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Fluid-structure interaction (FSI) problems are common in nature, including biomechanics of birds, fishes, heart valves, arteries, etc.  Understanding and accurate prediction of FSI responses are also important to many engineered structures, such as bridges, tall buildings, rotor blades, spars, sails, membranes, etc., in order to avoid potential aeroelastic/hydroelastic instability issues, or to improve performance by actively and/or passively tailoring the structural morphology.  Much of the earlier work on FSI problems focused on aerospace structures, where the effects of fluid damping and fluid inertia could be approximated or ignored.  Interested readers in aeroelasticity should consult classic introductory texts such as Fung (1955) and Bisplinghoff et al. (1955), or Dowell and Hall (2001) for a recent review article.  Nevertheless, there exist broad classes of FSI problems that involve viscous, incompressible flows where the effects of fluid damping and fluid inertia are important.  Examples include many problems in biomechanics, microfluidics, and advanced marine/naval structures.  Hence, the focus of this issue is to identify some of the challenges related to modeling of FSI problems involving viscous, incompressible flows.

FSI problems involving viscous, incompressible flows are challenging because (1) questions regarding the appropriateness of standard turbulence/wall models because of FSI-induced modifications to the inner-layer structures, (2) the expense of constantly re-meshing the fluid domain to adapt to the deforming solid boundary, particularly for problems with a dense boundary layer mesh, and (3) numerical instability issues for partitioned approaches because of the artificial added mass effect caused by incorrect prediction of the coupling forces based on the predicted, instead of the true, interface displacements from the previous sub-iteration or time step (see van Brummelen, 2009 and references therein).  Alternatively, fixed, non-body-conforming methodologies such as the Immersed Boundary (IB) method introduced by Peskin (1972) could be used to solve FSI problems on a fixed, Cartesian mesh that models both the fluid and (a portion or all of) the interior solid domain.  IB methods modify the body forces or velocity fields near the body to account for the effect of the moving/deforming solid boundary.  Interested readers of IB methods should refer to Mittal & Iaccarino (2005) for a recent review article.  Nevertheless, IB methods still require significant mesh refinement near the moving/deforming solid boundary to accurately capture the FSI response.  Moreover, the interpolation/extrapolation of the velocity and pressure fields near the interface is non-trivial for multi-dimension problems as the cells near the boundary switches between “solid” and fluid states.  Another popular method for FSI problems is the Arbitrary Lagrangian-Eulerian (ALE) methods (e.g. Farhat et al., 2001; Tezduyar, 2003), where an arbitrary finite element mesh can be used inside the computational domains while the interface elements move along with the materials to explicitly tract the interface boundaries. However, for applications with thin material interfaces and large deformations, the frequency of re-meshing may become too high, and the accuracy of the ALE method would deteriorate due to increased anisotropy or uneven distribution of the grid points (van Loon et al., 2007).  In summary, more research is needed to advance the state-of-the-art in FSI modeling, particularly for problems involving viscous, incompressible flows and complex material constitutive behaviors.
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