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We present an efficient conservative level set (CLS) method using dual-resolution grid for numerical simulations
of two-phase flows. We adopt the dual-resolution Cartesian grid on which a finer resolution is applied only to the
CLS function. The result obtained on the dual-resolution grid using a coarser grid for the velocity and pressure

fields is compared with that on the single-resolution grid.

1. #¥S
MR, BAR, WA, ERON, ZONBEL TV
LZHRNTOZETHY, HRABHRP THEEEBEIZZHS
na. Hlxix, ﬂﬂﬁ“%ﬁ)@ﬁ‘ﬁﬁﬁ@%@m%jﬁ =S|
DOEWEYAET NS, —HEOMEET ) v 7L o
Salb—Ya OV TEH L DI TONTE 7, —M
Wi, B Z B E -3 T 5 FEE AW T, Navier-
stokes HRERZML T LIZ Lo TEEXINSE, TOHT
7uyh bIvExr ik M0 Volume of fluid(VOF) %
@B Ly MEW O RELHVSNE, LRI
Jc Y NETE, REE, SO E MR CEB T 3 o
iz &5 THilT 3. ZOhETI, e RR YA el dESE-
%ﬁﬁbfﬁﬁ@&ﬁt%féﬁﬁtﬁ%?%é.p#
L, HEEROBE S X OHEBRICEWTIE, KRS
MBZ 5. KEHEEZBS T2OHIZ, Olsson & Kreiss®
FEERERI L DR D ITRFRL L ~)L 2 w M EEK (CLS B8
B) 2IREUZ. REML ALYy b EORAEL
Jﬁ Kb, KEEEENPKIEICREI N, LrLa)

b,ﬁﬁﬂfm%n,ﬁﬁ®%ﬁtﬁ%ﬁiu5.ﬁof
R 2 <2 RBEDRDH D, %®ﬁﬁ%ﬁ@ﬁ§<@é.
ZD LS kil ERET 370 12, CLS BB DMIZEN
AR EA S NS —EHRREKFICEREY TS, R
m%ﬁi,_EM@W%¥L®ﬁﬁ”V«wt/b&&
fFHL, FOMBZFARDL-DIZWL DhOREBREZTT -
:.ikCSmm%mﬁ&ﬁ%wﬁkiéMLﬁﬁﬁL
BEGTLHILIZL-T, BERMDORDBRELI AT

BIESHEAD.

2. EEAREN

FEEMAEVE AR DB & % 2 5. BT R A3t D
A B K OIEEHENE Navier-stokes 7iFER (NS /FEX) TH
D, ThEZTNRATERI NG,

V-u=0 (1)
ou
o) (G + (@ 9)u) = -9
+V - () (Vu+ (Vu))] + SF+p(d)g  (2)
DT, w G, p RIS, p(6) IREIE, p(w) A
BRI, SFFSFHEREIIE, gl i%ﬁﬂﬂfﬂﬁf%é
BB L OREREIEA RO X 5 22T 5.

p =+ (1 =) (3)

=y + (1 =)o (4)
I EHE,2 iR RTE DL T 5.

2.1 REELARILtEY ML (CLS )
L)Lty b B A e M (3 B AR D A2 e PE DR
KIZ72 5728, EBITIX

b(g) = ;(Umh<;><+1> (5)

MHARR EBE BB FRIL ALy MED LR
B LTHWS S, 22T, ¢ IAMmMETH
EUTORIIK > THRHRSES.

o

StV ) =0 O

D &

PRAN
L v
5.

)
n

~

2.2 CLS E#oBsat
CLS B o gl v 5 h 3 — iR e LT
Olsson & Kreiss® 12 kX o TIREINERNDH 5.
o
OV Ve mn (-] (7)

2T, nlIRMEEERY NLTH D, DIFD & 512 CLS
Bl EZHWTRkDONS.

_ Vv
= vl (8)

CLS BAEUIRE I 2 1 L AR AU & b i & 47
ek Tﬂﬂﬂ%@fh%ﬁﬁﬂéﬂl@‘@%ﬁﬁ RPN B DY, FEI
m%ﬁbﬂb1m<t REAZZELTUE S 2105 [
b 5. Waclawczyk(7) & ORIBZEHE v kD SN
HEEEEREAR AL T O L S IZEERT 5.

