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Prof. Šárka Nečasová has contributed decisively to the development of applied mathematics, inspiring genera-
tions of researchers and students. Her commitment to research and community engagement reflects a passion
for knowledge and a deep humanistic vision of mathematics.
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Elliptic equations in Lipschitz

and in C1 domains

Chérif Amrouche
Pau University (France) and IIT Kanpur (India)

cherif.amrouche@univ-pau.fr

Abstract

We are interested here in questions related to the study of some
elliptic equations in bounded Lipschitz or C1 domains with Dirichlet
or Neumann boundary condition.

Problem 1. Laplace equation.

∆u = f in Ω and u = g on Γ (1)

We will give here some new results on the traces of non smooth
functions, harmonic or non-harmonic. Using in particular the inter-
polation theory, we are going to study the questions of existence and
maximal regularity of solutions in fractional Sobolev spaces or
with weights associated with the distance to the boundary.

Problem 2. Non degenerate case.

−div (a∇u) = f in Ω, (2)

with Dirichlet or Neumann boundary condition. Here the scalar
function a is such that 0 < a∗ ≤ a ≤ a∗. We will concentrate on the
case of generalized solutions in W 1,p(Ω) with 1 < p < ∞.

Problem 3. Degenerate case. We will finally consider the following
problem:

−div (ϱα∇u) + k
u

ϱβ
= f in Ω, (3)

with or without boundary condition and where k is a non negative
constant and α and β belong to the interval [0, 1].

Keywords: Elliptic problems, Lipschitz and C1 domains, maximal regu-
larity, traces, fractional and weighted Sobolev spaces
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Time decay for
non-Newtonian-micropolar fluids

Maŕıa Ángeles Rodŕıguez-Bellido
Dpto. Ecuaciones Diferenciales y Análisis Numérico and Institute of Mathematics

(IMUS), Universidad de Sevilla, Spain.

angeles@us.es

Joint work with Felipe W. Cruz (Universidade Federal de Pernambuco, Brazil) and

Marko A. Rojas-Medar (Universidad de Tarapacá, Chile).

Abstract

In this contribution, we analyze the long-time behavior of the weak
solutions for a model of micropolar fluids of non-Newtonian type in
R2. Time decay estimates are deduced, and the differences with the
linear part of the model are studied.

Keywords: Time decay, micropolar fluids, non-newtonian fluids.
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On a compressible MHD flow
interacting with thermoelastic

structure

Kuntal Bhandari
Institute of Mathematics, Czech Academy of Sciences, Czech Republic.

bhandari@math.cas.cz

Abstract

We consider an interaction problem between a full compressible
electrically conducting fluid and a thermoelastic shell in two-dimensional
framework. The shell is modeled by linear thermoelasticity equations,
and encompasses a time-dependent domain which is filled with a fluid
described by full compressible (non-resistive) magnetohydrodynamic
equations. The magnetohydrodynamic flow and the shell are fully cou-
pled, resulting in a fluid-structure interaction problem that involves
heat exchange. The existence of weak solutions is established.

This is a joint work with Binkang Huang and Šárka Nečasová.
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A remark on the objectivity of stress

tensor in mass diffusive compressible
fluid model

Tomáš Bodnár
Institute of Mathematics, Czech Academy of Sciences, Czech Republic.

bodnar@math.cas.cz

Abstract

The mass diffusive model of Svärd [1] and its symmetrized version
introduced by Bodnár and Fraunié [2], recently studied in Bodnár
and Mácha in [3] is discussed here from the point of view of objec-
tivity of the constitutive part of the stress tensor. The class of Eu-
clidian frame transformations is considered, taking into account the
time dependent rotation and translation of the reference frame . The
corresponding transformation properties of stress tensor are first de-
rived for the classical Navier-Stokes-Fourier model, and then compared
with those of the original (non-symmetric) mass diffusive model and
its symmetrized version. It is shown that the mass diffusive models
(their stress tensors) are not objective in general and only in specific
scenarios may be close to objectivity.
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High and low-Mach number regimes
for capillary fluids

Matteo Caggio
Institute of Mathematics, CAS, Prague, Czech Republic

caggio@math.cas.cz

Abstract

The talk will be devoted to the high and low Mach number limit for
compressible capillary fluids with density dependent viscosity. We
will present recent results concerning high-Mach number flows, weak-
strong uniqueness property and dispersion of the acoustic waves in
the low-Mach number regime. This is a joint work with Donatella Do-
natelli (DISIM, L’Aquila) and Lars Eric Hientzsch (KIT, Karlsruhe).

