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Abstract

In this paper, we review the recent development of phase-field models and their numerical methods for multi-
component fluid flows with interfacial phenomena. The models consist of a Navier-Stokes system coupled with
a multi-component Cahn-Hilliard system through a phase-field dependent surface tension force, variable
density and viscosity, and the advection term. The classical infinitely thin boundary of separation between two
immiscible fluids is replaced by a transition region of a small but finite width, across which the composition of
the mixture changes continuously. A constant level set of the phase-field is used to capture the interface
between two immiscible fluids. Phase-field methods are capable of computing topological changes such as
splitting and merging, and thus have been applied successfully to multi-component fluid flows involving large
interface deformations. Practical applications are provided to illustrate the usefulness of using a phase-field
method. Computational results of various experiments show the accuracy and effectiveness of phase-field
models.
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capturing, phase-field model.

*Corresponding author.
Email: cfdkim@korea.ac.kr (J. S. Kim)

The Global Science Journal




14Y ¢+ At Ny g Ly _E®T 0> _7 2 4., "YW [%0y. E° w N

NA T o ta. X3q 0 Wil L£%0y.* vy Xx* w2 Ly - L

2_pPpA oW AA0y.mA{ 4 > 1 CELT %Oy i N n | Use Google Translate

OL%0y. =0 % w K ¢ E ¥ OyE_ 4 £y DYUA , 100 Ko to En

“. _p AW 0Y Jw E. thel mp -, EOy _{ °r s

'TP SPw _ZppP (46), N° . (IBS)YRNA* _ 0o : At ya”

S ., "YOy.
14 years ago there was a contract research professor at Seoul National University Life Sciences
manpower corporation. If the results were meager at any situation in which to pack luggage.
Nevertheless, he has some of the equipment take up to 200 million won or personal debt.
Without the belief in their own research prop was a hard days. Now, whenever he presented a
paper to focus the attention of the world, he stood towering up to 10 billion won a year in the
world of life scientists to write a grant. South Korea called the 'Marie Curie' Kim bitnaeri (46)
Basic Science Institute (IBS) RNA research is President and Director of Biological Sciences at Seoul
National University.

14y v+ At W, yoa o e a>A 7 4 Yw %0y W

6t >AXT fJoyd fwt twiq o Oy. ny X s "7

w o W] 8§ w 200,000,000 , w L2 _ p x>y [|A30y.m A-|| Use Google Translate

1 > N CI=J‘T "-d I7I=|=J-%oOy w E_ '” ‘ n-" DY w I-OI_H En to Ko

E AV Oyp’ w10t 6 Q 1 OE Wy l-||"E__>A4'

P Tw A |%0y. 5 RNA4V wAr > Aye { do

x 4 'v.p * p ' bitnaeri (46) | 4 . (IBS). = 3oy

Ny /E4 9 =8 X rP da, t+  wox_ X sC|A=|=d(20150529)




1HS2 RES AUFML,
HE ME o= Xpy o] YgLict,
AR RWEE AHEE O[0jX| L),

3. M8 UX| YE ZAE
2 4 40| B8 SR MG ZUAEE ROIFMR. AX|E AWEIA OIAI 2
HE¥el RERE N 22FE YA Luch WelM E2iL 2R HHEMLR,



Title

A Title



A

A

Studies on Brucella

On the addition to the method of
microscopic research by a new way of
producing colour - contrast between an
object and its background or between
definite parts of the object itself



EC I_I'JIII.

2015 H2H
2014 A2H
2011 32
A2 EE

=
=

ML “‘J

AT
L
=

0 I
RE

*J';Ef

HH U=A
20 2

v EW ZE

VAR TE

B 2E IhED

ternary Cahn Hilliard

=2 sh=0 ZUEUTH Y] ge g SF Nl 28 HHE JHE = Salch
Conservative multigrid methods for ternary Cahn-Hilliard systems [PDF] (Z 7 : projecteuclid.org)
J Kim, K Kang, J Lowengrub - Communications in Mathematical ..., 2004 - projecteuclid.org

Ahstract We develop a conservative, second order accurate fully implicit discretization of

ternary (three-phase) Cahn-Hilliard (CH) systems that has an associated discrete energy

functional. This is an extension of our work for two-phase systems. We analyze and prove ...

