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Yoshiyuki KAGEI Main-Course

Main-Course

Yoshiyuki KAGEI
Kyushu University, Fukuoka, Japan

Title:
Stability and bifurcation analysis of the compressible Navier-Stokes equa-
tions

Abstract:
In this mini-course I will talk about the instability of the plane Poiseuille flow and the

bifurcation of traveling wave solutions.

1 The perturbation equations

We consider the compressible Navier-Stokes equations in an two-dimensional infinite
layer €2
Dip + div (pv) = 0, (1)

p(Opv + v - Vv) — vAv — (v + V' )Vdive + VP(p) = vpe;. (2)

Here the equations are written in a non-dimensional form;
Q={z=(z1,22) : z1 € R, 0 < x2 < 1};

p = plx,t) and v = T (v'(x,t),v%(x,t)) are the density and the velocity, respectively;
P = P(p) is the pressure which is a smooth function of p satisfying

P'(1) > 0;
v and v/ are the non-dimensional parameters that satisfy
v>0and v+ >0;

and e; = ' (1,0) € R2.
The system (1)—(2) is considered under the boundary condition

U’(EQ:O,I = 0 (3)

One can see that (1)-(3) has a stationary solution us = ' (¢, vs), called the Poiseuille
flow:

1
Ps =1, vg= 5372(5 - 1'2)61-

We consider the stability of the Poiseuille flow us under the perturbation u = (¢, w) =
(v?(p—1),v —wv,) which is periodic in ;. The perturbation u is governed by the system
of equations

8t¢+v;8x1¢+72divw = f0(¢a U}), (4)
dyw — vAw — 5V divw + Ve — %qbel + 010w + (Bp, v wler = f(d,w),  (5)
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where f9(¢,w), f(¢,w) are the nonlinearities; v = y/P’(1); and # = v + /. This
system is considered under the boundary conditions:

W|go=01 =0, ¢, w: %’r—periodic in 1, (6)

Here « is a given positive number (wave number). The Reynolds number R and the
Mach number M are given by R = 1/(16v) and M = 8/, respectively.

2 Instability of the Poiseuille flow

We set Qy = [-Z, %) x (0,1). We define the linearized operator L on X = L2(Qq) x
L?(Qy,) defined by

D(L) = {u="T(p.w) € X+ w € H} 1 (Qu), Lu € L2(0) },

010y, y2div 0 0
L= .
vV  —vA—pVdiv — el 010, + (Oz,vl)er Tes

Here L2(0) = {¢ € L*(2) : [, ¢(x)dz = 0} and e3 = '(0,1) € R?.
We have the following instability result.

Theorem 1 ([2]) There are positive numbers ro and ng such that if o < rg, then
o(-L)N{AE€C: A <o} = (Amalv) s | =1, I}
for some k € N, where Ao (V) is a simple eigenvalue of —L and satisfies
Ama (V) = —é(am) + ro(am)? + O(lam|?)
as |am| — 0. Here kg is the constant given by
1 1 5 V2 vy

Therefore, if 42 < ﬁ and 2v% 4+ v < 3072 (Q—é() —72), then kg > 0, and so the

Poiseuille flow us = " (¢s,vs) is unstable.

3 Bifurcating traveling waves

We next consider the bifurcation of the Poiseuille flow. We fix + in such a way that
ﬁ —~2 > 0, and regard v as a bifurcation parameter. We denote the linearized operator
L by L,. If v is suitably large, then kg satisfies kg < 0. When v decreases, kg satisfies
ko = 0 at a certain value of v, and below such a value of v, kg satisfies kg > 0. It then

follows that for each 0 < v < 1 there exists a positive number vy such that

Redta(n) =0; Rediq(v) <0 & v>wy; Redin(v) >0 < v <.
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We assume that the spectrum of —L,, satisfies the following condition.
o(—Lyy) N{\;Re X =0} = {Aa(v0), Ama(r0) }- (7)

Under this assumption we will prove the existence of bifurcating traveling wave solu-
tions.

Theorem 2 ([3]) Assume that (7) holds true. Then there exists a solution branch
{v,u} = {ve, uct (le] < 1) satisfying

ve =19+ O(e),

Ue = us (1 — cet, 22),

ue (w1 + 2, w9) = ue (w1, T2),

1
ug(wy,m9) = ¢ | 5ha(—2d +22) | 2 cosami(1+ O(a) + O(£2),
0

e =3 +0(e).

Remark 3 Iooss—Padula ([1]) showed that for each v there exists a positive number
A such that the set o(—L,) N {\;Re A > —A} consists of finite number of eigenvalues
with finite multiplicities. Therefore, it seems very unlikely that (7) does not hold for
all 0 < a < 1.

