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This conference presents recent advances in applied and computational
mathematics with applications to fluid dynamics, materials science, kinetic
theory, finance, and plasma physics. These fields have for many years
formed a core for the application and development of advanced
mathematical techniques and numerical algorithms in the sciences and
engineering. Powerful analytical techniques such as the theory of hyperbolic
PDE and shock waves, matched asymptotic analysis, homogenization theory,
and the theory of solitons have emerged from the efforts of applied
mathematicians and others working in these applications. Similarly,
important numerical methods including the level set method, Monte Carlo
methods, and advanced algorithms for multiscale simulation stem from these
applications.

The research efforts of applied mathematicians in these fields is as vigorous
as ever, and an aim of this workshop is to bring together leading experts,
junior researchers, and students interested in new applications of
mathematics and scientific computation to these areas. We expect that there
will be significant cross-fertilization and exchange of ideas from researchers
in the different fields, and the formulation of new and challenging problems
that can have an impact across disciplines. This conference also celebrates
the 60th birthday of Russel Caflisch, Director of the Institute for Pure and
Applied Mathematics (IPAM), Los Angeles,
USA.

Russel Caflisch studied mathematics at Michigan
State University and NYU’s Courant Institute.
He began his teaching career at Stanford,
returned to NYU in 1984, then joined the
mathematics faculty of UCLA in 1989. He has
joint appointments in Materials Science and
Engineering. Dr. Caflisch served on IPAM’s

.- ™ Board of Trustees for several years and as an

" & organizer of two IPAM long programs before he
. ' was recruited to be IPAM’s Director in 2008. He
was an Alfred P. Sloan research fellow and an invited lecturer at the 2006
International Congress of Mathematicians, and is a fellow of the American
Academy of Arts and Sciences, AMS, and SIAM. He was a founding
member of California NanoSystems Institute. His research interests include
materials science, mathematical finance, Monte Carlo methods, Kinetic
theory, plasma dynamics, fluid dynamics, and PDEs.
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Program Overview

Thursday Friday Saturday Sunday
May 28 May 29 May 30 May 31
9:00-9:30 Opening 8:00-8:50 Pingwen Shi Jin Yaguang
ceremony Zhang Wang
, ) Steve ) ) e Jean-Marc Xianwen
9:45-10:35 Childress 8:50-9:40 Zhilin Li. VandenBroek Zhang
10:35-10:50 Tea Break 9:40-10:00 Tea Break Tea Break Tea Break
10:50-11:40 | DEMeoUs 4454 10:50 Isaac Xiao-Ping |y vi Zeng
Papageorgiu Klapper Wang
10:50-11:40 Zhimin Xiaofan Li
Zhang
12:00-14:00 Lunch 12:00-14:00 Lunch Lunch
14:00-14:50 Jinchao Xu 14:00-14:50 Weinan E Tony Chan
Visit Center Andre
14:50-15:40 for Math 14:50-15:40 Bo Li ;
. Nachbin
Sciences
Visit Center
15:40-16:00 for Math 15:40-16:00 Tea Break Tea Break
Sciences
16:00-16:50 | Jack Xin | 16:00-16:50 | Jichun Li Wen-An
Yong
16:50-17:40 Marco 16:50-17:40 | Young-Ju Xinchu Fu
Sammartino Lee
18:30-21:00 Banquet
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PROGRAM
May 28 2015

9:00 am: Opening session & group photo Chair: Jingiao Duan

Morning Session | Chair: Michael Siegel
9:45 am: Steve Childress (New York University/ )

Eroding vortices andvorticity growth for Euler flows in three

dimensions.

10:35-10:50am Tea Break

10:50am: Demetrious Papageorgiou (Imperial College London
Interfacial instabilities in viscous multilayer flows.

