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13
14 � Four major overpressure transients were identified during explosion.
15 � Four typical DP–t profiles with different overpressure transients were detected.
16 � Occurrence & characteristics of peaks depended on concentration & venting pressure.
17 � Overpressure in chamber was nearly uniform during explosion.
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3529 batches of vented explosion tests were conducted in a 12 m3 concrete chamber filled with methane–
36air mixtures to investigate the effects of methane concentration and venting pressure on the develop-
37ment of overpressure inside the chamber. The deflagrations were vented from a square side window with
38a venting area of 0.64 m2 upon rupture of the vent cover. The venting pressures were varied by using six
39different types of vent covers, and determined by performing a numerical simulation. Methane concen-
40trations in the mixed gas varied between 6.5 and 13.5 vol.%, covering both lean and rich combustion
41regimes. The generation conditions of the four types of overpressure–time profiles with different over-
42pressure transients were summarized. Among the overpressure transients, the DP1 caused by failure of
43the vent cover and the DP4 resulted from the coupling between acoustic mode and flame were basically
44dominant. The rate of DP1 rise as well as peak value of DP1 and DP4 showed a same trend of first increas-
45ing and then decreasing with the methane concentration from lean to rich. They reached their maximum
46value at the methane concentration of about 9.5%, whereas the rate of DP4 rise was found to be insensi-
47tive to the methane concentration. The peak value of DP1 increased with the venting pressure, while that
48of DP4 first increased and then decreased as the venting pressure increased. In addition, the rates of DP1
49and DP4 rise were both insensitive to the venting pressure. The occurrence of DP4 was depended on the
50methane concentration and the venting pressure. The differences in the behavior of these overpressure
51transients suggest their different generation mechanisms.
52� 2016 Published by Elsevier Ltd.
53

54

55

56 1. Introduction

57 Natural gas is a clean-burning hydrocarbon fuel with high
58 calorific value and low carbon footprint compared to other fossil
59 fuels, such as coal [1]. However, due to the frequent gas explosion
60 accidents in recent years, more and more attention has been paid
61 to the severity of natural gas explosion [2]. When an explosion
62 occurs in an enclosed space, it imposes significant danger to occu-
63 pants and tremendous damage to the buildings in the vicinity. The
64 damage level of a gas explosion is mainly dependent upon the

65magnitude of the overpressure transients and the loading duration.
66The gas concentration and the venting pressure play key roles in
67the evolution of overpressure [3]. Hence, to reduce the loss of acci-
68dents, it is essential to study the effects of gas concentration and
69venting pressure on the overpressure transients during the vented
70gas explosion.
71Different types and numbers of overpressure transients have
72been reported in the literatures [4–9] from vented gas explosion
73tests.
74Cooper et al. [4] conducted vented explosion tests in five near-
75cubic enclosures with natural gas–air, propane–air and ethylene–
76air mixtures, employing low-failure-pressure explosion relief pan-
77els. A typical overpressure–time profile with four major overpres-
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78 sure transients were reported, as shown in Fig. 1. It was found that
79 DP1 was a constant value higher than the venting pressure when
80 the venting pressure was greater than 3 kPa. DP4 reached maxi-
81 mum on a slightly fuel-rich mixture and slightly increased with
82 the venting pressure from 0 to 26 kPa. Guo et al. [5] performed
83 vented hydrogen–air explosion tests in a cylindrical vessel with a
84 neck. Four overpressure transients were also observed, however,
85 the generation mechanism of DP2 and DP4 were different with
86 those reported by Cooper et al. [4], as shown in Table 1. In these
87 tests, as the venting pressure increased, DP1 became the dominant
88 peak, while DP2 and DP3 gradually vanished. Another overpres-
89 sure–time profile with six overpressure transients was detected
90 by Fakandu et al. [6]. They conducted the tests in a 10 L cylindrical
91 vented vessel with 10 vol.% methane–air and 7.5 vol.% ethylene–air
92 mixtures, and found that Pburst was the controlling overpressure
93 transient for vent area of 0.013 m2 and 0.026 m2. Chen et al. [7]
94 investigated the explosion venting of methane–air mixtures in a
95 cylindrical vessel with a diameter of 180 mm and length of
96 300 mm. They observed that two overpressure transients, DP1
97 and DP2, appeared during the explosion; DP2 increased with the
98 rise of the venting pressure. Chow et al. [8] conducted vented
99 explosion tests in a 3:1 aspect ratio cylindrical vessel with

