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Black entropy - utopia or reality?
Czarna entropia - utopia czy rzeczywistość?
Jan Kiciński
Distributed Energy Department,
Institute of Fluid-Flow Machinery, Polish Academy of Sciences,
Fiszera 14, 80-231 Gdańsk, jan.kicinski@imp.gda.pl

The concept of entropy is one of the most esoteric, mysterious and to the point unclear concepts
that science has created. Entropy permeates our lives, rules the universe and even our daily
affairs. The concept goes far beyond strictly scientific and thermodynamic definitions; it also
applies to social, philosophical or environmental issues.
But what is entropy really? We know that it is a mysterious force that pushes the world, nature
and people in one direction: from order to chaos, from simple to complex matters and finally
from life to death. Should we then call entropy black entropy or entropy of death?
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Mathematical modeling of dynamic processes in driving systems and
supporting structures of drilling machines
Modelowanie matematyczne procesów dynamicznych w układach napędowych i
konstrukcjach nośnych maszyn wiertniczych
Yevhen Kharchenko1,2, Waldemar Dudda2
1

Lviv Polytechnic National University
University of Warmia and Mazury in Olsztyn

2

Modern drilling rigs are complex assemblies of devices and load-bearing structures that differ
significantly both in terms of design and functionality. The operating modes of the drilling unit's
operation are accompanied by intense mechanical oscillations caused by frequent starts and
stops of the drive systems and actuators, wave phenomena in the column of drill pipes, changes
in the resistance forces of the column movement, pulsations of the drilling pad, static or
dynamic imbalance of the rotating elements. Therefore, a comprehensive study of the dynamics
of drilling rigs is an important condition for their rational design and effective operation.
In this paper, a mathematical model of dynamic processes that arise in non-stationary modes of
operation of drilling rigs as discrete-continuous mechanical systems was developed. The
analysis of the start-up process is performed taking into account the mutual interaction of
electromagnetic phenomena occurring in asynchronous motors and mechanical vibrations.
Analysis of the braking process - taking into account the joint operation of the hydrodynamic
brake and the band-block brake.
The test results show a significant influence of dynamic phenomena on the loads of the drive
system components, ropes, drill pipe columns, and the mast structure. When taking up a column
of pipes, the loads on the drilling rig components significantly depend on the change in time
and the maximum value of the air-operated friction clutch. Larger dynamic coefficients are
characteristic for elements of drive systems, slightly smaller - for the supporting structure. The
torque vibrations of the asynchronous motor during start-up significantly affect the vibration
amplitudes of the drilling rig components. The relationship of electromagnetic and mechanical
vibrating phenomena is particularly manifested during the start-up of the drive system for
drilling the hole and may cause electromechanical resonance, which should be avoided at the
drilling rig design stage.
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Thermomechanical couplings in solid materials - introduction to theory,
experiment and some examples of applications
Sprzężenia termomechaniczne w ciałach stałych - wprowadzenie do teorii,
badania doświadczalne i przykłady zastosowań
Elżbieta A. Pieczyska
Department of Mechanical Engineering,
Institute of Fundamental Technological Research of the Polish Academy of Sciences,
A. Pawińskiego 5b, 02-106 Warsaw, epiecz@ippt.pan.pl

The main objective of the paper is the presentation of thermomechanical couplings in solid
materials that embraces some theory, experiments as well as applications. Valuable information
on materials can be obtained from detailed analysis of the effects of thermomechanical
couplings, i.e. the mechanical and thermal data, captured during the loading and deformation
process. It will be explained in frames of the presentation what do we mean by
thermomechanical couplings and what are their origins.
On one hand - coupling mechanisms, i.e. thermoelasticity, entropic elasticity, phase transition;
on the other hand, mechanical dissipation, associated with plasticity, viscosity and damage.
They are related to irreversibility and heat diffusion that are leading to material degradation,
developing via micro/macro voids, shear bands and micro shear bands.
The stress-strain characteristics are obtained by high quality testing machine, whereas the
temperature changes are obtained by using fast and sensitive infrared camera. The stress-strain
and the related temperature characteristics obtained during the loading enables distinguishing
deformation process into 3 stages: elastic, plastic and damage. Effects of thermomechanical
coupling recorded in Shape Memory Alloys and Shape Memory Polymers will be discussed.
Infrared camera is very useful tool in new materials study.
Acknowledgments: The research has been carried out with support of the Polish National Center of Science under
Grant 2017/27/B/ST8/03074.
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[1] E.A. Pieczyska, Thermoelastic effect in austenitic steel referred to its hardening, J. Theor. Appl. Mech., 2, 37,
1999.
[2] H. Tobushi, R. Matsui, K. Takeda, E.A. Pieczyska, Mechanical Properties of Shape Memory Materials, Nova
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pp.085002-1-15, 2016

5

9th Wdzydzeanum Workshop on Fluid – Solid Interaction
Wdzydze Kiszewskie, Poland
5th-10th September 2021

Concept of the rotor-bearing system of a 30kW gas microturbine
Koncepcja systemu łożyskowania wirnika mikroturbiny gazowej o mocy 30 kW
Grzegorz Żywica
Department of Turbine Dynamics and Diagnostics,
Institute of Fluid-Flow Machinery, Polish Academy of Sciences,
Fiszera 14, 80-231 Gdańsk, gzywica@imp.gda.pl

The development of high-speed turbomachines requires the use of innovative bearing systems
[1]. In addition to the high rotational speed, the bearings of these machines must withstand high
mechanical, electrical, and thermal loads that act on the rotating system [2]. This paper
discusses the research whose aim was to develop a bearing system for the prototype of a gas
microturbine. In this fluid-flow machine, the turbine’s and compressor’s discs, as well as the
generator rotor, are mounted on a common shaft with a rated speed of 100,000 rpm. The
microturbine has been designed for use in a cogeneration system with an external combustion
chamber and will generate up to 30 kW of net electric power [3]. Such systems may be an
interesting alternative for gas microturbines with an internal combustion chamber and for micro
CHP systems with vapour microturbines, which are based on the organic Rankine cycle.
The paper discusses the key stages of the selection and analysis of a bearing system for the
microturbine rotor. First, the bearings that can be used in high-speed turbomachines are
considered, taking into account different rolling element bearings and gas bearings. Then two
alternative rotor support concepts, with two and three bearings, are proposed. Detailed analyses
of these two bearing arrangements were carried out to determine the static and dynamic
characteristics of the rotor-bearing system. Finally, one version of the rotating system has been
approved for implementation.
The research presented in this paper might be of interest to scientists and practitioners who deal
with innovative turbomachines and are looking for the optimal bearing systems for newly
designed rotating machines, such as turbocompressors, gas/vapour microturbines, and highspeed volumetric expanders.
References
[1] Żywica G., Bagiński P., Investigation of unconventional bearing systems for microturbines, IFToMM WC
2019, Mechanisms and Machine Science 73, Springer 2019.
[2] Kiciński J., Żywica G., Steam Microturbines in Distributed Cogeneration, Springer, 2014.
[3] Żywica G., Zych P., Bogulicz M., Rotor dynamics analysis of different bearing system configurations for a
30 kW high-speed turbocompressor, 12th International Conference on Vibrations in Rotating Machinery,
VIRM 2020, CRC Press 2020.
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Taking into account fluid-structure interactions in the basic control model
of an active foil bearing
Uwzględnienie interakcji pomiędzy płynem a strukturą w podstawowym modelu
kontroli aktywnego łożyska foliowego
Łukasz Breńkacz1, Natalia Szewczuk-Krypa2
1

Department of Turbine Dynamics and Diagnostics,
Institute of Fluid Flow Machinery of the Polish Academy of Sciences,
Fiszera 14, 80-231 Gdańsk, lbrenkacz@imp.gda.pl
2

Faculty of Mechanical Engineering and Ship Technology,
Gdańsk University of Technology,
G. Narutowicza 11, 80-233 Gdańsk, natszew1@pg.edu.pl

The main objective of the paper is to present the control model of an active foil bearing, in
which fluid-structure interactions are taken into account. The active foil bearing is
a modification of the classic foil bearing [1]. In the presented system, changes in the geometry
of the bearing bush are enabled by actuators. The analysed radial foil bearing has a variable
geometry. The changes influence the lubrication gap and the shape of the foil. Such a bearing
allows for optimizing the dynamic properties [2]. To enable proper operation, the displacement
of the shaft needs to be measured by two displacement sensors. Based on the measurements,
the trajectory of the rotating shaft can be obtained. The control system is based on a PID
controller [3] which connects the measurement sensors with the actuators. The data from the
measurement sensors are compared with the maximum allowed value of the vibration amplitude
and, if necessary, the vibration level can be reduced to eliminate resonant vibrations. The
possibilities of applying the proposed model are discussed.
Acknowledgement
This paper was created within the framework of the ACTIVERING project entitled ‘‘Aktywne łożyska foliowe ze
zmiennymi właściwościami dynamicznymi” (Eng. Active foil bearings with variable dynamic properties),
agreement no. LIDER/51/0200/L9/17/NCBR/2018, implemented as part of the research and development
programme called ‘‘LIDER” (Eng. LEADER).
References
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K. Nalepa, P. Pietkiewicz, G. Żywica, 2009, Development of the foil bearing technology, Tech. Sci.,
12(1), 229–240.
[2]
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of an active foil bearing, In Proc. 15th Int. Conf. Motion Vib. Control, The Japan Society of Mechanical
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Numerical methods for one and two-phase heat exchangers in systems with
energy storage
Numeryczna metoda obliczeniowa jedno i dwufazowych wymienników ciepła w
układach z magazynowaniem energii
Dariusz Kardaś1, Artur Grajewski2
Institute of Fluid Flow Machinery Polish Academy of Sciences, Gdańsk, dk@imp.gda.pl
2
Secespol sp. z o.o. agrajewski@secespol.pl

