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Schedule

Time Speaker Title

Nov 25 Opening at 8:20
8:30 Marek Cúth On the structure of Lipschitz-free Banach spaces and quasi-Banach spaces
9:00 Scott Congreve Two-grid hp-version DGFEM for second-order quasilinear elliptic PDEs with

agglomerated coarse meshes
9:30 Josef Hanuš Shape models of large main-belt asteroids

10:00 Michal Pavelka Geometric continuum mechanics and thermodynamics
Dec 2 Starting at 8:30

8:30 Klára Kalousová Searching for Pluto’s subsurface ocean
9:00 Kathryn Lund TBA
9:30 Malte Kampschulte A variational approach to fluid-structure interaction

10:00 Giovanni Gravina Variational methods for the study of water waves
Dec 9 Starting at 8:10

8:10 Vı́t Pr̊uša Thermodynamics and finite amplitude stability
8:30 Sebastian Schwarzacher Recent progress in Fluid Structure Interactions
9:00 Jaroslav Haas TBA
9:30 Stefano Pozza A Lanczos-like method for the time-ordered exponential

10:00 Karel Tůma Thermodynamically compatible Kelvin-Voigt model with a consistent evolution
equation for temperature

Abstracts

Scott Congreve: Two-grid hp-version DGFEM for second-order quasilinear elliptic PDEs with agglom-
erated coarse meshes. In this talk, we consider the extension of so-called two-grid hp-version discontinuous Galerkin
finite element methods (DGFEM) for the numerical solution of a second-order quasi- linear elliptic boundary value
problem of monotone type to the situation of using agglom- erated polygonal/polyhedral meshes for the coarse mesh
approximation. Two-grid methods first approximate an underlying nonlinear problem on a coarse finite element parti-
tion of the computational domain and then on the basis of this coarse grid approximation compute a linearized variant
of the discrete problem on a finer mesh.

Previous work has studied the a priori and a posteriori error analysis for has studied the hp-version DGFEM for
strongly monotone quasilinear PDEs on meshes of simplices, quadrilaterals, and hexahedra. Here, we consider the ex-
tension of this analysis to a two- grid method where the coarse mesh solution is obtained by solving a DGFEM on a mesh
consisting of general polygonal/polyhedral elements constructed by agglomerating a fine mesh of simplices, quadrilater-
als, or hexahedra. Moreover, we extend the existing hp-adaptive two-grid algorithm to adaptively designing the coarse
finite element space for agglomerated elements. Numerical experiments are presented for two- and three-dimensional
problems to demonstrate the computational improvement of the hp-adaptive two-grid method, when compared to the
standard discontinuous Galerkin method. This is a joint work with Paul Houston.

Marek Cúth: On the structure of Lipschitz-free Banach spaces and quasi-Banach spaces. Lipschitz-free
spaces are (quasi) Banach spaces constructed from (quasi) metric spaces, which serve as a useful tool e.g. in nonlinear
Banach space theory. Even though they found some applications and even though their definition is not very difficult,
not much is known about them. I will talk about some aspects of their general structure and I will mention also some
of our recent results from our last paper with J. L. Ansorena, F. Albiac and M. Doucha. For example, I will mention
that certain Sobolev spaces are isometric to certain Lipschitz-free spaces.

Giovanni Gravina: Variational methods for the study of water waves. In this talk, we will consider a one-
phase Bernoulli free boundary problem whose solutions correspond to steady periodic water waves moving on the free
surface of an irrotational flow above a flat impermeable bed. We will show that solutions with a non-flat profile can be
found variationally as global minimizers of the classical Alt-Caffarelli energy functional and study the behavior of the
free boundary near the fixed boundary.

