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Comparison between simulations of the droplet behavior in an external force field by two
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This paper described the comparison of the simulations of the droplet deformation in an external force field by

two types of liquid-gas models of lattice-gas which are distinguished by their long-range interaction. It is found

that there is difference between the droplet deformations of two types of models.

This difference of the droplet

deformation is discussed from the viewpoint of the dimensionless numbers which characterize the shape of the

deformed droplet and the relation among local pressure, local density, and local flow velocity.

O O O o_oO
000000y 0000000050450
1 e O o P o o e e e o e o P
oOoUooo, 0000408005040
O0poOo0os 000050 E00g0gd
oUoUOo0ooqodgd ge Oy OO
oHoddzg0dooqpob 0S8 ogono
< O O-—E0
oUoboRoooqnobgb gqogdgo
DDDDDmDDDDDDDDaCDDDDD
DDDmMnDDDDDMDDMHDDDDD
S pOUuopoédomb-oononD
mmDDDDDmDDmFDDDDD
g goooqo EnEEConono
It R =
so0ogogEoPlECooono
e O - s DDD_H__H_D

(0)

@ = 522 40O
Ogq0Og e gnnonoono 2o cOYmpmogoo
ODgog&R000gnEofn0ggogan

DDDDMmDDDDDMDmDDDDDDDD
OoOpoO 00 0qoonoO

Ogodg B

Opogefooopo g0

Q

0og DD&DDDDDDM
ooo
oo
000 OOp000000L00000
OO0 OoOgoooboogooooo
000 OoeOooboogpoooon
00o oodooofoogooooo
D00 Oofqo0o0oB0ogooooos
D00 dogfogBoopoooooo
0D0o oog0o<£20ogpoooooo
D0oo o005 0o&s200n00o00oo0
DDDDDDDDDPMDDDDDDDDD
DDDDDDDDDWDDDDDDDDDD
DDDDDDDDDaDDDDDDDDDD
DDDDDDDD)ND?DDDDDDDD
DHooooq PO -~ Ogoooodo
D000 0og §50 05000000000
DYoo dog gPogooooooooo
O0oooog 6 Oqoooooooon
DCopoogfE ogooooooooo
oUoooon §>-oOghoooogooog
O OoOYoooog<EOdogooooooooo
O oooog
Ooog

- Ooono

: sOHoooooo
Oqoo sPooooo 0 80bqooooo
OpooofYoooooobfE00goonooo
Doooo” O0o0oopotlz00qgo0ooogd
ODoooos Doooool Eo0goooog
o e e o o s e o
O = e o s

-
-
£ 4

(2)
(b)
(©)
(d)

e 0 e e o i e
ODZ000000L00000 8000000000000
DDHDDDDDDDDDDDDADDDDDDDDDDDD

Oooo0ooooooO
OoOoDooOooooon
o e e o e o e
OooDOooOoOooOooO
O opodoooooon

O
U Oooooogooooo

O
g o o o o o
WDDDDDDDDDDD
1 e e
n=0000000000
g 000ooogoog
oe000oooogod
O -0000o0ooooo
OeO0o00ooooooo
o g e e B o o s
O Sfopooooooood
g o e o o o

M_H__H__H__H:H__H__H_D_H__H__H_

e T
_H__H__H_.M.Sa_H_ = o o e
oo g0o ODooOooooooooNoopooooooooOd

o e e e

(e

1: Long-range interaction: The solid arrow and

the dashed arrow represent the particle configurations
before and after interaction, respectively. The distance

of long-range interaction is r.

Fig.

O

DDDDDD
_H:H:H_DDD
DDDDD_H_
_H_DDDD_H_
DDDDDD
oO0U0go §.

] interaction

g
O
]
O
O
1
minimal interaction

maxima.

(

oooo (
minimal interaction model O OO O O

ooo
goono

Copyright © 2000 by JSCFD



direction 2

direction 3

O
_H__H:H:H:H:H:H_

oodoobg
DDDDDDD
Oogbemod

O o
oo-oob4
o .Hgpo

0oZgoCg
ooPooEg
ooBoolg
e Y e
DDMDDMD
_H__H__H_DDDD
00500450
O0-00Q00

O O
_H__H__H_D_H__H_D

_H__H:H_D_H__H__H_
_H__H__H_DD_H__H_
ooLO0gO
Ubgoonoog
I e
OO0Ogogoo
I e
O0oogoo
Ooooogooo

oOooodno

\

direction 1

oboooooooooon

2.