May 28 2015
Afternoon Session | Chair: Hong Li

2:00 pm: Jinchao Xu (Penn State Univ)
Discretization and Preconditioning for FluidStructure Interaction Simulations

3:00pm —4:00pm:

Participants from overseas and from outside HUST: Visit Center for
Mathematical Sciences (Taking bus in front of Science & Technology
Building entrance)

Afternoon Session 11 Chair: Shuangjie Peng
4:00 pm: Jack Xin (U of California, Irvine)

L1 Minus L2 and Transformed L1: o Non-convexSparsifying Penalties and
Applications

4:50 pm: Marco Sammartino (Universita degli Studi di Palermo, Italy)
Complex Singularities and Separation for High Reynolds Number Flows
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May 29 2015
Morning Session | Chair: Xiaofan Li
8:00 am: Pingwen Zhang (Peking University/ )

The Small Deborah Number Limit of the DeDnsager Equation to the Ericksen
Leslie Equation

8:50am : Zhilin Li_(North Carolina_State University & Nanjing _Normal

University /__\ &M )
Accurate Gradient Computation for Interface Problems with Variable Coefficients

9:40-10:00am Tea Break

Morning Session 11 Chair: Xiaobo Yin
10:00am: Isaac Klapper (Temple Univ)
Heterogeneity in Microbial Communities

10:50am: Zhimin Zhang (Beijing Computational Sci Res Center
How many PDE numerical eigenvalues can we trust, and how to get more out of it?

May 29" 2015
Afternoon Session | Chair: Xiangjun Wang
2:00 pm: Weinan E ( Princeton University and Peking University

& )

The Stability of Laminar Shear Flow

2:50 pm: Bo Li (U of California, San Diego)
Dielectric Boundary Force in Biomolecular Solvation

3:40-4:00 Tea Break

Afternoon Session 11 Chair: Hui Yin
4:00 pm: Jichun Li (University of Nevada Las Vegas, USA)
Mathematical analysis andfinite element modeling of invisibility cloaks with
metamaterials

4:50 pm: Young-Ju Lee (Texas State Univ)
Non-local three species model for wormlike micellar fluids.




&) ALK o

Center for Mathematical Sciences

6:30-9:00 Banquet

May 30" 2015

Morning Session | Chair: Yanbin Tang
8:00am: ShiJin~ University of Wisconsin/Shanghai Jiaotong University™

Semiclassical Computational Methods for Quantum Dynamics with Band-crossings.

8:50am: Jean-Marc Vanden Broeck (Univ College London)
New types of nonlinear water waves

9:40-10:00am Tea Break

Morning Session |1 Chair: Xu Sun
10:00am: Xiao-Ping Wang (HK Univ of Sci and Tech)

A onedomain approach for modeling and simulation of free fluid over a

porous medium

10:50am: Xiaofan Li (Illinois Institute of Technology. Chicago)
Numerical methods for nonlocal equations due to Levy processes

May 30" 2015
Afternoon Session | Chair: Jibin Li

2:00 pm: Tony Chan (HongKong University of Science andTechnology/
)

First-order primal—dual algorithms for convex optimization in imaging science
(Joint work with Dr.Minggiang ZHU,HKUST and Shenzhen Laurel lvestment)

2:50 pm: Andre Nachbin ( Inst.Math.Pure et Applied. Brazil)
The uncertain trajectory of apilot-wave

3:40-4:00 Tea Break

Afternoon Session 11 Chair: Zhenhua Chai

4:00 pm: Wen-An Yong (TsinghuaUnivercity/ Y )
Conservation-Dissipation formalism of nonequilibrium thermodynamics and its
classical hydrodynamic limit.

10
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4:50 pm: Xinchu Fu ( Shanghai Uniercity£ = )
A dynamical model for epidemic spreading on interdependent networks

May 31" 2015
Morning Session | Chair: Chengming Huang

8:00am: Yaguang Wang (Shanghai Jiaotong Univ)
Instability of three dimensional Prandtl boundary layers

8:50am: Xianwen Zhang (Huazhong Univ of Sci and Technology)
Global Weak Solutions for the Vlasov-Poisson System with A Point Charge

9:40-10:00am Tea Break
Morning Session 11 Chair: Meihua Yang

10:00am: Xianyi Zeng (Duke University)
A variational multiscale finite element method for transient solid mechanics using linear
simplicial elements.