Keywords: Mach number regimes, capillary fluids, dispersion of acoustic
waves.
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Stokes resolvent with traction
boundary conditions

Paul Deuring
Laboratoire de Mathématiques Pures et Appliquées Joseph Liouville (LMPA),

Université du Littoral Côte d’Opale, France.

deuring@univ-littoral.fr

Abstract

Let Ω denote an open, bounded set in R3 with connected C2-
boundary ∂Ω, and put Ω

c
:= R3\Ω (exterior domain). Let λ ∈

C\(−∞, 0]. Consider the Stokes resolvent system

−∆u+ λu+∇π = F, divu = 0 in Ω
c
, (1)

under traction boundary conditions

3∑
k=1

(∂juk + ∂kuj − δjk π)n
(Ω)
k = Bj on ∂Ω for 1 ≤ j ≤ 3, (2)

where n(Ω) denotes the outward unit normal to Ω. Let p ∈ (1,∞).
By D1,p(Ω

c
) we denote the space of all functions σ ∈ W 1,1

loc (Ω
c
) such

that ∇σ ∈ Lp(Ω
c
)3. Let ϑ ∈ [0, π). We are interested in solutions

(u, π) ∈ W 2,p(Ω
c
)3 ×D1,p(Ω

c
) of (1), (2), as well as in the estimate

|λ| ∥u∥p + ∥u∥2,p + ∥∇π∥1,p ≤ C ∥F∥p (3)

for F ∈ Lp(Ω
c
)3 and λ ∈ C with | arg λ| ≤ ϑ, |λ| ≥ λ0, where C

and λ0 are constants only depending on p, ϑ and Ω (estimate uniform
with respect to λ with | arg λ| ≤ ϑ, |λ| ≥ λ0). If inequality (3) is
available, problem (1), (2) may be written as an equation in terms of
an operator (”Stokes operator”) generating an analytic semigroup in
a suitable space. This equation, which does not involve the pressure,
provides an access to the time-dependent Stokes system supplemented
by boundary conditions (2).



Grubb [1] expressed a solution of (1), (2) in terms of a pseudo-
differential operator on ∂Ω, but did not make explicit any regularity
property or estimate of this solution. Shibata, Shimizu [3], [4] and
Shibata [2] addressed problem (1), (2) by reducing it to a bound-
ary value problem in half-space in R3. They obtained solutions in
W 2,p(Ω

c
)3 ×D1,p(Ω

c
) and proved (3).

Following suggestions by T. Hishida, we showed that problem (1),
(2) admits two distinct solution classes in W 2,p(Ω

c
)3 ×D1,p(Ω

c
), one

consisting of functions (u, π) with
∫
∂Ω u · n(Ω) dox = 0 (zero flux of

the velocity through ∂Ω), the other one characterized by the relation
π|Bc

R ∈ Lr(Bc
R) for some r ∈ (1,∞) and some R > 0 with Ω ⊂ BR

(Lr-integrability of the pressure near infinity). The second class exists
only if p > 3/2, and in the case p ≥ 3, estimate (3) holds for solutions
in this class only if divF = 0 in the sense of distributions. A Stokes
operator is associated with both this classes, in the case of the second
under the assumption p > 3/2, but without the restriction p < 3.

There is a one-dimensional subspace ofW 2,p(Ω
c
)3×D1,p(Ω

c
) whose

nonvanishing elements (u, π) satisfy (1) with F = 0 and (2) with
B = 0, with u not being constant.

Keywords: Stokes resolvent, traction boundary conditions, Stokes op-
erator.
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Viscous flow around an obstacle
with oscillating boundary

Thomas Eiter
Freie Universität Berlin & Weierstrass Institute Berlin, Germany.

thomas.eiter@wias-berlin.de

Abstract

We consider the flow of an incompressible viscous fluid in a domain
with a periodically moving boundary. The problem is reformulated as
a time-periodic quasilinear problem in a domain with fixed bound-
ary. Time-periodic maximal Lp-regularity for the linearized problem
is established using the theory of operator-valued Fourier multipli-
ers. The existence of solutions to the nonlinear problem in a bounded
domain follows by a fixed-point argument under suitable smallness as-
sumptions. For the case of an exterior domain the situation is more
involved: If the net motion over one period is non-zero, then one
can derive a similar existence result in the framework of homogeneous
Sobolev spaces. If the net motion vanishes, existence is shown by com-
bining the maximal-regularity result with pointwise decay estimates
that follow from the associated time-periodic fundamental solutions.

Keywords: exterior domain, time-periodic solution, Navier–Stokes equa-
tions, moving domain, maximal regularity.



Asymptotic behavior (t → +∞) of
solutions to Navier-Stokes equations
under Navier boundary conditions

Alessio Falocchi
Dipartimento di Matematica, Dip. Eccellenza 2023-2027, Politecnico di Milano, Italia.

alessio.falocchi@polimi.it

Abstract

We study the asymptotic behaviour of the solutions to Navier-
Stokes unforced equations under Navier boundary conditions in a wide
class of merely Lipschitz domains of physical interest that we call
sectors. The main motivations come from the celebrated results by
Foias-Saut [1] related to the long time behaviour of the solutions to
Navier-Stokes equations under Dirichlet conditions.

Here the choice of the boundary conditions requires carefully con-
sidering the geometry of the domain Ω, due to the possible lack of the
Poincaré inequality in presence of axial symmetries. In non-axially
symmetric domains we show the validity of the Foias-Saut result about
the limit at infinity of the Dirichlet quotient, in axially symmetric do-
mains we provide two invariants of the flow which completely charac-
terize the motion and we prove that the Foias-Saut result holds for
initial data belonging to one of the invariants.

