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Abstract: In order to effectively predict and control the consequences of fuel-air mixtures explosions in enclosed spaces, and
thereby reduce the casualties and property losses caused by accidents, this study had investigated the relationship between the
explosive overpressure characteristics of fuel-air mixtures and the spatial scale of explosions. The experiment carried out closed
square pipes with varying length-to-diameter ratios, volumes and lengths to examine the impact of fuel-air mixtures explosive
overpressure characteristics by keeping the initial oil and gas concentration, ignition position, and ignition energy constant. The
experimental results showed that the rate of overpressure rise goes through three stages, a rapid increase period, a continuous
oscillation period and an attenuation termination period, which reveals the dynamic relationship between reaction rate and heat
loss. Under the same volume (21.2L), with the increase of length-diameter ratio (from 7.1 to 35;7)<the/fnaximum overpressure
decreased by 47.5% (from 472.9kPa to 248.5kPa), and the average overpressure rise rate decreasedy*73.5% (from 1359kPa s-
1 to 360kPa s-1), and the maximum overpressure rise rate reduced by 66.4% (from 32Q4kPa s-1 t0 1078kPa s-1), and the
explosion power lessened by 86.2% (from 643 (kPa)2/ms to 89 (kPa)2/ms), which is attributed\to the change in the nozzle area
(from 207cm2 to 71cm2) affecting the reaction rate and the change in the internaksurface area of the pipeline (from 629cm2 to
1022cmz2) affecting the heat loss. Further analysis of the experimental results revéals/that the'changes in the nozzle area affecting
the flame front area and reaction rate directly, impacts on the maximum owerpressurésmore directly and significantly. While, the
changes in the inner surface area has a relatively indirect effect on the maximum=oyerpressure by regulating energy transfer and
heat loss. Additionally, pipeline length is a crucial factor affecting the time to reach maximum overpressure. The increase of the
pipeline not only increases the heat loss, but also delays the supefgositien time point of the reflected wave and the incident wave,
with the energy of the reflected wave undergoing relatively attenuatief,
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Table 1 The size of closed pipes

i L/cm D/cm V/L L/D
1 102 14.4 212 7.1
2 163 11.4 21.2 14.3
3 300 8.4 212 35.7
4 168 8.4 11.9 20
5 228 11.4 29.6 20
6 288 14.4 59.7 20
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Fig.2 Overpressure rising rate history curves with different L/D at the same volume
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Fig.3 Overpressure history curve with different L/D at the same volume
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Table2 The influence of internal surface area and nozzle area on the peak overpressure

B L/cm D/cm W3R THI AR fem? A THIRR Ccm? B KBk /kPa
5 228 11.4 1066 130 352.8
3 300 8.4 1022 71 248.5
2 163 11.4 769 130 400.8
4 168 8.4 579 71 368.7
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Fig.8 Overpressure history curves at different lengths with an inner diameter of 8.4cm
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Fig.9 Overpressure history curves at different lengths with-an_inner diameter of 11.4cm
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Fig.10 Overpressure history curves at different lengths with an inner diameter of 14.4cm
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