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Special Session 42: Global or/and Blowup Solutions for Nonlinear
Evolution Equations and Their Applications

George Chen, Cape Breton University, Canada
Ming Mei, McGill University, Canada

This session is devoted to the recent developments in global or/and blowup solutions for nonlinear evolution
equations and their applications, include fluid dynamics, delay, localized, non-local, degenerate evolution

equations, steady states and their properties.

Global and blowup solutions for general quasi-
linear parabolic systems

Shaohua Chen
Cape Breton University, Canada
george_chen@cbu.ca

This talk discusses global and blowup solutions
of the general quasilinear parabolic system wu; =
a(u,v)Au + f(u,v,Du) and v: = B(u,v)Av +
g(u,v, Dv) with homogeneous Dirichlet boundary
conditions. We will give sufficient conditions such
that the solutions either exist globally or blow up
in a finite time. In special cases, a necessary and
sufficient condition for global existence is given. We
also discuss a degenerate case.

—> 00000

Structure of principal eigenvectors and ge-
netic diversity

Fengxin Chen

University of Texas at San Antonio, USA
Fengxin.Chen@utsa.edu

P. W. Bates

The main concern of this paper is long-term geno-
typic diversity. Genotypes are represented as finite
sequences (s1, S2,. .., Sn), where the entries {s;} are
drawn from a finite alphabet. The mutation matrix
is given in terms of Hamming distances. It is proved
that the long time behavior of solutions for a class of
genotype evolution models is governed by the prin-
cipal eigenvectors of the sum of the mutation and
fitness matrices. It is proved that the components of
principal eigenvectors are symmetric and monotonely
decreasing in terms of Hamming distances whenever
the fitness matrix has those properties.

— 000 00 —
On the behavior of certain nonlinear parabolic
equations with periodic boundary conditions
Jean Cortissoz
Universidad de los Andes, Colombia

jeortiss@uniandes.edu.co

Let © = [0,L1] x --- x [0, Lg]. In this talk we will

consider the problem

(1)

%:u"Au—l—u"Jrl on Qx(0,7)
u(z,0) =9 (z) in Q

n a positive integer, under periodic boundary condi-
tions. It is known that if ¢ > 0, then the classical
solution to (1) blows up in finite time. We will show
that under some assumptions on the Fourier expan-
sion of the initial condition, and on the first nontrivial
Laplacian eigenvalue of €2, there are constants Cx > 0
and 8 > 0 such that

< Cp (T —1t)°

1
u(~7t)—VT(Q)/Qu(x,t) dz

CR(Q)

where T' > 0 is the blow-up time of the solution to
(1). Part of this talk is joint work with Alexander
Murcia.

—> 00000

Decay property of regualrity-loss type for
quasi-linear hyperbolic systems of viscoelas-
ticity

Priyanjana Dharmawardane
Kyushu University, Japan
p-darumawarudane@math.kyushu-u.ac.jp

In this talk, we consider a quasi-linear hyperbolic
systems of viscoelasticity. This system has dissi-
pative properties of the memory type and the fric-
tion type. The decay property of this system is of
the regularity-loss type. To overcome the difficulty
caused by the regularity-loss property, we employ
a special time-weighted energy method. Moreover,
we combine this time-weighted energy method with
the semigroup argument to obtain the global exis-
tence and sharp decay estimate of solutions under
the smallness conditions and enough regularity as-
sumptions on the initial data.
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Everywhere regularity for cross diffusion sys-
tems involving p-Laplacian: the degenerate
case

Le Dung
University of Texas San Antonio, USA
dle@math.utsa.edu

Using nonlinear heat approximation and homotopy
arguments, we study Holder regularity of bounded
weak solutions to strongly coupled and degenerate
parabolic systems.