Finally we study the long-time behaviour of the Dirichlet quotient
in particular domains, e.g. Ω = (0, π)d with d ∈ {2, 3}, providing
further results both from analytical and numerical point of view.

Keywords: Navier boundary conditions, long time behaviour.
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Numerical simulation of instabilities
as driving processes in the ocean

surface

Philippe Fraunié
Mediterranean Institute of Oceanography, Université de Toulon, Aix-Marseille

Université, CNRS, IRD, Toulon, France

fraunie@univ-tln.fr

Tomas Bodnar
Faculty of Mechanical Engineering, Czech Technical University in Prague, Karlovo

Náměst́ı 13, 121 35 Prague 2, Czech Republic.

, Tomas.Bodnar@fs.cvut.cz

Yuli Chashechkin
Ishlinsky Institute for Problems in Mechanics, Moscow, 119526 Russia.

chakin@ipmnet.ru

Ilias Sibgatullin
Ecole Normale Supérieure de Lyon, France.

ilias.sibgat@gmail.com

Abstract

Due to the high resolution of coupled ocean-atmosphere models
downscaling up to hundreds meters, a renew of interest is dedicated
to basic processes occurring at the sea upper layer including surface
and internal waves, mixing processes and coherent structures. From
high resolution in situ observations using gliders, floating platforms,
HF radars and oceanographic vessels cruises, a review of documented
data bases is given. Starting from the Orr Sommerfeld equation as
applied to the inflectional instability and depending on initial and



boundary conditions, Kelvin Helmholtz, Holmboe, Ekman and Lang-
muir secondary flows are especially analysed. In the end, recent inves-
tigations are discussed concerning the winter marine deep convection
related to Rayleigh Bénard cells and millimetric surface waves as ob-
served in laboratory at the air-sea interface and on the wall of crowns
produced by drops impacting the free surface.

Keywords: Ocean surface, Kelvin Hemholtz instabilities, Numerical
modelling.
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The steady Navier-Stokes equations
in a system of unbounded channels

with sources and sinks

Filippo Gazzola
Dipartimento di Matematica, Politecnico di Milano, Italy.

filippo.gazzola@polimi.it

Abstract

The steady motion of a viscous incompressible fluid in a junction
of unbounded channels with sources and sinks is modeled through
the Navier-Stokes equations under inhomogeneous Dirichlet boundary
conditions. Under a general outflow constraint, we prove the existence
of a solution with a uniformly bounded Dirichlet integral in every com-
pact subset. The main novelties of our approach are the construction
of a flux carrier satisfying a uniform Leray-Hopf inequality in rectan-
gular sections and the proof of some properties of weak solutions to
the stationary Euler equations in bounded planar domains, such as the
regularity of the extension to the whole plane, of the related Bernoulli
pressure and of the stream function. This regularity is used to obtain
local Morse-Sard-type information and to generate a solution through
the invading domains procedure. For small data of the problem, we
also prove unique solvability and attainability of Couette-Poiseuille
flows at infinity.

Keywords: Steady Navier-Stokes equations, unbounded domain,
Leray’s problem.
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Derivation and analysis of a
Stokes-transport system modeling
thermoregulation in human skin

Kilian Hacker
Department of Mathematics, Friedrich-Alexander-Universität Erlangen-Nürnberg,

Germany

kilian.hacker@fau.de

Abstract

We consider a Stokes flow coupled with advective-diffusive trans-
port in an evolving domain with boundary conditions allowing for
inflow and outflow. The evolution of the domain is induced by the
transport process, leading to a fully coupled problem.
Our approach aims to model the thermal control of blood flow in hu-
man skin and the underlying physiological processes. To this end, the
model takes into account the temperature-dependent production of
biochemical substances, the subsequent dilation of blood vessels, and
the resulting changes in convective heat transfer.
The talk will give insights into the main analytical challenges that arise
in proving the existence of weak solutions for the system of PDEs. In
particular, I will present a fixed point method that allows us to treat
the nonlinear coupling.
This is joint work with Maria Neuss-Radu.

Keywords: Stokes equations, heat transport, free boundary problem,
coupled problem, vasodilation



Analysis of compressible hydrostatic
flows

Matthias Hieber
TU Darmstadt, Germany

hieber@mathematik.tu-darmstadt.de

Abstract

In this talk we develop the hydrostatic Lagrangian approach to
the compressible primitive equations and establish a global, strong
well-posedness result for small data under certain assumptions on the
pressure law. We also discuss a related atmosphere-ocean model.

This is joint work with Y. Iida, A. Roy and T. Zöchling.



