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Abstract

The Immersed Boundary (IB) method is a mathematical framework for constructing ro-
bust numerical methods to study fluid-structure interaction in problems involving an elastic
structure immersed in a viscous fluid. The IB formulation uses an Eulerian representation
of the fluid and a Lagrangian representation of the structure. The Lagrangian and Eulerian
frames are coupled by integral transforms with delta function kernels. The discretized IB
equations use approximations to these transforms with regularized delta function kernels to
interpolate the fluid velocity to the structure, and to spread structural forces to the fluid.
It is well-known that the conventional IB method can suffer from poor volume conservation
since the interpolated Lagrangian velocity field is not generally divergence-free, and so this
can cause spurious volume changes. In practice, the lack of volume conservation is espe-
cially pronounced for cases where there are large pressure differences across thin structural
boundaries. The aim of this paper is to greatly reduce the volume error of the IB method
by introducing velocity-interpolation and force-spreading schemes with the properties that
the interpolated velocity field in which the structure moves is at least ¢! and satisfies a
continuous divergence-free condition, and that the force-spreading operator is the adjoint of

the velocity-interpolation operator. We confirm through numerical experiments in two and
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