References:

[1] G. Iooss and M. Padula, Structure of the linearized problem for compressible par-
allel fluid flows, Ann. Univ. Ferrara, Sez. VII, 43 (1998), pp. 157-171.

[2] Y. Kagei and T. Nishida, Instability of plane Poiseuille flow in viscous compressible
gas, J. Math. Fluid Mech., 17 (2015), pp. 129-143.

[3] Y. Kagei and T. Nishida, T raveling waves bifurcating from plane Poiseuille flow
of the compressible Navier-Stokes equation, preprint, 2015, MI Preprint Series
2015-9, Kyushu University.

Date:
(D Wednesday, Mar. 08 15:30-16:40 ® Thursday, Mar. 09 10:50-12:00
@ Friday, Mar. 10 09:30-10:40
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Reinhard RACKE

University of Konstanz, Konstanz

Title:

Hyperbolic Navier-Stokes Equations

Abstract:

The classical incompressible Navier-Stokes equations in the whole space R™, n = 2, 3,

u — pAu+ (u-Viu+Vp = 0 in (0,00) x R", (0.1)
divu = 0 in (0,00) x R", (0.2)
u(0,-) = wp in R", (0.3)

with > 0 being the viscosity, for the velocity vector u = u(t, x) : (0,00) x R" — R" of
a fluid, and p = p(t, z) : (0,00) x R™ — R the related pressure, arise from the transport
law

ur 4+ (u-V)u+ Vp=divs (0.4)

and the constitutive law for the tensor S,

S =

SRS

(Vu + (Vu)"), (0.5)

together with the incompressibility (zero divergence) condition (0.2) and initial condi-

tions (0.3). We replace the Fourier type relation (0.5) by the Cattaneo type relation

7S+ 8 == (Vu+ (Vu)). (0.6)

=

The Fourier type constitutive assumption (0.5) — in addition to the pressure contri-
bution — leads to the well-known parabolic-type classical Navier-Stokes system (0.1)—
(0.3); there, in particular, we have the effect of an infinite propagation speed of signals,
as it is well-known as modeling problem/paradox for heat equations, or, more generally,
for flux type equations (diffusion problems, ...) where the flux relation is given by the
Fourier type. There are applications, however, where it is more reasonable to work with
hyperbolic models.

Differentiating the transport equation (0.4) with respect to t, and using the new

relation (0.6), we obtain the new hyperbolicly perturbed Navier-Stokes system

Tu — pAu+us +Vp+7Vpy = —(u-V)u— (tur - V)u — (tu - V)u,  (0.7)
in (0,00) x R",

divu = 0 in (0,00) x R", (0.8)

u(0, +) = o, u(0,+) = wy in R" (0.9)
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It will turn out that, in this system, at least the vorticity V x u has finite propagation
speed.

There is not only the hyperbolic character of a wave equation for u, that complicates
things by less regularization properties, but we notice the nonlinearities which are — in
contrast to the classical case — of highest order, see the term (7u - V)u;. The equation
(0.7) can be regarded as a damped wave equation only for small values of u, since the
term (7w - V)u might disturb the positive damping term w; for large u. — This is a
hint to think about a possible blow-up situation for large data.

Therefore, we will combine and apply techniques known for nonlinear heat equations,
where additional difficulties will arise through the Helmholtz projections. The result
will be first a — more general — local existence theorem, and then a global existence
theorem for small data. This can be extended to an almost global existence theorem
for large data relating the admissible size of the data to the size of the relaxation
parameter 7.

The compressible Navier-Stokes equations with heat conduction in [0,00) x R", for

n > 1, can be written in the following form

Op +div(pu) = 0, (0.10)
O(pu) +div(pu®@u) +Vp = div S, (0.11)
1 1
Or(ple + §u2)) + div (pu(e + §u2) +up)+divg = div(uS), (0.12)
where p, u = (u1,ua, -+ ,uy), p, S, e and ¢ represent fluid density, velocity, pres-

sure, stress tensor, specific internal energy per unit mass and heat flux, respectively.
The equations (0.10), (0.11) and (0.12) are the consequence of conservation of mass,
momentum and energy, respectively.

