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Abstract

This work presents the first application of a non-intrusive reduced order method to
model solid interacting with compressible fluid flows to simulate crack initiation and
propagation. In the high fidelity model, the coupling process is achieved by introduc-
ing a source term into the momentum equation, which represents the effects of forces
of the solid on the fluid. A combined single and smeared crack model with the Mohr-
Coulomb failure criterion is used to simulate crack initiation and propagation. The
non-intrusive reduced order method is then applied to compressible fluid and fractured
solid coupled modelling where the computational cost involved in the full high fidelity
simulation is high. The non-intrusive reduced order model (NIROM) developed here is
constructed through proper orthogonal decomposition (POD) and a radial basis func-
tion (RBF) multi-dimensional interpolation method.

The performance of the NIROM for solid interacting with compressible fluid flows,
in the presence of fracture models, is illustrated by two complex test cases: an im-
mersed wall in a fluid and a blasting test case. The numerical simulation results show
that the NIROM is capable of capturing the details of compressible fluids and fractured
solids while the CPU time is reduced by several orders of magnitude. In addition, the
issue of whether or not to subtract the mean from the snapshots before applying POD
is discussed in this paper. It is shown that solutions of the NIROM, without mean sub-
tracted before constructing the POD basis, captured more details than the NIROM with
mean subtracted from snapshots.
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