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NUMERICAL SIMULATION OF INTERFACIAL GROWTH OF HORIZONTALLY STRATIFIED
TWO IMMISCIBLE FLUIDS BY THE LATTICE BOLTZMANN METHOD
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Interfacial growth of horizontally stratified two immiscible fluids with a small density

difference is simulated using the lattice Boltzmann method (LBM) for two-phase flows.

In the Kelvin—Helmholtz instability, time variations of the interface are numerically inves-

tigated in several cases. After a velocity difference is initially applied to the fluids at rest,

the interface either grows or decays according to the non-dimensional parameter related

to the gravitational force and the surface tension. As the magnitude of the velocity dif-

ference is increased, the interface becomes unstable and finally leads to a peculiar shape,

which is generally called “a cat’s eye” in fluid dynamics.
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Fig.2 Time evolution of interfacial growth of two immisci-
ble fluids for J = 1.35. The white and black areas represent
the densities of the fluids I (lighter) and II (heavier), respec-

tively. t* = tAU/H is the dimensionless time.
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Fig.3 Time evolution of interfacial growth of two immisci-
ble fluids for J = 8.57 x 107",

represent the densities of the fluids I (lighter) and II (heav-

The white and black areas
ier), respectively. ¢t = tAU/H is the dimensionless time.

[AU =2.26x 107%) @7 — ATIE, FFREHT 28R 5
iz, LidtsT, Tam%ﬂét ¥R IE A AU,
171 x107° < AU, < 226 x 107° Diiiflicdh s LEE2 60
5. LA, Kelvin® o B#HOMRICE D E, BRWICAH
YENR I AEFEEEE AU &, KX THRALMS,

1

AL = {23Li12[gﬂ(ngfpﬂ]%}-- (18)
P1p2

;of,ﬁﬂax—&mﬁ%ﬁkaﬁw%t,:w%ﬁm
PliafliE1.85 x 1073 L2 ), RIfETHONIHELS
CERRDERERLNTHLLERS.

ez, FHOMEL 3 KT 15 STV E v ThHEE
Ao, EHEEEE, A H =80Ax D ifkE L, b
TOBE (INZHE 2 HFMET D) IZIET D % LERSEN,
WO B E SR ST, LT 4 —
FOftily, REBEOEEEFELToh b, st —F)
ELT, J=108 x 107! [AU =5.63 x 107%) @ & & O FHii
Jek % Fig. 6 (M) (AT, 2 TH MRS, BERELD
)k*& TS A A, BHE &S IZRITAAL IR
RN R H A D F TR AR
bﬂt.it,mﬁé%ﬁ(Jﬁm Oh y/H = 0.5 O
M (o-z ) (2B AEENZ P VLS DICHEEEMRNE
Fig. 6 (£1) 12737, METFULHEEFTTTO R
abdiic &k % ’*Kkil:t?;\l,téz A, HIERY BV, BHE S
DWFRIZMLTOHEORMIZIZEALERIAON L Do
foo L72A=T, FEHETHWANT A — 5 QMM TIE
SRTEHICOVWTIHFICERELZS T L nEERZLNMD

5. 8bh4)IC
HIFALBM % v

WHOHEs I 2L—3 3y &7,

o Y O M E R E T A A

T, TIWE Y - ANV LFEVYAREER
TR ISR SR
T, oL GEEET &



H

titeys
' LEy

T

N i

(a) t* =0

e o e s s ey = =

T

r1fttes,
11 t1tre,

(d) t*=0.875 (e) t"=1.13 (f) t*=1.38

Fig.4 Velocity vectors and density contours of two immis-
cible fluids for J = 8.57 x 1073, ¢* = tAU/H is the dimen-

sionless time.
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Fig. 5 Time variations of velocity in the y-direction at
(x/H,y/H) = (0.5, 0.5); (i) J = 1.35, (ii) J = 857 x 107
(t* =tAU/H).

B Z PR AMIE S I oW T, ARTHMR R L B G
THI Dbl &b, KHRETHE, HLORLENEE
GRLZUBDBRBEZEE AN pof, ZHIZOVWTIES
BoORMTHD.
& B
ABFFED B, T-he 16 45 KESCERRR 748 Bl 78 4% 4l B
G (B TWHE (B) No.16760122) 12X ->Twah, T2l
THEELRLET.
SE
(1) S. A. Thorpe : Experiments on Instability of Strati-
fied Shear Flows: Immiscible Fluids, J. Fluid Mech.,
39(1969), pp. 25-48.
(2) K. Ebihara and T. Watanabe ! Lattice Boltzmann Simu-
lation of the Interfacial Growth of the Horizontal Strat-
ified Two-Phase Flow, Int. J. Mod. Phys., 17(2003),
pp. 113-117.
(3) C. W. Hirt and B. D. Nichols : Volume of Fluid (VOF)
Method for the Dynamics of Free Boundaries, J. Com-
put. Phys., 39(1981), pp. 201-225.

T

s VLI EE g

pidetey,

(c) t*=2.50

IMig. 6 Interfacial growth of two immiscible fluids (left) and
velocity vectors and density contours on y/H = 0.5 (right)
for J = 1.08 x 107" in the three-dimensional problem (t* =
tAU/H).

(4) M. Sussman, P. Smereka and S. Osher ! A Level Set Ap-
proach for Computing Solutions to Incompressible Two-
Phase Flow, J. Comput. Phys., 114(1994), pp. 146-
159.

(5) M. R. Swift, W. R. Osborn and J. M. Yeomans : Lattice
Boltzmann Simulation of Non-Ideal Fluids, Phys. Rewv.
Lett., 75(1995), pp. 830-833.

(6) RREERE— TRV Yy v W Lvififhs Ial—
voa vik—, WEAFE, 77(2001) pp. 197-232.

(7) X. He, S. Chen and R. Zhang . A Lattice Boltzmann
Scheme for Incompressible Multiphase Flow and Its Ap-
plication in Simulation of Rayleigh—Taylor Instability,
J. Comput. Phys., 152(1999), pp. 642-663.

(8) T.Inamuro, N. Konishi and F. Ogino: A Galilean Invari-
ant Model of the Lattice Boltzmann Method for Multi-
phase Fluid Flows using Free-Energy Approach, Com-
put. Phys. Commun., 129(2000), pp. 32-45.

(9) W. Kelvin : Hydrokinetic Solutions and Observations,
Phil. Mag., 42(1871), pp. 362-377; Also Math. Phys.
Papers, IV (1910), pp. 69-85.



