s AP PR R A G

0.5
/. —m— (dp/dt);, ave
04 L — \ (dp/d0)exs, ave
T(.”
£0.3 n
=
S02f
O
0.1F w
.’.\ \I
o e—e o TTe— o

O:8 le 1j2 114 1:6 1:8 2j0 2I.2 214 2I.6 2.8
Pen/%
Kl 4 WNAMGTEFA RSP MR R

Fig.4 Average overpressure rise rate in the internal and external fields at different initial volume fractions
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Fig. 5 Images of flame propagation of gasoline-air mixture explosion at different initial volume fractions
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Table 2 Maximum peak flame intensity and time of formation in the tank at different initial volume fractions

O/ %o 1 /mV 10/ MS
0.9 14 483
1.1 69 238
1.4 190 175
1.6 137 184
1.7 107 188
1.8 70 238
2.0 97 313
2.3 162 485
2.6 161 798
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Table 3 Overpressure parameters of gasoline-air mixture explosion at different ignition locations

GV QA Pinma/kP2 Ly /TS (dp/dt),, ., /(MPa-s™) Pextmas kP2 — (dp/d1) 0, /(MPa-s™)
K 21.91 64 0.34 0.18 5 0.04
LTS 22.60 64 0.35 0.27 9 0.03
TR 26.22 65 0.40 0.37 12 0.03
JREHR 52k 31.59 68 0.47 0.53 10 0.05
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go S 3 AT LI L, e s T B B, B S 1R] A3 0, o R % T R R e e - TSP 2
HRAE K, X NI BE T N A A Dy T (dp/d0), 00 BIBE SR AL E Y P RS MIE R 5350 5
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Fig. 6 Images of flame propagation of gasoline-air mixture explosion inside the tank at different ignition locations
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