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ABSTRACT

The fluid-structure interaction problems are tackled by the Constraint-based immersed boundary
methods (cIBM) [1, 2] by treating the immersed body (IB) as fluid with appropriate Lagrange
multipliers to account for the rigidity of the IB. In cIBM, the fluid and IB regions have to be
separately marked so that the Lagrange multiplier based constraint can be imposed in the IB
region. The IB and fluid regions can be demarcated when the thickness of the IB is larger than
the cell size of the numerical mesh. In many fluid-structure interaction problems, the thickness
of the IB surface may be smaller than the size of the cell of the discretized mesh. When IB
surface thickness is very small, the numerical mesh required to resolve the thickness of the IB
is excessively large. When cIBM is employed for very thin IB surfaces, the method results in
sloshing flow. Sloshing flow is a phenomenon where momentum is induced on the fluid inside an
IB, which is isolated from the fluid outside by the IB surface. The main source of the sloshing
flow is the manner in which the IB constraint force is defined and imposed using the discrete
delta function. The sloshing flow may be significantly reduced if the IB constraint force is
defined and imposed separately for the two sides of the IB surface. In doing so, the zeroth and
the first moment conditions of the discrete Dirac delta function may not be satisfied. We use
the moving least squares approach to define a modified delta function that satisfies the zeroth
and first moment conditions.
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