————————— . —

0/

=4

goooobooon

2.1

The

Fig. 2: Velocity vectors and lattice directions:
dashed arrow and the solid arrow represent the velocity

vector and the lattice direction, respectively.

) —
0Do5000§00
DDDDDDmDD
Oo—OeO.S00

O
oo

_H__H__H_

_H_W_H_ mdﬂ_

oO=O0FO
Og,Opb0dEd
O4E0,0020
o O o
OF~OLoH0Oz20
OL004500 8o
op—— £
Ogooptbd go
DMDDDDDmD
ooo-oogotog
OoooooQo

gooboooooooo

<
DooooogoYgEo

DDDDDDDDDmD
DDDDDDDDM =
DooooooBP B0
ODooooopB oo
Oooooooqpl Z a0
Doooooolg o
oDooooonol 5 80

CDoooooofgEo
8 R
OobhooooX 580
O O00d0~.S0

maximal model (theory)

(simulation) X

minimal model (theory) - - - |

0.5

(simulation) +

0.45

0.4

X

~_ 1

0.35

0.3

X

*

02 025
reduced density

0.15

X

X~2

0.1

0.05

0.3

n(t,xz) + A;[n(t, )],

‘(tvx)

!
(3

ni(t+1,x+c;)

n

0.2

(t,x) + L;[n'(t, z); 7]

!
2

=n

0.1

(

goooooogd

t,x) DO0O0O 00

0
-0.
0.3

ainssaud

oooooOoFHP3

oooooooon
000 L;n(¢,x);7]
O¢=0000000

d
oo
oo
O

-0.4

d* + d*(1 - d)

1
2

3d — 2rd?(1 —d)2(1 +
+gd2(1 —d)? +d(1-d)>?+

p:

Fig. 3: State of equation of the minimal interaction

(1-ad*)

for maximal interaction model

p = 3d—3rd*(1—d)?

— |3

model and the maximal interaction model: The theo-

(2)

retical curve and simulation results are shown for two

models

(3)

for minimal interaction model

O

O 0Og00000g0 00§00000%0
O Dogooooooo DD@DDDDD%D
0 DopOoooooood Dogo000bso
0 Oogoootooo Oo-ooogtso
R o o o S R DDDDDmeDd
0O oogoood soo DDDDDDQ%DD
0O 0Do0gooodB™oo Boogbogg oo
O DDDDDDDMDD UoO gDo 5 5O
O 0O0p0o0d 300 DDD&DDDDDD
O oogooo<sson Dol g0o-_Hgo
I Y Y P MDMMDDMMDD
oUoogoodgoooo DDDmDDDDDD
OHoopgoobOqopo oo DDOMMDDDDD
oHoogooHdgood 08 g -0g500
_H__H__H_DD_H__H__H__H__H__H__H_ _H__H_X/I\D_H__H:H__H__H_
0P00p000go 00 ogo0Eoggo oo
O80poonoodgoooogos OHogg o 0o

oFoooooBoo
oHoopo.<Coo
DMDDDDPDDD
g i o o s
OsOoooooHoo
oooopgootgoo
OoooooOo™~oo
OO Ooooooo

o e I e e o
OooDooooodg
DooOooood>a
O- 000000
O X000000s
Og5Pooooog
DDDDD%EDD(
_H__H__H__H__H_a/n\d_H_D_H:H_
WDDDDDDDDD
oo~B8gEo0o
o - <HogHooo
0O 005 8odg
MD:DDDDDDD
SoobogBooo
0000 gPBooo
ooob0ogPooo
oooboqn Yooo
ooobogYooo
oDOo®0n 5000
ooo log gooo
O=0 00 gooo
R o o
o o e R o o
Oooooo—oOod
o e e o o o

gooooo
oopoooo

oOooooo
OO0 OO gooooo

gno
oo

O
Ooooog oooodg
Uooso i o o
UoozsOd (L o i

0oo o oboog
)

