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ABSTRACT

The authors have developed a new method for studying interaction between elastic object and fluid
by coupling immersed boundary method (IBM) and finite element method (FEM).

The interaction at the fluid-solid boundary is represented by an IB technique of body-force type[1,
2], which has enabled simulation of interaction between a fluid and rigid spherical particles of a total
number ofO(103) by a momentum-exchange technique through a volume-averaged velocity field of
multiple phases.

In the present study, the interaction force in the IBM is incorporated into FEM. As the body-
force (interaction force) in the above is designed to take non-zero values only in the computational
cells embedded at the interface, the coupling of IBM and FEM is done by simply superimposing the
interaction force over the solid internal force field. A method for approximating of volumetric fraction
at the interface of a aspherical body[3] has been implemented to allow arbitrary geometric condition
at the deformable interface. Fractional step method is applied for coupling of velocity and pressure
fields. By this numerical procedure, the effect of the deformability of the solid material is successfully
incorporated into the fluid-solid interaction process.

The uniqueness of the present approach also lies in the implementation of the inter-phase mo-
mentum exchange through the distributed force field shared by both Eulerian (fluid phase) and mov-
ing/deforming Lagrangian (solid phase) references, without interpolation of physical properties be-
tween the two references. Therefore, this IBM-FEM coupling method offers an efficient and robust
computation, with no adjustable parameters, for the fluid including a large number of deformable ob-
jects.



The applicability of the present method is demonstrated through direct numerical simulation of a
flow field including elastic particles in two-dimensional flow field employing the periodic boundary in
both directions. Figure 1 shows some snapshots of the flow field and deforming particles due to hydro-
dynamic forces. The particles are deformed due to the interstitial flows and wakes developing between
the particles. We discuss the effects of the aspherical and deformable natures on the behaviours of the
particles. Particular attention is focused on the influence of microscopic particle-particle interactions
on the clustering motion of the particles in the fluid. Another application of the present method is a de-
formable particulate flow field with elastic/rigid structures. Figure 2 shows an example of the numerical
results of a flow field involving a soft particle bounded by elastic walls, and the result demonstrates the
applicability of the present approach to the biological flows.
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Figure 1: Elastic particles sedimentation in an up-current flow (el-
lipticity: 1.2). (a) Particle distribution (white dots) and the inten-
sity of the vertical components of fluid velocity (colour). (b) Mises
stress distribution (colour) and vortical structures around particles
(solid lines).

Figure 2: Fluid flow involving a de-
formable object through a passage bounded
by elastic walls. Colour represents Mises
stress distribution and the intensity of the
horizontal components of fluid velocity.
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