To complete the system, we need to impose constitutive assumptions on p, S, e and

q. First, we assume the fluid to be a Newtonian fluid, that is,
S = u(Vu + (Vu)T) + i/ Vdiv u, (0.13)

where p and p/ are the coefficient of viscosity and the second coefficient of viscosity,
respectively, satisfying

2
p>0, 4+ =p >0,
n
The heat flux ¢ is assumed to satisfy

TOq + q+ kKVO =0, (0.14)

which represents Cattaneo’s law (Maxwell’s law, ...) and gives rise to heat waves with

finite propagation speed. Here, 7 > 0 is the constant relaxation time and x > 0 is the
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constant heat conductivity. For small relaxation parameter 7 a global well-posedness
result is obtained for small data.
Instead of relaxing in the heat equation, one may think of relaxing the constitutive law

for the stress tensor. Maxwell’s relaxation replaces (0.13) by the differential equation
7S + 8 = u(Vu + Vul — %divu I,) + Mivu I, (0.15)
where \ := p/ + % 1. A splitting of the tensor in the form
S =51+ 821, (0.16)
and studying

Op + div(pu) = 0, (0.17)
O(pu) +div(pu®@u) +Vp = div(S1) + VSa, (0.18)
1 1
Oc(p(e+ §u2)) + div(pu(e + §u2) +up) — kA0 = div(u(S; + S21,)), (0.19)
oS+ 51 = M(Vu + Vul — %divu[n), (0.20)
T90;S9 + 59 = Adivu, (0.21)

is successful in leading to a global well-posedness result for small data.
The plan of the lectures is as follows:

Lecture I:
Survey and motivation for relaxation. Local well-posedness for hyperbolic incompress-

ible Navier-Stokes equations [3].

Lecture II:

Proof of local existence. Global well-posedness for small data [3, 4].

Lecture I11I:
Almost global existence for large data [5]. Compressible Navier-Stokes equations with

hyperbolic heat or with revised Maxwell’s law [1, 2].

References:
[1] Hu, Y., Racke, R.: Compressible Navier-Stokes equations with hyperbolic heat
conduction. J. Hyperbolic Differential Equations. 13 (2016). 233-247.

[2] Hu, Y., Racke, R.: Compressible Navier-Stokes equations with revised Maxwell’s
law. J. Math. Fluid Mech. (2016) (accepted).
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[3] Racke, R., Saal, J.: Hyperbolic Navier-Stokes equations I: local well-posedness.
Evolution Equations Control Theory 1 (2012), 195-215.

[4] Racke, R., Saal, J.: Hyperbolic Navier-Stokes equations II: global existence of
small solutions. Evolution Equations Control Theory 1 (2012), 217-234.

[5] Schowe, A.: Global strong solution for large data to the hyperbolic Navier-Stokes
equation. arXiv:1409.7797 (2014).

Date:

(D Wednesday, Mar. 08 9:30-10:40 ® Thursday, Mar. 09 09:30-10:40
@ Friday, Mar. 10 10:50-12:00
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Mitsuo HIGAKI

Kyoto University, Kyoto
Department of Mathematics, Kyoto University, Japan.
mhigaki@math.kyoto-u.ac.jp

Title:
Navier wall law for nonstationary viscous incompressible flows

Abstract:

In fluid mechanics, it is a basic subject to understand the mathematical structure
of flows near a solid wall with a rough surface. In the following we consider the
initial-boundary value problem of the Navier-Stokes system in the two-dimensional
rough-boundary domain Qf = {z = (v1,22) € R? | ew(%) < 3 < oo}

ot — Au® +u®-Vu"+Vp" =0, t>0, ze€°,
divu® =0, t>0, xzeQ°,
u®(x1,x9) is 2m-periodic in z1, ¢ >0,

u€|t:0 = Uy, ITE Q° .
The Dirichlet (no-slip) boundary condition is imposed on the rough boundary 0€2°.
u® =0 on 00Q°.

The unknown functions v = w®(t,z) = (u§(t,x),u5(t,z))" and p° = p(t, )
are respectively the velocity field and the pressure field of the fluid. The initial
data ug is assumed to be given by the zero-extension of some velocity field a
on the half-plane R?2 = {z € R? | 22 > 0}. The boundary function w : R —
(-1, —%) is assumed to be smooth and 27-periodic. The parameter ¢ = %, N e N,
characterizes the amplitude and the pulse width (namely the “roughness”) of the
rough boundary 0€2°.

The Navier wall law in fluid mechanics is a typical approach to describe the effect
of such a rough boundary on the flows, which consists of the next two steps: (i)
replacing the original boundary by an artificially flat one, and (ii) imposing a new
condition on the flat boundary, which reflects the averaged effect of the roughness.

However, the derivation of the Navier wall law often relies on formal computations,
and it is therefore important to justify the wall law with a mathematical rigor. The
justification of the Navier wall law is directly related to the higher order expansion
of the rough domain flow u® in the parameter €. In order to make such an expansion
rigorous, one naturally needs the high regularity of the flow appearing in the limit
as € goes to zero. Although recently Mikeli¢, Necasovd, and Neuss-Radu (2013)
discusses the Navier wall law for the nonstationary flow with an external force,

40 minutes talks 9
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its argument is based on the assumptions that the initial data is zero, and that
the external force is smooth and identically zero near ¢ = 0. Thus the regularity
problem of the e-zero limit flow is essentially avoided by these special assumptions.