Ooo~Od oU0oog
Uoo_o o0OHoog

O - oo

= O (=
MDDDD o80oog
50050 oUHoog
oB0g0 DDDDDD
S0o0g0 oBDHoog
o0ogo e i e
Soogo L o e g
e D020 e
SOR §O DDMD |
oy oy ob-og
O | O —
_H_ ~—

e oHs o0
oO00g0O o ooo
o000 o= goo
000 .00 oUd ooo
ooOooOoo o 0P oooo
oooooo ooYoooo
ooooOoo O Soooo
- ooooog ~O0Oooooo
oooooo & OOoooo

-Stokes DO OO0 OOOOO

Navier

O
O

gooobogoooo

Copyright © 2000 by JSCFD



4.0e-04 — y
modified external force x

original external force +

3.0e-04 [

) X
8 ,
(=]
S
T 20e-047 X
S ]
8 Xt

1.0e-04 [ T

.0e+ =

0.0e+00% 01 0.2 03 0.4 05

reduced density

Fig. 4: Original and modified external force against
reduced density : The line is fitted to the result of the
modified method and the quadratic curve is fitted to the
result of the original method.

3. 00000DDO0O0ODODOO0OO0OOO0ODO0

0000000000000000000000000
00000000000000000000000000
0000000000000000000000 d=0.070
0000000 »=90002=360xy=720000
00000000000000000000D0000 (y
00)DOooOoooDOoo®¥Oooo0oOoo00oo (x00)0
0000000000000000000000000
00000000000 «=0.000200y00000
0000000000 maximal interaction model OO
minimal interaction model D D0 000000 ODOODO

OO0 Figh, Fig6 DOODDODUODOOOOOOOOOOOO
goboooboono poooooooogon

O
0ogd
tuo
OO
Ood

O000018x 1800000000000 0OO
0000 300 000000000000 O00O0000O0
00000000000 280 local region clustering O
000000000000 oobO0ob0oOoooooooon
00 000 Omaximal interaction model 0 OO0 00O OO
0000000000 O minimal interaction model O O
0000000000000 00b0O0o0O0oOooboooa
00 0 maximal interaction model OO0 0000000 O
minimal interaction model 00 OO0 OO0 OO0O0OO0OO
O0O0o0oO0oooooooa
4. 000000 OOOOOOO
00000000000 0000 Omaximal interaction
model 000000000 OOOOOOOOOOODOOO
O0O0% 000000000000 0Ominimal interaction
model D0 OO O00OD0ODDODOOODOOODODODOOODOO
000000000 oooooooooooooDoooo
0000000000%00000000000000
0000000000000 0oobooboboooooo
4.1 000O0OOOO0O
0000000000000 Reynolds O (Re), Etovos
O (Fo)UMorton O (M)OUODOO, 0000000000
goooooa

Re = d.Ujv

M = gv*Appl,/d (4)

Eo = gApdijo

0000d.0UOv0p,, 0000000000000C000
gooooooooooooooooooboooogon
O0000Ap000000000000000 (pin—pout)T
gUO0DO0O0D0O0Oec00DOO0DOOOODO

t=300 t=1500

t=2700

t=3900

Fig. 5: Density and velocity distribution of the droplet
deformation in the external force field by the maximal
interaction mode: (d = 0.07, r =9, a = 0.0002)

=

PR —

t=300 t=1500

t=2700

t=3900
Fig. 6: Density and velocity distribution of the droplet

deformation in the external force field by the minimal
interaction model: (d = 0.07, r =9, o = 0.0002)

Copyright © 2000 by JSCFD



OooogooDoooo o

DDDDDDDD%

mi ol

ODo=S&0000
DO s-HO0000

UooogobOd~go 0dd DO «s000
O soopooo XooBoo DDDR_DDD
OJoooodo8onfoo  00oo 00«
Oooogogotool .0 obooxog @
0 :00p0£oont&nl olo «0oog
D&0oo0so08oo2~ob o00o®ooo =
MDDWDM@DMDDMDDM DMMDDDDP
000580, 20gpoioo - DZE80000
DDDODst4DDDDD DDDDDDDD
DDD:DR%DDDDDDDU 0ogoodoo
DDDdDDerDDDDDD_H_ DDDD_H__H__H__H_
O .0no0g§0goobooo B j0bdoo
ok Onogeopoobdoog Ojo0boo

e ) i P e
DDDDDDDDDDDDD
QU OgdgoOooodno
OO OoOqooOgooBb o
oOoobOgooOopOootdno
oOOoOooooooooo

