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Lattice Boltzmann Simulation of Motion of a Viscoelastic Membrane in Shear Flows

IR & FOE AT R omofg R
MURAYAMA Toshiro YOSHINO Masato HIRATA Tetsuo
Abstract  The lattice Boltzmann method for solid—fluid two-phase flows with a viscoelastic

membrane is improved. In the present model, the elastic force at each lattice node is determined so
that the total elastic energy in the whole membrane can be minimized according to the principle of
virtual work. The method is applied to the motion of an annular membrane in a shear flow. The
calculated deformation of the membrane agrees well with the result by the immersed
boundary-lattice Boltzmann method. Next, three-dimensional structural membrane models,
spherical and ellipsoidal models, are constructed by means of the mapping system. The motions of
these membranes in shear flows are simulated by using the method. In an initially spherical
membrane, the steady circulatory tlows inside the membrane and the tank-treading motion are
observed. In an initially ellipsoidal membrane, the steady shape and orientation of the membrane
are almost the same regardless of initial inclination angles.

Keywords: Lattice Boltzmann method, Two-phase flow, Viscoelastic membrane, Shear flow,
Tank-treading motion
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Fig.1 3DI15V model.
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Fig.2 Spring model.
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Relation between material points and

The gray region is regarded as
solid-phase: @, material point; O, vertex of lattice

where material point exists.
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Fig.5 Motion of material point P; in cubic lattice
with eight vertices, A, B, C, ..., and H. The volume of
the gray cube is defined as V.
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Fig. 6 Three-dimensional structural membrane
models: front view (left); cross section (right). (a)
sphere with radius R; (b) ellipsoid with semimajor

axis Ry, and semiminor axis K.
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Fig. 7 Body deformation in shear flow: Bs, minor
axis; Lg, length perpendicular to the minor axis
(major axis in the case of ellipse); 6, inclination

angle.
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Fig. 8 Temporal variation of deformation D at Re =
0.0125, where D = (Ls— Bg)/(Ls + Bg). * = tI"1s the
dimensionless time. The straight horizontal bold line

represents the steady value reported by Sui et al. [12].
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Fig. 12 Deformed body and flow fields (velocity
vectors and streamlines) in steady state on y/L, = 0.50
at G=0.10 and Re = 0.025.
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Fig. 13 Enlargement of velocity vectors in steady
=0.50 at G = 0.10 and Re = 0.025. The

bold solid line represents the membrane.
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inclination angles on y/L, = 0.50 at G = 0.10 and Re
= 0.025. The dotted and solid lines represent the

initial and steady shapes, respectively.
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