61 IE 2 Herts ®HAl 2 HE UE OHE

MNumerical simulation of phase separation in Fe-Cr binary and Fe-Cr-Mo ternary alloys with use

of the Cahn-Hilliard equation

M Honjo, ¥ Saito - ISl international, 2000 - cat.inist.fr

Résume/Ahstract The Cahn-Hilliard nonlinear diffusion equation for a binary alloy system

was extended to a ternary system. Mumerical model based on the Cahn-Hilliard equation for
multicompanent system was applied to the prediction of microstructural evolutions in Fe- ...

52% UE 2K Ezils HHl M HE UE O HET =2

A numerical method for the ternary Cahn—Hilliard system with a degenerate mobility [PDF] (&4 165.132.10.17)
J Kim, K Kang - Applied Mumerical Mathematics, 2009 - Elsevier

We applied a second-order conservative nanlinear multigrid method for the ternary Cahn-
Hilliard system with a concentration dependent degenerate mobility for a model for phase
separation in a ternary mixture. First, we used a standard finite difference approximation ...
143 212 23A sh=rtz i 6 HE 2UE HE

Conservative multigrid methods for Cahn—Hilliard fluids [PDF] (£ : uci.edu)
J Kim, K Kang, J Lowengrub - Journal of Computational Physics, 2004 - Elsevier

.. Recent applications of Cahn—Hilliard fluid modeling include simulations of the two- and

three-dimensional Rayleigh-Taylaor instahility {eg [5]. [7] and ... This alternative approximation alsa

allows us to extend systematically the discrete system to the case of ternary mixtures [3]; the ...
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The numenical solution of Cahn—Hilliard (CH) equation in one, two and three-dimensions via
globally radial basis functions (GRBFs) and RBFs-differential quadrature ..

M Dehghan, W Mohammadi - Engineering Analysis with Boundary ..., 2015 - Elsevier

... The CH equation was originally proposed by Cahn and Hilliard to model ... Some applications of

the CH equation are pointed in [53] such as the phase separation of binary and ternary liquid

mixture [1] and [70]. multi-phase fluid flows [9]. [57]. [54] and [55], Taylor flow in mini ...
g HE

Phase-field modelling of spinodal decomposition in TIAIN including the effect of metal vacancies
K Griinhagen. J Agren. M Odén - Scripta Materialia, 2015 - Elsevier

... In this model, (TiAlVall is approximated as a pseudo-ternary system consisting of AN, Ti:M and

Wa:l where the composition of M is supposed to be homogeneous throughout the system, ie

we present @ Cahn-Hilliard model [25] that is expanded to a substitutionally ternary ...
olE HE

[PDF] The Dynamics of Nucleation in Cahn-Hilliard-Cook Systems

M Mamazi - math.gmu.edu

... Similar research has been done on ternary alloys [1]. Our interest is in looking at the effect of
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L A TH Conservative multigrid methods for ternary Cahn-Hilliard systems
J Kim, K Kang, J Lowengrub - Communications in Mathematical ..., 2004 - projecteuclid.org
Abstract We develop a conservative. second order accurate fully implicit discretization of
D= o ternary (three-phase) Cahn-Hilliard {CH) systems that has an associated discrete energy
o functional. This is an extension of our work for two-phase systems. We analyze and prove ...
2015 27H 6151218 RHE sfentz M 6N HE UE HE
2014 H2E
2011 925 A numerical method for the ternary Cahn—Hilliard system with a degenerate mobility
7|ZHF J Kim, K Kang - Applied Mumerical Mathematics. 2009 - Elsevier
We applied a second-order conservative nonlinear multigrid methaod for the ternary Cahn-
Hilliard system with a concentration dependent degenerate mobility for a model for phase
SEHEE EHE separation in a ternary mixture. First, we used a standard finite difference approximation ...
SHIrE B 143 212 24 Eheftg HAl I WA 1E HE
Conservative multigrid methods for Cahn—Hilliard fluids
Ml &= J Kim, K Kang. J Lowengrub - Journal of Computational Physics, 2004 - Elsevier
Fh=2 & We develop a conservative, second-order accurate fully implicit discretization of the
Mavier—Stokes (MS) and Cahn—Hilliard {CH} system that has an associate.
1708 UE 264 etz HHl 2002 HE USE HE
v S5 T
VM EER TE Multimaterial structural topology optimization with a generalized Cahn—Hilliard model of multiphase