In this talk we verify the Navier wall law for the initial data in C! class under
natural compatibility conditions. Our proof relies on the boundary layer analysis
and the L*> theory of the Navier-Stokes system in the half plane.

Date:
Wednesday, Mar. 08 10:50-11:30

Amru HUSSEIN
Technical University of Darmstadt, Darmstadt

Title:
Strong L? Well-Posedness of the 3D Primitive Equations

Abstract:

Primitive equations are considered to be a fundamental model for geophysical
flows. Here, the LP theory for the primitive equations is developed. In this study,
the linearized Stokes type problem plays a prominent role, and it turns out that it
can be treated efficiently using perturbation methods for H°°-calculus.

Applying maximal LP regularity and proving H? a priori bounds one proves that
this set of equations is globally strongly well-posed for arbitrary large initial data
lying in a trace space which is a subspaces of H2/PP| 1 < p < co. Thus, the general
LP setting admits rougher data than the usual L? theory with initial data in H?'.

Date:
Thursday, Mar. 09 14:40-15:20

Nobu KISHIMOTO
Kyoto University, Kyoto

Title:
Remark on global regularity for the rotating Navier-Stokes equations

in a periodic domain

Abstract:

We consider the rotating incompressible Navier-Stokes equations on a three-
dimensional torus. In the periodic setting, Babin, Mahalov and Nicolaenko (’97,
'99) constructed global smooth solutions for large Coriolis parameters (i.e., high
speed rotation) for periodic domains of arbitrary aspect ratios. Their proof was
based on analysis of the limit equation, in which nonlinear interactions are re-
stricted onto the resonant frequencies. They pointed out that the regularity prop-
erties of solutions to the limit equation depend discontinuously on the aspect ra-
tios. In particular, for almost all aspect ratios they obtained a priori estimate
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of Sobolev norms of solutions independent of the viscosity coefficient (and they
could even show long time existence for inviscid flow), while in the worst case the
estimate they obtained depends exponentially on the inverse of the viscosity coef-
ficient. Note that the regular torus (i.e., the same period in all three directions)
or torus with rational aspect ratios is included in the worst case.

In this talk, we focus on the case of regular (or rational) torus and give an
improved estimate on the resonant interactions. The key ingredient in our proof
is to count the total number of nontrivial resonant frequencies via combinatorial
argument using the divisor bound. Such an argument is a standard tool in the
study of periodic nonlinear dispersive equations, while it seems less developed in
the context of equations of rotating fluids in a periodic domain due to complicated
dispersion relations. As an application, we show global regularity for the rotating
Navier-Stokes equations with fractional Laplacian. This talk is based on a joint
work with Tsuyoshi Yoneda (The University of Tokyo).

Date:
Thursday, Mar. 09 15:50-16:30

Giorgio METAFUNE

University of Salento, Salento

Department of di Mathematics and Physics “Ennio De Giorgi”,
Universita del Salento, Lecce, Italy.

giorgio.metafune@unisalento.it

Title:
Sharp heat kernel bounds for a class of parabolic operators with singular
coefficients

Abstract:
We study parabolic problems associated to the second order elliptic operator in
]RN

N
;T x _9
L:A—F(a—l)i;lWDij+c|x|2.V—b|1:]
with a > 0 and b, ¢ real coefficients.
Note that the second order coefficients are discontinuous when a # 1 and singu-
larities appear in the drift and potential terms. The choice a = 1, ¢ = 0 yields the
Schrodinger operator with inverse square potential. The condition

2
D::b+(N—1+C—a> >0
a 2a

is necessary and sufficient for the existence of a realization of L generating a positive
semigroup and reduces to the classical one in the case of Schrédinger operators.
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The operator L becomes self-adjoint in a suitable weighted L?-space which we
use as a tool for construncting the generated semigroup. However, generation in
the unweighted LP-spaces is also characterized. Letting

5 = N—12—;—c—a_\/l—)’ 5y = N_12Zc_a+\/5
it turns out that there exists a realizazion Ly ;,; between the minimal and the
maximal operator that generates a semigroup in LP(RY) if and only if s; < N/p <
S9 + 2.

We describe the domain and show that the generated semigroup is bounded
analytic of angle m/2 and positive for ¢ > 0. As a consequence, the spectrum of
Ly int coincides with the half-line (—o0, 0].

We prove that the semigroup is represented by a kernel p(¢, z,y) which satisfies
the double side estimates

-1 — 8 +1+vD a2
s ~cr® (1) 7 [(5a1) (M) exp (220
|yl ts t3 t

where v = (N — 14 ¢)/a — N + 1 and the constants ¢, C may differ in the upper
and lower bounds. Note that v = 0 if and only if L is self-adjoint.

