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Bubble Dynamics and Load Characteristics of Underwater
Explosions beneath Pressurized Air Cushions
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Abstract: Hovercraft maybé vulnerable to underwater explosions, yet the mechanisms by which the pressurized air cushion
beneath the hull affests explosion-bubble evolution and load transmission remain insufficiently understood. This investigation
aimed to clarify ‘bubble-water-gas-structure coupling and identify the effects of the presence, initial pressure, and dynamic
expansion of the airfcushion on bubble dynamics and multistage loading. A simplified plate-air-cushion configuration was
established to represent the bottom structure of a hovercraft, and numerical simulations were conducted using the coupled
Eulerian-Lagrangian (CEL) method. Water, detonation products, external air, and cushion gas were described in the Eulerian
domain, whereas the supporting plate was modeled with Lagrangian elements. Eulerian-Lagrangian contact captured fluid-

structure interaction, while free-inflow/outflow and non-reflecting conditions were applied to the outer boundaries. Before
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detonation, hydrostatic water pressure, atmospheric pressure, and the prescribed cushion pressure were imposed, and the initial
pressure difference across the plate was stabilized. Underwater explosions were simulated under free-field and air-cushioned
conditions with different initial gas pressures. Fixed and freely moving structural boundaries were considered to examine
structural retreat and the resulting dynamic cushion expansion. The results show that the pressurized air cushion substantially
modifies bubble evolution and load transmission. Compared with the free-field condition, it markedly constrains bubble
expansion, migration, deformation, and collapse. Compared with the condition without an air cushion, it transforms the structural
loading pattern from a transient shock followed by rapid unloading into a multistage process characterized by a sustained high-
load plateau and pronounced bubble-pulsation loads. The initial cushion pressure exerts a distinct dual modulation effect. During
the shock-wave stage, increasing the initial pressure strengthens pressure transmission, raises the shock-load peak, and makes the
high-load plateau more pronounced. During the subsequent bubble-pulsation stage, however, theymaximum bubble radius,
pulsation period, and pulsation-load impulse decrease with increasing initial pressure. When the/stpicturesis allowed to move
freely, global plate retreat induces cushion expansion and pressure relief, thereby smoothing tlie“global load history and
eliminating the sustained high-load plateau observed under the fixed boundary conditior, These findings demonstrate that a
pressurized air cushion is not simply a load-mitigation medium: it strengthens initial shoek-wawe fransmission while weakening
subsequent bubble pulsation as its initial pressure increases. Structural retreat reduees part of the constraint on bubble motion and
mitigates the overall shock-wave and bubble-pulsation loads. The results provide athéosetical and numerical basis for underwater
explosion load assessment and blast-resistant design of hovercraft.

Keywords: Underwater explosion; Pressurized air cushion; Multi-phase, fluid-structure interaction, CEL method
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Fig.4 Experimental results
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