¢m@a=lngL%w) 9)
Gmap ZFAVTR (7)) ZUAFD LS ITEBIEL 7=,
d
O 9~ ) (Ve m—Im]  (10)

Copyright (©) 2018 by JSFM



A (10) DEHIZIF T OBERAH VSN S.

eVip = (1 = ¢)Vomap (11)

@muiw;o%@b#a%ﬁfﬁétw Vi % iR
BT BE0E Ve HatB L HHEERNI VN, 2
D=, FONHED A ERER RIS < 2D, R
HOEBHIEE NG, & (10) DEHRAZ N UIE Gy
EHWTR (12) DL 512k 5 3.

Vomap
= 12
|v¢map| ( )
X512, Chiodi & Desjardings'” 13k (10) H10 (1 — o)
%
1
Y(1-9) = ——F7— (13)

4 cosh? Lg“”’
€

DRI ICEEHRA, & (10) %

b 1
= v ]l V map " TV — 1 n 14
87_ 4COSh2 ¢75:p ( (b D ) ( )

& UMb iR 2 RELTW5 giﬁﬁ{%@ﬁﬁ%%
ETORENDA LS 5720, &5IcH~ IR (7) B

0, X (14) D=2 %MK E LA TORZIRET 5.

o

o = V- [(1-p)eVi+

<5¢map'n¢_1)'n¢]
(15)

ZZT, gk DORDEELEEKLTHD, B =000

1, R (7) &0, B—1.008, =X (14) £55.

2.3 SFHERHNE

JHaR /1 SF IZB LU Tid CSF(a continuum surface
force) ET N EMHHT 5.

4cosh2(—¢’§:” )

SF = okV (16)
R k OFEIIUTD & S 1217 5.
Vémap )
k=-V"- 17
(|v¢map| ( )
A A —O0—0—0—

> u B u B o o o o P

" n A

- ) "y

> > 1 > O O O O O :y

Fig. 1: Configuration of the dual-resolution grid.
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Fig. 2: Initial distribution of CLS function.
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Tab. 1: Parameters used for the capillary wave test

Laplace number La 3000

Cahn number Cn 0.03125
Density ratio 1.0
Viscosity ratio 1.0
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Tab. 2: Number of grid points

case Course grid | Fine grid
Single16 16 32
Single32 32 32
Dual16-32 16 32
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Fig. 3: Time evolution of wave amplitude.

Fig.3 IZ#etl X012 & O HE OHRiE 2 K. £ 3 Sin-
glel6 & Single32 % KT 5. 57 5 L TRBRE%E
LB HEmMEIEL D Z bbb, IRIZ single32
& Duall6-32 Z i d 2 &, WiZHOFERITEWVHEE & >
TWBIZ eWbhrbd. DI L &b EHBBEKTEDN
BRTHBE VRS,

% 32 MBERENZS VRI T L
E10-3

3.1.2 case2 XKD ZODORESEHREL 72 \%
s 5. £9°, Original equation(= (7)) £ (15) DA
EHAUZADORMPMLOMI 2 ZZ T, HiREH ko
7z. Figd 13X (7) 2HHL 25 E&0O#RZ/R L, Figh
ER (15) DFEREZRLZHDTHS. ZZTHOHIZH
% 1,2,5 IZAMOBMEDORT ZXLTED, HFEIFK
ELARBDITONTHEEDRI PHL T WD,

AlA,

Fig. 4: Time evolution of wave amplitude for eq(7).
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Fig. 5: Time evolution of wave amplitude for eq(15).
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Fig. 6: Long-time behavior of wave amplitude for
eq(10).
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Tab. 3: Parameters for rising bubble test

Density ratio 0.1
Viscosity ratio 0.1
Eotvos number Eo 2.0
Morton number Mo 1.0 x 107°
Archimedes number Ar 894.427
void fraction of bubble « 0.126

Tab. 4: Number of grid points

case Course grid Fine grid
Single32 | 32 x 32 x 32 | 32 x 32 x 32
Single64 | 64 x 64 x 64 | 64 x 64 x 64
Dual3264 | 32 x 32 x 32 | 64 x 64 x 64
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Fig. 8: Time evolution of the bubble Reynolds number.
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Tab. 5: Parameters for rising bubble test

Density ratio 0.1
Viscosity ratio 0..1
Eotvos Eo 116

Morton number Mo 41
Archimedes number Ar 195

Tab. 6: Number of grid points

case Course grid Fine grid D/Ax"

Single32 | 32 x 32 x 128 | 32 x 32 x 128 9.936

Single64 | 64 x 64 x 256 | 64 x 64 x 256 19.87

Dual3264 | 32 x 32 x 128 | 64 x 64 x 256 19.87
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Fig. 9: Time evolution of the bubble Reynolds number.