11
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Abstracts

Tony Chan (HongKong University of Science andTechnology)

Title :First-order primali dual algorithms for convex optimization in imaging
science
(Joint work with Dr.Minggiang ZHU,HKUST and Shenzhen Laurel lvestment)

Abstract: Recently a great amount of work has been done in developing first-
order primal-dual algorithms to solve convex optimization problems in imaging.
These algorithms are simple but efficient and thus has become state-of-the-art
popular algorithms in practical imaging research. In this talk, | will give a brief
survey on recent works and developments in this area.

Steve Childress ( New York University)

Title: Eroding vortices and vorticity growth for Euler flows in three
dimensions

Abstract® A review of analyses based upon anti-parallel vortex structures
suggests that structurally stable vortex structures with eroding circulation may
offer a path to the study of rapid vorticity growth in solutions of Euler's equations
in three dimensions. We examine here the possible formation of such a structure
in axisymmetric flow without swirl, leading to growth of vorticity as the 4/3 poser
of time. Our study suggests that the optimizing flow giving this growth mimics an
exact solution of Euler's equations representing an eroding toroidal vortex dipole
which locally conserves kinetic energy. The dipole cross-section is a perturbation
of the classical Sadovskii dipole having piecewise constant vorticity, which
breaks the symmetry of closed streamlines. The structure of this perturbed
Sadovskii dipole is analyzed asymptotically at large times. The generalization of
this flow to an eroding “hairpin” dipole structure in three dimensions is
formulated, and proposed as an initial condition favoring a rapid stretching of
vortex lines, and possible a blow-up in finite time. It is argued that the main
obstacle to such blow-up may be the disruptive effect of axial flow..

Weinan E (Princeton University and Peking University)

Title : The Stability of Laminar Shear Flow

12
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Abstract’ In 1883, Reynolds published his classical work on the experimental
study of the stability of shear show and transition to turbulence.

Since then the issue of the critical Reynolds number at which laminar flows
become unstable has been studied by numerous people, includig Sommerfeld,
Heisenberg, C. C. Lin, Orazag, and more recently, Trefethen, Hof, Barkley,
Eckhardt, Walefe et. al. Despite this great deal of effort, there is still a lack of the
proper mathematical framework for understanding such nonlinear instabilities. In
this talk, we present a theoretical framework using ideas drawn from statistical
physics and large deviation theory. We then present the results of our intensive
numerical study of the shear flow using this framework.

Xinchu Fu ( Dept. of Math., Shanghai Univ)

Title: A dynamical model for epidemic spreading on interdependent
networks

Abstract Most real-world networks interact with and depend on other networks,
which together form large systems known as interdependent networks. In this
paper, to describe transmissional epidemics such as vector-host infections
spreading among various interacting populations, we develop a framework for
studying the epidemic dynamics on interdependent networks. We first establish
an epidemiological model via mean-field approximation, then compute and verify
the basic reproduction number and the global behaviors of the model, and finally
identify the effects of contact patterns and infectivity on the spreading threshold
and the final epidemic sizes. We find that inner contacts usually play a more
important role in epidemic spreading than cross contacts. In particular, we show
that the interdependent nature of such a network strongly influences the
propagation characteristics, and that epidemics are easier to transmit on an
interdependent network than a single or a bipartite network. Our understanding of
epidemics on interdependent networks might shed new lights on contagion
dynamics. This talk is based on a joint work with Guanghu Zhu and Guanrong
Chen.

Shi Jin = University of Wisconsin /Shanghai Jiaotong
University”™

Title: Semiclassical Computational Methods for Quantum Dynamics with
Band-crossings

13



EN R Ak eSS

Center for Mathematical Sciences

Abstract: We develop semiclassical models and multiscale computational
methods for quantum dynamics with non-adiabatic effects. Applications of such
methods include surface hopping, Schrodinger equation with periodic potentials,
elastic and electromagnetic waves with polarizations, and graphene. We use the
Wigner transform to derive these models. The key idea is to evolve the dynamics
of the entire Wigner matrices, which contain important non-adiabatic terms, not
just the diagonal projections corresponding to the eigenstates of the Hamiltonians.
We also develop multiscale computational methods based on these models and
numerical examples will be used to show the validity of these models in captuing
the qunatum transitions at the crossing-points.