ODoUOoooobOooobo :d

OoOooodoooooodd
I o
I R

YD
DoooodZo0g0o
00 500050-0
Oogooo50~0
DogoPos, obo
oogoy o "obo
ODogoHooobo
OogoHYooobo
OogofPodotno
Oog<HoooHo
oopgTEoooBo
OogpoPooolo
OogpfHoooblo
OopfEoooto

DDDDDDgDD
DDDDDDDDD
DDDDDDDDD

DDDDDQMDD
DDDDD:TD_H_
DDD_H__H_ o[ ][]

s0 Oggoo®oo
SO0 Opopoooooo
| O Ogpoooogog

Opooooogd

O Opoooooon
OO0 Doooodod
oo ooooooo

O

oDoOoogooOo0
oooOogoo0o

minimal interaction model —X—
maximal interaction model -+

0.004 0.006 0.008 0.01

inverse of radius (/Rs)

0.002

0.012
0.0
0.008 [
0.006

(e -

UoN22IIP-X Ul snipes

0.004 [

u4) 80UBB 1P BINSSA.

o
=}
=}
[}

d

O0oogpogdo
oboogognPo
oooogpogto
ocOoognogPo
ofboogxgUo
o >ooqnbgbo
oooogogUo
ooDoogogp o

Oewo0Z2o00o0<n0 gooopogZoo
D.£pg0-00040 DDDDDDDMDD
DmDDDDDDDD o i
D Zgo500000 DDDDDDdMDD
O<pf _000po g0 »=0000 00
0gn0N0000n 0000000, 00
05000000000 000000 500
O8o0OgD0D0On -OO000000K 00
O=0O0Q000Qo0d,c000000n0oo

a.

D%DDDDDDXDD%DDDDDDDDD
O—-O0o00d0ooodpod~O0O0000o0dQm
OOo0oOoooobogoxO OooOoooodg

8 8 8 8 B8 8 o
2] 2] N N ] B o) o8
T —+— T < 15
©
x |+ +
QL 9 +
8 £ .2 o
ls=g 7 18
sEf ’
8 E +
=
> + o
L iR}
+ g
+
+ 0%.
+ S
8B

++++

2000

X
X

+ o+ 4+ 7t

1000

700

600 [

o
o
«

JOIUSD JO 37U P00 A

300+

o
(=] o
n

100

0

Fig. 7: y-coordinate of the center and the maximum

radius in x-direction of the droplet of the maximal in-

The decline of the line fitted to the

y-coordinate of the droplet center between two vertical

teraction model:

Fig. 9: Laplace law for the maximal and minimal inter-

The line fitted to the simulation results

action models:

is also shown for two models.

dashed lines becomes the terminal velocity.

200

150

minimal interaction model

100

50

0.8

0.7 [ maximal interaction model - - -

© 0 s @

o o o o
Aysuep peonpa.

UoNo2IIP-X Ul snipes

N
=}

bl
(=}

Q =} Q o [=} o
re] =} Ire] =} e} =] Q
® 2] 59 39 , B n o8
T T T - I
©
x7+ + X
[OR O] + X
8 £ 2 o
..m“w X.w
st N
8 E + X
=
> X + o
L iR=}
—+ =}
- <
+
+
o
+ 18
5}
+
+
+ g
=}
+ «
+
-+ o
iR}
X + S
X +
X +
s s s . s s o
o o o o o o o o
=} =} =] =} =} =] =}
~ © rs) < @ « -

JO1USD JO 37U P00 A

step
Fig. 8: y-coordinate of the center and the maximum

o

radius

Fig. 10: Density profile of the droplet (400 x 400, r = 9,

d

radius in x-direction of the droplet of the minimal in-

0.17): The vertical solid line represents the surface

teraction model.

position, R, of the droplet and two vertical dashed lines

represent the positions of Rs + 2r and Rs; — 2r, respec-

0000 ¢ 0O0OLaplace O

Y

o [

(pzn - pout)

Copyright © 2000 by JSCFD



00000 »O000O0CODOSOOOOOOOO
godooooooooooobooboooooooon
oo

Umin = Vo(l — 2rk3) — trks + 1r2k,,

Umaz = Vo(1 — §k3)(1 —rks) + §7%ky

+5rr3(1 = 3rR3) + 257 (K7 — Ke)
+1/0(%rn7 + 1k — 5 (ke + K7)K3 + %7“2/@;@6)
- (Tlie — r%(ke + Kr)K3 + %7"2&7&6),