Integrating the above kernel estimates with respect to ¢ we also obtain precise
kernel bounds of the Green function.

Finally we remark that kernel estimates for |x|“L can be obtained from the results
above via a change of variablels. However, this tranformation does not relate the
kernel of |z|*A to that of the Laplacian but rather to the kernel of a suitable L as
above, where discontinuities necessarily appear.

Most of the content of these lecture is based on joint works with Chiara Spina,
Luigi Negro (University of Salento) and Motohiro Sobajima (Tokyo University of
Science).

Date:

Friday, Mar. 10 14:50-15:30

Hideyuki MTURA

Tokyo Institute of Technology, Tokyo

Title:

On uniqueness for the harmonic map heat flow in supercritical dimen-

sions

Abstract:

We examine the question of uniqueness for the equivariant reduction of the
harmonic map heat flow in the energy supercritical dimension. It is shown that,
generically, singular data can give rise to two distinct solutions which are both
stable, and satisfy the local energy inequality. We also discuss how uniqueness can
be retrieved.

12
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Date:
Friday, Mar. 10 12:15-12:55

Anupam PAL CHOUDHURY
Technical University of Darmstadt, Darmstadt

anupampcmath@gmail.com

Title:
On the nematic liquid crystal flows

Abstract:

In this talk, we shall briefly review some existing results on the nematic liquid
crystal flows in a bounded domain and discuss some ongoing works in the case of
Dirichlet boundary conditions for the director field. We shall be mainly focusing
on the L, — L, maximal regularity approach.

Date:
Thursday, Mar. 09 12:15-12:55

Yutaka TERASAWA
Nagoya University, Nagoya
Graduate School of Mathematics, Nagoya University,
Furocho Chikusaku Nagoya 464-8602, Japan

yutaka@math.nagoya-u.ac.jp

Title:
Finite energy for Navier-Stokes equations and Liouville-type theorems

in two dimensional domains

Abstract:
This talk is based on a joint work with Professor Hideo Kozono (Waseda Univer-
sity) and Professor Yuta Wakasugi (Ehime University).
We consider the Cauchy problem for the Navier-Stokes equations

v—Av+ (v-Vo+Vp=0, (z,t) e R" x(0,T),
dive =0, (x,t) € R" x (0,7, (1)
v(x,0) = vo(x), x € R".

Here v = v(x,t) = (vi(x,t),...,v,(z,t)) and p = p(z,t) denote the velocity and

the pressure, respectively. Also, vo(z) = (vi(x),..., v}

(z)) stands for the given
initial velocity.

Serrin, Shinbrot and Taniuchi proved the conditions for the energy identity of
weak solutions of (1). Here we give another condition which ensures the energy
identity of a smooth solution and as its application, we also give a Liouville-type

result. Our first main result is the following.
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Theorem 1 Let n > 2, vg € L2(R™) and let (v,p) be a smooth solution of (1).
Assume that there exist q1,qs, 11,72 Satisfying

3n 3n
< < < < 2
3_QI_n_173_r1_Oo and (QIvrl)#(n_1>OO>7 ()
2n >
, T 000 n > 3),
2SQ2S27n2’ 2<ry<oco and (@) # <”_2 ( : (3)
n= q2 # 0 (n=2)

such that v € L3(0,T; L™ (R™)) N L?(0,T; L9272 (R")). Assume also that the
pressure p satisfies p € L°(R™ x (0,T). Then, we have that

v e L®(0,T; L2(R™) N L*(0, T; H:(R™))
and that .
Jote)1+2 [ IVo)fadr = ool
forallt € (0,T).
An immediate consequence of this theorem is the following Liouville-type theorem.

Corollary 2 Letn > 2, and let vg = 0 in R™. Suppose that v is a smooth solution
of (1) with its associted pressure p. Ifv € L3(0,T; L9 (R™))NL?(0,T; L2 (R"))
for such (q1,7m1) and (q2,72) as in (2) and (3), respectively, and if p € L=(R™ x
(0, 7)), then it holds that v(x,t) =0 on R™ x (0,T).

We also treat the marginal case of (2) and (3) and get the condition for finite
energy of solutions and get the corresponding Liouville-type theorem.

We next handle the equation for vorticity in 2D unbounded domains. Under
some asymptotic behavior at infinity and some conditions at the boundary, we
prove that the vorticity are square integrable.

Date:
Wednesday, Mar. 08 11:40-12:20

Patrick TOLKSDORF

Technical University of Darmstadt, Darmstadt
tolksdorf@mathematik.tu-darmstadt.de

Title:
On the Stokes and Navier-Stokes equations in bounded Lipschitz do-

mains

Abstract:
To perform certain iteration or fixed point methods to prove the existence of
solutions to the Navier-Stokes equations in LP-spaces, properties like maximal 19-
regularity of the Stokes operator, LP-L%-estimates of the Stokes semigroup, and
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gradient estimates of the Stokes semigroup are needed. In this talk, I will give an
overview of how to obtain these properties if the underlying domain is a bounded
Lipschitz domain and I will present the key steps of their proofs.

