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A LATTICE BOLTZMANN METHOD FOR TWO-PHASE FLUID FLOWS CONTAINING SOLID

BODIES WITH VISCOELASIC MEMBRANE SHELL

HFH O OEAD, #hh FEEY

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
a solid body in fluid flows, such as red blood cell motion in blood flows.

Key Words: Lattice Boltzmann Method (LBM), Two-Phase Flow, Viscoelasticity,
Kelvin Model, Membrane, Tank-Tread Motion

D) EMKRFLER B A7 L L%8 (T 380-8553 KBFiidiH 4-17-1, E-mail: masato@shinshu-u.ac.jp)
2) EMKFEKRFER LHERBER (T 380-8553 KEFili&5# 4-17-1, E-mail: t06a136@shinshu-u.ac.jp)

1. BU®IC

BT 2B Z SGHERYE, BIZIELSETIE, 175
1 Y NOHECERRE ORI 42 ERe 2 BT TRL L
HTE&5. £/, BFE T, RlLELH Mz LOETS
gD 2 ELMENDHENLRETRLIENTE, WiR
DFFIZBNTYH, BROBHAIMNIZEDL ) LEEENR
BFhEVIBEORHMNLEIZ LS, £, £ 0K
Bttt HbE b b, kPO LRIz 24N
ERTEREZRCEISBHL T {0, EELERER
FTIEHHLNTVE, Fhw i, LidomEN ) <A
7R —LOFNBIIENT, KB BE1TS 0 XHH®
Thb, LoT, #oitEEAE & I+ 5 Bt
EOMBYLEII LS.

Bhz E RN O BRI OFES & LT, HF Inamuro
5 Mg, FHELY = ~i¥: (Lattice Boltzmann Method,
LUF LBM EWER) 128 5T, FATFERMEE NI BT 28Ik
MEROZEIHZEEL, BALEEOS LVWEEEZ &0 ZH
W45 4 % Segré-Silberberg &5 P 2B L T 2 45, i

HHIZEBERIZFEDA TR, T/, BAROERZER
L7fF%@ & LTIZ, Tsubota & P (2 k287 W %)
WL T D RMERD E B HAHT R, Alexeev & ) 125 3
LBM & Lattice Spring Model (LSM) # it & 7= $Atiit ik o
RELENDITENBH, Iho0FiETIREN L EEDR
e R E LT DTV T) XADNHMILY, £
REGHENAETI LI MBEKH L. 612, HHEL
%oT, LBM IZ3itE ) % A L 72BF% & Ispolatov & (©) %
Onishi & M IZL > THbNU TV B, AW TIEL L
Wit 2 R T AOBIMIINH LAFEon o, itk k
DEREHZIRZ 5 BAMEHNEEBIE ATV RV,

FITEETE, BEFEOAHHFRLBM %12 L T,
Kelvin €7V 2 HV - H -2 D oMoz E
MEALL, MENEZTEEBEHT 2 Ek L kot
FRMIZEHR T2 FREERELL. T4, KFEZMNOTR
MERIZA SN D & LT EHE % 2Bk ET L%
B L, 72y MliB L URT X4 2ihoth ToORED
By E I L.



Fluid-Phase Material Point

i _ / Solid-Phase

Fig. 1 Present membrane model.
.
R+1
Fig.2 Spring model.
2. BEETH &
2.1. {AZIRFR LBM
AAF4E i, Inamuro % 12 L - THRE E N HIH
LBM #3512, @72 EE % & G M AT O 720 o $iiti Gt
Wk 2 R L2z, SR LBM OREAlI2 30wk (8) 2 B 8
iz, 7o, RSN YHNE T T, MEES L, fT0

LA S ¢, WEM A o —
i order parameter ¢, 4 & OIS IE po
LabnThas @, ke sk LT, KR THE 2K
9 MUEE TN E V2L S OMUEE TV ORFHIE ¢ 1, o
0, ¢; = [cos(m(i—2)/2,sin(n(i—2)/2] (i =2,3,4,5), BLV

= V2[cos(w(i — 11/2)/2,sin(w(i — 11/2)/2] (i = 6,7,8,9)
Thsb.

2.2, HEIFO®HA
RF7ETIE, BLIC
L 7259 ) & Kelvin 7L % J[Jwvw T
Maiofmi 7z, Fig 11
R %22 5, B, LIRS
& I=='J f“]‘? D i'x e D MO o ALY 7 T
THI L Eh TWbL E#EZ S,
I"]fll‘JfDHI im‘i)) bizmwva i e L,
ko bo b LThh ). i

A

Witg=L/U (Uihof{FdEs), ik
v TRtk

SN TwaENIC AR EZET L E
Fat @ Z % LBM (2

VR &) e R A b o Bk
BV Tdy 220N 2]
= 1 R = el
g, BICHE AL
BED YL Dk &
T L2200

Z

B C
—o
C S
. Beti
Ax = !
By #1518y
'r_l
A e /TD

Fig. 3 Material point Py and the surrounding lattice sites,
A, B, C and D.
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Fig.4 Computational domain of shear flow problem.

(¢) t*=3.03
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Fig.5 Time evolution of body shape and velocity fields for
KAz = 1 x 107% at Re = 0.313, where t* = ¢I" is the

dimensionless time.
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Fig. 6 Shape of body for different elasticity: (a) KAz =
1x107% (b) KAz =1x107%; (¢) K = 0 at Re = 0.313 and
£ =3.03 (t" =tI).

(a) t*=3.03 (b) t" =4.54 (c) t*=9.08

Ilig. 7 Time variation of position of a particle for KAz =
I x 107" at Re = 0.313. The black circle indicates an imag-
inary particle which is assumed to be one of elements of

membrane shell (¢* = tI').
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Fig. 8 Time variation of position of arbitrary particle for

KAz =1x107° at Re = 0.313, where Y =y — L, /2 is the

relative position (t° = tI).
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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.

(a) t7=0.417
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Fig. 11 Time evolution of body shape and velocity fields
for KAz = 1 x 107" at Re = 6.83. t* = tUmax/L, is the

dimensionless time.
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