—> 0000 —

Existence and blow-up results for fast dif-
fusion equations with nonlinear lower order
terms

Daniela Giachetti
University of Rome Sapienza, Italy
daniela.giachetti@sbai.uniromal.it

We deal with blow-up and existence results for so-
lutions of equations with principal part of fast dif-
fusion type and presenting a reaction term g(u).
More precisely, as far as the blow-up phenomenon is
concerned, we consider the following problem

{ ug — A(w™) = Ag(u) in Qx(0,00),
u=20 on 99 x (0,00),
u(z,0) = ug(x) on €

where Q C RY is an open bounded set, 00, g nonde-
creasing and convex and such that

> do
—— < +oo,
o 9(o)
and we prove that for A not too small Fujita property

occurs i.e. whatever is the initial datum wg, all the
solutions blow-up in finite time in the sense that

limsup,_,p— |[u(x, t)||reo (@) = +o0.

On the other hand, as far as the existence is con-
cerned, we will prove existence of global solutions to

s — A(u|™ u) = g(u) +p in Q x (0,00),
u=0 on 90 x (0,00),
u(z,0) = uo(x) on

essentially covering the complementary situation , i.e.

/°° do
o 9(o)
for general data p and ug, i.e. p finite Radon mea-

ol < m < 1. Here

sure and uo € L' (), and for &t
|~ 1w = 0 in the set where u = 0.

= +oo’

we mean |u

—> 0000

An approximation scheme for area-
constrained curvature-driven multiphase mo-
tions

Elliott Ginder

Kanazawa University, Japan
eginder@polaris.s.kanazawa-u.ac.jp
Seiro Omata, Karel Svadlenka

We develop a numerical method for investigating
area-constrained interfacial motions. We show how
to reformulate the BMO algorithm in a vector-valued
setting, which we then treat by means of a minimiz-
ing movement; hence the variational nature of our
method permits the inclusion of area constraints,
via penalization. As the constrained motions tend
to be much slower than motion by mean curvature,
the well-known time and grid resolution restrictions
of the BMO algorithm become particularly relevant.
We thus discuss how to alleviate these restrictions,
and we show the numerical results of our method for
investigating the viscous motion of bubble clusters.

—> 00000

Two-dimensional curved fronts in a periodic
shear flow

Rui Huang

South China Normal University, Peoples Rep of
China

huang@scnu.edu.cn

M. El Smaily, F. Hamel

In this talk, we consider the traveling fronts of
reaction-diffusion equations with periodic advection
in the whole plane R%. We are interested in curved
fronts satisfying some “conical” conditions at infin-
ity. We prove that there is a minimal speed ¢* such
that curved fronts with speed c exist if and only if
¢ > ¢*. Moreover, we show that such curved fronts
are decreasing in the direction of propagation, that
is, they are increasing in time. We also give some
results about the asymptotic behaviors of the speed
with respect to the advection, diffusion and reaction
coefficients. This is a joint work with M. El Smaily
and F. Hamel.

—> 00O 00—

On solvability for a class of quasilinear elliptic
equations with superlinear growth in weighted
spaces

Gao Jia

University of Shanghai for Science and Technology,
Peoples Rep of China

gaojia79@yahoo.com.cn

This talk will focus on the existence of the solu-
tions for a class of quasilinear elliptic equations.
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We are mainly interested in which the nonlinearity
possesses the superlinear growth conditions. Our
method is based on the Galerkin method, the gen-
eralized Brouwer’s theorem and a weighted compact
Sobolev-type embedding theorem established by V.
L. Shapiro.

—> 00000

An analysis in the space of BV functions for
the equation of motion of a vibrating mem-
brane with a “viscosity” term

Koji Kikuchi
Shizuoka University, Japan
tskkiku@ipc.shizuoka.ac.jp

Let ©Q be a bounded domain in R™ with Lipschitz
continuous boundary 9. In this talk we investigate
the following equation in the space of BV functions:

Vu

V14 [Vul?

Vu

V14| Vul?