_ 1 1 1

vo= i(5rsm) ~3)

Ko = d(l—d), I<,3:d(1—d)(1—2d),

KR = d(l — d)5, K7 = d(l — d)5(1 — 4d),

(6)
0000000 0OVmin 00 Ve, 000000 minimal
interaction model 0 maximal interaction model O O O
O0000000Fig11 0 r=90000000000

00000000 DO0O00O0O0DOFig.1200Fig.100
gobbddbooouobooobuooooooobon
ooooobooboboobbobooooboooooog
dooooboboboooboooobboboboooo
ooogoooobono

7 T T T T

minimal interaction model ——
6 maximal interaction model - - -

kinematic viscosity

0 01 02 03 04 05 06 07 08 09 1
reduced density

Fig. 11: Kinematic viscosity of the minimal interaction

model and the maximal interaction model (r=9)

minimal interaction model ——
maximal interaction model - - -

kinematic viscosity

0 5.0 l(.)O ‘ lEI')O 200
radius
Fig. 12: Kinematic viscosity profile of the droplet

(400 x 400, 7 = 9, d = 0.17)

gobooooo0oooobooooooboooooon
000030000000 Tab.1ODOODOOOODOODO
00000000 000000 Fig13 000000
O, Reynolds 00O Etovos OO0 0O O0O0O0OOOOOO

000000000 0D0000OMorton OOOODOOO
0200000000000 ooooooooo
godoooooooobooobobooooobooon
ood
min. int. model | max. int. model
g 9.45%x107° 9.45%x107°
o 1.03 0.527
U 0.0704 0.0782
Din 3.99 3.57
Pout 0.196 0.217
Ap 3.79 3.35
d. 94.3 189.1
v 1.14 1.42
Re 5.82 10.4
Eo 3.10 21.5
M 2.15x107° 4.14x1074

Tab. 1: Measured physical quantities and calculated

dimensionless numbers

107 T T T T T T T 11T T T T TT TTTT
E LOG M
E -4
L 13—
o 12
C ‘1 SPHERICAL-CAP
— =
B WOBBLING -19
K] [~ s
o &
C o -
- = g
- 2
-2 =
-2
] P
z
£ R
- = 4
= -4 E
- -3 /
- _2 SKIRTED|
LLIPSOIDA
10/ S
E . /E
L DIMPLED 71
LLIPSOIDAL-CAP,

SPHERICAL
o

~
N
E 1 TN

10 L4l L A LA

3

1 «
EOTVOS NUMBER, Eo

Fig. 13: Shape regimes for bubbles and drops

O
O
O
O
O
O
O
O

]

Oooooooodo
oo

ooooooooo R
oooOoooooagW
OoooooOoooo
Oooooooooog
OoooOooOooog
Oooooooooo
ooooooooood
ooooooooog P
OoOoooooOg
OOooooodo
OOooooobg
OO0gooooBbo
oUOoooooBo
CoOooooobg
oOoooooUo
oOoOooootlo
oUoooooPo
O0oooooBo
oUoooooBo
oO0ooooofo
oO0oooooBo
OOoOoooEo
Ox OoooooPo
o~rooooolo

Copyright © 2000 by JSCFD



O - O O 0 O
oPoboooog odg 5005

OoUoood OO0 o OO
O O 0 .20 o
oboUooodn O00gEg0dg
oo DDD%DDDDDDDDDDDDDD
08-S 00D®0000gn00L oL 200

oO® S n0o00 " g0oggood0obog

XgOoogooO Do &go

_H__H__H__H_D_H__H_Doo Q
OO

O0Op ., 0f000~000gqnoooogz
O0Op—o0Oo00o00oqgo0ood oo
D00 g0 -=000000400% 0 sOd
OO0 0pn0000cO000qnbO00d e (100 &

OO0 ad00O0RO000m O00E 00K

MMMMDDDMDDDDDDDDDDDDMD
= 0000000 0nnUogg «08ge
D00 Soo0oowoggoo—g | BEo o
D8P0 oofoonoggdodo s s 0200
MODDQDDDDDDDDDD%@PDDMDD
ol 0 gsnobBoonbgnd® oBgoo
DdDDDDDDDDDDDDDDDDDDDDD
DDDDOYDDDDDDDDDDDDDDDDD
oooB o xOgogoggooEBobB oo
DD%DaDDDDD2DDDDDDDDDDDD
goO~8ooo0popoonboBHob o0
ooxOgxodgockognoooBolgoo
DD%DDDDDSDDDDDDDDDDDD3M
O
O
O
D