Isaac Klapper™ Temple University, USA™
Title: Heterogeneity in Microbial Communities

Abstract® Much of the earth's microbial biomass lives in close-packed
communities (e.g. biofilms, mats, etc.), The function, particularly material and
transport properties, of these communities is influenced by their physical form.
For simplicity, this form is often considered to be fairly homogeneous, whereas,
in actuality, microbial communities seem to be rather inhomogeneous. Using
models of biofilms as living, reactive fluids, reasons for how and why
inhomogeneity occur will be presented, and some consequences will be
discussed.

Young-Ju Lee” Department of Mathematics, Texas State
University, USA™

Title: Non-local three species model for wormlike micellar fluids.

Abstract’ Wormlike micelles are self-assemblies of amphiphilic surfactant
molecules in an aqueous solution.

In an experiment of the shear flow of the wormlike micellar fluids, Liu and Pine
(Physical Review Letters, 77, 2121 (1996)) observed the shear thickening in the
dilute wormlike micellar fluids and found that such a thickening is due to a
generation of some new larger structure. This large structure, known as the shear
induced structure or gelation, has attracted a lot of research works since then.
The gelation is oftentimes correlated with very interesting physical phenomena
such as the shear-thickening transition, and the continual oscillations in speed of

14



EN R Ak eSS

Center for Mathematical Sciences

the falling sphere and rising bubble in wormlike micellar fluids. However, they are
not yet completely understood in their mathematical modelings.

In this talk, we shall present a new population dynamics-based three species
PDE model for modeling wormlike micellar fluids, which consist of long micelle,
short micelle and the gelation. Starting at the homogeneous ODE model, we
present both theoretical and numerical results, which include the global stability.
The model is then extended to the partial differential equation to incorporate the
inhomogeneity of the species. Using the extended model, we tackle the
challenge to model the shear thickening transition. Our numerical results are
clearly shown to be agreeable with the experimental results. In conclusion, we
shall address some of potential applications of our model.

Bo Li (University of California, San Diego, USA)

Title' Dielectric Boundary Force in Biomolecular Solvation

Abstract’ A dielectric boundary in a biomolecular system is a solute-solvent
(e.g., protein-water) interface that defines the dielectric coefficient to be one
value in the solute region and another in solvent. The inhomogeneous dielectric
medium gives rise to an effective dielectric boundary force that is crucial to the
biomolecular conformation and dynamics. This talk begins with a review of the
Poisson-Boltzmann theory commonly used for electrostatic interactions in
charged molecular systems and then focuses on the mathematical description of
the dielectric boundary force. A precise definition and explicit formula of such
force are presented. The motion of a cylindrical dielectric boundary driven by the
competition between the surface tension, electrostatic interaction, and solvent
viscous force is then studied. Implications of the mathematical findings to
biomolecular conformational stabilities are finally discussed.

Jichun Li ( University of Nevada Las Vegas, USA)

Title' Mathematical analysis and finite element modeling of invisibility
cloaks with metamaterials

Abstract In the June 23, 2006's issue of Science magazine, Pendry et al and
Leonhardt independently published their works on electromagnetic cloaking. In
Nov.10, 2006's Science, Pendry et al demonstrated the first practical realization
of such a cloak with the use of artificially structured metamaterials. Since then,
there is a growing interest in using metamaterials to construct invisibility cloaks.
In this talk, I'll first give a brief introduction to metamaterials, then I'll focus on the
mathematical analysis of some cloak models. Numerical simulations using finite
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element methods in time domain will be presented.