1

Modern energy is facing many challenges, such as reducing air pollution, reducing CO2
emissions, which leads to limiting energy production from conventional sources and replacing
them with renewable energy sources. Solar and wind energy are highly variable and
unpredictable, hence the need for heat exchangers and thermal energy storage. One and twophase heat exchangers and energy storage will play an important role in the future energy sector.
Their work in complex energy systems will depend on the precise calculation of the operating
parameters. Meanwhile, heat transfer calculations in flow systems are burdened with a high
level of errors. The paper presents a method of solving one and two-phase shell-and-tube heat
exchangers. A proprietary original method is concerned with solving heat exchangers under
stationary operating conditions, but is based on non-stationary energy equations for both hot
and cold factors. The equations of conservation of mass and momentum are stationary. All
equations are one-dimensional. The transient heat transfer model is designed to simplify the
model and speed up the calculations, because the working conditions are stationary by
definition.
The energy equations, which have a different form in the case of single-phase and twophase flow, play a crucial role in the model. In the single-phase case, the unknown is the
temperature, and in the two-phase case the internal energy. To the above equations there are
equations of state for the cold and hot medium as well as compounds closing to pressure drops.
The connection of both energy equations occurs through the overall heat transfer coefficient.
The correlations for the Nusselt number are used to determine the heat transfer coefficients of
each fluid. The above model of the exchanger, consisting of 6 ordinary and partial differential
equations, is solved by the iteration method based on the application of the upwind scheme of
the energy transport equations. Solving both energy equations along the entire fluid flow at a
given instant of time allows the mass and momentum equations to be integrated.
Acknowledgement
The work is financed under the program of the Ministry of Education and Science, Implementation Doctorate, 2nd
edition of the doctoral study at IMP PAN.
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Evolution of climate policy in the global and European dimension
Ewolucja polityki klimatycznej w wymiarze światowym i europejskim
Rafał Hyrzyński 1,2
1

Energa S. A.
Department of Distributed Energy, Institute of Fluid-Flow Machinery Polish Academy of Sciences, Fiszera 14
st., 80-231 Gdansk, Poland, rafal.hyrzynski@imp.gda.pl

2

No research, no matter how authoritative or alarmist, influences social behavior as long as it is
not understood by politicians. Megatrends and social attitudes are shaped mainly by political
leaders and ideas developed during debates taking place in the structures of international
organizations with a large participation of non-governmental organizations (NGOs).
The work analyzes the process of formulating world politics in the global (UN) and local
dimension, understood as the policy of the European Communities (later the European Union).
The author analyzes basic documents (international agreements, resolutions, directives,
regulations) ranging from the United Nations Charter to the "Fit for 55" package.

Fig. 1. The most important events in the history of global policy to combat climate change.
Source: Own study.

The inspiration for this approach to the subject was a lecture by prof. J. Kiciński inaugurating
the second term of office of the director of IMP PAN, where the requirements for scientific
research were formulated. Scientific research, according to prof. Kiciński, should include: (1)
an in-depth analysis of a given megatrend that is behind the undertaking of a given research
direction, along with an indication of the issues that contributed to its creation (however, at the
level expected by the IMP PAN, it is not sufficient to uncritically recall the megatrend itself),
(2) research should be useful (research results should add value to the challenges posed by the
business environment, social expectations in terms of improving the quality of life and the
political environment in terms of economic growth), (3) the results of the work should, in
addition to the scientific value reduced, for example, to the technical dimension, include an
economic analysis indicating the potential to generate a rate of return or the prospect of reaching
this acceptable rate of return (checking the condition of usefulness of the research). The author
followed the first guideline.
References
[1] R. Hyrzyński, Modelling and optimization of energy storage, including thermal energy storage, in the energy
system with generation from hard-to-predict sources, Gdańsk: Robert Szewalski Institute of Fluid-Flow Machinery
of the Polish Academy of Sciences, 2021 (PhD thesis, not yet published).
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Experimental studies on thermo-physical properties of solid-liquid phase
change materials (PCM) applied into thermal energy storage
Badania termo-fizycznych właściwości materiałów zmiennofazowych (PCM)
typu ciało stałe - ciecz, stosowanych do magazynowania ciepła i chłodu
Paulina Rolka, Roman Kwidziński, Tomasz Przybyliński, Marcin Lackowski
Heat Transfer Department, Centre of Heat and Power Engineering,
Institute of Fluid Flow Machinery Polish Academy of Sciences, Fiszera 14 st., 80 - 231 Gdansk,
prolka@imp.gda.pl, rk@imp.gda.pl, tprzybylinski@imp.gda.pl, mala@imp.gda.pl

In Europe half of the total energy consumption is used to heat or cool residential and nonresidential buildings, while about 84% of this energy is still produced from fossil fuels [1]. The
energy storage is one of the most effective ways to increase energy savings and efficiency of
heating and air conditioning systems. In recent years, phase change materials (PCMs) are
increasingly used in thermal energy storage systems to increase their capacity. Appropriate
selection of PCMs for installation conditions allows for their proper use. Although PCMs are
commercially available on the market, their thermo-physical properties and characteristics of
enthalpy change and heat capacity at specific temperatures are often lacking. What is a serious
problem in the proper using PCMs and design of latent heat thermal energy storage (LHTES).
Considering the above problem, the main objective of the present paper is the presentation of
the thermo-physical properties of phase change materials (PCM), whose phase transition occurs
from the solid to the liquid state or vice versa. The paper presents results of experimental study
of thermo-physical properties of five commercially available PCMs (RT15, RT22 HC, RT55,
OM55, OM65) using T-history method [3] and Differential Scanning Calorimetry (DSC)
method [4]. As a result of the study, the temperature range of the phase change, latent heat,
specific heat, as well as the enthalpy change and heat capacity (stored energy) characteristics at
specific temperatures were determined. The research results presented in the paper are aimed
to help the designer in selection of the right PCM for the future LHTES co-working with
renewable energy systems, waste heat systems, building heating and cooling systems.
Acknowledgments: The research received funding from the Smart Growth Operational Programme 2014-2020
(European Regional Development Fund) No. POIR.04.01.04-00-0100/17 INNOSTORAGE.
References
[1] S. M. Nazari et al., 2020, A Comparative Study on the Thermal Energy Storage Performance of Bio-Based and
Paraffin-Based PCMs Using DSC Procedures, Materials, 13, 1705.
[2] P. Kapica, J. Karwacki, S. Bykuć, 2018, The use of the T-history method to estimate thermal capacity and
latent heat for RT15 and RT18 materials, E3S Web Conf., 70 (2018) 01008.
[3] P. Rolka, T. Przybylinski, R. Kwidzinski, M. Lackowski, 2021, The heat capacity of low-temperature phase
change materials (PCM) applied in thermal energy storage systems, Renewable Energy, 172, 541.
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Investigation of the spray scrubber dedusting efficiency
Badania skuteczności odpylania skrubera natryskowego
Adam Tomaszewski, Tomasz Przybyliński, Paulina Rolka and Marcin Lackowski
Heat Transfer Department, Centre of Heat and Power Engineering,
Institute of Fluid Flow Machinery, Polish Academy of Sciences,
Poland Fiszera 14, 80-231 Gdansk, atomaszewski@imp.pan.pl

The paper presents the method of syngas purification, with the use of a spray scrubber [1,2].
The paper focuses on cleaning the gas from solid contamination particles with diameters of 120 µm. The impact of spray scrubber internal geometry, such as mutual location of mist
eliminators and their quantity, on the dust collection efficiency is investigated. At first, some
theoretical background and governing equations are developed. The simplified correlation for
dust collection efficiency estimation is presented. Then the 3D numerical model of scrubber,
with consideration of interaction of contamination particles and water droplets, is proposed.
Then the test stand is described and presented as well as obtained experimental results. On the
test stand the effect of mist-eliminator presence inside scrubber on dust collection efficiency is
investigated. The numerical results of dust collection efficiency are compared with
experimental data from literature [3] and with the data measured on the test stand.
Acknowledgements
The work was carried out as a part of the TechRol project - the strategic research and development program of the
Polish National Center for Research and Development (NCBiR) entitled "Natural environment, agriculture and
forestry - BIOSTRATEG". No. 3/344128/12/NCBiR/2017.
References
[1] Tomaszewski A., Przybyliński T., Kapica P., Lackowski M. (2019). Influence of the Spray Scrubber Geometry
on the Efficiency of Dust Removal – Theoretical Predictions and CFD Analysis. Journal of Applied Fluid
Mechanics, Vol. 13, No. 4, pp. 1055-1066.
[2] Warych, J. (1998). Gas purification. Processes and apparatus. (in Polish). Wydawnictwa Naukowo –
Techniczne, Warszawa.
[3] Wrzesinska, B. and S. Witman (2009). Wet Dust Removal in a Scrubber with the Colliding Streams (in Polish),
Rocznik Ochrona Srodowiska, wyd. Srodkowo-Pomorskie Towarzystwo Naukowe Ochrony Srodowiska (11), 889
– 898.