Utt — le( ) - (le( ))t = 07

(1)
(2)

u(0,z) = uo(x), u(0,z) =wvo(x), x€Q,

u(t,x) =0, x € IN. (3)
A function wu is said to be a BV function in Q if
the distributional derivative Du is an R™ valued fi-
nite Radon measure in 2. The vector space of all
BV functions in  is denoted by BV (Q). It is a
Banach space equipped with the norm |lu|lpvy =
llull L2 () + [Dul(€2). The difficult point is that, for
Vu
V14 |Vul?
valued. It is usually defined by the use of subdiffer-
ential of the area functional. Namely, supposing that

u € BV(Q) N L*(Q), we regard —div( Vu )

V14 1|Vul?
as

u € BV(Q), the operater div( ) is multi-

0J(u) = {f € (BV(2) N L*());
Jut) = J(u) = (f,9)
for each ¢ € BV(Q) N L*(Q)},

where J(u) = /1 + |Du|?(Q). We report that, if uo
is slightly smooth, then there exists a unique solution

to (1)—(3).

—> 00000

Global solutions of a diffuse interface model
for the two-phase flow of compressible viscous
fluids in 1-D

Yinghua Li

South China Normal University, Peoples Rep of
China

yinghua@scnu.edu.cn

Shijin Ding

In this talk, we consider a coupled Navier-
Stokes/Cahn-Hilliard system which describes a dif-
fuse interface model for the two-phase flow of com-
pressible viscous fluids in a bounded domain in one
dimension. We prove the existence and uniqueness
of global classical solution for py € C*“(I) with
po > co > 0. Moreover, we also discuss the existence
of weak solutions and the existence of unique strong
solution for po € H'(I) and po € H?(I), respectively,
satisfying po > co > 0.

—> 00000

Numerical study for long-time solutions for
some hyperbolic conservation laws with non-
linear term

Chi-Tien Lin
Providence University, Taiwan
ctlin@gm.pu.edu.tw

In this talk, we study solution behavior for two
hyperbolic conservation laws with nonlinear force
terms at large time via central-upwind schemes. The
most advantage of central-typed scheme is simplicity
because no approximate Riemann solver is needed.
Central-upwind scheme employs this advantage with
less numerical viscosity so that it can be applied
to study solution behavior at large time. We start
with simulation for an initial-boundary value prob-
lem of a2x2 p-system with nonlinear force term via
an central-upwind scheme introduced by Tadmor
and Korganov. We confirm that the solution glob-
ally exists and converges to its corresponding dif-
fusion wave, or the solution blows up at a finite
time under suitable condition. For convergence case,
convergence rates are calculated. We then turn to
study solution behavior of an initial-value problem
of a 1D Euler-Poisson equation defined on bounded
domain. With the help of an improved Kurganov-
Tadmorscheme introduced by Kurganov, Noelle and
Petrova in 2001, we shall demonstrate that the solu-
tion converges to its corresponding boundary value
problem.

—> 00000
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Traveling waves for nonlocal dispersion equa-
tion

Ming Mei

Champlain College-St.-Lambert, Canada
ming.mei8@gmail.com

Rui Huang, Yong Wang

In this talk, we study a class of nonlocal disper-
sion equation with monostable nonlinearity in n-
dimensional space

ur — J xu—+u+du(t,x)) =
[ fwbtutt = 7.z = ).
u(s,z) = uo(s,z), s€[-7,0], z€R",

where the nonlinear functions d(u) and b(u) pos-
sess the monostable characters like Fisher-KPP type,
fa(x) is the heat kernel, and the kernel J(z) sat-
isfies J(§) = 1 — K|¢]* 4 o(]¢]%) for 00. After es-
tablishing the existence for both the planar traveling
waves ¢(z - e + ct) for ¢ > c. (¢« is the critical wave
speed) and the solution u(t, z) for the Cauchy prob-
lem, as well as the comparison principles, we prove
that, all noncritical planar wavefronts ¢(z - e + ct)
are globally stable with the exponential convergence
rate ¢t~/ e Mt for ur > 0, and the critical wave-
fronts ¢(z-e+c.t) are globally stable in the algebraic
form ¢t~™/, and these rates are optimal. As appli-
cation, we also automatically obtain the stability of
traveling wavefronts to the classical Fisher-KPP dis-
persion equations. The adopted approach is Fourier
transform and the weighted energy method with a
suitably selected weight function. This is a joint work
with Rui Huang and Yong Wang.