491 —-2d
181—-d

7
= d+§dci-v+d—

di(v)

goboboobobobobobooooobg

rection 1) 00000000200 (direction 2)03 00

direction 3

)
1

~

O
DDDDDDDDD

oootoooog
ooobOdoooq
ODoobbooeOn
Dooloolog
oDoobdoqo~
DDDDDDDDD
Ooolgogo
O o< Ho
I gy S T B
OponB oo 2
O=-220o
MDDDmDDDDD
=} 0o O
SO0~ 0400
= os -0 O
DDDDMDDDDD
.DDDD.I_H__H_D_H__H_
dDDDMDlDD
s00L 0000

=00L00000
coogoooont
Eoogoooogl
csooooooood
O
=

DDDDDDDDM

O
O

O <
DMDD Ood
O

gooo

OE0ZEooo
Oobo good

DMDDDDMDDW
OSsoppmoZoosS
oo < =
s0ooUeno
D.IDDDD.mDDD
FO0oo0good
DMDDDDDDD@
Oxs00g8oooS

DmDDDDDDDW

MDMDDMDDDM
OocOoOomOdm
Oo oo Eooog
00§00 50000
DOE00E0oOo
OO0 &0O&OOOnO

5 5
ODogoooood

Oooo oo
OooOgEoo
oo~ 0 sog
OoOoo oo
oOoOoo.E0oO

ooooOooo
OooooOooo
ooooOooo
Ooooooo
OoOooOOoo
OoooOoo obH0zoo
opooooo obbbeon
oooofoooofUDEog
ooooOoooofb- o4
opoogcooood8Uoo 8

OoopoosoonooBRU 5

o™
O
DDDDmDDDDMMDDDM
DDDDmDDDDDDDDDD
OoooDoEooon ooo

oo
DDDDmDDDDMDDDDD
OgO0coo0Ooopn0Ood

ofoofooooggpgooo
ODéoozO0000OgopnUOd
O=00 0000q0gpn000
oDOoog0o0dnpooooo
OOOO0g0000goooooO
e o s o o S 0
oDoOO00o0Oo0oooogo
COoOoO0oOoooOoooO g0

OOoOOoODO0Oa »w O.S00.800 Of gooooOog Ooodgd

Copyright © 2000 by JSCFD



12 —
direction1 x

1.0 direction2 +
0.8 direction 3 *
theory

e

pressure in each direction
o
B

0.2
0.4
064 0.1 0.2 0.3 0.4 0.5 0.6
reduced density
v=0.05
1.2 —
direction1 x
1.0 direction2 +
direction 3 *
0.8
theory

pressure in each direction
o
B

0.2 T
0.0 T
0.2
0.4
064 0.1 0.2 0.3 0.4 0.5 0.6
reduced density
v=0.1
1.2 —
direction1 X
1.0 direction2 + 1
direction3 *
0.8
theory

pressure in each direction
o
D

0.2
0.0
-0.2
0.4
084 0.1 0.2 0.3 0.4 0.5 0.6
reduced density
v=0.15
12 -
direction1 X
10 direction2 + ]
0.8 direction 3 %

theory

pressure in each direction
o
D

0.2
0.0
-0.2
-0.4
08, 0.1 0.2 0.3 0.4 0.5 0.6
reduced density
v=20.2

Fig. 14: Pressure in each lattice direction against re-
duced density in the system with flow: The curve rep-
resents theoretical total pressure. (minimal interaction

model)

1.2 —
direction1 X
1.0 direction2 + A
= direction 3 *
2 os theory
8
S 06
=
g8 oa
£
@ 02
B o
s
0.2
0.4
084 0.1 0.2 0.3 0.4 05 0.6
reduced density
v=0.05
1.2
direction1 x
10 direction2 +
8 o8 direction 3 *
g theory
% 0.6
=
§ 0 e b
£ o2
L
% 0
S o2
-0.4
084 0.1 0.2 0.3 0.4 05 0.6
reduced density
v=0.1
1.2
direction1 x
1.0 direction2 +
S os direction3 *
20 theory
&:3 0.6
©
'g 0.4
£ 02
L
% 0
S 02
0.4
084 0.1 0.2 03 04 05 0.6
reduced density
v=0.15
1.2 T
direction1 x
1.0 direction2 +
= direction 3 *
S 08 theory
3
= 06
©
§ 0.4
£ o2
L
% 0
S .02
0.4
06, 0.1 0.2 0.3 0.4 05 0.6
reduced density
v=20.2