11

9th Wdzydzeanum Workshop on Fluid – Solid Interaction
Wdzydze Kiszewskie, Poland
5th-10th September 2021

Selected aspects of the construction of systems with solid oxide electrolyzers
– technical and scientific challenges
Wybrane zagadnienia konstrukcji instalacji z elektrolizerami stałotlenkowymi wyzwania badawcze i techniczne
Jakub Kupecki1,2, Konrad Motyliński 1,2, Marcin Błesznowski 1,2, Michał Wierzbicki1,2
1
2

Institute of Fluid-Flow Machinery Polish Academy of Sciences, Fiszera 14, 80-231 Gdańsk
Institute of Power Engineering, Mory 8, 01-330 Warszawa, jakub.kupecki@ien.com.pl

Despite the fact that several demonstration systems were built, currently solid oxide
electrolyzers (SOE) are in the pre-commercial phase. One of the main advantages of the SOE
in comparison to alkaline water electrolyzers (AWE) and proton exchange membrane water
electrolyzers (PEMWE) is the lower energy consumption for hydrogen production. These
values are in the range of 50-51 kWh/kg H2 for AWE, 55-58 kWh/kg H2 for PEMWE, and 3745 kWh/kg H2 for SOE [1] with potential for lowering that number.
The main objective of the paper is the presentation of the key challenges in designing
and construction of systems based on SOE in various applications. The study is divided into
two parts, namely scientific and technical challenges. The first one focuses on issues related to
start-up of systems with SOE which operate at temperature above 650°C, thermal cycling,
sources of stresses and maximization of the performance which include consideration at the
micro-scale. It extends the preliminary numerical analysis related to determination of the
efficiency of SOE-based installation which was presented earlier [2]. The second part describes
in details the process diagram of reference power-to-gas system with discussion of selected
technical aspects at the macro-scale including integration of SOE with highly innovative
peripheral devices and machines. The study analyzes issues which are typically taken into
account and addressed during the designing, construction and integration of SOE with the
existing plant or used for building new power-to-gas units.
Acknowledgements: The work results were obtained in studies co-financed by the European Union from the
European Regional Development Fund under the Intelligent Development Programme in the project
POIR.01.01.01-00-0335/19 titled: „Modular system based on reversible solid oxide cells (rSOC) designed for
integration with an industrial power plant in order to improve its flexibility, and increase utilization of renewable
energy sources in power sector”.
References
[1] Kakoulaki G., Kougias I., Taylor N., Dolci F., Moya J., Jager-Waldau A., Green hydrogen in Europe – A
regional assessment: Substituting existing production with electrolysis powered by renewables. Energy
Conversion and Management 2021;228:113649.
[2] Kupecki J., Motylinski K., Jagielski S., Wierzbicki M., Brouwer J., Yevgeniy N., Skrzypkiewicz M., Energy
analysis of a 10 kW-class power-to-gas system based on a solid oxide electrolyzer (SOE). Energy Conversion
and Management 2019;199:111934.
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Advanced 3D modeling of solid-oxide fuel cells
Zaawansowane modelowanie 3D stałotlenkowych ogniw paliwowych
Bartosz Kraszewski
Energy Conversion Department,
The Szewalski Institute of Fluid-Flow Machinery Polish Academy of Sciences,
Fiszera 14, 80-231 Gdańsk, bkraszewski@imp.gda.pl

The development of solid oxide fuel cell (SOFC) technology dates back to the 1970s.
Despite this, some aspects of the electrochemistry of these cells have not been fully described,
so semi-empirical modeling is most often required. The commonly used Butler-Volmer
equation for this purpose therefore requires many experimental coefficients, i.e. activation
energy or reaction rate constants.
This work presents a methodology for modeling electrochemical phenomena coupled to
3D computational fluid dynamics (CFD) for a hydrogen-fueled SOFC. The scalar equations for
electric current and ion flow are implemented. Mass sources of mixture components and heat
sources of chemical and Ohmic origin are added based on the Butler-Volmer equation. The
thermal properties as well as the electron and ionic conductivities of porous materials are taken
into account. Example results obtained from literature experimental data are then presented.
Ultimately, it is concluded that by the multiplicity of experimental data required, the prediction
of SOFC performance is made much more difficult and usually comes down to the individual
test bench. This therefore highlights the need for a better physical description of the electron
transfer inside the fuel cell, using the information provided by CFD solvers.

Acknowledgements: The work results were obtained in studies co-financed by the European Union from the
European Regional Development Fund under the Intelligent Development Programme in the project
POIR.01.01.01-00-0335/19 titled: „Modular system based on reversible solid oxide cells (rSOC) designed for
integration with an industrial power plant in order to improve its flexibility, and increase utilization of renewable
energy sources in power sector”.

References
[1] E. J. F. Dickinson, Andrew J. Wain, 2020, The Butler-Volmer equation in electrochemical theory: Origins,
value, and practical application, Journal of Electroanalytical Chemistry, 872, 114145.
[2] U. G. Bossel, 1992, Final report on SOFC Data – Facts and figures, Swiss Federal Office of Energy, Berne.
[3] Q. Fu, Z. Li, W. Wei, F. Liu, X. Xu, Z. Liu, 2021, Performance enhancement of a beam and slot interconnector
for anode-supported SOFC stack, 241, 114277.
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Determination of the stress level in a fuel cell during variable thermal load
changes using Thermal-FSI part I
Określenie poziomu naprężeń w ogniwie paliwowym podczas zmiennego
obciążenia termicznego przy użyciu Thermal-FSI część I
Piotr J. Ziółkowski, Mateusz Bryk, Janusz Badur
Conversion Energy Department,
Institute of Fluid Flow Machinery of the Polish Academy of Sciences,
pjziolkowski@imp.gda.pl, mbryk@imp.gda.pl, jb@imp.gda.pl

The main objective of this paper is to investigate the stress level in an example fuel cell under
varying temperature loading. In fuel cell (SOFC) testing, the cell materials and the operating
environment of the cell are of great importance. The cell operates at temperatures in the order
of 700-900 °C and is made of porous materials with thicknesses in the nanometre scale, which
poses a considerable challenge in determining stress levels.
The work consists of two parts, parts I and II, the first part describes material properties of
individual components of the cell and their behaviour at elevated temperatures, this part is
mainly based on literature sources[1],[2], while the second part presents simulation of the cell
operation at 700-900 °C and its stress level. Fig.1. shows example material data taken from the
work [1] and used in the model.

Figure: Young's modulus (left) and coefficient of thermal expansion (right) as a function of temperature.
Acknowledgements: The work results were obtained in studies co-financed by the European Union from the
European Regional Development Fund under the Intelligent Development Programme in the project
POIR.01.01.01-00-0335/19 titled: „Modular system based on reversible solid oxide cells (rSOC) designed for
integration with an industrial power plant in order to improve its flexibility, and increase utilization of renewable
energy sources in power sector”.
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Determination of the stress level in a fuel cell during variable thermal load
changes using Thermal-FSI part II
Określenie poziomu naprężeń w ogniwie paliwowym podczas zmiennego
obciążenia termicznego przy użyciu Thermal-FSI część II
Mateusz Bryk, Piotr J. Ziółkowski, Janusz Badur
Conversion Energy Department,
Institute of Fluid Flow Machinery of the Polish Academy of Sciences,
mbryk@imp.gda.pl, pjziolkowski@imp.gda.pl, jb@imp.gda.pl

In the second part of this work, the operation of an example solid oxide fuel cell (SOFC) is
modelled using thermal-FSI tools. High temperature was taken as the main load in the case
studied and the influence of pressure was neglected. Fig.1 shows the geometry of the SOFC
under consideration. Fig. 2 shows the discretisation together with the temperature load. Fig.3.
shows the stress level in the cross-section through the cell under high temperature loading.

Fig.1. SOFC geometry

Fig.2. Discretisation of the cell (left) together with
the thermal load (right).

Fig.3. HMH stress level in the cross-section through the SOFC.

