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Abstract: Hydrogen is recognized as one of the most promising energies in the 21st century due to the nature of no pollution
and high efficiency, unfortunately, it is likely to suffer from explosion in the process of usage. As one of the important ways of
disaster, venting can effectively improve the safety and reliability of the structure under hydrogen explosion. In order to study
the dynamical characteristics of the structure under vented hydrogen explosion, experimental and numerical studies were
conducted in this paper. On the one hand, a number of scenarios were carried out for vented hydrogen explosion in a large-
scale ISO container of 12 mx2.5 mx2.5 m to investigate the effects of hydrogen volume fraction, the position of ignition as
well as the arrangement of obstacles on the structural dynamics. The characteristics of internal overpressure load and the
evolution mechanism of dynamic response were analyzed. Results indicate that the structural displacements are dominated by
the first overpressure peak. The trend of displacement agrees well with that of the overpressure, and there is a linear

relationship between their peaks. The acceleration is dominated by high-frequency oscillations of the overpressure caused by
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unstable combustion. Furthermore, the peak of the displacement is significantly affected by hydrogen volume fraction and
increases with the increase of hydrogen volume fraction. The peak acceleration is also affected by the ignition position, and the
peak acceleration of central ignition is larger than that of back ignition. Additionally, the effects of the number of obstacles on
structural dynamic response are not monotonic. On the other hand, a baseline finite element model of the structure is
established based on the ambient vibration testing. The numerical simulation results agree well with those of the experimental
results. Therefore, the model can be used to predict structural dynamic responses under vented hydrogen explosion.

Keywords: dynamic response; vented hydrogen explosion; overpressure load; baseline finite element model
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Fig. 1 Experimental setup
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Fig. 7 Acceleration and overpressure time-history curves for case 2
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Table 2 Comparisons of natural frequencies between the simulation and test results before and after model updating

1B IERT BIEE
Bk SR /Hz
4515 Hz FAXFIR24/% 4515 Hz AXHR22/%
1 17.34 19.06 9.92 17.96 3.58
2 17.93 19.75 10.15 18.61 3.79
3 22.85 23.04 0.83 21.71 -4.99
4 2391 25.18 5.31 23.77 —0.59
5 24.26 26.91 10.92 25.32 4.37
6 2543 28.28 11.21 26.49 4.17
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