Xiaofan Li (lllinois Institute of Technology, USA)

Title' Numerical methods for nonlocal equations due to Levy processes

Abstract The mean first exit time, escape probability and transitional probability
density are utilized to quantify dynamical behaviors of stochastic differential
equations with non-Gaussian $\alpha$-stable type L\'evy motions. An efficient
and accurate numerical scheme is developed and validated for computing the
quantities from the governing differential-integral equation. From both the
analytical and numerical results, it is observed that the mean exit time depends
strongly on the domain size and the value of $\alpha$ in the $\alpha$-stable
L\'evy jump measure. The mean exit time and escape probability could become
discontinuous at the boundary of the domain, when the value of $\alpha$ is in
(0,1).

Zhilin Li~ North Carolina State University, USA & Nanjing
Normal University, China™

Title: Accurate Gradient Computation for Interface Problems with Variable
Coefficients

Abstract’ A new numerical method is proposed for interface problems with
piecewise variable but discontinuous coefficient. The main motivation is not only
to get second order solution but also the second order accurate the gradient for
some types of interface problems. The idea is based on the fast Immersed
Interface Method and second order convergence of 1IM for the solution and the
gradient (Beale and Layton). The key of the new method is to introduce the jump
in the normal derivative of the solution as augmented variable and re-write the
interface problem as a Laplacian of the solution with lower order terms near the
interface. Thus we can get jump relations for send order derivatives using the
augmented variable and lower order terms. The idea should be applicable for
boundary value problems as well. An upwind type discretization is used for the
finite difference discretization near or on the interface so that the discrete
coefficient matrix is an M-matrix. A multi-grid solver is used to solver the linear
system of equations and a GMRES iterative method is used to solve the
augmented variable. Numerical examples and convergence proof are also
provided.
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André Nachbin™ Inst.Math.Pure et Applied”™
Title' The uncertain trajectory of a pilot-wave

Abstract © This is a recent problem addressing a new dynamical system for
a wave-particle pair.

Yves Couder (Paris 7) and coworkers reported on walking droplets on the
surface of a vibrating bath and discussed their properties previously thought to be
peculiar to the microscopic, quantum realm. John Bush (MIT) and coworkers
have also produced laboratory experiments which were compared to theoretical
predictions. In this presentation | will briefly review some of their work and
introduce our recent hydrodynamic pilot-wave model. Our model considers a
wave equation coupled to a trajectory equation for the walking
droplet/particle. The wave dynamics starts from rest while the fluid domain is
vibrated according to the Faraday theory. The dynamical properties of this wave-
particle pair depends on a memory parameter. When the pilot-wave is confined
to bounded domains in the high memory regime interesting random dynamics
arise. Examples will be presented from both laboratory experiments as well as
numerical simulations. This work is in collaboration with John Bush (MIT/Math),
Paul Milewski (Univ. Bath/Math) and Carlos Galeano Rios (IMPA).

Demetrious Papageorgiou”™ Imperial College London, UK”

Title: Interfacial instabilities in viscous multilayer flows.

Abstract’ Flows of viscous immiscible fluids are encountered in many natural
and technological processes, e.g. microfluidic applications. Even though the flow
speeds may be moderate or even small, spatiotemporal instabilities can arise
due to the deformation of fluid-fluid interfaces where waves can form and
propagate. Such free boundary problems are mathematically challenging -
nonlinear interfacial motions must be coupled to solutions of the Navier-Stokes
equations in deforming domains.This talk will present some aspects of a large
body of research in this area by the speaker, with particular emphasis on
millimetric sized flows, such as falling liquid films or multilayer flows in confined
geometries. Elements of external forcing using electric fields (used in practice)
will also be described. The approach will be asymptotic at first in order to derive
useful reduced dimensionality PDEs, followed by an extensive description of their
solutions using computations and analysis where possible. Both two- and three-
dimensional models will be explored in the case of falling films. When several
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stratified fluids are present the development is significantly harder; it will be
sketched in order to derive canonical systems of PDEs, typically 2x2 high order
parabolic systems with nonlinear flux functions that can transition from hyperbolic
to elliptic type. Solutions will be described including nonlinear stationary and
traveling states, but also solutions that can terminate in finite time singularities
depending on the diffusion operator. The vanishing viscosity problem in the
presence of hyperbolic-elliptic transitions will also be described numerically. The
results indicate that the solutions remain bounded in the limit but develop
oscillations that are supported on a fractal set whose dimension depends on the
order of the viscosity operator.Time permitting, some recent work using feedback
control to stabilize uniform and non-uniform states in such systems will also be
briefly presented.