Acknowledgements: The work results were obtained in studies co-financed by the European Union from the
European Regional Development Fund under the Intelligent Development Programme in the project
POIR.01.01.01-00-0335/19 titled: „Modular system based on reversible solid oxide cells (rSOC) designed for
integration with an industrial power plant in order to improve its flexibility, and increase utilization of renewable
energy sources in power sector”.
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Neural modelling of steam turbine control stage
Modelowanie neuronowe pracy stopnia regulacyjnego turbin parowych
Jerzy Głuch, Drosińska-Komor Marta
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology,
Institute of Naval Architecture and Ocean Engineering, Gdańsk, Poland jgluch@pg.edu.pl

The paper describes possibility of steam turbine control stage neural model creation. It is of
great importance because wider application of green energy causes severe conditions for control
of energy generation systems operation. Results of chosen steam turbine of 200 MW power
measurements are applied as an example showing way of neural model creation. They serve as
training and testing data of such neural model. Relatively simple set of nozzle boxes neural
models consisting control stage is applied. They act as a neural regresor. Research study on
ways of creation mentioned neural model is the main purpose of the paper. Finally accurate
neural tool is created. It can serve as a proper pattern of control stage operation for engineers
tuning turbine control equipment. Another way of application consists in usage as a component
of turbomachinery heat and flow diagnostic programs. These programs take mainly into account
of technical objects efficiency degradation.
References
[1] Błaszczyk A, Głuch J., Gardzilewicz A.: Operating and economic conditions of cooling water control for
marine steam turbine condensers. Polish Maritime Research 18(3), 48–54 (2011).
[2] Głuch J.: On application of neural simulators through steam turbines blading systems to reference state
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[3] Głuch, J.: Selected problems of determining an efficient operation standard in contemporary heat-and-flow
diagnostics. Polish Maritime Research, 16(S1(36)), 22–28 (2009).
[4] Gardzilewicz A., Głuch J., Bogulicz M., Walkowiak, R., Najwer M., Kiebdój J.: Experience in Application of
Thermal Diagnostics in the Turow Power Station. (CD- ROM) ASME IJPGC’2003, IJPGC2003-40017 (2003).
[5] Głuch, J., Ślęzak-Żołna, J. Solving problems with patterns for heat and flow diagnostics dedicated for turbine
power plants. Int Gas Turbine Inst Proceedings Of The ASME Turbo Expo 2012 1. 969–979 (2012).
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The assessment of the elastic stability of the one-dimensional
nanostructures
Analiza stateczności sprężystej jednowymiarowych struktur w nanoskali
Aleksandra Manecka-Padaż, Ryszard B. Pęcherski, Piotr Jenczyk, Dariusz Jarząbek
Department of Theory of Continuous Media and Nanostructures,
Institute of Fundamental Technological Research of the Polish Academy of Sciences,
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The basis for the assessment of the elastic stability of the nanowire is nonlinear elasticity
theory. Due to an increasing demand for multifunctional nanomaterials and their extraordinary
properties, a further development of the mechanical behavior is required. In this case, nanowires
were fabricated to conduct in-situ compression tests of a single nanowire.
The Co nanowire arrays were produced by template-assisted electrodeposition. As a
template, the polycarbonate membrane were used. Co nanowires with different length to
diameter ratio were tested. SEM images are taken during compression to observe a
displacement and measure a deflection. Compression of one as-obtained nanowire at time was
conducted using in-situ nanoindenter with flat tip of diameter 5 μm.
Series of SEM images were taken during the compression and deformation was observed.
Images were saved with constant time intervals. Real deformation was measured by comparison
with the scale provided by SEM software in both horizontal and vertical direction. The
measured deflection was compared with mathematical models of elastica that were plotted
using Wolfram Mathematica software. The postbuckling behavior of nanowires is conducted in
the framework of the nonlinear elasticity theory.
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Diagnostics of the energy transformation process in steam power units
using genetic algorithms
Diagnostyka procesu przemian energetycznych w blokach parowych z
wykorzystaniem algorytmów genetycznych
Marta Drosińska-Komor
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology,
Institute of Naval Architecture and Ocean Engineering, Gdańsk, Poland mardrosi@pg.edu.pl

The main aim of this work is to present using genetic algorithms for thermal-flow diagnostics.
Thermal and flow diagnostics utilises information and knowledge stemming from the
diagnostics of industrial processes. This knowledge consists of three fields: operation [9,10],
technical diagnostics [1], automatics and control [2]. Genetic algorithms are included in
evolutionary algorithms and are used for soptimisation of complex systems [3]. In the discussed
study, power units are such systems. Typically, this optimisation is utilised in the fields, where
a high number of variables is found, e.g. system design [4] economics [5]. The study subject in
the discussed work is a class 200 MW steam turbine. The number of degrading parameters may
be different, i.e. we can talk about a single or multiple degradation. The possibility of using
genetic algorithms in thermal-flow diagnostics is associated with the selection of parameters.
References
[1] Głuch, J., 2009, “Selected Problems of Determining an Efficient Operation Standard in Contemporary Heatand-Flow Diagnostics,” Polish Marit. Res., 16(1), pp. 22–26.
[2] Macedo, L. L., Godinho, P., and Alves, M. J., 2017, “Mean-Semivariance Portfolio Optimization with
Multiobjective Evolutionary Algorithms and Technical Analysis Rules,” Expert Syst. Appl., 79, pp. 33–43.
[3] Safiyullah, F., Sulaiman, S. A., Naz, M. Y., Jasmani, M. S., and Ghazali, S. M. A., 2018, “Prediction on
Performance Degradation and Maintenance of Centrifugal Gas Compressors Using Genetic Programming,”
Energy, 158(December 2020), pp. 485–494.
[4] Kim, W., Jeon, S. W., and Kim, Y., 2016, “Model-Based Multi-Objective Optimal Control of a VRF
(Variable Refrigerant Flow) Combined System with DOAS (Dedicated Outdoor Air System) Using Genetic
Algorithm under Heating Conditions,” Energy, 107, pp. 196–204.
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Cost of hydrogen generation
Koszt produkcji wodoru
Sylwia Gotzman1,2, Janusz Badur2
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RES-based electrolysis of water to generate hydrogen is emerging as a promising strategy to
decarbonize the energy sector. However, it is much more expensive than traditional fossil fuel
generation of hydrogen, so its realistic cost needs to be identified.
This work is aimed to present a method of the levelized cost of hydrogen (LCOH) based on
existing literature and to evaluate the cost of hydrogen produced in electrolysers powered by
grid or by stand-alone dedicated RES in Poland. A wide range of input assumptions is explored
in order to identify key cost drivers and conditions necessary for competitive green hydrogen.
Sensitivity analysis and cost reduction scenarios are undertaken.
The analysis shows small potential for green hydrogen production using off-grid PV/wind,
because of the high CAPEX and low FLEOH for weather dependent electricity sources.
Nevertheless, there are many circumstances under which green hydrogen may become
competitive in the future.
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Computed X-ray tomography and geomechanical test in coal bed analysis
Rentgenowska tomografia komputerowa i testy geomechaniczne w analizie
próbek węgli
Edyta Puskarczyk, Paulina Krakowska-Madejska, Marek Dohnalik, Iwona Jelonek
Department of Geophysics,
Faculty of Geology, Geophysics and Environmental Protection, AGH UST in Cracow
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The application of the computed X-ray tomography, simultaneous ultrasonic and
geomechanical (triaxial compression test) laboratory measurements become a novel approach
in the pore space analysis [1]. Two coal samples from the Upper Silesian Coal Basin with
different degree of coalification were analyzed to investigate the influence of the stress on the
pore space, so the cracks propagation and changes in pore space development [2].
Geomechanical tests are carried out on a TRX-070, GCTS (USA) measuring triaxial system
recording the full stress-strain characteristic. Also, the P and S wave velocities are measured
during the triaxial compression tests allowing estimation of the dynamic elastic moduli.
Computed X-ray microtomography (CT) was carried out in three steps: initial sample
conditions (stage 1), in a linear portion of the stress-strain curve (stage 2) and after triaxial
compression test (stage 3). Firstly, the samples were scanned reflecting the natural pores and
microcracks. The second stage represents the samples after geomechanical test in the linear
portion of the stress-strain curve. The third stage of CT measurement is after triaxial
compression test.
CT images comparison before, in the linear portion of the stress-strain curve and after
geomechanical test characterized the specimen reaction on stresses, so naturally reflecting pore
space behavior on hypothetical hydraulic fracturing during the reservoir exploitation.
Qualitative and quantitative interpretation was based on pore and crack diameters, dip angles,
strikes, directions and volume comparison before, in the linear portion of stress-strain curve
and after the test. It appeared that the one of the coal sample was prone to fracturing in defined
directions.
References
[1] M. Dohnalik, P. Krakowska-Madejska, E. Puskarczyk, I. Jelonek, 2021, Wyniki badań testu
wytrzymałościowego próbki węgla w świetle badań tomograficznych, Nafta-Gaz, 1, 3–9.
[2] J.P. Mathews, Q.P. Campbell, H. Xu, P.A. Halleck, 2017, Review of the application of X-ray computed
tomography to the study of Coal, Fuel, 209, 10–24.
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On constitutive behavior and shear bands in nanocrystalline iron
Opis deformacji nanokrystalicznego żelaza z udziałem pasm ścinania
Zdzisław Nowak, Ryszard B. Pęcherski
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The main objective of the present paper is the presentation of the viscoplasticity model
accounting for shear banding proposed and the identification procedure of the parameters and
material functions. The shear banding contribution function, which was introduced formerly by
Pęcherski and applied in continuum plasticity accounting for shear banding in [1] and [2] as
well as in Nowak et al. [3] plays key role in the viscoplasticity model. The derived constitutive
equations are applied for solution of the channel-die inverse problem as well as for verification
with use of other independent experimental test.
The derived constitutive equations were identified and verified with application of
experimental data provided in paper by Jia et al. 2003 [4] for the nanocrystalline iron, where
quasi-static and dynamic compression test was reported. The shape of the contribution function
fSB is proposed, accounting to the studies in [1, 2] and supported by the numerical identification
and verification in [3], in the form of logistic function. The total viscoplastic flow produced by
volumetric shear banding are presented. To solve the system of equations, the Newton-Raphson
scheme is applied. Once the solution is obtained, all variables and stress field are updated using
the relevant equations. The possibilities of the application of the proposed description for
numerical simulation of deformation processes of high-strength steels and other hard
deformable metals are discussed.
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Comparative studies of the streamline tortuosity and the hydraulic
tortuosity in selected types of porous media
Badania porównawcze krętości linii prądu i krętości hydraulicznej
w wybranych typach ośrodków porowatych
Wojciech Sobieski
The Faculty of Technical Sciences, University of Warmia and Mazury in Olsztyn
M. Oczapowskiego 11, 10-957 Olsztyn, wojciech.sobieski@uwm.edu.pl