Regularity of very weak time-periodic
Poiseuille-type solutions

Rita Juodagalvytė, Kristina Kaulakytė, Konstantinas Pileckas
Faculty of Mathematics and Informatics, Vilnius University, Lithuania

rita.juodagalvyte@mif.vu.lt, kristina.kaulakyte@mif.vu.lt, konstantinas.pileckas@mif.vu.lt

Abstract

We present our results concerning the time-periodic very weak so-
lutions of the heat equation with a side condition of the prescribed
flux

F (t) =
∫
σ U(x, t)dx

(see [3]). The regularity of very weak time-periodic Poiseuille-type
solutions when F ∈ W β,2(−π, π), 0 ≤ β ≤ 1, is investigated. Specifi-
cally, we provide an example of a given flux function F that belongs
to L2(−π, π) but F /∈ W β,2(−π, π) for 0 < β < 1. The very weak
solution corresponding to such F , has the regularity as stated in the
definition (see [1],[2]) and it is not better. Furthermore, we discuss re-
sults that suggest a correlation between the improvement of solutions
regularity and the increase in regularity of the given function F .
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Existence of strong solutions to a
class of compressible non-Newtonian

Navier-Stokes equations

Martin Kalousek
Institute of Mathematics, Czech Academy of Sciences, Prague, Czech Republic

kalousek@math.cas.cz

Abstract

We discuss the local-in-time existence of a strong solution to the
generalized compressible Navier-Stokes equation for arbitrarily large
initial data. The existence of the solution is obtained by the maxi-
mal Lp–Lq–regularity theorem for linearized equations which is proven
with help of the Weis multiplier theorem. The result, published in [2],
can be seen as generalization of the work of Shibata and Enomoto [1]
to compressible non-Newtonian fluid.

Keywords: non-Newtonian fluids, the Weis theorem, Lp-theory.
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Maximal regularity of Stokes problem
with dynamic boundary condition —

Hilbert setting

Petr Kaplický
Department of Matematical Analysis, Charles University, Czech Republic.

kaplicky@karlin.mff.cuni.cz

Abstract

In this contribution we discuss the maximal regularity of weak
solutions in time for the evolutionary Stokes problem with dynamic
boundary condition. Due to the characterization of R-sectorial opera-
tors on Hilbert spaces, the proof reduces to identifying the appropriate
functional analytic setting and proving that the corresponding opera-
tor is sectorial, i.e., that it generates an analytic semigroup.

This is joint work with Tomáš Bárta and Paige Davis.

Keywords: Stokes problem, dynamic boundary conditions, maximal reg-
ularity, analytic semigroup
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On wild solutions to the compressible
Euler system

Ondřej Kreml
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Abstract

In this talk, we survey recent results concerning the existence and
properties of so-called wild solutions to the compressible Euler system
in two spatial dimensions. These solutions are constructed using the
convex integration method developed in this context by De Lellis and
Székelyhidi. We introduce the Riemann problem for the compress-
ible Euler system, classify its one-dimensional self-similar solutions,
and summarize results related to the uniqueness and non-uniqueness
of these solutions within the class of admissible weak solutions. We
also discuss existence of wild solutions for regular initial data and the
failure of criteria based on maximal dissipation of energy to select
physically relevant solutions.

Keywords: compressible Euler system, wild solutions, convex integra-
tion, Riemann problem, admissibility
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Abstract

In this talk, I will give a brief overview of the controllability results
of Navier-Stokes equations for compressible fluids in one dimension.
We will consider the cases where distributed or boundary control(s)
act in the density and/or velocity. In each cases, we will see both the
existing and new controllability results. Finally, I will conclude my
talk with some future directions and open problems.

Keywords: Navier-Stokes equations, compressible fluids, controllability,
boundary control.
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Abstract

This talk will present a collaborative effort to develop an auto-
mated and extensible workflow for the design and evaluation of an
axial blood pumps. The core of the framework is a fully parametric
CAD model, which is directly linked to numerical simulations, opti-
malization and automated report generation. Both the fully paramet-
ric CAD model and surrounding Framework was developed in-house.

The workflow is designed to enable systematic performance assess-
ment and shape refinement, while being flexible and extensible. The
long term goal is to establish a reproducible and shareable bench-
mark that can support future extensions, including for example the
integration of advanced metrics such as blood damage prediction and
thrombus formation.

Keywords: Parametric CAD design, geometrical constructions, ventric-
ular assist device, axial blood pump, incompressible Navier-Stokes, Open-
FOAM, optimalization, shape optimalization, automated design workflow,
biomedical



Inversely designing boundaries from
observed shock fronts in two
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Abstract

When supersonic flows past wedges and conical obstacles, or the
piston expanding into the static gas, there exists a leading shock in
the gas. We aim to design the position of obstacles or the trajectory of
pistons with the prescribed leading shock and the incoming flow or ini-
tial states. By the method of characteristics and asymptotic analysis,
under suitable assumptions on the given shock and the given incoming
flows or initial states, we globally determine the smooth boundaries
and the piece-wise smooth flow field. Moreover, the obtained flow
fields admit large velocity variations.