Marco Sammartino™ Universita degli Studi di Palermo, Italy”

Title: Complex Singularities and Separation for High Reynolds Number
Flows

Abstract©° The appearance of a boundary layer (BL) is a ubiquitous
phenomenon in applied mathematics: a BL occurs when the presence of a small
parameter causes a sharp transition between the perturbed and the unperturbed
regime. The concept of BL was introduced by Ludwig Prandtl to give an
explanation to D'Alembert's paradox; Prandtl's 1904 paper would prove to be one
of the most influential fluid dynamics paper ever written.However, despite more
than a century of investigations, many problems raised by Prandtl's BL theory still
remain unsolved. Among them we mention the lack of a fully satisfactory
mathematical theory of Prandtl's equations and the problem of the convergence,
in the zero viscosity limit, of the Navier-Stokes solutions to the Euler solutions. In
this talk we shall review some of the results that have been recently obtained in
this area: in particular we shall see how the separation phenomena occurring at
high Reynolds number can be explained in terms of complex singularities of the
Navier-Stokes solutions. We shall also discuss the relationship between the
Prandtl singularity and transition of the BL from laminar to turbulent regimes.

Jean-Marc VandenBroeck © University College London, UK”™

Title' New types of nonlinear water waves.
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Abstract The classical problem of gravity-capillary waves propagating in a fluid
of finite depth is revisited. Most known solutions are symmetric. We provide
numerical evidence that there are in addition new types of non-symmetric waves.
These waves exist both in two and three dimensions. We also demonstrate the
existence of pure solitary waves in water of infinite depth. As time permits we will
also discuss the corresponding problem of flexural waves.

Xiao-Ping Wang (Hong Kong University of Science and
Technology™

Title: A one-domain approach for modeling and simulation of free fluid over
a porous medium

Abstract We propose a one-domain approach based on the Brinkman model
for the modeling and simulation of the transport phenomenon between free fluid
and a porous medium. A thin transition layer is introduced between the free fluid
region and the porous media region, across which the porosity and permeability
undergo a rapid but continuous change. We study the behavior of the solution to
the one-domain model analytically and numerically. Using the method of matched
asymptotic expansion, we recover the Beaversi Josephi Saffman (BJS) interface
condition as the thickness of the transition layer goes to zero. We also calculate
the error estimates between the leading order solution of the one-domain model
and the standard Darcyi Stokes model of two-domain model with BJS condition.
Numerical methods are developed for both the one-domain model and the two-
domain model. Numerical results are presented to support the analytical results,
thereby justifying the one-domain model as a good approximation to the two
domain Stokesi Darcy model.

Yaguang Wang~ Shanghai Jiaotong University”

Title: Instability of three dimensional Prandtl boundary layers

Yuefei Wang”™ Chinese Academy of Sciences”
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Title: Dynamics of Newton Map and Complexity

Abstract’ We will talk about the dynamics of Newton map and geometry of
polynomials. Problems and recent results on complexity of polynomials, rigidity of
stable algebraic families of rational maps and iterative algorithms will be
discussed.