The presentation discusses an author's algorithm for calculating streamlines, and
consequently also the tortuosity, based on a two-dimensional velocity field obtained in a
structural grid of nodes using the Lattice Boltzmann Method [1]. Two geometries, prepared
with different generation methods, were used to illustrate the operation of the algorithm. In Fig.
1, one of the used geometries is shown. Much attention was devoted to the issue of the
disappearance of velocity vectors in the areas of flow stagnation. After presenting the
implementation of the algorithm, two concepts of its use were proposed: for each possible Start
Point and for selected Start Points corresponding to the local extrema of the velocity profile at
the inlet to the computational domain.
The advantages of the proposed algorithm are as follows:
1) it works for every discrete velocity field independent of its origins;
2) it gives a set of results, which may be used e.g. for statistical purposes (the classical
methodology of obtaining the so-called hydraulic tortuosity gives always only one
representative value [2]);
3) non-random character of the algorithm (in comparison with the Random Walk
method [3], A-Star Algorithm [4], Path Searching Algorithm [5] and similar methods).
A relatively long operation time is the main disadvantage of the method proposed.
References
[1] Bhatnagar P., Gross E., Krook M., 1954, A model for collisional processes in gases. I. Small amplitude
processes in charged and neutral one-component system. Physical Review 94, 511-524.
[2] Koponen A., Kataja M., Timonen J., 1996, Tortuous flow in porous media. Physical Review E, 54, 406-410.
[3] Pearson, K., 1905, The Problem of the Random Walk. Nature 72, 294.
[4] Hart P.E., Nilsson N.J., Raphael B., 1986, A formal basis for the heuristic determination of minimum cost
paths. IEEE Transactions on Systems Science and Cybernetics 4, 100-107.
[5] Sobieski W., 2019, Numerical investigations of tortuosity in randomly generated pore structures. Mathematics
and Computers in Simulation 166, 1-20.

22

9th Wdzydzeanum Workshop on Fluid – Solid Interaction
Wdzydze Kiszewskie, Poland
5th-10th September 2021

Importance and form of source element in the energy equation in reference
to the photothermoablation of thin films and nanoparticles
Znaczenie i forma członu źródłowego w bilansie energii przy fototermoablacji
cienkich warstw lub nanocząstek
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The theory presented in this work appears to reject the view that the continuum computational
methods would be inappropriate for nanoparticles or thin films. As far as the heat is produced
as a result of photothermoablation phenomenon using monochromatic sources (lasers), the MieDrude-Rayleigh approach may be applied. It allows to implement the laser-nanomaterial
interaction into the energy equation via a source element [1-4].
This work presents and extends step by step the energy continuity equation in order to obtain
the adequate solution depending on power and mode of laser, including all optical phenomena.
The explanation is being concerned on the basis of gold thin films and nanoparticles regardless
of their size and shape, including the temperature effects as well. Hence, the source element
yields in the energy continuity equation:
𝑆𝑒 = ξ · 𝐶𝑒𝑥𝑡 · 𝐼𝑒𝑥𝑡
where: 𝐼𝑒𝑥𝑡 – the part of irradiation which undergoes scattering and absorption phenomena;
𝜎𝑒𝑥𝑡 – extinction coefficient – for nanoparticles 𝜎𝑒𝑥𝑡 = ξ · 𝐶𝑒𝑥𝑡 ;
ξ – amount of nanoparticles per considered volume;
𝐶𝑒𝑥𝑡 – extinction cross section followed with the Mie theory
Keywords: photothermoablation, energy equation, source element, Mie theory, thin films,
nanoparticles
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Nuclear power in the world and Poland
Energetyka jądrowa na świecie i w Polsce
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As the world continues to decarbonize the energy sector and strives to attain net-zero
greenhouse gases to combat the threat of a warming planet, producing dependable, cleaner
power is a global priority. As the most dependable source of carbon-free power generation
providing around-the-clock supply without interruption, nuclear energy is an important part of
the power generation landscape, and it is a critical pillar in the transformation to a carbon-free
future. Countries of all sizes are setting their sights on carbon-free nuclear power generation as
part of their energy mix to ensure a dependable source of cleaner power with the highest level
of reliability, while supporting their own energy security.
According to the International Energy Agency [1], nuclear already accounts for 10% of
the world’s total global power generation and 25% of all carbon-free power generation today
with the United States, France, China, Russia and South Korea generating the most nuclear
power. Over the past 50 years nuclear power generation hase avoided CO2 emissions by over
60 gigatons globally – nearly two years’ worth of global energy-related emissions.
Nuclear power generation technologies are applicable not only to electricity generation
but can also be used in industrial heat, district heating, water desalination, and electrolysis to
produce cleaner hydrogen.
Poland is among the countries planning to develop nuclear energy generation in the
coming years. According to the Electrotechnics Committee of the Polish Academy of Sciences
[2], the desired installed capacity of nuclear power should be 9 GW by 2050 and the share of
electricity generation from nuclear should exceed 25%. In addition, Polish petrochemical
industry is developing projects with the application of next generation of nuclear technology,
like small modular reactors (SMRs).
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The method of assessing measurement uncertainties affecting the quality of
thermal-flow diagnostics in the energy sector
Metoda oceny wiarygodności pomiarów wpływających na jakość diagnostyki
cieplno- przepływowej w energetyce
Natalia Szewczuk-Krypa, Jerzy Głuch
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The main objective of the presentation is the method of assessing measurement uncertainties
affecting the quality of thermal-flow diagnostics in the energy sector. The study attempts to
determine the degree of credibility of the information obtained during the operation of the
facility and transferred to the diagnostics system. The research did not directly address the
problem of thermal-flow diagnostics of the system. The merits of the work focused on the issues
of reliable assessment of the reliability of measurements. However, the credible information
obtained by measuring system parameters is the basis for reliable thermal-flow diagnostics of
energy systems.
The research about measurements reliable detecting focused on low-pressure regenerative
exchangers, which are necessary elements of the condensing power plant system. Regenerative
exchangers are used in condensing steam units to improve their efficiency. It is a standard
solution commonly used in both low and high power systems.
The presented method is based on fuzzy logic algorithms. Due to the specificity of condensing
power plant operation, in which there are many fluctuations in parameters caused by
disturbances or non-stationary operation of the system tools based on classic methods of
measurement uncertainty assessment may turn out to be ineffective. Hence the idea of using
fuzzy logic algorithms. Based on classical knowledge of measurement and its uncertainty, fuzzy
logic algorithms can help to make measurements more reliable. The lack of reference to acute
values and a less specific approach to the expected value obtained by measuring allows to take
into account the fluctuations in the measured values, which do not have to mean the
measurement error, but the specificity of the measured parameters.
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Comprehensive thermodynamic analysis of steam storage in a steam cycle
in a different regime of work: A zero-dimensional and three-dimensional
approach
Analiza termodynamiczna magazynowania pary w obiegu parowym podejście
zerowymiarowe i trójwymiarowe
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Due to the current trends aiming to reduce carbon dioxide emissions by increasing the use of
renewable energy sources, changes are required in the operation of coal-fired steam units. The
unstable nature of renewable energy sources, depending on weather conditions, means that the
amount of energy produced varies and is not always in line with peak demand. To ensure the
security and stability of energy supplies in the energy system, renewable sources should
cooperate with units independent of environmental conditions.
With conventional steam systems, the main issue of such energy storage applied to steam
turbine units presented in the paper, which, in the event of a need for a sudden reduction of the
system load, prevents overloading of the boiler and turbines, improving the safety of the system.
This article presents a thermodynamic model of this energy storage.
A zero-dimensional (0D) model was implemented, including the operating parameters of the
unit. This model directly relates to the thermodynamic parameters defined at specific points of
the thermodynamic cycle. Based on the 0D model, it was shown that the process of loading the
energy storage with steam leads to a load reduction of up to 4%. On the other hand, when
discharging the stored energy, the net power of the steam block may increase by 0.4%. For
more detailed analysis, a three-dimensional (3D) non-equilibrium with including cross effects
approach was applied. This approach is based on flow models, with phase transitions that
determine temperature fields, densities, phase transition in relevant space, and is used for more
accurate analysis. Basing on article [1] we present the relationship between the 0D and 3D
approaches in the context of steam storage.
Acknowledgment
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Enhanced Steam Master Cycle for High Temperature Reactors
Ulepszony cykl parowy „Master Cycle” dla reaktorów wysokotemperaturowych
Stanisław Głuch, Marian Piwowarski
Gdańsk University of Technology, Faculty of Mechanical and Ship Technology, Institute of Energy, Gdańsk,
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High temperature reactors (HTR) enable use of supercritical parameters in Steam
Rankine Cycles in contrary classic rectors like PWR, or BWR. This work discuses enhancement
of Steam Rankine Cycle in regard to HTR. Analyzed steam cycle is operating on advanced
ultra-supercritical parameters. Use of HTR as heat source also enable use higher inlet
temperature of feedwater flowing into ultra super critical steam generator. Classical Master
modifies double reheat Rankine Cycle. Steam for high temperature bleeds is not reheated but
instead it is directed to additional tunning turbine. This solution increases efficiency, decreases
exergy loses and decrease mass flux of steam which is reheated. Furthermore construction of
regenerative heat exchangers is less complex, because supercritical steam is not used. In
Enhanced Master Cycle all bleeds are taken form tunning turbine. This solution simplifies
construction of low pressure turbine, and reduces internal loses caused by bleeds. Mass flux
directed to reheats is further reduced. Results of calculations, schemes and graphs are presented.
Enhanced Master Cycle achieved higher net efficiency than classical Master Cycle, 54,64%.
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Influence of the mean principal stress on the condition of the beginning of
Burzynski plasticity in the aspect of Lode analysis
Wpływ średniego naprężenia głównego na warunek początku plastyczności
Burzyńskiego w aspekcie analizy Lodego
Waldemar Dudda
The Faculty of Technical Sciences, University of Warmia and Mazury in Olsztyn
M. Oczapowskiego 11, 10-957 Olsztyn, dudda@uwm.edu.pl