Keywords: Hyperbolic conservation laws, inverse problems, large varia-
tion flow field, supersonic flow past obstacles, piston models.
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Abstract

This talk concerns a diffuse interface model for the flow of two
incompressible viscoelastic fluids in a bounded domain. More specif-
ically, the fluids are assumed to be macroscopically immiscible, but
with a small transition region, where the two components are partially
mixed. Considering the elasticity of both components, one ends up
with a coupled Oldroyd-B/Cahn-Hilliard type system, which describes
the behavior of two-phase viscoelastic fluids. In particular, the model
describes the interaction between thrombus and blood flows in human
arteries. I will present some techniques we employed to prove the ex-
istence of weak solutions, which account for the poor compactness of
the left Cauchy-Green tensor. Moreover, I will show recent progress
on the global strong well-posedness in two dimensions. This talk is
partially based on joint work with Dennis Trautwein (Regensburg).

Keywords: fluid-structure interactions, diffuse interface model, blood
thrombus, viscoelastic fluid, Navier–Stokes/Cahn–Hilliard.
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On time-periodic solutions to an
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Abstract

We study a nonlinear fluid-structure interaction problem between
a ”square-root” viscoelastic beam and a compressible viscous fluid.
The beam is immersed in the fluid which fills a two-dimensional rect-
angular domain with periodic boundary conditions in both directions,
while both the beam and the fluid are under the effect of time-periodic
forces. By using a decoupling approach, at least one time-periodic
weak solution to this problem is constructed which has a bounded en-
ergy and a fixed prescribed mass. The lack of a priori energy bounds
is overcome by a series of estimates based on a careful choice of pa-
rameters. The most challenging one is the pressure estimate, which is
obtained by utilizing the specific periodic geometry and the Bogovskii
operator on a fixed domain that has a uniform constant.
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Abstract

crystals are classical examples of partially ordered materials that
combine fluidity with the directionality and ordering of solids. Liquid
crystals are anisotropic materials, with direction-dependent physical,
optical and rheological properties, making them the working material
of choice for a range of opto-electronic devices, e.g., liquid crystal dis-
plays, photonics, sensors, photovoltaics etc. In this talk, we review
the mathematical theories for three canonical liquid crystal phases:
nematic liquid crystals, smectic liquid crystals and cholesteric liquid
crystals. We focus on Landau-de Gennes type theories for these phases
and describe the essential mathematical frameworks - the liquid crystal
order parameters, the free energies, the governing systems of partial
differential equations and their solution landscapes. We conclude with
some case studies that illustrate the applications of these mathemat-
ical frameworks to prototype devices and real-life experiments. All
collaborations will be acknowledged throughout the talk.

Keywords: liquid crystals, Landau-de Gennes theory, continuum me-
chanics, non-linear partial differential equations, variational methods etc.
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Abstract

This talk addresses a nonlinear fluid-structure interaction (FSI)
problem involving the Navier-Stokes equations, which govern the flow
of an incompressible, viscous fluid in a three-dimensional domain, cou-
pled with the motion of a thin viscoelastic lateral wall. The wall’s
dynamics are modeled by a two-dimensional plate equation with frac-
tional damping, allowing for displacements in all three spatial di-
rections. The system is nonlinearly coupled through kinematic and
dynamic conditions imposed on the moving fluid-structure interface,
whose position evolves and is not known a priori.

We establish three key results for this class of FSI problems, focus-
ing on cases with vector displacements of thin structures. First, we
prove a hidden spatial regularity in the structural displacement, en-
suring the absence of self-contact within a finite time interval. Second,
we show temporal regularity for the fluid velocity and structural dis-
placement, leading to a novel compactness result for three-dimensional
structural dynamics. Finally, leveraging these findings, we construct a
proof of local-in-time existence for weak solutions to the FSI problem
using a Lie operator splitting method and time discretization.

These results contribute to the mathematical understanding of
fluid-structure interaction problems with three-dimensional structural
displacements, particularly in terms of solution regularity and well-
posedness.

This is joint work with Sunčica Čanić and Krutika Tawri.

Keywords: fluid-structure interaction, weak solution, Navier-Stokes equa-
tions.
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Abstract

We consider a coupled model for fluid flow and transport in a
domain consisting of two bulk regions separated by a thin porous layer.
The thickness of the layer is of order ε and the microscopic structure
of the layer is periodic in the tangential direction also with period ε.
The fluid flow is described by an instationary Stokes system, properly
scaled in the fluid part of the thin layer. The evolution of the solute
concentrations is described by a reaction-diffusion-advection equation
in the fluid part of the domain and a diffusion equation (allowing
different scaling in the diffusion coefficients) in the solid part of the
layer. At the microscopic fluid-solid interface inside the layer nonlinear
reactions take place. This system is rigorously homogenized in the
limit ε → 0, based on weak and strong (two-scale) compactness results
for the solutions. These are based on new embedding inequalities for
thin perforated layers including coupling to bulk domains. In the
limit, effective interface laws for flow and transport are derived at
the interface separating the two bulk regions. These interface laws
enable effective mass transport through the membrane, which is also
an important feature from an application point of view. This is a joint
work with Markus Gahn (Universität Heidelberg).