—> 00000

Mathematical and computational aspects of
problems involving adhesion, detachment, and
collision

Seiro Omata
Kanazawa University, Japan
omata@se.kanazawa-u.ac.jp

We examine the behavior of solutions to free bound-
ary problems expressing the motion of oil droplets
and soap bubbles over flat surfaces, as well as bounce-
type collision dynamics. Such phenomena are diffi-
cult to treat, both analytically and numerically, due
to the presence of free boundaries and global con-
straints (which arise from the presence of volume
constraints). We will discuss the problem settings
and focus on the development of numerical methods
for investigating such phenomena. We will also show
the computational results obtained by our methods.

—> 0000

On decay estimates for solutions of some
parabolic equations

Maria Michaela Porzio
University of Rome Sapienza, Italy
porzio@mat.uniromal.it

It is well known that the solution of the heat equa-
tionwith summable initial datum wug satisfies the
decay estimate

() < ool g,
t2

We show here that decay estimates can be derived
simply by integral inequalities. This result allows us
to prove this kind of estimates, with an unified proof,
for different nonlinear problems, thus obtaining both
well known results (for example for the p-Laplacian
equation and the porous medium equation) and new
decay estimates.

—> 0000

Viscosity solutions of a class of degenerate
quasilinear parabolic equations

Weihua Ruan
Purdue University Calumet, USA
ruanw@purduecal.edu

We study a class of degenerate quasilinear parabolic
equations in a bounded domain with a Dirichlet or
nonlinear Neumann type boundary condition. The
equation under consideration arises from a number of
practical model problems including reaction-diffusion
processes in a porous medium. Our goal is to estab-
lish some comparison properties between viscosity
upper and lower solutions and to show the existence
of a continuous viscosity solution between them.
Applications are given to a porous-medium type of
reaction-diffusion model whose global existence and
blow up property are sharply different from that of
the nondegenerate one.

—> 00000

On a class of doubly nonlinear parabolic equa-
tions with nonstandard growth: existence,
blow-up and vanishing

Sergey Shmarev
University of Oviedo, Spain
shmarev@Quniovi.es
S.Antontsev

The talk addresses the questions of existence and
the qualitative behavior of solutions of the homo-
geneous Dirichlet problem for the doubly nonlinear
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anisotropic parabolic equation

we= 32 Di (ID:(ul™ " ) PO Dl )
i=1

o(z)—2

+e(2)|ul u.
The exponents of nonlinearity m(z) > 0, p;(x,t) €
(1,00), o(z,t) € (1,00) are given functions of their
arguments. We prove that the problem admits a
strong energy solution in a suitable Orlicz-Sobolev
space prompted by the equation and establish suffi-
cient conditions of the finite time blow-up or vanish-
ing.
—> 00000 —

Cauchy problem for the damped singularly
perturbed Boussinesq-type equation

Changming Song

Zhongyuan University of Technology, Peoples Rep of
China

cmsongh@163.com

We are concerned with the Cauchy problem for
the damped singularly perturbed Boussinesq-type
equation

Ut — Uge — QUgzas + 2DUzzzat — ﬂua::cxacx:t = (un)xac
in R x (0, c0),

u(z,0) = uo(z), ue(z,0) = ui(z), z€R,
where a, 8 > 0 and b > 0 are real numbers, n > 2 is
an integer, uo(z) and ui(z) are the given functions.
Under suitable assumptions, we prove that for any
T > 0, the Cauchy problem admits a unique global
smooth solution wu(z,t) € C*((0,7]; H*(R)) N
C([0,T); H(R)) N C*([0, T]; H' (R)).