The presentation presents the method of determining the influence of mean stress on the
beginning of plastic flow of metals presented by Lode. Then, this method was used to estimate
the influence of mean stress on the beginning of flow determined by the Burzynski criterion.
At the end, graphs according to the Lode's method for heat-resistant St12T steel at elevated
temperatures are presented.
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The use of image processing and analysis to obtain information on the
internal structure of granular beds
Wykorzystanie metod przetwarzania i analizy obrazu do pozyskiwania
informacji na temat struktury wewnętrznej złóż granularnych
Seweryn Lipiński
Department of Electrical Engineering, Power Engineering, Electronics and Automation,
Faculty of Technical Sciences, University of Warmia and Mazury in Olsztyn,
Oczapowskiego 11, 10-736 Olsztyn, seweryn.lipinski@uwm.edu.pl

One of the methods of obtaining information on the internal structure of granular beds is the
use of biomedical imaging techniques, especially computed tomography (CT) [1]. However,
the mere visualization of the internal structure of the bed can only be a starting point for further
analysis, with particular emphasis on obtaining numerical information describing the particles
of which the bed is built [2]. Therefore, the presentation presents the way of using processing
methods (mainly morphological methods [3] were used) and image analysis to obtain such data,
based on CT scans of granular bed made of glass spheres. Virtual granular beds, which are
equivalents of the real ones, were also presented.
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Technological issues in the construction of heat storage tanks
Zagadnienie technologiczne w budowie zbiorników magazynujących ciepło
Robert Matysko, Weronika Wiśniewska
Turbine Department, Centre of Heat and Power Engineering,
Institute of Fluid-Flow Machinery of the Polish Academy of Sciences,
Fiszera 14, 80-231 Gdańsk, matyskor@imp.gda.pl, wwisniewska@imp.gda.pl

The main objective of the present paper is the presentation of the construction of heat storage
tanks with PCM material and convection channels. Thermal energy storage at the phase-change
temperature is an attractive technique because it can provide a longer thermal energy storage
time than conventional storage systems, and in addition, the heat storage occurs at a constant
(or nearly constant) temperature corresponding to the material's phase-change temperature.
In this work two constructions of heat storage tank will be presented. The first tank has
two convection channels which direct the flow so that hot water does not mix with cold water.
Negative phenomena related to heat losses as a result of mixing cold and warm water are
eliminated due to the separation of cold and heated water. Additionally, forcing the convective
flow upwards in the core of the flow makes better heat flux receiving and smaller convection
turbulences. In the second tank is also PCM material, which cons are mentioned above.
The presentation also covers the topic of strength calculations (e.g. calculation of the
thickness of the tanks wall) and the selection of the heat exchange surface and the determination
of the coil length. The results of CFD calculations for the conventional and proprietary design
of the heat storage tank will be also shown.
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Project objective of negative CO2 emission gas power plant
Cele projektu dotyczącego elektrowni gazowej z pozytywnym wpływem na
środowisko naturalne
Dariusz Mikielewicz
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology,
dariusz.mikielewicz@pg.edu.pl

One of the primary objectives of the project is to develop an innovative technology together
with the proof of concept, confirming the possibility of the use of sewage sludge to produce
electricity while having a positive impact on the environment. The prototype of the power plant
proposed in this project focuses on scrutinising of a new type of CCS/CCU system developed
by the group from the Gdańsk University of Technology, the project leader, and subsequently
development of the installation of sewage sludge gasification and its utilization in a gas-fired
power plant with carbon dioxide capture.
Another objective of the project is to intensify cooperation between the Gdańsk University of
Technology and the project partners, i.e. two foreign partners, namely NTNU (Norges TekniskNaturvitenskapelige Universitet) and SINTEF (SINTEF Energi AS) and partners from Poland,
i.e. Institute of Fluid-Flow Machinery of Polish Academy of Sciences, Wrocław University of
Science and Technology, AGH University of Science and Technology and two Polish
enterprises (IASE - Institute of Power Systems Automation Sp. z o.o. and Bros Control Sp. z
o.o.).
Proposed process of utilization, called nCO2PP (negative CO2 Power Plant), ensures reaching
of scientific objectives related to three essential theoretical elements of the project, namely: 1)
a system that processes sewage sludge into syngas; 2) a system that burns the resulting fuel in
pure oxygen in a dedicated wet combustion chamber; and 3) a system of a unique turbine
cooperating with a spray-ejector condenser with carbon dioxide capture.
To sum up, as a result of the project implementation, there will be developed technologies for
the management of the syngas produced from sewage sludge gasification, and a dedicated wet
combustion chamber with the use of oxy-combustion for the type of fuel developed. The
intention of the applicants is to place the whole installation into a typical container and to
demonstrate the capabilities of the developed technology, including a spray-ejector condenser,
expander and heat exchangers. Once the system is integrated, it will be possible to capture CO2
from commonly recognised problematic waste and achieve a positive environmental impact,
whilst generating electricity and heat.
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Numerical modeling of carbon dioxide and water separation phenomenon
in the gas–liquid two–phase system
Numeryczne modelowanie zjawiska separacji dwutlenku węgla i wody w
dwufazowym układzie gaz-ciecz
Sylwia Wrzesień1, Paweł Madejski1, Paweł Ziółkowski2
1

AGH University of Science and Technology, Department of Power Systems and Environmental Protection Facilities
2
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology

In this study, numerical simulations of gas-liquid multiphase flow have been presented. Flow analysis
was performed owing to the use of Computational Fluid Dynamics (CFD), with the application of EulerEuler approach and mixture model. The problem considers a water – carbon dioxide mixture flowing
upwards in a duct and then splitting in a T-junction. In practical terms, phase separation is used in
separators, including those for CO2 capture [1].
The nature of gas-liquid multiphase flows in T-junctions is engineering and scientific importance [2].
Another aspect is further curving of the shape to introduce centrifugal force and separate the two phases
more efficiently [3].
The main purpose of the work is to determine the pressure, velocity fields and the shares of individual
phases in the T-junction. The basic equations of fluid motion for each continuous phase can be obtained
by first identifying the appropriate fundamental principles from conservation laws of physics, which are
conservation of mass, Newton’s second law for the conservation of momentum, and first law of
thermodynamics for the conservation of energy [4].
The model allowed the determination of volume fractions, pressure fields, and velocity fields, but
experimental verification is necessary in the future. The results obtained may be useful to predict the
behaviour of analised two-phase flow and separation phenomenon using neural networks. Also, in order
to separate gas from liquids more efficiently, it is recommended to introduce an arc to ensure the
contribution of centrifugal force to the CO2 separation process.
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Selected CFD results for CO2 separator - comparison of system
with and without spray-ejector condenser
Wybrane wyniki CFD dotyczące separatora CO2 - porównanie układu
z i bez skraplacza natryskowo-strumieniowego
Milad Amiri, Pawel Ziółkowski, Dariusz Mikielewicz
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology,
dariusz.mikielewicz@pg.edu.pl