transition

S Zhou, MY Wang - Structural and Multidisciplinary Optimization, 2007 - Springer
B2 =2 - Kim {2002) and Kim et al. {2004a.b). The nonlinear multigrid method is an implicit

salver for binary and ternary Cahn-Hilliard systems in the absence of elastic strain

en- ergy. The discrete scheme inherits mass conservation ...

683 21 2HH EheRtE HHl VHE HAE UE OHE

Local discontinuous Galerkin methods for the Cahn—Hilliard type equations
Y Kia, ¥ Xu, CW Shu - Journal of Computational Physics, 2007 - Elsevier

In this paper, we develop local discontinuous Galerkin (LDG) methods for the fourth order
nonlinear Cahn—Hilliard equation and system. The energy stahility of.
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Abstract :

In this paper we describe a second -order projection method for the
time - dependent, incompressible Navier <Stokes equations . As in the
original projection method developed by Chorin, we first solve
diffusion -convection equationsto  predict intermediate  velocities
which are then projected onto the space of divergence -free vector
fields. By introducing more coupling between the diffusion -
convection step and the projection step we obtain a temporal
discretization that is second -order accurate. Our treatment of the
diffusion -convection step uses a specialized higher order Godunov
method for differencing the nonlinear convective terms that
provides a robust treatment of these terms at high Reynolds

number The Godunov procedure is second - order accurate for smooth
flow and remains stable for discontinuous initial data, even in

the zero -viscosity limit. We approximate the projection directly

using a Galerkin procedure that uses a local basis for discretely
divergence-free vector fields. Numerical results are resented
validating the convergence properties of the method. We also apply
the method to doubly periodic  shear-layers to assessthe perform-
ance of the method on more difficult applications
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Abstract :

Energy- efficient wireless communication is very important for battery
constrained mobile devices. For mobile devices in a cellular system,

uplink power consumption dominates the wireless power budget because of
RF power requirements for reliable transmission over long distances.

Our previous work in this area focused on optimizing energy efficiency

by maximizing the instantaneous bits - per- Joule metric through iterative
approaches, which resulted in significant energy savings for uplink

cellular OFDMA transmissions. In this paper, we develop energy

efficient schemes with significantly lower complexity when compared to
iterative approaches, by considering time - averaged bits - per-Joule
metrics. We consider an uplink OFDMA system where multiple users
communicate to a central scheduler over frequency  -selective channels
with high energy efficiency. The scheduler allocates the system

bandwidth among all users to optimize energy efficiency across the

whole network. Using time averaged metrics, we derive energy optimal

udbboaOoUOUYOaY O U dseiokGdaptationadidO oY & Oo

resource scheduling across users. Simulation results show that the
proposed schemes not only have low complexity but also perform close to
the globally optimum solutions obtained through exhaustive search.



Abstract :

Efficient utilization of radio resources in wireless networks is

crucial and has been investigated extensively. This letter

considers a wireless relay network where multiple user pairs
conduct bidirectional communications via multiple relays based on
orthogonal frequency -division multiplexing (OFDM) transmission. The
joint optimization of channel and relay assignment, including
subcarrier pairing, subcarrier allocation as well as relay

selection, for total throughput maximization is formulated as a
combinatorial optimization problem. Using a graph theoretical
approach, we solve the problem optimally in polynomial time by
transforming it into a maximum weighted bipartite matching (MWBM)
problem. Simulation studies are carried out to evaluate the network
total throughput versus transmit power per node and the number of
relay nodes.