Keywords: Stokes equations, Reaction-diffusion-advection equations,
Effective interface laws, Homogenization, Two-scale convergence.
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Abstract

We explain what we mean by the vanishing singularity. Then we
show that if (x0, T ) is a vanishing singularity in a suitable weak solu-
tion (u,b) of the MHD equations in a 3D domain Ω, where u is the
velocity and b is the magnetic field, then

lim
t→T−

(
∥u( . , t)∥ξ;BR(x0) + ∥b( . , t)∥ξ;BR(x0)

)
(T − t)

ξ−3
2ξ = ∞

for any ξ ∈ [3, 6] and R > 0.

Keywords: MHD equations, weak solution, regularity
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Abstract

We investigate the homogenization of a density-dependent incom-
pressible fluid confined to a bounded three-dimensional perforated do-
main. Assuming that the perforations are large enough, when letting
the number of inclusions go to infinity by shrinking them at the same
time, we will show that the limiting (effective) equation is given by
a density-dependent incompressible Darcy law. Additionally, we will
give convergence rates, as well as the existence of a strong solution to
the limiting system. This is joint work with Danica Basarić (Politec-
nico di Milano) and Jiaojiao Pan (Nanjing University).

Keywords: Homogenization; Non-homogeneous; Navier-Stokes system;
Darcy’s law
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Non-stationary Navier-Stokes
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Abstract

The initial boundary value problem for the non-stationary Navier-
Stokes equations is studied in 2D bounded domain with a power cusp
singular point O on the boundary. We consider the case where the
boundary value has a nonzero flux over the boundary. In this case
there is a source/sink in O and the solution necessary has infinite
energy integral. The asymptotic decomposition of the solution near
the singular point is constructed and justified, i.e., existence of the
solution which is represented as the sum of the constructed asymptotic
expansion and a term with finite energy norm is proved. Moreover, it
is proved that the solution represented in this form is unique.

Keywords: Non-stationary Navier-Stokes problem, power cusp domain,
singular solutions, asymptotic expansion.
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Abstract

This presentation addresses the modeling and numerical simulation
of viscoelastic fluid flows, with a particular focus on the Oldroyd-B
model. We begin by motivating the study of viscoelastic fluids, high-
lighting their relevance in polymer processing, hemodynamics, and
industrial applications. The mathematical formulation is presented,
including the governing equations and dimensionless parameters, with
emphasis on the High Weissenberg Number Problem that arises in
regimes of strong elasticity. We then discuss numerical challenges and
stabilization techniques, such as artificial stress diffusion, essential for
ensuring robust and accurate simulations. Finite element approxima-
tions are introduced as a framework for numerical discretization, and
the interplay between Eulerian and Lagrangian perspectives is dis-
cussed. Finally, simulation results for two-dimensional channel flows
are presented, illustrating both steady-state solutions and the limita-
tions of the models under high elasticity. Concluding remarks high-
light the potential for further research and improvement in computa-
tional modeling of viscoelastic fluids.

Keywords: viscoelastic fluids, Oldroyd-B model, numerical stabilization
stress diffusion. .
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Abstract

We discuss global in time existence of weak solutions to compress-
ible visco-elastic fluid models in three space dimensions. The first
result concerns the situation with corrotational derivative in the extra
stress tensor. Then, assuming additionally that the extra stress tensor
has a particularly simple structure, the existence of weak solutions can
be shown even in the situation when the stress diffusion is neglected
which is often the case in applications.

The second result concerns Oldroyd-B type of model. It is known
that in three space dimensions the Newtonian structure for the vis-
cous part of the stress tensor is not enough to ensure the existence
of weak solutions for arbitrarily large data. However, assuming the
stress tensor of the power-law type it is possible to close the estimates
and construct solutions provided the extra stress diffusion is present
and the model of the viscous stress tensor provides bounded velocity
divergence.

Keywords: compressible visco-elastic fluid, weak solution, large data.
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Abstract

We consider the incompressible Navier-Stokes equations coupled
with the heat equation in a cylindrical domain Ω parallel to the x3-
axis. On the lateral part of the cylinder we assume the slip boundary
conditions for velocity v, so there is no flow through the side wall,
but there is flow through the top and bottom, where we have pos-
sibly large inflow and outflow. Moreover, we assume homogeneous
Neumann boundary condition for temperature θ, meaning thermal in-
sulation. With smallness of the x3-derivative of initial velocity, initial
temperature and the external force field and smallness of derivatives
of the inflow and outflow, we prove long time estimates for v and θ
in Sobolev spaces W 2,1

2 (Ωt), t ≤ T with any finite T. Next, by Leray-
Schauder fixed point theorem we show the existence of solutions to
the problem in space W 2,1

2 (Ωt), t ≤ T. Thanks to the special geome-
try of domain Ω we are able to prove the existence of solutions with
large magnitudes of initial velocity, temperature and inflow-outflow
functions.

Keywords: incompressible Navier-Stokes equations, heat equation, inflow-
outflow.