One of Global warming and climate change concerns have triggered global efforts to reduce
the concentration of atmospheric carbon dioxide. Carbon dioxide capture and storage (CCS) is
considered a crucial strategy for meeting CO2 emission reduction targets. Separators play an
indispensable role at the thermodynamic cycle in a negative CO2 gas power plant (nCO2PP –
negative CO2 Power Plant). Cyclone separator is the one of the simple and effective equipment
for removing the dust or suspended particle in gaseous phase. Although cyclone separator is
effective, it has drawbacks such as pressure drop. In this paper, adding conical section to
cyclone separator (S+HE2) has been investigated in regard to decreasing pressure drop and
increasing the efficiency of separation CO2 from water.
The distributions of static pressure as well as tangential, axial, and radial velocity were
presented to describe the flow field in the cyclone separator. It was indicated that the adding of
conical section has a great impact on the separation efficiency and decreasing the pressure drop.
In addition, CFD results for CO2 separation were compared for two cases namely:
1) with spray-ejector condenser and
2) without spray-ejector condenser.
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Mechanical analysis of porous materials at the example of WHIPOX Oxide
Ceramic Matrix Composite
Analiza mechaniczna materiałów porowatych na przykładzie ceramiki WHIPOX
o budowie kompozytowej
Marcin Froissart
Energy Conversion Department, Institute of Fluid-Flow Machinery, Polish Academy of Sciences
Fiszera 14 street, 80-231 Gdańsk, Poland, marcin.froissart@imp.gda.pl

Negative CO2 emission gas power plant (nCO2PP) project is a part of European ongoing green
transformation, co-financed by Programme “Applied research” under the Norwegian Financial
Mechanisms 2014-2021. Its aim is to utilize the growing stream of sewage in a productive and
environmentally friendly way. One of the key components of this demonstration project is a
novel wet combustion chamber, which combines the advantages associated with the
transpiration cooling and the water evaporation processes powered by the biogas combustion.
Material selected for the combustion chamber is WHIPOX – oxide CMC (Ceramic Matrix
Composite) which combines properties of metals and ceramics in the unique way. It is
advertised as a material which is better than metal above 800C from the warp and corrosion
perspective. It is also expected to address the pure ceramics brittleness limitation under
mechanical/thermal load. Additional advantage of WHIPOX is its porous structure which
enables liner transpiration cooling concept. Fig. 1 presents a component manufactured in 2007
as a part of WHIPOX research programme.
Strength of WHIPOX is highly dependent on the fibre orientation angle θ highlighted in Fig. 1.

θ

Fig. 1. Fixture concept for a liner of a ceramic combustor
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Substitute porous medium in CFD practice
Zastępczy materiał porowaty w praktyce CFD
Tomasz Ochrymiuk
Energy Conversion Department,
Institute of Fluid Flow Machinery, Polish Academy of Sciences,
Gdańsk, 80-231, Fiszera 14, tomasz.ochrymiuk@imp.gda.pl

Porous materials or perforated plates are widely used in the industrial context. However, the
fluid flow modelling in these structures could be expensive and unacceptable time consuming
due to significantly complex of solid medium topology. There is consensus that the use of
computational fluid dynamics CFD tools are an interesting strategy for the investigation of the
underlying physics in these platforms, but on condition that a compromise is used in the form
of the use of a substitute porous medium in the form of additional flow resistance in the
computational volume. This source in momentum equation may be described by Darcy law,
what corresponds to loses to viscosity or by Forchheimer law, taking into account losses due to
viscosity and inertia. This very simple and effective approach, despite its limitations, allows to
obtain reliable results from most of the classic issues expected by the industry [1,2,3]. As a
phenomenological model, this model could be also perfectly suited to the cases of 0.01 <Kn
<0.1 - slip flow effects can be globally taken into account in the construction of the flow
characteristics of the replacement porous material [4].
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The use of raw and valorised sewage sludge for hydrogen production part I and part II
Wykorzystanie surowych i waloryzowanych osadów ściekowych do produkcji
wodoru
Halina Pawlak-Kruczek, Dominik Bielecki, Piotr Szulc, Monika Tkaczuk-Serafin,
Krystian Krochmalny, Michał Ostrycharczyk, Marcin Baranowski, Michał Czerep,
Mateusz Kowal, Krzysztof Mościcki, Mateusz Wnukowski, Łukasz Niedźwiecki
Wrocław University of Science and Technology, Faculty of Mechanical and Power
Engineering, Department of Energy Conversion Engineering, halina.pawlak@pwr.edu.pl
Nowadays, the emissions from energy generation and transportation sector are an
increasingly important issue and novel technologies are being developed to achieve such goals
[1]. Post-combustion capturing of CO2 could be a way to limit the emissions of power plants,
and in some cases even make the emissions negative [1]. However, it does not seem feasible to
implement CCS (Carbon Capture and Storage) in transportation sector. One of the possible
ways of decarbonization in transportation sector is the use of H2 as a fuel. This offers important
synergy as H2 could be also an important mean for maximizing the energy generation from
intermittent energy sources (wind, solar), during the time of excess supply, by electrolysis.
However, in practice it is hard to imagine, that intermittent energy sources would be nearly
enough to produce hydrogen to cover energy needs of transportation sector and in the same
time supply electricity to industry and households. Therefore, many different sources would
need to be used, in order to achieve such ambitious goals.
This work discusses currently available technologies for hydrogen generation, using raw
and valorised sewage sludge, which is considered as a biomass, thus implying climate neutral
character of its use for energy purposes. Gasification of sewage sludge can result in good quality
gas, containing significant amount of hydrogen [2]. Other valorisation techniques could provide
synergies, such as improved systemic efficiency, due to easier dewatering and drying [2], which
could enable using sewage sludge as a source of hydrogen in the nearest future.
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Analysis of serial connected two radial-axis turbines powered by steam-gas
Analiza szeregowej współpracy turbin promieniowo-osiowych zasilanych
parogazem
Tomasz Kowalczyk
Energy Conversion Department,
Institute of Fluid-Flow Machinery of the Polish Academy of Sciences,
Józefa Fiszera 14, 80-231 Gdańsk, tomasz.kowalczyk@imp.gda.pl

The objective of presented work is reverse engineering problem in case of adjustments of two
serial connected radial-axial gas turbines to the steam-gas supply. The steam-gas is a mixture
of water vapor and carbon dioxide formed from the oxy combustion of methane in a steam
atmosphere. As the turbines a car turbochargers were used with rotors made of Mar-M metal
alloy and housing made of stainless steel. Turbine core operation temperature is up to 1050°C.
Shaft is cooled with water shell and ball bearing is cooled with lubricant oil.
The task consists of two phases: (1) determination of the turbine operating parameters when
changing the working gas from the exhaust gas of an internal combustion engine to steam-gas;
(2) determination of the operating parameters of two series-connected radial-axis turbines
(pressure and enthalpy drops on individual turbines, regulation aspects and power take-off from
the turbines shafts). The turbine inlet and outlet volumetric flow rates, pressure ratios, and
enthalpy drops were used as turbine selection criteria.
The results of thermodynamic calculations, at a given compression ratio, indicate a smaller
temperature drop and mass flow rates but also a larger enthalpy drops at the turbine stages for
the steam-gas. This is mainly due to lower density and higher heat capacity of steam-gas to
internal combustion engine exhaust gas.
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Comparative analysis of the power outputs from hybrid nCO2PP and ORC
sections
Porównanie mocy uzyskiwanych z sekcji obiegu hybrydowego nCO2PP i ORC
Kamil Stasiak, Dariusz Mikielewicz, Paweł Ziółkowski
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology,
kamil.stasiak@pg.edu.pl

This study aims to investigate application of the Organic Rankine Cycle (ORC) as an
alternative to low pressure expansion in the negative CO2 power plant (nCO2PP). The reason
for this study is that a detailed analysis of nCO2PP indicates some certain amount of waste heat
present in the exhaust gas from the high-to-intermediate pressure gas turbine. Some of this
energy can be used by the application of the expansion in a low pressure turbine, optionally the
application of regenerative water heating which is further directed to the combustion chamber,
and alternatively the combination of the ORC into the main cycle [1].
For the ORC cycle, various configurations are examined, either with or without
regenerative water heating and by using different working mediums [2]. To maximize the cycle
efficiency, regenerative heating of high pressure water is applied for both applications. By
combination of ORC into and regenerative water heating in nCO2PP, a net efficiency of 39.7%
was achieved in comparison to 39.4% achieved by nCO2PP with low pressure expansion and
regenerative water heating, or 20.8% without low pressure expansion and without regenerative
water heating.
Hybrid system integrating the advantages of nCO2PP and the ORC cycle is a promising
solution and modifications are possible, but the main advantage is that the ORC cycle can be
introduced as a component to provide electrical power in the lower temperature range [3].
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The possibilities of carrying out numerical and experimental tests of jet
type flow condensers for application in energy technologies
Możliwości realizacji badań numerycznych i eksperymentalnych skraplaczy
strumieniowych dla zastosowania w technologiach energetycznych
Paweł Madejski, Tomasz Kuś, Navaneethan Subramanian, Michał Karch, Piotr Michalak
AGH University of Science and Technology, Faculty of Mechanical Engineering and Robotics, Department of
Power Systems and Environmental Protection Facilities, Kraków, Poland, madejski@agh.edu.pl