Abstract :

We consider molecular communication, with information conveyed in the
time of release of molecules. The main contribution of this paper is

the development of a theoretical foundation for such a communication
system. Specifically, we develop the additive inverse Gaussian (IG)
noise channel model: a channel in which the information is corrupted

by noise with an inverse Gaussian distribution. We show that such a
channel model is appropriate for molecular communication in fluid

media ¢ when propagation between transmitter and receiver is governed
by Brownian motion and when there is positive drift from transmitter

to receiver. Taking advantage of the available literature on the IG
distribution, upper and lower bounds on channel capacity are developed,
and a maximum likelihood receiver is derived. Theory and simulation
results are presented which show that such a channel does not have a
single quality measure analogous to signal -to - noise ratio in the AWGN
channel. It is also shown that the use of multiple molecules leads to
reduced error rate in a manner akin to diversity order in wireless
communications. Finally, we discuss some open problems in molecular
communications that arise from the IG system model.
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A Wedevelop a conservative, second -order accurate
fully implicit discretization of the Navier-
Stokes ( NS) and CahnHilliard (CH ) system that
has an associated discrete energy functional.

This system provides a diffuse -interface
description of binary fluid flows with

compressible or incompressible flow components
[3] . In thiswork, we focus on the case of flows
containing two immiscible, incompressible and
density - matched components
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A Wedevelop a conservative, second -order accurate
fully implicit discretization of the Navier-
Stokes ( NS) and CahnHilliard (CH ) system that
has an associated discrete energy functional.

This system provides a diffuse -interface
description of binary fluid flows with

compressible or incompressible flow components
[R. Soc. Lond Proc. Ser. A Math. Phys. Eng. Sci.

454 (1998) 2617] . In thiswork, we focus on the
case of flows containing two immiscible,
iIncompressible and density -matched components
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Introduction
A (important, attract)
A ( Review)
(however, but)
A (in this paper, in this
work)
A

The remainder of the paper is organized as follows.
Section Il introduces the system model and problem
formulation. The graph based approach is detailed In
Section lll. Section IV provides simulations to verify the
effectiveness of the algorithm. Finally, we conclude the
paper in Section V.
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) Some approaches may refer to Abate and Whitt [1],
Ataetal.[2 ], and Yamada [ 3].
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A & O oStahlerSchemes for Cahn-
Hilllard PhaseField Model of TwePhase

Incompressible & & QU U Introduction
1.
The phase field approach for multi - phase

incompressible flows have attracted much
attention recently ( cf. [11, 2, 16, 12, 15, 26]
and the references therein).



Introduction

2. review

Since the phase -field (or diffusive interface) model can

be considered as an approximationto  the sharp interface
model, one can use the gradient flow based on either the
conserved Cahn-Hilliard dynamics (cf. [5]) or the Allen =
Cahndynamics (cf. [1]) with a non -local Lagrange
multiplier, leadingto the CahnHlilliard phase -field
model and Allen -- Cahn phasefield model, respectively.

Both models, at least in the matched density case, can
be derived from an energetic  variational approach. Thus,
they admit an energy law, making it possible to design
numerical schemes which satisfya  corresponding discrete
energy law that automatically ensures their numerical

stability (cf., for instance, [7, 14 , 3, 25]).
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3.

However, most of the analysis and simulation of the

phase field model for two -phase flows have been
restricted to the matched density case or with a
Boussinesq approximation. The main difficulty for two-
phase flows with different density is that the standard
phase field model with variable density does not admit

an energy law, making it difficult to carry out

mathematical and numerical analysis . In a recent work

(cf. [23]), the authors proposed a phase-field model
with variable density which admits an energy law , and
constructed efficient and simple energy stable time
discretization schemes for the corresponding Allen «€€ahn

phase field model .
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4.

