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In this study, Allen-Cahn (AC) and Cahn-Hilliard (CH)-type advection equations based on a diffuse-interface model
are tested through interface-translation benchmark problems for immiscible two-phase fluid flow simulations. A
lattice-Boltzmann method (LBM) based on fictitious particle kinematics is proposed for solving a corrected AC
equation, and the numerical result is examined with those obtained by using finite volume methods (FVMs). The major
findings are as follows: (1) the fluid volume and shape is well conserved with use of 4th-order central finite difference
and 2nd-order Runge-Kutta schemes for both the equations; (2) the conservations is done by a local diffusion induced

by chemical potential gradient with a correction term to eliminate interfacial-curvature effect; (3) the result by LBM is

better than those by 2nd-order FVM; (4) the AC equation including a 2nd-order differential term, one-step conservative

level-set equation, reduces computational cost compared with the corrected CH equation including a 4th-order

differential term.
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Table 1 The numerical scheme configurations for the corrected AC-type

interface advection equation.
Scheme Spatlelzl gradle.nt lnterpglatlon at Advection | Diffusion Time
type # (for interfacial spatial cell term - advance
w curvature) surface (explicit)
1 2nd 2nd 2nd 2nd 1st
2 2nd 2nd 2nd 2nd 2nd
3 2nd 4th 4th 4th 2nd
4 2nd 4th 2nd 2nd 2nd
5 2nd 4th 2nd 2nd 1st
6 2nd 4th 4th 2nd 2nd
7 2nd 4th 2nd 4th 2nd
8 2nd 2nd 4th 4th 2nd
9 2nd 2nd 4th 2nd 2nd
10 2nd 2nd 2nd 4th 2nd
11 2nd 4th 4th 4th 1st
12 4th 4th 4th 4th 2nd
13 4th 4th 4th 2nd 2nd
Ax/2 Ax/2
<—><—>
0P V()
Scalar variables
(at cell centers)
.u,—¢ oy, —
ox oy
Vector comp onents

(on cell surfaces)

Fig. 1 The staggered arrangement of scalar and vector variables on a
spatial structured grid with square mesh in FVM.
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Fig.2 The computational domain and initial condition in the benchmark
test simulation of linear translation of an interface.
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Fig.3 Time history of conservation error of the circular-shaped area in
the linear translation with use of the revised AC equation.
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Fig.4 The two-phase distributions at £'= fUld = 50 in the linear
translation with use of the revised AC equation for C =UAty/Ax=
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Fig. 6 Time history of conservation error of the circular-shaped area in
the linear translation with use of the revised CH equation.
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Fig.7 The two-phase distributions at time = tU/d = 50 in the linear
translation with use of the revised CH equation for C= UAzyAx =
107,
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Table 2 The numerical scheme configurations for the revised AC-type
interface advection equation.

Allen—Cahn (AC) type Cahn—Hilliard (CH) type
Runit FVM LBM (4th- FVM LBM (4th- LBM (2nd-
(Type9) |order gradient)| (Type9) |order gradient) |order gradient)
1 297.8527 279.6942 283.1106 316.994 290.0995
2 298.8667 279.3042 280.5522 316.136 284811
3 298.1179 279.741 280.8018 315.7772 283.3914
4 298.5547 279.7566 281.6598 315.8864 275.5446
5 300.2239 280.2402 283.953 317.384 266.5433
Average
CPU 298.7232 | 279.74724 | 282.0155 316.43552 280.07796
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Ratio to
AC-FVM 1.000 0.936 0.944 1.059 0.938
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