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Finite Volume Immersed Boundary Method and Its Extension

to Simulate 3-D Flows with Complex Moving Boundaries
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Abstract: A finite volume immersed boundary method for incompressible Navier-Stokes (N-S) equations
is developed and extended to solve three-dimensional geometrically complex moving-boundary problems.
All mesh nodes are classified into the three categories: internal computed points, immersed boundary
points and external points that are blanked out of computation. The flow-variables at an immersed
boundary point are evaluated via an approximation of quadratic polynomial in normal direction to wall,
which is associated with no-slip boundary condition and the simplified local momentum equation. In the
simulation of flow-field containing moving boundaries, the grid can be fixed and there is no need to up-
date it. Therefore, the computational efficiency can be improved significantly. Spatial discretization is a-
chieved with the help of Galerkin finite volume approximation. In order to validate the present method,
two groups of flow phenomena are simulated: (1) flows over a stationary circular cylinder and a station-
ary sphere; (2) a transversely oscillating cylinder in uniform flow and a fish-like swimming. The predic-
tions show good agreement with the reference results.
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conforming method; unsteady flows
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