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incompressible Navier⇔Stokes equations  



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 equations to 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 assess the perform-
ance of the method on more difficult applications .  
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time- dependent, incompressible Navier⇔Stokes equations . As in the 
original projection method developed by Chorin, we first solve 
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which are then projected onto the space of divergence - free vector 
fields. By introducing more coupling between the diffusion -
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method for differencing the nonlinear convective terms that 
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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 presented 
validating the convergence properties of the method. We also apply 
the method to doubly periodic shear- layers to assess the 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 
ụỖỔộởỚỢỦỖỤẎỚởẎ ỔờỠỤỖổẎỗỠợỞỤ ẎỗỠợẎỡỖợ- user link adaptation and 
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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Abstract      

ÅWe develop a conservative, second - order accurate 
fully implicit discretization of the Navier-
Stokes ( NS) and Cahn- Hilliard (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 this work, we focus on the case of flows 
containing two immiscible, incompressible and 
density - matched components.  
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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 this work, we focus on the 
case of flows containing two immiscible, 
incompressible and density - matched components.  
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Å    (important, attract)  

Å     (  Review)   

    (however, but)  

Å     (in this paper, in this 
work) 

Å   

   The remainder of the paper is organized as follows. 
Section II introduces the system model and problem 
formulation. The graph based approach is detailed in 
Section III. Section IV provides simulations to verify the 
effectiveness of the algorithm. Finally, we conclude the 
paper in Section V.  
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Introduction   

 ẶởỖợỘỪẎStable Schemes for Cahn⇔
Hilliard Phase- Field Model of Two- Phase 
Incompressible ặờỠỨỤ   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).  
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2.     review 

Since the phase - field (or diffusive interface) model can 
be considered as an approximation to the sharp interface 
model, one can use the gradient flow based on either the  
conserved Cahn⇔Hilliard dynamics (cf. [5]) or the Allen ⇔
Cahn dynamics (cf. [1]) with a non - local Lagrange 
multiplier, leading to the Cahn⇔Hilliard phase - field 
model and Allen -- Cahn phase- field 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 satisfy a 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 ⇔Cahn 
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 
Cahn⇔Hilliard phase- field model with matched density and 
variable density . The main additional theoretical and 
numerical difficulty associated with the Cahn⇔Hilliard model, 
as opposed to the Allen ⇔Cahn model, is that the fourth - order 
spatial derivatives are involved in the Cahn⇔Hilliard 
equation 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 ⇔Cahn phase- field 
model to the Cahn ⇔Hilliard phase- field model.  
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5.  outline  

The rest of the paper is organized as follows. In 
the next section , we present the Cahn- Hilliard 
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.  
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Future work  



Å 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 
one is to obtain 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 
known to have a large impact on drop dynamics; future work 
will be 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.]  

Future work   



Å     
  .    

       
    .  

ẲỔỜởỠỨờỖổỘỖỞỖởụỤẎẖ ẗ 

This research was supported by Basic 
Science Research Program through the 
National Research Foundation of Korea (NRF) 
funded by the Ministry of Education, 
Science and Technology (No. 

   )  



Å2014   

   The corresponding author (J.S. Kim) was supported 
by Basic Science Research Program through the 
National Research Foundation of Korea(NRF) 
funded by the Ministry of Science, ICT and future 
Planning(NRF-2014R2A2A2A222233). 



Å          
 A     

ïThe first(John) and second(Porter) authors 
acknowledge the support of A.  

 

Å        

ïThis research was supported by A. The first 
author (G.D. Hong) was supported by B. The 
corresponding author (J.S. Kim) was also 
supported by C.  

ẲỔỜởỠỨờỖổỘỖỞỖởụỤẎẖ ẗ 



Å       
   

ïThe author thanks John Lowengrub for suggesting 
this problem and for valuable discussions 
regarding the energy stability of the proposed 
scheme. 

ïThe authors thank Herman Frieboes, Junseok kim, 
Xiangrong Li, John Sinek, Xiaoming Zheng for 
many useful discussions.  

Å      

ïThe author thanks his advisor, John Lowengrub, 
for intellectual and financial support.  

ẲỔỜởỠỨờỖổỘỖỞỖởụỤẎẖ ẗ 



Å       
       .  
ïWe greatly appreciate Dr. Junseok Kim for generously 

providing the multigrid  code for the binary and ternary 
Cahn⇔Hilliard equations without the presence of elastic 
energy.  

 

Å        
        

       
  .  

 

ẲỔỜởỠỨờỖổỘỖỞỖởụỤẎẖ ẗ 



ÅI am heartily thankful to my supervisor, 
Jane Eyre, whose encouragement, guidance and 
support from the initial to the final level 
enabled me to develop an understanding of 
the subject. Lastly , I offer my regards and 
blessings to all of those who supported me 
in any respect.  

 

  



Å       
     Appendix  

  .  

Å  Conclusion , References , 
Appendix   A, B, C    

  .  

 

Appendix 