Fig. 15: Pressure in each lattice direction against re-
duced density in the system with flow : The curve rep-
resents theoretical total pressure. (maximal interaction

del
model) Copyright © 2000 by JSCFD



good

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

U. Frisch et al. ,”Lattice-Gas Automata for the
Navier-Stokes Equation”, Phys. Rev. Let. 56, 1505-
1508(1986).

ed. by G. D. Doolen, "LATTICE GAS METHODS
FOR PARTIAL DIFFERENTIAL EQUATIONS”
(ADDISON WESLEY, 1990).

D. H. Rothman and S. Zaleski, ”Lattice-gas models
of phase separation: interface, phase transitions, and
multiphase flow”, Rev. Mod. Phys. 66,1417 (1994).

C. Appert et al. ,"Lattice Gas with a Liquid-Gas
Transition”, Phys. Rev. Lett. 64, 1-4(1990).

For example, L. D. Landau and
E. M. Lifshitz, "STATISTICAL PHYSICS” (Perg-

amon Press,1959).

C. Appert, D. H. Rothman ,and S. Zaleski, "A
LIQUID-GAS MODEL ON LATTICE”, Physica
D47, 85(1991).

C. Appert and S. Zaleski,” Dynamical liquid-gas
phase transition”,J. Phys. IT France, 3, 309(1993).

M. Gerits, M. H. Ernst,and D. Frenkel, ”Lattice-
gas automata with attractive and repulsive interac-
tions”, Phys. Rev. E48,988(1993).

C. Appert and D. d’Humieres, ” Density profiles in a
diphasic lattice-gas model”, Phys. Rev. E51, 4335-
4345(1995).

C. Appert et al. " THREE-DIMENSIONAL LAT-
TICE GAS WITH MINIMAL INTERACTIONS”,
Transport theory and statistical physics 23,107-
122(1994).

C. Appert et al. ,”Liquid-Gas Models on 2D and
3D Lattice”, Field Institute Communications Vol.6,
1-12(1996).

L. B. Di Poetro et al. ”Modeling water infiltration
in unsaturated porous media by interacting lattice
gas-cellular automata”, Water Resources Research
Vol.30 No.10, 2785-2792(1994).

J. Buick et al. "SIMULATION OF WAVE MO-
TION USING A LATTICE GAS MODEL”, Int.
J. for Numerical Method in Fluids Vol.22, 313-
321(1996).

J. Buick et al. "Investigation of a lattice gas model
for surface gravity wave”, Phys. Fluids 9, 2585-
2595(1997).

R. Clift et al. "Bubbles, Drops, and Particles”
(ACADEMIC PRESS,1978).

D. d’Humieres, et al. ,”LLattice Gas Models for 3D
Hydrodynamics”, Europhys. Lett. 2, 291-297(1986).

0000 00, "FCHC 00000000000
00000000000000000000000
000 ”,0 130000000000000000
198(1999).

oo
gooon
U. Frisch et al. ,”Lattice Gas Hydrodynamics in
Two and Three Dimensions”, Complex Systems 1,
649-707(1987).

D. d’Humiéres and P. Lallemand, ”Numerical Sim-
ulations of Hydrodynamics with Lattice Gas Au-
tomata in Two Dimensions”, Complex Systems
1,599-632(1987).

20.

21.

22.

For example, ed. by C. Domb and J. L. Lebowitz,
”Phase Transitions and Critical Phenomena” (ACA-
DEMIC PRESS, 1983).

K. Ebihara et al,”SURFACE OF DENSE PHASE
IN LATTICE-GAS FLUID WITH LONG-RANGE
INTERACTION” Int. J. Mod. Phys. C9, 1417-
1427(1998).

K. Ebihara and T. Watanabe, ” A method for calcu-
lating the surface tension of a droplet in a lattice-gas
model with long-range interaction”, Euro. Phys. J.
B18, 319-327(2000).

Copyright © 2000 by JSCFD



