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Abstract

This work presents a story of mathematical modeling through the development of a
mesoscale dual-stress spring model, derived using Rayleigh-Ritz analysis, to represent
the fabric surface of a parachute as an elastic membrane. The elastic structure is

coupled with a fluid solver via the impulse method to capture fluid-structure
interactions.

We describe the implementation of this coupled system on a front-tracking
computational platform, leveraging its data structures and core functionalities. Key
challenges in this multi-physics simulation are addressed, including turbulence

modeling, fabric collision, parachutist-body-fluid interaction, and computational
parallelization.

We also provide numerical evidence of convergence, along with verification and
validation of the model components.

Finally, we discuss the software architecture designed to support simulations of various
air-delivery systems.