A conditional no-contact result of
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Abstract

We consider the interaction of a compressible fluid with a flexible
plate in two space dimensions. The fluid is described by the Navier-
Stokes equations in a domain that is changing in accordance with
the motion of the structure. The displacement of the latter evolves
according to a beam equation. Both are coupled through kinematic
boundary conditions and the balance of forces. We prove that for any
weak solution to the coupled system, which satisfies certain additional
regularity requirements, no contact occurs between the elastic wall and
the bottom of the fluid cavity.

This is a joint work with Dominic Breit.

Keywords: Compressible fluids Elastic plates Fluid-structure interac-
tion Contact problem.
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Abstract

Cerebral aneurysms are pathological dilations of intracranial arter-
ies that present serious health risks due to potential rupture and sub-
arachnoid hemorrhage. Despite advances in imaging and treatment,
the mechanisms driving aneurysm development and rupture remain
unclear. Image-based simulations are valuable tools in this research,
but often oversimplify blood rheology. While many models treat blood
as a Newtonian fluid, it exhibits shear-thinning non-Newtonian be-
havior that can significantly influence flow predictions, especially in
low-shear regions like aneurysm domes.

This talk explores how blood rheology affects CFD outcomes in
image-based aneurysm models. Comparing Newtonian and non-Newtonian
approaches, we find significant differences in wall shear stress, oscil-
latory shear index, and flow structures. These results highlight the
need for realistic blood modeling to enhance the accuracy and clinical
utility of simulations.

Keywords: image-based cerebral aneurysms, non-Newtonian shear-thinning
models, hemodynamics.
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Abstract

We consider the steady motion of a viscous incompressible fluid
in distorted channels or pipes, of finite length, modeled through the
Navier-Stokes equations with mixed boundary conditions: the inflow
is given by an arbitrary member of a Lions-Magenes class, and the
fluid motion is subject to a directional do-nothing boundary condition
(DDN) on the outlet, together with the standard no-slip assumption
on the remaining walls of the domain. Existence of a weak solution
to such Navier-Stokes system is proved without any restriction on the
data, that is, inlet velocity and external force. Under a suitable small-
ness assumption on the data, we also prove the unique solvability of
the boundary-value problem. This is joint work with Alessio Falocchi
(Dipartimento di Matematica, Politecnico di Milano, Italy) and Gi-
anmarco Sperone (Facultad de Matemáticas, Pontificia Universidad
Católica de Chile, Santiago).

Keywords: incompressible fluids, mixed boundary conditions, channels,
pipes.
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Abstract

This contribution is about a long term cooperation with Kon-
stantin Pileckas and Sebastian Rauchhaus and it contains some re-
sults about problems that were solved but also one problem is pre-
sented which we could not solve up to now. Already 1999 Nazarov
and Pileckas [1] published a paper about asymptotic behavior of solu-
tions to the stationary Stokes Dirichlet Problem in a layer like domain.
Apart from the explicit expressions for the asymptotics this paper also
included precise estimates for the remainder in appropriate weighted
Sobolev spaces. In this context it is quite natural to think about
generalizations like what about

• the nonlinear case?

• existence and uniqueness of solutions in this special form?

• instationary problems?

• general boundary conditions?

In this lecture I will focus on the linear Stokes problem up to the point
where we could not come around an obstacle.

Keywords: Stokes problems, layer like domain, asymptotics of solutions
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Abstract

Energy conservation is an important issue in Onsager’s conjecture.
In this talk, we consider the weak solutions of compressible quantum
Euler system and quantum Navier-Stokes system under what regular-
ity conditions conserve the energy. Based on the work of Bresch et al.
(Arch. Rational Mech. Anal. 223: 975-1025, 2019) and Feireisl et al.
(Arch. Ration. Mech. Anal. 223: 1375-1395, 2017), we introduce the
drift velocity and the effective velocity to write the two quantum fluid
systems and obtain the corresponding augmented systems as the com-
pressible Navier-Stokes system with density dependent viscosity, then
prove the energy conservation for the augmented system, which elim-
inate the third order dispersive term. We find some new observations
and phenomena, which is different from the previous results.

Keywords: Quantum fluid systems; Energy conservation; Onsager’s con-
jecture
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Abstract

In this talk, I will present a very recent result on contact problem
for the interaction between an elastic plate and a compressible viscous
fluid located between the plate and a rigid bottom z = 0. First,
by utilizing the vertical fluid dissipation, a new estimate is obtained
ln η(t) ∈ L1 for any t > 0 provided that ln η0 ∈ L1, ensuring that
additional contact can form only on a set of a measure zero. Then, by
utilizing the expanding capability of compressible fluid pressure, it is
shown that all contact has to detach in finite time provided that the
source force is not pushing down too much. Finally, it is shown that
contact at any point can be detached in any given time with a strong
enough source force localized around that point which is pulling the
plate up. This is the first result where detachment of contact is proven.

