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The mechanical interaction between a fluid and solid can me mathematically
modeled using a number of different approaches depending on the physical char-
acteristics of the problem being solved. We are interested in systems consisting
of a Newtonian fluid, modeled using the Navier-Stokes equations, and a linear
elastic material with properties similar to a soft tissue. These coupled fluid-
elastic problems are inherently nonlinear because the shape of the fluid domain
is not known a priori, and the computational grid must be moved or mapped.
We typically use elliptic grid generation (EGG) to map the physical domain to a
fixed computational domain. A FOSLS formulation of the Navier-Stokes, EGG,
and linear elasticity equations provides a number of benefits to solving coupled
systems problems, including: optimal finite element approximation in a desir-
able norm (H1), optimalmultilevelsolverperformance, optimalscalability, andasharpaposteriorierrormeasure.Theoptimalityandperformanceoftheformulationhasbeendemonstratedextensivelyin2−
Dforavarietyofproblems, includingthefullycoupledfluid−elasticsystem.However, asexpected, theextensionto3−
Dbringsnewchallengesforboththewholeandtheindividualpartsofthecoupledsystem.Someoftheissuesassociatedwiththeextensionto3−
Dhavebeenpartiallyorfullyaddressed, suchas : growingcomplexityinthemultilevelsolver, iterationschemesbetweenthecomponentsofthefullycoupledsystem, extensiontoparallelcomputers, andproperscalingoftheequations.Otherquestionsweareonlybeginningtoanswer, includingthehandlingofsingularitiesandp−
refinement.
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