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Schedule

Time Speaker Title

8:10 Opening
8:15 Marek Cúth Isomorphisms between spaces of Lipschitz functions
8:35 Sebastian Schwarzacher Current problems in fluid-structure interactions
8:55 Stefano Pozza Stability of network indexes defined by means of matrix functions
9:15 Michal Pavelka Self-regularization of Hamiltonian systems
9:35 Coffee break
9:45 Jaroslav Haas Higher-order Kozai-Lidov dynamics in spherical potential

10:05 Josef Hanuš Deciphering the cratering record of (7) Iris
10:25 Klára Kalousová Enthalpy method for two-phase mixtures – Application to outer solar system

satellites
10:45 Coffee Break
10:55 Ondřej Souček On a class of thermodynamically consistent boundary conditions for Korteweg

fluids - a sequel
11:15 Karel Tůma Radiative heat transfer in glass
11:35 Miloslav Vlasák Pricing of European Options
11:55 Conclusion

Abstracts

Marek Cúth: Isomorphisms between spaces of Lipschitz functions. I will talk about our recent result with L.
Candido and M. Doucha, where we prove (among other things) that, for any d ∈ N, the space Lip0(Rd) is isomorphic
to Lip0(Zd). The tools that we developed along the way, proving that result, have much greater applicability and I
will mention some of those applications. I will also mention some open problems which naturally occured during our
investigations.

Sebastian Schwarzacher: Current problems in fluid-structure interactions. Fluid-solid interaction happens in
many everyday instances. For example in the trachea where the air-flow inside the windpipe interacts with the cartilage
surrounding it. The scientific challenge is sub summarized in the free interface between the solid and the fluid–the
variable domain. We present some open problems in the field that we try to solve in the next years. Moreover, some
hints will be given how to systematically develop an analysis for the related theory of partial differential equations.

Jaroslav Haas: Higher-order Kozai-Lidov dynamics in spherical potential. Kozai-Lidov dynamics describes
the secular evolution of a Keplerian orbit under the perturbative influence of a distant third body. It is generally
accepted that an additional spherically symmetric potential suppresses this kind of perturbation. In my talk, I will
investigate the damping effect in the environment of galactic nuclei where spherical star clusters are often observed.

Josef Hanuš: Deciphering the cratering record of (7) Iris. As part of our ESO large program (ID 199.C-0074), we
observed asteroid (7) Iris with the VLT/SPHERE/ZIMPOL instrument throughout its rotation during two consecutive
nights in October 2017 (five different epochs). Iris, which is one of the four D¿200 km S-type main belt asteroids along
with (3) Juno, (15) Eunomia and (29) Amphitrite, is an exceptional target for an adaptive optics (AO) campaign due
to its large angular size as seen from the Earth (0.35”) during opposition. We identified several topographic features
in the disk-resolved images that we interpreted as impact craters. Crater identification was performed manually on the
images, by looking for circular features with a clear brightness contrast. Craters were first extracted on each of the
five epochs. We compared all the images within a given epoch to confirm the genuineness of the identified features,
removing the possibility that they are deconvolution artifacts. In the end, we checked the pairing of craters between
the different epochs, that lead to a total number of eight individual craters with diameters larger than 20 km. We also
measured the depth of several craters. Corresponding publication has been submitted to Astronomy and Astrophysics
journal.



Ondřej Souček: On a class of thermodynamically consistent boundary conditions for Korteweg fluids -
a sequel. We provide a derivation of thermodynamically consistent boundary conditions for a class of Korteweg type
fluids. The derivation is based on description of the contact surface between the fluid and the wall as of a particular type
of interface between two continua and exploitation of the well-developed framework of continuum thermodynamics with
internal discontinuities. This approach allows us to identify for various classes of surface free energies the corresponding
surface entropy productions. By constructing thermodynamic closure relations within the classical linear irreversible
thermodynamics, we identify a new class of dynamic boundary conditions describing, among others, a dynamic contact
angle condition. We explore the general model in detail for a particular case of van-der-Waals Korteweg fluid and
demonstrate the qualitative properties of the dynamic contact angle conditions, their consistency and their applicability
in numerical simulations.

Klára Kalousová: Enthalpy method for two-phase mixtures – Application to outer solar system satellites.
Outer solar system satellites have thick ice layers where melting may occur. Recently, we investigated the conditions for
the onset of melting and we studied the subsequent meltwater transport through a convecting solid ice using a two-phase
one-component mixture model. Initially, the system of governing equations comprised the Stokes system, the Darcy
equation and two evolution equations – for temperature and porosity (water content). This approach, while relatively
straightforward, brings implementation and numerical problems. We will present a new approach to reformulate the
governing equations by using the enthalpy method that allows to solve only one evolution equation for the mixture
enthalpy and to evaluate temperature and porosity by a straightforward postprocessing procedure. This method will
allow an extension towards multi-component two-phase materials, which is the target application – to incorporate the
effect of salts on the melting and transport processes. This is a joint project with Ondrej Soucek.

Michal Pavelka: Self-regularization of Hamiltonian systems. Hamiltonian dynamics is inherently reversible.
However, due to interactions with surroundings or other degrees of freedom, it is usually damped, and thermodynamic
behavior is observed. We show a general method how to regularize the Hamiltonian dynamics by adding dissipative
terms. The construction is based on the Hamiltonian structure itself, which is why it is called self-regularization. The
self-regularization is demonstrated on rigid body rotation, where the only stable axis of rotation becomes the axis with
largest moment of inertia.

Karel Tůma: Radiative heat transfer in glass. The glass production starts in a furnace, where the material is
melted. Later, the molten glass ribbon is formed in the float glass furnace. This is a technologically difficult process
during which the molten glass slowly cools and it is necessary to assure that the temperature gradients are low because
of high mechanical stresses that would cause cracking of the material. Thus, it is important to know the distribution of
temperature in the body whose temperature is maintained mainly by a radiative heating.

Description of the radiative heat transfer in materials is difficult because the absorption of energy depends on the
frequency of the radiation and its direction which makes the numerical solution complicated and expensive. Very often
a direction-averaged approximation of the full radiative heat transfer equations is used, which works fine for optically
thick materials like glass. However, then the equations are still frequency dependent. We present a model with a
non-trivial coupling between radiative/conductive heat transfer proposed by Larsen et al. (2003), in which also the
frequency averaging is applied. We implemented this model and with it computed the first simulation tests.

Miloslav Vlasák: Pricing of European Options. We consider the European option with a single underlying asset.
The numerical approach of evaluating the option based on the Merton jump-diffusion model solved by the discontinuous
Galerkin method is discussed.

Stefano Pozza: Stability of network indexes defined by means of matrix functions. Given a network G, a
matrix function of the adjacency matrix (e.g., the exponential or the resolvent) defines a centrality index I(k) measuring
the importance of the node k in the network. We address the problem of estimating the changes in I(k) with respect
to changes in the edge structure of G. We propose several bounds showing that the magnitude of the variation of
I(k) decays exponentially with the shortest-path distance in G that separates k from the set of nodes touched by the
perturbed edges. Collaboration with: Francesco Tudisco (Strathclyde University)
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