Date:
Wednesday, Mar. 08 14:20-15:00
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Shota ENOMOQOTO

Kyushu University, Fukuoka

s-enomoto@math.kyushu-u.ac.jp

Title:

Asymptotic behavior of solutions to the compressible Navier-Stokes
equation around space-time periodic states

Abstract:

We consider large time behavior of solutions to the compressible Navier-Stokes
equation around space-time periodic states in an infinite layer of R™ (n = 2,3)
under the action of a space-time periodic external force. If the external force is
sufficiently small, then the compressible Navier-Stokes system has a space-time
periodic solution. We show that the space-time periodic states is asymptotically
stable if the initial perturbation is sufficiently small. Furthermore, it is shown
that the asymptotic leading part is given by a product of a solution of the one-
dimensional viscous Burgers equation and a space-time periodic function when
n = 2, and by a product of a solution of the two-dimensional heat equation and a
space-time periodic function when n = 3.

This talk is based on a joint work with Professor Yoshiyuki Kagei (Kyushu
University) and Mr. Mohamad Nor Azlan.

Date:

Wednesday, Mar. 08 17:00-18:00

Mathis GRIES

Technical University of Darmstadt, Darmstadt
gries@mathematik.tu-darmstadt.de

Title:

A maximum regularity approach to the free boundary value problem
for the primitive equations of the ocean

Abstract:

The free boundary value problem for the primitive equations of the ocean is
presented and the equations are then transformed to yield a set equations on a
fixed domain. We solve the linearised problem via the method of maximal LP—-
regularity for parabolic problems and then introduce a fixed-point argument for
the quasilinear problem.

Date:

Thursday, Mar. 09 16:50-18:10
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Naoto KAJIWARA
The University of Tokyo, Tokyo

kajiwara@ms.u-tokyo.ac.jp

Title:
Strong time periodic solution for semilinear parabolic equation on a real

interpolation space

Abstract:

We study the time periodic solution for semilinear parabolic equations. By Da
Prato and Grisvard theorem, a generator of analytic semigroups on X has the max-
imal regularity property in a real interpolation space D 4(6, p). In the previous talk
by Kress, he constructs the linear theory for time periodic solution in this real in-
terpolation space. We prove existence and uniqueness of the time-periodic solution
in the maximal regularity class L2(0,7; D4(0,p)) for the semilinear problem with
polynomial nonlinearities from the linear theory and the fixed-point argument un-
der a condition on p,q, 6.

This talk is based on a joint work with Prof. Matthias Hieber, Dr. Patrick
Tolksdorf and Mr. Klaus Kress (Technical University of Darmstadt). .

Date:
Friday, Mar. 10 16:00-17:10

Tomoya KEMMOCHI
The University of Tokyo, Tokyo

Title:
Error estimate for the finite element semi-discretization of the non-

stationary hydrostatic Stokes equation

Abstract:

We consider the finite element method for the non-stationary hydrostatic Stokes
equation. The equation is the linearized problem of the primitive equation, which
describes the model for geophysical flows, such as the ocean and the atmosphere. In
this talk, we present the finite element semi-discretization. That is, we discretize
the space variables only. We provide an optimal error estimate for the velocity
by the semigroup approach. As in the case for the Stokes problems, the inf-sup

Dat econdition plays a crucial role.

Thursday, Mar. 09 16:50-18:10
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Klaus KRESS

Technical University of Darmstadt, Darmstadt
kkress@mathematik.tu-darmstadt.de

Title:

Strong time periodic solutions for linear parabolic equations in a real
interpolation space

Abstract:

In this talk, we study time periodic solutions for linear parabolic equations. By
the Da Prato and Grisvard theorem, a generator of an analytic semigroup on X
has the maximal regularity property in a real interpolation space D4(6,p). We
prove the existence and uniqueness of a time periodic solution in the maximal reg-
ularity class W14(0,T; D a(6,p)) N L4(0,T; DA(6,p)) for a given T-periodic right
hand side f : R — Da(0,p) with fo.r) € LP(0,7; D (0, p). In the following talk,
Kajiwara extends the result to the semilinear problem with polynomial nonlinear
terms.

This talk is based on a joint work with Prof. Matthias Hieber, Dr. Patrick Tolks-
dorf (Technical University of Darmstadt) and Naoto Kajiwara (The University of
Tokyo).