Jack Xin © University of California, Irvine, USA™

Title: L1 Minus L2 and Transformed L1: Two Non-convex Sparsifying
Penalties and Applications

Abstract L1 norm is a well-known sparsity promoting convex penalty in sparse
representation problems in data science and statistics. In this talk, we discuss
two non-convex L1 based penalties to improve on L1. The first is the difference of
L1 and L2 norms which characterizes 1-sparsity precisely, and works the best
when linear constraints are close to degenerate. The second is a bi-linearly
transformed L1 penalty (TL1) parameterized by a positive number resembling
the quasi-norm Lp with p fractional. TL1 is most robust with respect to the
conditioning of linear constraints. It also has closed form thresholding functions
covering known soft and half thresholding functions, and permitting fast iterative
thresholding algorithms. Both L1 minus L2 and TL1 can be expressed as
difference of two nonnegative convex functions allowing efficient difference of
convex function algorithm for minimization. We show their applications in
compressed sensing, imaging, and matrix completion.

Jinchao Xu © Pennsylvania State University, USA™

Title: Discretization and Preconditioning for Fluid-Structure Interaction
Simulations

Wen-An Yong~™ Tsinghua University”™

20
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Title : Conservation-Dissipation formalism of non-equilibrium
thermodynamics and its classical hydrodynamic limit.

Abstract We propose a conservation-dissipation formalism (CDF) for coarse-
grained descriptions of irreversible processes. This formalism is based on a
stability criterion for non-equilibrium thermodynamics. The criterion ensures that
non-equilibrium states tend to equilibrium in long time. As a systematic
methodology, CDF provides a feasible procedure in choosing non-equilibrium
state variables and determining their evolution equations. The equations derived
in CDF have a unifi ed elegant form. They are globally hyperbolic, allow a
convenient de finition of weak solutions, and are amenable to existing numerics.
More importantly, CDF is a genuinely nonlinear formalism and works for systems
far away from equilibrium. With this formalism, we formulate a novel
thermodynamics theory for non-isothermal compressible Maxwell fl uid fl ows as
a typical example. The new theory generalize
nonlinear fashion. Moreover, we rigorously justify that this generalized
hydrodynamic system tends to the classical hydrodynamics when the relaxation
time approaches to zero.

Xianyi Zeng~™ Duke University, USA™

Title: A variational multiscale finite element method for transient solid
mechanics using linear simplicial elements.

Abstract We present a new approach to stabilize the finite element methods for
explicit transient solid mechanics using linear simplicial finite elements. In these
problems, triangular/tetrahedral elements are usually preferred because they
allow efficient and automated mesh generation for complicated geometries.
However, standard Galerkin formulation typically leads to volumetric locking or
instability on these elements in the case of nearly incompressible materials.

To overcome these difficulties, we describe a stabilized method that is based on
a mixed formulation, in which the usual momentum equation is complemented by
a rate equation for the evolution of the pressure. The stabilization is derived using
a variational multiscale approach, and it leads to provable energy stability, at
least in the case of linear elasticity. The method is then extended to nonlinear
solid dynamics including inelastic materials, such as the elastoplastic and
viscoelastic ones. Extensive numerical results in these contexts are presented to
assess the accuracy and stability properties of the proposed VMS-FEM for
general solid mechanics.
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Pingwen Zhang (Peking University)

Title: The Small Deborah Number Limit of the Doi-Onsager Equation to the
Ericksen-Leslie Equation

Abstract® We present a rigorous derivation of the Ericksen-Leslie equation
starting from the Doi-Onsager equation. As in the fluid dynamic limit of the
Boltzmann equation, we first make the Hilbert expansion for the solution of the
Doi-Onsager equation. The existence of the Hilbert expansion is connected to an
open question whether the energy of the Ericksen-Leslie equation is dissipated.
We show that the energy is dissipated for the Ericksen-Leslie equation derived
from the Doi-Onsager equation. The most difficult step is to prove a uniform
bound for the remainder in the Hilbert expansion. This question is connected to
the spectral stability of the linearized Doi-Onsager operator around a critical point.
By introducing two important auxiliary operators, the detailed spectral information
IS obtained for the linearized operator around all critical points. However, these
are not enough to justify the small Deborah number limit for the inhomogeneous
Doi-Onsager equation, since the elastic stress in the velocity equation is also
strongly singular. For this, we need to establish a precise lower bound for a
bilinear form associated with the linearized operator. In the bilinear form, the
interactions between the part inside the kernel and the part outside the kernel of
the linearized operator are very complicated. We find a coordinate transform and
introduce a five dimensional space called the Maier-Saupe space such that the
interactions between two parts can been seen explicitly by a delicate argument of
completing the square. However, the lower bound is very weak for the part inside
the Maier-Saupe space. In order to apply them to the error estimates, we have to
analyze the structure of the singular terms and introduce a suitable energy
functional.