—> 00000

Refined asymptotics for the infinite heat equa-
tion with homogeneous Dirichlet boundary
conditions

Christian Stinner

University of Paderborn, Germany
christian.stinner@uni-due.de
Philippe Laurengot

We show that the nonnegative viscosity solutions
to the infinite heat equation 0iu = Asu with ho-
mogeneous Dirichlet boundary conditions converge
as t — oo to a uniquely determined limit after a
suitable time rescaling. The proof relies on the half-
relaxed limits technique as well as interior positivity
estimates and boundary estimates. Moreover, we
also study the expansion of the support.

—> 0000

Finite-time blow-up in the higher-dimensional
Keller-Segel system

Michael Winkler
University of Paderborn, Germany
michael.winkler@mathematik.uni-paderborn.de

We study the Neumann initial-boundary value prob-
lem for the fully parabolic Keller-Segel system

u=Au—V-(uVv), z€Q, t >0,
{v,g:Av—v—i—u,JI:GQ,75>O7 ()
in a ball Q € R™ with n > 3. This system forms
the core of numerous models used in mathematical
biology to describe the spatio-temporal evolution of
cell populations governed by both diffusive migration
and chemotactic movement towards increasing gra-
dients of a chemical that they produce themselves.
We demonstrate that for any prescribed m > 0
there exist radially symmetric positive initial data
(uo,v0) € C°(Q) x WH>(Q) with [, uo = m such
that the corresponding solution blows up in finite
time. Moreover, by providing an essentially explicit
blow-up criterion it is shown that within the space of
all radial functions, the set of such blow-up enforcing
initial data indeed is large in an appropriate sense; in
particular, this set is dense with respect to the topol-
ogy of LP(Q) x W2(Q) for any p € (1, %) One
focus of the presentation is on the method through
which this result is obtained. In contrast to previ-
ous approaches, it is based on a more elaborate use
of the natural energy inequality associated with (%),
involving an estimate of the form

/quC-(HAfuquLu
Q

—|—H%— UVU’

260

L2(Q)

+ 1) ,
L2(Q)

valid with certain C' > 0 and 6 € (0,1) for a wide
class of smooth positive radial functions (u,v) =
(u(),v(z)).

—> 0000

Global existence and asymptotic behavior of
the solutions to the three dimensional bipolar
Euler-Poisson systems

Xiongfeng Yang

Shanghai Jiao Tong University, Peoples Rep of China
xf-yang@sjtu.edu.cn

Yeping, Li

In this talk, I will present the Green function of
the linerized Euler-Poisson with electric field and
frictional damping added to the momentum equa-
tions. This method was used to study the optimal
decay rate of the evolution PDEs. It was applied
to consider the existence of the smooth solution to
the three-dimensional bipolar hydrodynamic model
when the initial data are close to a constant state.
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We found that the electric field affects the dispersion
of fluids and reduces the time decay rate of solutions.

—> 0000

Existence of monotone traveling waves for a
delayed non-monotone population model on
1-D lattice

Zhixian Yu

University of Shanghai for Technology and Science,
Peoples Rep of China

yuzx0902@yahoo.com.cn

In this talk, the existence of monotone traveling
waves for general lattice equations with delays will
be obtained by a new monotone iteration technique
based on a lower solution. The results can be well
applied to a delayed non-monotone population model
on 1-D lattice and thus the monotone traveling wave
will be obtained by choosing a pair of suitable upper-
lower solutions, which was left open in some recent
works.
—> 00000

Longtime dynamics for an elastic waveguide
model

Yang Zhijian
Zhengzhou University, Peoples Rep of China
yzjzzut@Qtom.com

The paper studies the longtime dynamics for a non-
linear wave equation arising in elastic waveguide
model

Utt — Au — AUtt + AQ’U/ - A’U/t - Ag(u) = f(x)

Under the assumption that g is of the polynomial
growth order, say p, it proves that (i) when 1 <
p < (NN77+22)+’ the above mentioned model has a global
solution in phase space with low regularity Eo; (ii)
when 2 < p < ﬁ, the related solution semi-

group S(t) possesses in Ey a finite dimensional global
attractor A, which has FE;-regularity, and an expo-
nential attractor; (iii) when 1 < p < %7 the
above model possesses a global trajectory attractor.

—> 0000