Date:

Friday, Mar. 10 16:00-17:10

Taiga KUMAGAI

Waseda University, Tokyo

Title:

A class of Hamilton-Jacobi equations and ode systems on graphs

Abstract:

We consider the problem

b- Duf ‘
uf — 5 + |Duf| = f in Q,

u® =0 on 052,

where ¢ is a positive parameter, 2 is an open subset of R? determined through a
Hamiltonian H, u® : Q — R denotes the unknown, f : Q — R is a given, continu-
ous, and nonnegative function, and b : R? — R? is a Hamiltonian vector field.

We study the asymptotic behavior of solutions as € goes to zero and show
that the limit of the solutions is described as solutions of a system of odes on
a graph. Freidlin-Wentzel, Freidlin-Weber, Sowers, by probabilistic techniques,
and Ishii-Souganidis, by pde techniques, studied stochastic perturbation problems
for Hamiltonian flows. Our problem can be seen as perturbation problems for
Hamiltonian flows by optimal control theoretic disturbance.
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Date:

Friday, Mar. 10 16:00-17:10

Andreas SCHMIDT

Technical University of Darmstadt, Darmstadt

Title:

The Navier-Stokes equations with the Coulomb boundary condition

Abstract:

We will consider the Navier-Stokes equations on manifolds with the Coulomb
friction law boundary condition. This condition means that the solution can slip
at the boundary once the tangential stress exceeds a given threshold. If that is the
case, the tangential component of the solution has the opposite direction of the
tangential stress. We will formulate this system, that has already been studied in
the FEuclidean case, on manifolds and obtain the existence of weak solutions. We
will also discuss the dependence of the solution on the threshold.

Date:

Wednesday, Mar. 08 17:00-18:00

Anton SEYFERT

Technical University of Darmstadt, Darmstadt

Title:

The Poisson Equation in Exterior domains with Hodge Boundary Con-
ditions

Abstract:

We consider a system of Poisson equations with Hodge boundary conditions (also
called perfectly conducting wall condition), which is a boundary condition of zeroth
and first order. Using an analogous method as in the case of the Stokes equations
with Dirichlet boundary conditions, we show the existence of unique solutions in
exterior domains with gradients in Lorentz spaces. The analogous treatment is
mainly possible due to the availability of Sobolev embeddings in Lebesgue and
Lorentz spaces on exterior domains despite the lack of zero boundary conditions.

Date:

Friday, Mar. 10 16:00-17:10
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Suma’inna
Waseda University, Tokyo

suma.inna@fuji.waseda.jp / suma.inna@uinjkt.ac.id

Title:
The Existence of R-bounded Solution Operators of the Thermoelastic
Plate Equation with Dirichlet Boundary Conditions

Abstract:
We consider the linearized thermoelastic plate equation with the Dirichlet bound-
ary condition in general domain €2, given by

utt—i—AQu—l—AG:fl in (0,00) X Q,
Ht—AH—Aut:fg in (0,00) XQ,

with the initial conditions u|;—o = wug, wtlt=0 = w1, Oli=0 = 6o in Q and the
boundary condition u = 6 = 0, d,u = g on (0,00) x I'. Here, u = u(z,t) denotes
a vertical displacement at time ¢ and at the point x = (z1,---,2z,) € Q, while
6 = 0(x,t) describes the temperature. This work extends the result obtained by
Naito and Shibata that study the problem in the half space case. We prove the
existence of R-bounded solution operators for the corresponding resolvent problem
on general domains. Then, the operator-valued Fourier multiplier theorem gives
the maximal L,-L, regularity of the above time-dependent problem. For this
matter, we use the ideas due to Denk and Shibata in the free boundary condition

case.

Date:
Friday, Mar. 10 16:00-17:10

Go TAKAHASHI
Waseda University, Tokyo

Title:
Partial regularity and extension of solutions to the Navier-Stokes equa-
tions

Abstract:

In this talk, we work on local-in-time classical solutions to the incompressible
Navier-Stokes equations. The objective of this talk is to establish a time-extension
criterion to the local-in-time solutions. There are quite a few time-extension cri-
teria for local-in-time strong solutions, some of which were obtained by improving
upon some inequalities such as critical Sobolev inequalities. Now we take a slightly
different viewpoint and focus on partial regularity of the solutions. First we discuss
partial regularity of solutions, which is an essential argument to obtain the local
boundedness of the solutions. Then we will establish a time-extension criterion to
the local-in-time solutions as an application of an e-regularity theorem.
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Date:
Wednesday, Mar. 08 17:00-18:00

Tobias TOLLE

Technical University of Darmstadt, Darmstadt
tolle@mathematik.tu-darmstadt.de

Title:
Numerical modelling of jumps in two-phase flows in the context of one-
field formulated Navier-Stokes equations

Abstract:

Methods for the numerical simulation of two-phase flows can be distinguished by
their formulation of the Navier-Stokes equations. The first group uses two sepa-
rate sets of equations which are coupled at the interface by jump conditions. The
other group employs a one-field formulation of the Navier-Stokes equations which
introduces additional terms acting at the interface. While the latter is superior in
handling large interfacial deformations, it is challenging to maintain the property
changes at the interface as sharp as possible without deteriorating the numerical
accuracy.

