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Abstract

Blending ammonia with hydrogen is an effective way to improve the combustion performance of ammonia, but
it also increases the explosion risk. Venting can effectively reduce the internal overpressure of the enclosure,
thereby mitigating explosion damage. However, the influence of vent burst pressure (Pstat) on the explosion
dynamics of ammonia-hydrogen—air mixtures remains unclear. To address this problem, the present study
experimentally and numerically investigates the overpressure development and flame morphology evolution
during the explosion of ammonia-hydrogen—air mixtures under different vent burst pressures. The results
show that increasing Pstat enhances the intensity of flame—pressure wave interaction, advancing the timing
of flame skirt contact with the duct sidewall from post-venting to pre-venting, thereby affecting the growth
of flame surface area. Consequently, the peak overpressure P1 generated by vent cover rupture transitions
from a linear to a nonlinear increase. Furthermore, at low Pstat, only spherical and fingertip flames are
observed, indicating that the rarefaction wave generated by flame—wall contact is too weak to induce a tulip
flame. When Pstat increases to 60.14 kPa, a typical tulip flame is observed.Numerical simulation results show
that with increasing Pstat, the collision between the flame and the compression wave reflected from the vent
cover intensifies, inducing a tulip-shaped axial velocity profile ahead of the flame front. This axial velocity
distribution ultimately leads to the formation of the tulip flame.
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