Keywords: fluid-structure interaction, contact problem, post-contact
dynamics, compressible Navier-Stokes.
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Abstract

This talk will address mathematical and numerical model of very
complex process represented by human phonation. It involves inter-
action of three different physical fields – the deformation of the vocal
folds (elastic body), the complex fluid flow and the acoustics together
with their mutual couplings, usually referred as the fluid-structure-
acoustic interaction (FSAI). Further, mutual contact of both vocal
folds regularly appears during healthy phonation increasing the diffi-
culty of the considered problem.

First, the modelling approach leading to decoupling FSI problem
including contact and the aeroacoustic problem will be introduced.
The two-dimensional FSI problem is modelled with the aid of linear
elastic problem coupled to the incompressible Navier-Stokes equations
in the arbitrary Lagrangian-Eulerian form. The contact treatment
suitable for the chosen finite element framework is briefly introduced.
Further, the aeroacoustic problem is introduced. Two different math-
ematical descriptions – the Lighthill acoustic analogy and the Aeroa-
coustic Wave Equation, are given and used. In the end, the parame-
ter sensitivity study is shown and the resulting frequency spectra for
phonation of vowel [u:] are presented.

Keywords: fluid-structure-acoustic interaction, human phonation, Navier-
Stokes equations, finite element method, aeroacoustics.
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Abstract

Let Ω ⊆ R3 be a bounded domain with ∂Ω ∈ C∞, and let 0 <
T ≤ ∞. In [0, T ) × Ω we consider a general weak solution of the
Navier-Stokes equations

ut−∆u+u·∇u+∇p = f, ∇·u = 0, u|∂Ω = 0, u|t=0 = u0,

where u0 ∈ W 1,2
0,σ (Ω) and f = divF , F ∈ C∞

0 ([0, T );C∞(Ω)), are
given data. Our main result concerns Leray’s structure theorem, see
[2, p. 244]. In particular, for the special case F = 0, T = ∞, and u
satisfying the strong energy inequality

1

2
∥u(t)∥22 +

∫ t

t0

∥∇u∥22 dτ ≤ 1

2
∥u(t0)∥22

for almost all t0 ∈ [0, T ) and all t ∈ [t0, T ), it is known [1, pp. 57] that
there exists an open local in time regularity region R ⊆ (0, T ) such
that u ∈ C∞(R;C∞(Ω)). We extend this result to several directions:
Instead of F = 0, T = ∞ we allow F ̸= 0, 0 < T ≤ ∞ as above, and
we admit a general weak solution u in [0, T ) × Ω in the usual sense,
without assuming the strong energy inequality.
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Abstract

We focus on the uniqueness of weak solutions to hyperbolic-parabolic
PDE systems. Relevant challenges are motivated by a linear poro-
elastic filtration system [1] of recent interest, coupling a 3D system of
elasticity and a 3D free flow. The construction of finite-energy weak
solutions can be done in several ways [1, 4], however, as is typical,
weak solutions do not reside in the test class [5]. As such, an addi-
tional argument is needed for uniqueness. The challenge in obtaining
a traditional energy estimate for weak solutions comes through the
hyperbolic component. Interface coupling brings about regularity loss
in the dynamics, as well as presenting ill-defined traces. These chal-
lenges can be circumvented via semigroup methods, but those only
provide well-posedness for strong and mild solutions.

To obtain energy estimates for arbitrary weak solutions—and thus
continuous dependence and uniqueness—we present two different ap-
proaches, encompassing several parameter regimes for a Biot-Stokes
model [2]. For a certain degenerate case, we utilize a “hyperbolic reg-
ularization” [5], adapting a classical wave equation argument [7] in
more general spaces that account for boundary coupling. In the non-
degenerate (semigroup) cases, we connect finite energy weak solutions
to a particular adjoint notion of weak solutions appearing in [3]. The
latter are unique whenever there is an underlying semigroup, so we ob-
tain uniqueness in the former sense through identification. Time per-
mitting, we discuss recent results [6] complementing the classic result
in [3] that provide a general tool for obtaining weak well-posedness.
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Abstract
The aim of the talk will be to present some theory on singular

limits in thermodynamics of viscous fluids and how to rigorously ob-
tain incompressible models from compressible ones in certain regimes.
We consider a general compressible, viscous, heat and magnetically
conducting fluid described by the compressible Naiver–Stokes–Fourier
system coupled with induction equation. In particular, we do not as-
sume conservative boundary conditions for the temperature and allow
heating or cooling on the surface of the domain. We are interested in
the mathematical analysis when the Mach, Froude, and Alfvén num-
bers are small, converging to zero at a specific rate. We give a rigorous
mathematical justification that in the limit, in case of low stratifica-
tion, one obtains a modified Oberbeck–Boussinesq–MHD system with
a non-local term or a non-local boundary condition for the tempera-
ture deviation. Choosing a domain confined between parallel plates,
one finds also that the flow is horizontal, and the magnetic field is
perpendicular to it. The proof is based on the analysis of weak solu-
tions to a primitive system and the relative entropy method. This is
a recent joint work with Florian Oschmann and Piotr Gwiazda.

Keywords: Naiver–Stokes–Fourier system, MHD, low Mach number,
low Alfvén number, Oberbeck–Boussinesq–MHD, relative entropy method.
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