This talk discusses several approaches on how to deal with interfacial discontinu-
ities in the context of a hybrid Level Set / Front Tracking method on unstructured
meshes. For illustration, these approaches are tested within a hydrodynamic test
case. To provide some context, the results are compared to simulations performed
with a state-of-the-art volume of fluid solver.

This talk is based on joint work with Tomislav Maric and Prof. Dieter Bothe
from the Mathematical Modelling and Analysis group, TU Darmstadt.

Date:
Thursday, Mar. 09 16:50-18:10

Shinya UCHIUMI
Waseda University, Tokyo

Title:

A Lagrange-Galerkin scheme for high-Reynolds-number flow problems

Abstract:

The Lagrange-Galerkin scheme is a powerful numerical method for flow problems.
Thanks to introduction of the locally linearized velocity, it is possible to implement
the scheme exactly without numerical quadrature [Tabata and Uchiumi, Math.
Comp., to appear]. There, convergence of the numerical solution has been proved
for widely used Taylor-Hood element. Here we present a variant of this scheme
which is more robust for high-Reynolds-number problems.
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Date:

Thursday, Mar. 09 16:50-18:10

David WEGMANN

Technical University of Darmstadt, Darmstadt

Title:

Existence of Strong Solutions and Decay of Turbulent Solutions of Navier-
Stokes Flow with Nonzero Dirichlet Boundary Data

Abstract:

We consider the Navier-Stokes equations in a domain with compact boundary
and nonzero Dirichlet boundary data 8. A solution is constructed as a sum of a
very weak solution b to the instationary Stokes equations with nonzero boundary
data and a weak solution v to a system of Navier-Stokes type with zero boundary
data.

Assuming that 5(t) — 0 as t — oo, we proved in [2] that there exists a solution
v which fulfills ||v(¢)||]2 — 0 as ¢ — oco. Furthermore, in a bounded domain the
solution v tends exponentially to 0 if the corresponding data is exponentially de-
creasing.

As a last result, we calculated a lower polynomial bound for the decay rate if Q
is unbounded. Therefore, we used a suitable spectral decomposition of the Stokes
operator as introduced in [1] and Duhamel’s formula.

Recently, we proved the same decay result for an arbitrary turbulent solution.
The main tool for the proof is to show the existence of a strong solution after some
time T" > 0 and to identify the turbulent solution with the strong solution in the
time interval [T, 00).

This is a result of a collaboration with Prof. Dr. Reinhard Farwig and Prof. Dr.
Hideo Kozono.

References:

[1] Borchers, W., Miyakawa, T., “Algebraic L? decay for Navier-Stokes flows in
exterior domains. I1,” Hiroshima Math. J., 3, 621-640 (1991).

[2] Farwig, R., Kozono, H., Wegmann, D.,“Decay of non-stationary Navier-Stokes
flow with nonzero Dirichlet boundary data,” Indiana Univ. Math. J., to appear
(2015)

Date:

Wednesday, Mar. 08 17:00-18:00
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Marc WRONA
Technical University of Darmstadt, Darmstadt

Title:
Well-posedness of the primitive equations with only horizontal viscosity
for several classes of inital data

Abstract:

The focus of this talk are the primitive equations for planetary atmospheric and
oceanic dynamics with only horizontal viscosity. Several classes of initial data
are investigated including WP, p > 2, as well as the anisotripoc spaces H™ N
Lin % k > n. Global well-posedness for these classes is shown via a uniform a
priori bound for systems with full viscosity. After establishing well-posedness for
these regularized systems, a system version of the classical Gronwall inequality and
a logarithmic Sobolev inequality are used to obtain the desired a priori bound.

Date:
Thursday, Mar. 09 16:50-18:10

Sebastian ZAIGLER

Technical University of Darmstadt, Darmstadt
zaigler@mathematik.tu-darmstadt.de

Title:
Regularity structures for the primitive equations

Abstract:

The new technique of regularity structures introduced by Martin Hairer is a
method to find local solutions for subcritical SPDEs with rough data, which were
formerly inaccessible. Regularity structures are spaces of abstract ” Taylor expan-
sions”, in which a solution of a SPDE can be found by solving fixed point equations.
The sequence of these fixed points, which are renormalised solution of the SPDE,
converges to a solution of the SPDE. We will give a short introduction how to
modify them to solve the primitive equations with white noise.

Date:
Thursday, Mar. 09 16:50-18:10
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