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Interface reconstruction and interface curvature estimation using MOF method with Lagrangian surface points
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In the analysis of the multicomponent flow, it is important to find the accurate prediction of fluid acceleration due
to interfacial tension. For its prediction, to find interface normal vector and interface curvature is needed. The
volume-of-fluid (VOF) method require the volume fraction data of the neighbor computational cells for interface
normal vector and interface curvature. It has hindered the application of those methods to the multicomponent
flow with more than 3 components. The conventional moment-of-fluid (MOF) method reconstruct piecewise
linearly from only one computational cell the volume fraction and centroids data. So, it is possible to find
interface normal vector from only one cell, but data of the neighbor computational cells is required for interface
curvature. The present study proposes a MOF interface reconstruction with fitting ellipsoid, which enables not
only the interface reconstruction but also the interface curvature estimation on the local computational cell with

high accuracy.
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Fig. 1: The example of arrangement of Lagrange points.
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Fig. 2: The example of result of fitting.
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Fig. 3: The example of defining unit normal vector of

vertex of fitting domain.
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Fig. 4: The example of difference of unit normal vector.
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Fig. 5: The example of initial value of ellipsoid fitting.
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Tab. 1: Interface reconstruction test for 2 componets
(Sec. 4.1.1)..
Eq. (24), (25)

The numerical error was evaluated by

Ln,2/\/ﬁ Ly,
MYC 1.00x 10! 1.26 x 10!
MOF 271x1072 4.02 x 1072
Present 1.12x 1072 3.57 x 1072

Tab. 2: Interface reconstruction test for 2 componets
(Sec. 4.1.1).
Eq. (26), (27)

The numerical error was evaluated by
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Fig. 6:
(Sec. 4.1.1).
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Fig. 7: The analytical solution of interface reconstruc-

tion test for 3 components (Sec. 4.1.2).

Component 2~

Component 1 Component 3

Fig. 8: The analytical solution of interface reconstruc-
tion test for 3 components in the computational cell
(6,4,5) (Sec. 4.1.2).
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(Sec. 4.1.2).
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Tab. 3: Interface reconstruction test for 3 components
(Sec. 4.1.2). The numerical error E was evaluated by
Eq. (29).

Interface 2 Interface 3
583 x 1079 4.15 x 10710
492 x 1071 2.46 x 1072

593 x 107! 2.06 x 1071

Interface 1
(1) 3.41x10719
(2) 877x107!
(3) 1.38x107*

Tab. 4: The sum of S of interface reconstruction test

for 3 components (Sec. 4.1.2).

St
(1) 7.48x1028
(2) 263 x10!
(3) 141 x10!

ZYNTETEST, BB MR OIRREH 2 75
étﬁ%f%é,%%ﬁﬁ%?%%@%ﬁﬁﬂ<*bé
;t#f%fh;b %@t@ SR PRI 2 AT D IH%
DWHETHS. Tab %M%%@JHE%’COD TAYT A
VI gwfrmmﬁéﬁ(w)@SND alZmd. Ik
LWIEETH S (1) TIE S DA (2), (3 )U:[:NIJ\éf
Ko TWS. DELD, EFIRICEWTIE, S OF
E.erb%oa%)/J\éL\naéf&?%ﬁﬁ%ﬁ}z%ﬁo 2§ %.

4.2 *%%ﬁé%m TOBEDREER

ZZ TGt =0T ®*%ﬁﬁ#ﬁﬂthTm®
ME’Eéﬁﬁ%%éiégg £ o T, St ERIL
a%ﬁ%m&®§%ﬂm&?9.;of,ﬁﬁ@%%&
FREL LT

E = Z A |FzT] k i?j,k‘ (30)
CREFETDH. TITAIKTIE FIRIE&AEEVIZEIT
HLIKERTH O, BAITEEBIIH LT 5. HELE
LTI TFDOESIZE5 252 212X > CTRIEDET % £
SBEEITS ),

u(z,y, z,t) = 2sin? (7x) sin (27y) sin (272) cos

v(zx,y,z,t) = —sin (27z) sin? (7y) sin (272) cos

(
(

w(z,y, z,t) = —sin (27z) sin (27y) sin? (72) cos (T

3 82 82

) o
) @
)

D&, WHlt=T/2 TRARDER /%5, RN,
AEI 1.0 X 1.0 x 1.0, #&120100 x 100 x 100, #HHD
BRIESIaiER 0.3 (30.0 #8F) , #IHIDERIE S 0 FEASE
(0.35,0.35,0.35), CFL 0 0.5, T = 3.0 £ 5. Mtk
L TH 2RETIE, MOF k& RhEgE (4%
Runge-Kutta %) T175. #HEVPHE I NBiRzlE>
MREERREIZ BT, FHHNEEEA T IR BAER D IRk DRRE
ULEET, REMELELDBBENIVWEZZ5N5.
Rt = T/2 2BV 2 RO T % Fig. 1012, o5& %
BB REN0.41 < 2 <049 DA% Fig. 11 12537, %
NZNRETFIETHEHMAR U 72 R %747, MOF i CHMzE

(33)

8 33 @RERGNES VRY D A
D11-5

Fig. 10: Interface advection test with deformation
(Sec. 4.2) at t =T/2.

Fig. 11: Interface advection test with deformation
(Sec. 4.2) at t = T/2. The box is a grid.
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Fig. 12: Interface advection test with deformation
(Sec. 4.2) at t =T.

Tab. 5: Interface advection test with deformation
(Sec. 4.2). The numerical error was evaluated by
Eq. (30).

E
MOF  9.39 x 10~*
Present 3.63 x 1073
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