Furthermore, we prove the local well-posedness of the Ericksen-Leslie
system, and the global well-posednss for small initial data under the physical
constrain condition on the Leslie coefficients, which ensures that the energy of
the system is dissipated. Instead of the Ginzburg-Landau approximation, we
construct an approximate system with the dissipated energy based on a new
formulation of the system.

Xianwen Zhang (Huazhong University of Science and
Technology, Wuhan, China”

Title: Global Weak Solutions for the Vlasov-Poisson System with A Point
Charge
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Abstract : We study the dynamics of three dimensional Vlasov-Poisson system
in the presence of a point charge with attractive interaction. Compared to the
replusive interaction, we can not get a priori conversation law. Nevertheless, we
are able to obtain bound of kinetic energy by introducing a Lyapunov functional.
Combining this result with the concept of Diperna-Lions flow, we establish global
existence of weak solutions for this system.

Zhimin Zhang (Beijing Computational Science Research
Center”™

Title: How many PDE numerical eigenvalues can we trust, and how to get
more out of it?

Abstract® When approximating PDE eigenvalue problems by numerical
methods such as finite difference and finite element, it is common knowledge that
only a small portion of numerical eigenvalues are reliable. However, this
knowledge is only qualitative rather than quantitative in the literature. In this talk,

we wi || i nvestigate t he exnbytndfieite el@ament @rdr ust edo

the related finite difference method results obtained from mass lumping)
approximation of 2mth order elliptic PDE eigenvalue problems. Our two model
problems are the Laplace and bi-harmonic operators, for which a solid knowledge
regarding magnitudes of eigenvalues are available in the literature. Combining
this knowledge with a priori error estimates of the finite element method, we are
able to figure out roughly how many
numerical approximation under a pre-determined convergence rate.

One effective way to have more reliable eigenvalues is to use recovery technique.

We will discuss the Polynomial Preserving Recovery (PPR) and its application in
achieving higher accuracy in eigenvalue approximations, especially for non self-
adjoint problems.
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Chu culture
Chu culture is an important part of the Chinese culture. It has a long history,
extensive and profound, with distinctive local characteristics and is of great
economic and cultural value. Chu is a historical geographical concept, largely
across todayds Hubei and Hunan provinces as
Huazhong).

Hubei province, with Wuhan as the capital, is the birthplace of Chu culture. As
one of the great powers of the spring and autumn period (770 BC 1 476 BC) and
the warring states period (476 BC i 221 BC), Chu created a glorious civilization,
in the long history of more than 800 years.

The main components of Chu culture can be summarized into six pillars: bronze
metallurgy, silk embroidery, wood and bamboo lacquer ware, art music, Lao-
Tze's philosophy, and QuSao literature.

Some representatives of Chu culture history:

Chu totem:

Chu music® Zenghou Yitomb (about
2430 year ago) is located in Suizhou,
west of Hubei province. Unearthed with
the tom are thousands pieces of
valuable items, including the chimes
(Musical Instruments; see piture) and
astronomical maps.
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Chu lacquer: Chu Cloth:

Chu literature:
Chu bronze:
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Huazhong University of Science and Technology, Wuhan, China

mathcenter.hust.edu.cn

Center for Mathematical Sciences, at Huazhong University of Science and
Technology, Wuhan, China, is a mathematical research and education institution.
Its mission is to promote interactions between mathematics and other disciplines,
and to connect branches of mathematics. The Center fulfills its mission by
conducting select research and educational activities, including short courses,
workshops, mini-workshops, and topic conferences.
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