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Fig. 1 3D parallel architecture for model discretization, fluid—structure interaction, and free—surface update
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Tab. 1 Numerical parameters of the viscoplastic fluid
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Fig. 3 Monitoring results of impact force and water level
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Numerical simulation analysis on dynamic responses of structures impacted by

three-dimensional viscoplastic dam-break flows under bio-inspired shape regulation
XU Jingwet
(Anglo—Chinese College, Fuzhou 350101, China)

Abstract: The mudflow from dam breaches has a wide impact range and significant destructive power, with flow characteristics distinct
from clear water. Precisely elucidating its disaster-causing mechanisms holds practical significance. By constructing a parallel
framework using OpenMP and establishing a constitutive model based on the Herschel-Bulkley rheology, the APPLIC (Approximated
PLIC) method was employed to reconstruct the free surface. A self-developed three-dimensional mathematical model was utilized for
viscoplastic dam breach hydrodynamic analysis, revealing the following findings: the current model’s predictions align with physical
experimental results; the impact force response of non-Newtonian fluids differs from Newtonian hydrostatic pressure variations,
governed by equivalent gravity, and exhibits non-hydrostatic pressure effects. Inspired by seal whisker biologics, adjusting the shape to
achieve the same drag coefficient reduced the peak impact force of circular cylinders compared to square cylinders by approximately
50%, while significantly diminishing impulse. The streamlined cylinder mitigated momentum changes, thereby reducing impulse.
Multi-source data validated the model’s reliability, elucidated non-hydrostatic pressure effects, linked biological inspiration with
disaster prevention, and provided references for identifying dam breach disaster chains and mitigation applications.

Keywords: dam break; Herschel-Bulkley model; approximated-PLIC scheme; OpenMP technique; bio-inspiration
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