100 methane–air, propane–air and ethylene–air mixture. The explosion
101 gave rise to three overpressure transients, and the increasing of the
102 vent failure pressure generally resulted in that DP1 became the
103 main feature of the observed overpressure–time profile. In another
104 group of vented hydrogen–air explosion tests in a 63.7 m3 rectan-
105 gular chamber, three overpressure transients were reported by
106 Bauwens et al. [9], it was found that Pvib decreased by reducing
107 hydrogen concentrations from 19 to 12 vol.% within the lean com-
108 bustion regime.

109From the above studies, multiple peaks were usually recorded
110and each peak was potential to be the maximum one, depending
111on the combined effects of gas concentration and venting pressure.
112However, these studies did not provide sufficient details about the
113generation conditions of different overpressure–time profiles, as
114well as the generation mechanisms of the overpressure transients.
115In addition, the available models [3,10] and standards [11,12] for
116the prediction of vented gas explosion only considered single over-
117pressure transient.
118In the present study, vented gas explosion tests were conducted
119in a cuboid chamber filled with methane–air mixtures of different
120composition. The primary objective of this study is to investigate
121the generation mechanisms of the dominant overpressure tran-
122sients, as well as the effects of concentration and venting pressure
123on each of them. In addition, the explanation for the four types of
124overpressure–time profiles and their corresponding generation
125conditions are presented.

1262. Experiment

1272.1. Test setup

128A custom-designed 2 m � 2 m � 3 m reinforced concrete cham-
129ber as shown in Fig. 2, with a design pressure limit of 600 kPa
130(gauge pressure), was constructed. An igniting pill was hung at
131the center of the chamber that was 1.5 m above the floor and
1321 m off the four walls. It was ignited by a synchronous detonator
133100 m away, and the energy of the pill was about 100 mJ. The vent
134covers were mounted on a square window frame on the front wall
135of the test chamber, and clamped with a steel frame to form a rigid
136boundary with an effective venting area of 0.64 m2. An infrared gas
137analyzer (QGS-08C, Nanjing Xinfen, China), with a measuring range
138of 0–15 vol.% and accuracy of 0.1%, was employed to measure
139methane concentration. An explosion-proof fan (CBF-300, Zhejiang
140Dafeng Blowers, China) was installed in the chamber. At a constant
141fan flow of 0.8 m3/s, the characteristic time for mixing is estimated
142to be 15 s. Therefore, 20–30 min of continuous mixing prior to each
143test was sufficient to ensure homogeneity of gas composition in
144the entire chamber. The sliding door in the wall was a steel plate
145that could be drawn up through a fixed pulley. The overpressure
146were recorded by six piezoresistive pressure sensors (CYG 1409,
147Kunshan Shuangqiao Sensors, China), with a measuring range of
148�100 to 300 kPa (gauge) and 0.5% accuracy. Considering the high
149temperature and intense light inside the chamber during the
150explosion, all sensors were equipped with water-cooling circula-
151tion systems and clear filter to protect the sensors and ensure
152the reliability of the recorded data. Sensor 1, 2 and 3 were mounted
153on the front wall at the height of 0.2 m, 0.8 m and 2.5 m along the
154mid-line of the wall, respectively. Sensor 4 and 5 were mounted off
155the center line 0.65 m and 0.9 m. Sensor 6 was located at the center
156of the back wall. Signals from the pressure sensors were registered
157by the data acquisition instrument (Donghua 5927, DonghuaFig. 1. Typical overpressure–time profile detected by Cooper et al. [4].

Table 1
Summary of the various overpressure transients in vented gas explosion.

Literatures Physical events

Failure of the
vent cover

Venting of the
burned gases

Unburned gas flow
through the vent

External
explosion

Maximum flame
area

Reverse flow after
external explosion

Coupling between
acoustic mode and flame

Overpressure transients
Cooper et al. [4] DP1 DP2 DP3 DP4
Guo et al. [5] DP1 DP2 DP3 DP4
Fakandu et al. [6] DPburst DPfv DPext DPmfa DPrev DPac
Chen et al. [7] DP1 DP2
Chow et al. [8] DP1 DPb DP2
Bauwens et al. [9] DPext DPvib
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