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Fig. 5 Numerical calculation flow chart of fluid-structure interaction for underwater implosion
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Fig. 10  Fluid-structure interaction of cylindrical shell underwater implosion under different hydrostatic pressures
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Research on the failure mechanism and shock response
characteristics of titanium alloy cylindrical shell implosion

in deep-sea high-pressure environment

LI Mingyi'*®, ZHAO Min"**, ZHENG Jiancai *’, HUANG Jixie""’

1 School of Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
2 State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University, Shanghai 200240, China
3 State Key Laboratory of Submarine Geoscience, Shanghai Jiao Tong University, Shanghai 200240, China
4 Shanghai Jiao Tong University Sichuan Research Institute, Chengdu 610213, China

Abstract: [ Objectives ]| Deep-sea pressure hulls are at risk of implosion when subjected to extreme hydro-
static pressures that exceed their ultimate bearing capacities. Therefore, it is essential to investigate the failure
mechanisms and shock response characteristics of titanium alloy cylindrical shells under implosion conditions.
[ Methods ] First, an independent deep-sea implosion experimental platform was developed, and underwater
experiments were conducted on the titanium alloy cylindrical shell in a deep-sea high-pressure environment. A
compressible multiphase flow module was then developed to simulate the high-speed motion of the flow field
during the underwater implosion. The explicit nonlinear finite element method was employed to analyze the
dynamic response associated with the collapse and failure of the titanium alloy cylindrical shell. Finally, the
characteristics of the titanium alloy cylindrical shell implosion were investigated, focusing on the fluid-struc-
ture interaction mechanism, the evolution of asymmetric shock waves in the multiphase medium, the nonlin-
ear dynamic response of the structure, and the energy balance relationships. [ Results | The results showed
that the titanium alloy cylindrical shell, with a length-to-diameter ratio of 2, collapsed in the first-order insta-
bility mode, and the implosion center formed twice successively. As hydrostatic pressure increased, a pro-
nounced migration effect of the first implosion center was observed. Meanwhile, the failure mechanism of the
shell transitioned progressively from inward extrusion to inward curling, and the rupture morphology evolved
from an arcuate shape to an M-shaped configuration. [ Conclusions ] This study reveals the failure mecha-
nism and shock response characteristics of the titanium alloy cylindrical shell implosion, providing valuable
insights for the implosion assessment and protection of deep-sea pressure hulls.
Key words: titanium alloy cylindrical shell; underwater explosions; failure mechanism; shock response
characteristics
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