Jaroslav Haas: TBA. TBA



Josef Hanuš: Shape models of large main-belt asteroids. By visiting the two largest bodies in the asteroid
belt, the dwarf planet (1) Ceres and protoplanet (4) Vesta, the Dawn mission unveiled two strikingly different worlds,
illustrating the complex compositional and geological diversity of the asteroid belt. Here, I will present the high angular
resolution observations of several large main belt asteroids performed with the extreme Adaptive-Optics (AO)-fed
SPHERE imager on the Very Large Telescope (VLT). I will discuss the differences between the shape models and their
possible cratering records with respect to asteroid sizes, bulk composition, typical heliocentric distance or multiplicity.

Klára Kalousová: Searching for Pluto’s subsurface ocean. Pluto is a dwarf planet located at a distance roughly
40 AU from the Sun. Its surface is dominated by a large impact basin informally known as Sputnik Planitia. Based on
its position on Pluto’s surface, it has been suggested that the basin may be underlain by a cavity of large dimensions
filled with liquid water. This hypothesis is currently the only indication of existence of subsurface ocean in Pluto’s
interior. However, it is not clear whether the suggested topography of the ice/ocean interface is stable in long term. We
perform finite element simulations of viscous relaxation in a 2d Cartesian domain with a time evolving bottom boundary
to constrain the relaxation times of the compensating topography. This is a joint project with Martin Kihoulou.

Malte Kampschulte: A variational approach to fluid-structure interaction. This talk will describe some of
the recent progress in developing a variational, time-discretized scheme for general fluid-structure interaction problems,
in the spirit of the method of minimizing movements. Specifically we will discuss some preliminary results for a coupling
between a bulk viscoelastic material allowing for large deformations and the incompressible Navier Stokes equations.

Kathryn Lund: TBA. TBA

Michal Pavelka: Geometric continuum mechanics thermodynamics. Our recent results on geometric contin-
uum mechanics, model reductions and related numerical techniques will be reviewed. In particular, some general results
on Hamiltonian continuum mechanics (gauge invariance, Noether theorem) and a straightforward derivation will be
shown. Then a method of reductions called Dynamic MaxEnt will be introduced. Finally, a few conjectures, e.g. on
Poisson integrators, hyperbolicity will be formulated.

Stefano Pozza: A Lanczos-like method for the time-ordered exponential. The time-ordered exponential is
defined as the function that solves a system of coupled first-order linear differential equations with generally non-constant
coefficients. In spite of being at the heart of much system dynamics, control theory, and model reduction problems,
the time-ordered exponential function remains elusively difficult to evaluate. In the talk, we present a Lanczos-like
algorithm capable of evaluating it by producing a tridiagonalization of the original differential system. The algorithm
is presented in a theoretical setting. Nevertheless, a strategy for its numerical implementation is also outlined and will
be subject of future investigation.

Vı́t Pr̊uša: Thermodynamics and finite amplitude stability. We show how to exploit the knowledge of the
thermodynamic background in the study of nonlinear (finite amplitude) stability of steady solutions to the systems
nonlinear partial differential equations governing the motion of continuous medium. In particular, we focus on thermo-
dynamically open systems, that is on the case where the system of interest is allowed to interact with its surroundings,
and where one has to investigate the stability of non-trivial steady states. Two applications of the proposed approach
will be discussed — stability of the incompressible Navier-Stokes-Fourier fluid in a vessel with walls kept at spatially
non-uniform temperature, and stability of a steady flow of a viscoelatic rate-type fluid.

Sebastian Schwarzacher: Recent progress in Fluid Structure Interactions. I will summarize some progress of
the year 2019 on our research on fluid-structure interactions. Topics are questions of uniqueness (in collaboration with
M. Sroczinski) and questions about numerical schemes for compressible fluids (with B. She).

Karel Tůma: Thermodynamically compatible Kelvin-Voigt model with a consistent evolution equation
for temperature. We derive a thermodynamically compatible Kelvin-Voigt model whose elastic response corresponds
to the compressible Ogden solid. The mechanical part is coupled with a consistent evolution equation for tempera-
ture. This model is used to simulate a deformation of a cracked material. Specifically, we study the evolution of the
temperature close to the crack.
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