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Masato YOSHINO and Toshiro MURAYAMA

A lattice Boltzmann method (LBM) for two-phase fluid flows containing solid bodies with
viscoelastic membrane shell is proposed. The method is based on the two-phase LBM, in
which one phase is regarded as solid phase. It is assumed that the bodies have viscoelastic
membrane shell and that the membrane is composed of identical imaginary particles which
are connected with their neighboring particles by spring. Using this method, we first
calculate behavior of a solid body under simple shear flows. It is found that the body
becomes an oriented and elongated elliptic shape and then the membrane is driven into a
motion around the body like a caterpillar, which is generally called tank-tread motion. We
next simulate the motion of the body in plane Poiseuille flows. When a flexible circular
body with viscoelastic annular membrane flows downstream in the channel, it is deformed
into a concave shape on the upstream side and a convex shape on the downstream side.

These results indicate the capability of the present LBM to simulate complex behavior of
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a solid body in fluid flows, such as red blood cell motion in blood flows.
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Fig.1 Present membrane model.

Fig.2 Spring model.
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Fig.4 Computational domain of shear flow problem.
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(d) t*=6.06

Fig.5 Time evolution of body shape and velocity fields for
KAz =1 x 107° at Re = 0.313, where t* tI" is the

dimensionless time.
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Fig. 6 Shape of body for different elasticity: (a) KAz =
1x107% (b) KAz =1x107%; (c) K = 0 at Re = 0.313 and
*=3.03 (t* =tI").
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Fig. 7 Time variation of position of a particle for KAz =
1 x 1075 at Re = 0.313. The black circle indicates an imag-
inary particle which is assumed to be one of elements of

membrane shell (t* = tI).
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Fig. 8 Time variation of position of arbitrary particle for
KAz =1x 107" at Re = 0.313, where Y = y — L, /2 is the

relative position (t* = ¢I").
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Fig.9 Snapshot of the behavior of red blood cells in a cap-

illary (12),
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Fig. 10 Computational domain of Poiseuille flow problem.
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Fig. 11 Time evolution of body shape and velocity fields
for KAz = 1 x 107 at Re = 6.83. * = tUnax/Ly is the

dimensionless time.
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