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Two-Phase Lattice Boltzmann Simulation of Behavior of a Body
with a Viscoelastic Membrane in Fluid Flows
(Effect of Internal Fluid Viscosity on Body Behavior)

Toshiro MURAYAMA*!, Masato YOSHINO and Tetsuo HIRATA

*I Department of Mathematics and System Development Engineering,
Interdisciplinary Graduate School of Science and Technology, Shinshu University
4-17-1, Wakasato, Nagano-shi, Nagano 380-8553, Japan

The behavior of a deformable body with a viscoelasitc membrane in fluid flows is numerically investigated by
the two-phase lattice Boltzmann method. In the calculations, the internal fluid of the body is distinguished from the
surrounding fluid so that the viscosities of these fluids can be separately specified. Using this method, the deformation of
the body under a shear flow is simulated by changing the viscosity ratio 1, which is defined as the ratio of the viscosity
of the internal fluid to that of the surrounding fluid. It is found that as the viscosity ratio increases, the deformability of
the body remains almost constant for 0.1 < n < 1, whereas it decreases linearly for 1 < 11 < 10. In addition, the behavior
of the body in a square pipe flow is simulated for various viscosity ratios. The velocity near the centerline of the pipe
decreases with increasing the viscosity ratio, and thus the flow rate becomes reduced. In the case of lower viscosity ratio
(0.1 £1n < 1), the body becomes a parachute-like shape and approaches toward the centerline of the pipe; that is, axial
accumulation is observed. In the case of higher viscosity ratio (e.g., 1 = 6), the body forms into a slipper-like shape,
migrating laterally toward a certain equilibrium position between the wall and the centerline of the pipe.

Key Words : Numerical Simulation, Lattice Boltzmann Method (LBM), Two-Phase Flow, Viscoelastic Body, Shear
Flow, Square Pipe Flow
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Fig. 1 Model of a body with viscoelastic membrane. Fig. 2 Spring model.
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Fig. 3 Cubic lattice with sides Ax where particle P; is included. The weighting coefficient (r, XA) is equal
to the shaded volume V, divided by volume (Ax)? of the cubic lattice.
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1 if the particle P; is in the reference domain,
O(rj, xy) = _ (6)
0 otherwise
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Fig. 5 Definition of body deformation in shear flow: Lg, major axis; Bs, minor axis; 6s, inclination angle;
C, centroid of the body.
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Fig. 6 Time evolution of the deformed body (left) and velocity vectors near the body with body shape on
y/Ly = 0.50 (right) for G = 0.075 and 1 = 1 at Re = 0.025. The black circle indicates a certain

particle in the membrane (+* = ¢I").
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Fig. 7 Taylor shape parameter D,, versus dimensionless shear rate G in steady state for 1 = 1 at Re = 0.025.
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Fig. 8 Time evolution of the deformed body (left) and velocity vectors near the body with body shape on
y/Ly = 0.50 (right) for G = 0.075 and 1 = 0.1 at Re = 0.025. The black circle indicates a certain

particle in the membrane (+* = ¢I").
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Fig. 10 Time evolution of the deformed body (left) and velocity vectors near the body with body shape on
y/Ly, = 0.50 (right) for G = 0.075 and 1 = 6 at Re = 0.025. The black circle indicates a certain

particle in the membrane (+* =tI").
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Fig. 11  Time variation of the Taylor shape parameter D,, ~ Fig. 12 Time variation of the inclination angle 6s for
for G=0.075 at Re = 0.025 (+* =I"). G =0.075 atRe = 0.025 (t* =I").
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Fig. 13 Relation between viscosity ratio ) and body deformation D,; in steady state for G = 0.075 at Re = 0.025.

p+Ap P

Inflow Outflow

— H| =P
24y =4

T S

Fig. 14 Computational domain (upper) and cross section (lower) of square pipe flow problem.

ooooooooboobon>1000000000DOO0ODODO0OO0ODOOOOODOOOODDOOOODODOO

oooooboooooobooboooooooboobooooobooo D, 00 BB3OOOOOOOOOOOOOOO
obooooobobooobogoobDln<i0000obO0obo0oooobooboooooobobooboOobooooboog
oboooooboobooboooboobobooooboooooboooooobooooooboboOobooboboonoog
ooooooo

4. 00000000 OO0DOOOOO0DOOO

41 0000

0 140000000HxHxL, =48Axx48Axx 128Ax0 0 0000000000000000000000
00000000000000000000,000000x=00000000x=L000000 Ap0000
00000000000000000000000000000000000000000000000000
000 ADD0003000000000 (y/H=2z/H=050)00 0000000 R/40000000000
O (xe0/Le, ve0/H, ze0/H) = (0.50,0.50,0.56) 0000000000 (%, ve,2) 00 0000000000000 0
00000000000000000000000000000000000 Ap=1x10°00000000
0000000000000000000000+=000000000000000000300000000

— 13 — © 2011 The Japan Society of Mechanical Engineers



THRME ALY < EE W TR IS 30 1 2 RV SRR E (R O B fiEHT 14

(a) 1* =2.83
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Fig. 15 Time evolution of the deformed body (left) and velocity vectors near the body with body shape on
y/Ly = 0.50 (right) for n = 0.1 at Re = 0.28. Vectors represent the fluid velocity relative to that at
the centroid of the body (+* = tit;, /2R).
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Fig. 16 Time evolution of the deformed body (left) and velocity vectors near the body with body shape on
y/Ly = 0.50 (right) for n = 1 at Re = 0.28. Vectors represent the fluid velocity relative to that at the
centroid of the body (+* = #iiin /2R).
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Fig. 17 Time evolution of the deformed body (left) and velocity vectors near the body with body shape on
y/Ly = 0.50 (right) for n = 6 at Re = 0.28. Vectors represent the fluid velocity relative to that at the
centroid of the body (+* = #iiin /2R).
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Fig. 18

Normalized velocity profiles at the inlet on
y/H = 0.50 at Re = 0.28. The dashed line
represents calculated velocity profile without a
body under the same pressure gradient as that in

the present calculation.

Fig. 19 Trajectories of the centroid of the bodies for

n =201, 1 and 6 at Re = 0.28. The
body is released from the same initial position
(xc0/Lx, yeo/H, ze0/H) = (0.50,0.50,0.56) in

all cases.
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