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ABSTRACT

The simulations of underwater implosion, aerodynamics of flexible flapping-wing micro air vehicles,
aeroelastic tailoring of racing cars, and high-G maneuvers of fighter aircraft share the challenge of
computing fluid-structure interactions in highly nonlinear multi-material domains. Indeed, the implosive
collapse of a submerged, gas-filled structure and its subsequent effect on the structural integrity of a near-
by system is a transient, high-speed, multi-phase inviscid fluid-structure interaction problem characterized
by ultrahigh compressions, shock waves, large structural deformations, self-contact, and possibly the
initiation and propagation of cracks. Bio-inspired micro air vehicles operate in the lower Reynolds
number regime and tend to have light weight flexible flapping wings. Their unsteady and turbulent
erodynamics are closely linked to their structural dynamics which features large motions and
deformations, and their flight characteristics are affected by environmental factors such as wind gust.
Formula 1 cars and fighter aircraft operate in the higher Reynolds number regime. They perform
aggressive high-G maneuvers characterized by high angles of attack, and turbulent viscous flows driven
by large-amplitude structural vibrations. To this effect, this lecture will present FIVER [1—D5], a robust,
multi-disciplinary, computational framework for the numerical simulation of all of these highly nonlinear
fluid-structure interaction problems characterized by multi-material domains, and discuss its
mathematical and numerical properties. These include nonlinear stability and second-order convergence
rate, including in the vicinity of the material interfaces. This computational framework includes a generic,
comprehensive, and yet effective approach for representing a fractured fluid-structure interface that is
applicable to several finite element based fracture methods including interelement fracture [6] and
remeshing techniques [7], the eXtended Finite Element Method [8], and the element deletion method [9].
The lecture will also highlight the potential of FIVER for the simulation of complex, grand challenge,
engineering problems such as the analysis of material failure driven by multi-phase fluid-structure
interaction with dynamic fracture, the response of structural systems to underbody blast events, the
generation of thrust by flexible flapping wings at low Reynolds numbers, and the vertical tail buffeting of
fighter jets at high angles of attack.

REFERENCES

[1] C. Farhat, J.-F. Gerbeau and A. Rallu, “FIVER: a finite volume method based on exact two-phase
Riemann problems and sparse grids for multi-material flows with large density jumps”, Journal of
Computational Physics, Vol. 231, pp. 6360-6379, (2012).

[2] C. Farhat, K. Wang, A. Main, J.S. Kyriakides, K. Ravi-Chandar, L.H. Lee and T. Belytschko,
“Dynamic implosion of underwater cylindrical shells: experiments and computations”, International
Journal of Solids and Structures, Vol. 50, pp. 2943-2961, (2013).

[3] A.Mainand C. Farhat, “A second-order time-accurate implicit finite volume method with exact two-


mailto:cfarhat@stanford.edu

[4]

[5]

[6]

[7]

[8]

[9]

phase riemann problems for compressible multi-phase fluid and fluid-structure problems”, Journal
of Computational Physics, VVol. 258, pp. 613-633, (2014).

C. Farhat and V. Lakshminarayan, “An ALE formulation of embedded boundary methods for
tracking boundary layers in turbulent fluid-structure interaction problems”, Journal of
Computational Physics, Vol. 263, pp. 53-70, (2014).

V. Lakshminarayan and C. Farhat, “An embedded boundary framework for compressible turbulent
flow and fluid-structure computations on structured and unstructured grids”, International Journal
for Numerical Methods in Fluids, Vol. 76, pp. 366-395, (2014).

X.P. Xu and A. Needleman, “Numerical simulations of fast crack growth in brittle solids”, Journal
of the Mechanics and Physics of Solids, VVol. 42, pp. 1397-1434, (1994).

D.V. Swenson and A.R. Ingraffea, “Modeling mixed-mode dynamic crack propagation using finite
elements: theory and applications”, Computational Mechanics, Vol. 3, pp. 381-397, (1998).

N. Moes, J. Dolbow and T. Belytschko, “A finite element method for crack growth without
remeshing”, International Journal for Numerical Methods in Engineering, Vol. 46, pp. 131-150,
(1999).

H.S. Alsos, “A comparative study on shell element deletion and element splitting”, Impact &
Crashworthiness Laboratory, Report No. 127, MIT, 1-94, (2004).



	FIVER: A Computational Framework for Compressible Multi-Material Problems with Second-Order Convergence Rate
	ABSTRACT