BS54 TH Single64 £ Dual32-64 % LU U 7 I,
%ggn@otwfﬁﬁﬁﬁﬁﬁﬁmtofwé:aﬁ

4. 8

AWIZETIE, AL Ly MEZAWT, Rilz B
Zihgotzly, TEMBERTEEHWEGEEHWTY
RWGATIRERPREFICI BT 5 e hbh T, F
7o EfRRIERE TR B\ B ERERINIZEIE 3 A NS T5
PIAZ D ENRHRD Z e brotz. £/, fa LT
KXz HAVIUER (7), R (14) ORTORIHEIY AN TL
EWRFHERH KD L5 Z Ehbh o Tz,

(1) Tryggvason, G., Bunner, B., Esmaeeli, A., Juric,
D., Al-Rawahi, N., Tauber, W., Han, J., Nas, S.,
Jan Y.-J., “A Front-Tracking Method for the Com-
putations of Multiphase Flow”, Journal of Compu-
tational Physics, 169, pp. 708-759 (2001).

(2) Hirt, C., Nichols, B., “Volume of Fluid Method
for the Dynamics of Free Boundaries”, Journal of
Computa-tional Physics, 39, pp. 201-225 (1981).

(3) Rider, W., Kothe, D., “Reconstructing Volume
Tracking”, Journal of Computational Physics, 141,
pp. 112-152 (1998).

(4) Osher, S., Sethian, J. A., “Fronts Propagating with
Curvature-Dependent Speed: Algorithms Based on
Hamil-ton-Jacobi Formulations”, Journal of Com-
putational Physics, 79, pp. 12-49 (1988).

(5) Sussman, M., Fatemi, E., Smerekec, P., Osher, S.,
“An Improved level Set Method for Incompress-
ible Two-Phase Flows”, Computers & Fluids, 27,
pp.663-680 (1998).

(6) Olsson, E., Kreiss, G., “A Conservative Level Set
Method for Two Phase Flow,” Journal of Compu-
tational Physics, 210, pp. 225-246 (2005).

(7) Waclawczyk, T., “A Consistent Solution of the Re-
Initialization Equation in the Conservative Level-
Set Method,” Journal of Computational Physics,
299, pp. 487-525 (2015).

Copyright (©) 2018 by JSFM



®)

(12)

(13)

(14)

Chiodi, R., Desjardins, O., “A Reformulation of
the Conservative Level Set Reinitialization Equa-
tion for Ac-curate and Robust Simulation of Com-
plex Multiphase Flows,” Journal of Computational
Physics, 343, pp. 186-200 (2017).

Gada, V. H., Sharma, A., “On a Novel Dual-
Grid Level-Set Method for Two-Phase Flow
Simulation,Numeri-cal Heat Transfer”, Part B:
Fundamentals, 59, pp. 26-57 (2011).

Ding, H., Yuan, C., “On the Diffuse Interface
Method Using a Dual-Resolution Cartesian Grid,”
Journal of Computational Physics, 273, pp. 243-
254 (2014).

Suresh, A., Huynh, H. T., “Accurate Monotonicity-
Preserving Schemes with Runge?Kutta Time Step-
ping”, Journal of Computational Physics, 136, pp.
83-99 (1997).

Dodd, M. S., and Ferrante, A., “A Fast Pressure-
Correction Method for Incompressible Two-Fluid
Flows,” Journal of Computational Physics, 273, pp.
416-434 (2014).

Esmaeeli A., Tryggvason G., “Direct Numerical
Simulations of Bubbly Flows Part 2. Moderate
Reynolds Number Arrays,” Journal of Fluid Me-
chanics, 385, pp.325-358 (1999).

D.Bhada,M.E.Weber, “Bubble in viscous liquids
:shapes,wakes and velocities” Journal of Fluid Me-
chanics, 105, pp61-85(1981)

% 32 MBERENZS VRI T L
E10-3

Copyright (©) 2018 by JSFM



