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Numerical Simulation of a Viscous Flow Field Around a Deforming Foil Using
the Hybrid Cartesian/Immersed Boundary Method
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Abstract

A code is developed to simulate a viscous flow field around a deformable body using the
hybrid Cartesian/immersed boundary method. In this method, the immersed boundary(IB)
nodes are defined near the body boundary then velocities at the IB nodes are reconstructed
based on the interpolation along the normal direction to the body surface. A new method is
suggested to define the IB nodes so that a closed fluid domain is guaranteed by a set of
IB nodes and the method is applicable to a zero—thickness body such as a sail. To validate
the developed code, the vorticity fields are compared with other recent calculations where a
cylinder orbits and moves into its own wake. It is shown the code can handle a sharp
trailing edge at Reynolds number of 10° under moderate requirements on girds. Finally the
developed code is applied to simulate the vortex shedding behind a deforming foil with
flapping tail like a fish. It is shown that the acceleration of fluids near the flapping tail
contributes to the generation of the thrust for propulsion.

¥ Keywords: Deformable body(HEE M), Velocity reconstruction(zZ =M 24), Hybrid staggered
/non—staggered grid, Orbiting cylinder(& 3|8t= 2 3), Fish—-like motion{21J|2S)
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Fig. 2 Six distances for the velocity
reconstruction at a B node (Lagrangian
control points: diamonds, I1B nodes: X)
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Fig. 3 Arrangement of dependent variables
in the hybrid staggered/non-staggered grid

2.3 Hybrid staggered/non-staggered grid
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dependent  variables for  the hybrid
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Fig. 5 Schematics of a orbiting cylinder
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Fig. 6 Comparisons of calculated vorticity fields around the orbiting cylinder with results of
Teschauer et al. (from J. Fluids and Structures, 2002)
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Fig. 8 Effects of physical time step size At
on total velocity distributions, KC=5, 0=4m,
(solid line: At=0.01, dashed line: At=0.005)
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Fig. 14 Pressure distributions at moments of
the same configuration (above: downward
motion, below: upward motion)

L . s L f
-3 25 -2 15

Fig. 15 Upward velocity distributions at
moments of the same configuration (above:
downward motion, below: upward motion)
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