The main objective of this paper is to construct efficient

and simple energy stable time discretization schemes for the
CahndHlilliard phase field model with matched density and
variable density . The main additional theoretical and

numerical difficulty associated with the CahnHilliard model,
as opposed to the Allen <«€ahnmodel, is that the fourth - order
spatial derivatives are involved inthe CahnHilliard

eqguation for the phase function. By using a mixed formulation
for the fourth -order Cahn-- Hilliard phase equation and using
the chemical potential to reformulate the surface tension
term in the momentum equation, we are able to extend the
results presented in [23] for the Allen «€ahnphase field
model to the Cahn <Hilliard phase field model.
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b. outline

The rest of the paper is organized as follows. In

the next section ,we presentthe CahnHilliard
phase field model for  two- phase incompressible
flows with matched density and variable density
Then in Section 3, we construct several

efficient time discretization schemes for both
matched density and variable  density cases , and
show that they are unconditionally energy stable.
Some numerical results and discussions are
presented in the last section.




Equation (1.1) with 6 > 0O arises as a phenomenological continuum model for phase sep-
aration in glass and polymer systems where intermolecular friction forces may be expected to
be of importance. See Novick-Cohen [7] for a derivation of the model and Novick-Cohen and
Pego [8] for more physical motivation. The viscous Cahn—Hilliard equation, which is viewed as a
singular limit of the phase field model of phase transition, has been studied by Bai et al. [9]. They
have studied the similarities and differences between the Cahn—Hilliard equation (6 = 0) and
Allen-Cahn equation by using the viscous Cahn—Hilliard equation (§ > 0). Metastable pattern for
viscous Cahn—Hilliard equation has been studied by Reyna and Ward [10]. Using explicit energy
calculations, Grinfeld and Novick-Cohen [11] have established a Morse decomposition of the
stationary solutions of viscous Cahn—Hilliard equation. Existence theory of the solution of (1.1)
has been shown by Elliott and Stuart [12], using semigroup properties.

The equation (1.1) arises as a phenomenological continuum model for phase
separation in glass and polymer systems where intermolecular friction forces
may be expected to be of importance. See Novick-Cohen[13] for a derivation
of the equation (1.1) with the term dug,,; which reflects some viscous effects
that were neglected in Cahn and Hilliard[3]. Also see Novick-Cohen and Pego
[14] for more physical motivation. The viscous Cahn-Hilliard equation, which is
viewed as a singular limit of the phase field model of phase transition, has been
studied by Bai, Elliott, Gardiner, Spence, and Stuart [2]. They have studied the
similarities and differences between the Cahn-Hilliard equation(d = 0) and Allen-
Cahn equation by using the viscous Cahn-Hilliard equation(d > 0). Metastable
pattern for the viscous Cahn-Hilliard equation has been studied by Reyna and
Ward[15]. Using explicit energy calculations, Grinfeld and Novick-Cohen|[12]
have established a Morse decomposition of the stationary solutions of the viscous
Cahn-Hilliard equation.

Existence theory of the solution for (1.1) has been shown in Elliott and Stu-
art[10]. Choo and Chung[4] have investigated the exponential decay of the clas-




Results

i To the authors' knowledge this is the first time when
neural networks are being applied to resource discovery
problem

i To the authors' knowledge, there has been no trial to check
the accuracy of the SDS model .

i To the author's knowledge, the present study is the first
attempt to use the IBM method.
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The RMSBE values of GRLSM(the red solid line) and VLSM(the blue
solid line) during the evolution. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of
this article.)
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AAlthough a conclusion may review the main points of
the paper, do not replicate the abstract as the
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Future work

A According to the numerical studies, several issues have

arisen which motivates further studies in order to improve

the predictability of the simulations . The most important
oneis toobtain suitable material parameters, especially
the free energy function and its parameters. Also many
materials used in  the microfluidic  device are of biological
nature and hence non Newtonian the current model using
Newtonian rheology for each fluid might not be accurate
enough depending on the material and flow regime. The model

could be improved further in this respect by employing, for
instance, a viscoelastic constitutive model for more
rigorous modeling of the material characteristics. In

addition , surfactants are present in practice, which are
knownto have a large impact on drop dynamics;  future work

willbe devoted to add surfactants as an additional
component From [Jang Min Park and Patrick D.  Anderson, A
ternary model for double -emulsion formation in a capillary
microfluidic device, 2012.]
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