In the modern low-emission power technologies based on fossil fuels, flue-gas treatment
installation needs to be developed to decrease gaseous pollutants in the atmosphere [1,2]. One
of the promised solutions is using gaseous fuel combustion in pure oxygen when the outlet
mixture is composed of CO2/H2O mixture. The use of oxygen combustion reduces the emission
of nitrogen oxides, while stopping carbon dioxide emission is an inevitable process if the fuel
consumed is hydrocarbons. The only way to reduce emissions is to capture it from the exhaust
gas using one of the developed Carbon Capture Utilization and Storage (CCUS) technology.
The paper presents research activities that can develop the possibility of using a mixing
jet-type condenser for application in a low-emission CO2 gas power plant cycle [3] to separate
CO2 from exhaust gases. The layout of a mixing condenser prototype installation and a
measuring system will be designed to test the efficiency of compression and condensation
processes using the planned to develop spray-ejector condenser [4,5] fed by the CO2/H20 gas
mixture. The paper includes results of thermodynamic balance calculations of the gas power
cycle using a mixing-type jet condenser. More numerical and experimental investigations have
to be performed to evaluate the possibility and efficiency of the presented solution.
Acknowledgment
The research leading to these results has received funding from the Norway Grants 2014-2021 via the National
Centre for Research and Development. Work has been prepared within the frame of the project: "Negative CO2
emission gas power plant” - NOR/POLNORCCS/NEGATIVE-CO2-PP/0009/2019-00 which is co-financed by
programme “Applied research” under the Norwegian Financial Mechanisms 2014-2021 POLNOR CCS 2019 Development of CO2 capture solutions integrated in power and industry processes.
References
[1] Madejski P., Janda T., Modliński N. Nabagło D. (2016) A Combustion Process Optimization and Numerical
Analysis for the Low Emission Operation of Pulverized Coal-Fired Boiler, chapter in book Developments in
Combustion Technology. InTech Open.
[2] Buraczewski J., Badur J., Ziółkowski P., Kowalczyk T., Bryk M. (2018) Twenty years of the first combined
cycle gas turbine inPoland and what's next?, Energetyka, 11/2018
[3] Ziółkowski, P., Badur, J., Pawlak-Kruczek, H., Niedzwiecki, L., Kowal, M., & Krochmalny, K. (2020). A
novel concept of negative CO2 emission power plant for utilization of sewage sludge. Proceedings of the 6th
International Conference on Contemporary Problems of Thermal Engineering CPOTE 2020.
[4] Ziółkowski P. A thermodynamic analysis of a gas-steam turbine incorporating a full model of a spray – ejector
condense (2018), Transactions of the institute of fluid-flow machinery. 139, 63-96
[5] Madejski P., Kuś T., Subramanian N. (2021) Development of the analysis results for the possibility of using
spray-ejector condensers for efficient operation in a negative CO2 emission power plant cycle. Internal report
"Negative CO2 emission gas power plant” - NOR/POLNORCCS/NEGATIVE-CO2-PP/0009/2019-00

39

9th Wdzydzeanum Workshop on Fluid – Solid Interaction
Wdzydze Kiszewskie, Poland
5th-10th September 2021

Issues about technical maturity of heat exchangers for devising a unique
concept of nCO2PP
Zagadnienia dotyczące dojrzałości technicznej wymienników ciepła dla
opracowania unikalnej koncepcji nCO2PP
Paweł Dąbrowski, Paweł Ziółkowski, Kamil Stasiak, Milad Amiri, Dariusz Mikielewicz
Institute of Energy, Faculty of Mechanical and Ocean Engineering
Gdańsk University of Technology,
G. Narutowicza 11/12, 80-233 Gdańsk, pawel.dabrowski@pg.edu.pl

This presentation describes investigations about technical maturity of the unique concept of the
negative CO2 emission power plant (nCO2PP) which takes advantage of the synergies between
individual sub-systems: fuel preparation, energy generation and conversion, and carbon
capture. The novelties in the cycle are the flues (gasification of the sewage sludge), carbon
dioxide sequestration and its conversion to the useful product (methanol). This particular work
focus on the heat transfer devices, i.e. heat exchangers [1].
The critical description of currently available technologies in area of heat transfer devices has
been prepared. Moreover, the in-depth SWOT (Strengths, Weaknesses, Opportunities, Threats)
analysis has been evaluated for every kind of heat exchangers. Thanks to the above-mentioned
considerations, the best solution for nCO2PP application can be distinguished.
The best solution that will meet all project assumptions seems to be the printed circuit heat
exchanger (PCHE). Such design of PCHE is very compact (βmax = 5 000 m2/m3), is able to
operate at high pressures (pmax = 500 bar) and is resistant for high temperatures (Tmax = 900°C)
[2,3]. Moreover, the heat transfer coefficients achieved in this type of design are high and the
construction is rigid. The variety of materials that can be used is also not without significance.
However, printed circuit heat exchangers are quite novel design and not every manufacturer is
able to produce it. They are also quite expensive.
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CFD and CSD analysis for axial expander of negative CO2 emission gas
power plant
Analizy CFD i CSD ekspandera osiowego dla nCO2PP
Paweł Ziółkowski1, Łukasz Witanowski 2, Piotr Klonowicz2,
Stanisław Głuch1, Paweł Zych2, Dariusz Mikielewicz1
Gdańsk University of Technology, Faculty of Mechanical Engineering and Ship Technology,
pawel.ziolkowski@pg.edu.pl

Due to the depletion of existing fossil fuel deposits and the growing threat of environmental
pollution, society is increasingly interested in innovative and clean technologies related to
electricity and heat production. These include negative CO2 gas-steam turbine equipped with
carbon dioxide capture and storage systems (CCS). In this article, the authors refer to the global
trends in gas turbine technology regarding to oxy-combustion and working medium with H2O
and CO2. In the proposed cycle nCO2PP, high temperature occurs in the combustion chamber
because of the burning of the fuel in oxygen. Because of the chemical reaction and open water
cooling, a mixture of H2O and CO2 is produced [1].
This work presents a stator and rotor geometry for a 70 kWe axial micro-turbine operating in
the negative CO2 power plant. The efficiency of the proposed cycle has been estimated at 39%
using codes for computational flow mechanics (CFM). Single channel calculations were
performed using a Matlab application and commercial simulation code [2]. The analysis
includes the basic geometry. CSD calculations were performed based on the results of CFD
analyses and the following parameters were assumed: 1) Rotational speed 95,000 rpm; 2) Rotor
inlet temperature - 1026.79 K (751.66 C); 3) Rotor inlet pressure - 110 kPa; 4) Rotor outlet
pressure - 100 kPa; 5) Number of rotor blades - 31.
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An influence of fatigue and fabric orientation on dynamic properties of the
Elium acrylic resin reinforced by glass fibers
Wpływ zmęczenia i fabrycznej orientacji na dynamiczne właściwości żywicy
akrylowej Elium zbrojonej włóknami szklanymi
Tomasz Libura(1), Zbigniew L. Kowalewski(1), Rodrigue Matadi Boumbimba(2),
Alexis Rusinek(2)
(1)

Department of Experimental Mechanics,
Institute of Fundamental Technological Research of the Polish Academy of Sciences,
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This paper is devoted to the characterization of the fully recyclable thermoplastic
ELIUM acrylic resin reinforced by glass fabric woven that belongs to a new category of
materials requiring advanced testing before their application in responsible elements of
engineering structures. Its high strength, low weight as well as low production cost give an
excellent opportunities to its wide application in the automotive industry as a replacement of
the thermoset-based laminates. A bidirectional glass fibers fabric (plain weave glass fabric)
provided by Chomarat Textiles Industries were used as the reinforcement [1]. The material
consisted fibers intersecting themselves in the warp and weft directions. According to the
datasheet, the fabric has the same properties along both these directions. The repetition period
of the fabric pattern is 𝑇 = 7.8 𝑚𝑚 and its fabric mass area (surface density) is close to 𝑑𝑠 =
600 𝑔/𝑚2.The study presents an experimental work concerning the effect of damage due to low
and high cyclic fatigue aging of two groups of specimens, first with the woven fabric
orientations of [0°/90°]4 and the second of [45°/45°]4, on the low impact velocity properties.
The impact resistance was measured in terms of load peak, absorbed energy, penetration
threshold and dam-age analysis. The low velocity impact results indicate that the uniaxial cyclic
loading (fatigue aging) of the material leads to the reduction of impact resistance, especially at
the high impact energy levels. SEM and CT scan observations reveal that the damage area
growing with the increase of both strain amplitude and impact energy.
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Peak power plants - concept development
Hydro versus gas-fired power plant
Elektrownie szczytowe – rozwój koncepcji
Elektrownia wodna versus elektrownia gazowa
Krzysztof J. Jesionek
em. prof. zw. Politechniki Wrocławskiej
Wydział Mechaniczno-Energetyczny
krzysztof.jesionek@pwr.edu.pl

The progressive evolution of the energy sector towards a low-carbon one requires
ensuring adequate flexibility of the energy system. Energy storage technology creates such a
possibility. It ensures certain independence of the system from the processes of producing
expensive and unstable energy coming from RES. Energy storage has received more and more
attention in recent years [1]. This is mainly due to the growing share of RES in electricity
production threatening with black-out phenomenon.
Pumped hydro energy storage (PHS) is the best known energy storage in the world.
They use the potential energy of the water level difference in two reservoirs.
A power plant based on Compressed Air Energy Storage (CAES) with high-capacity
storage in steel tanks or underground chambers (rock caverns, salt caverns, deep mines) works
on a similar principle. In the adiabatic process, the heat generated in the compression of air is
stored and then used in the expansion process. However, high capacity CAES power plants are
diabatic systems. They use the chemical energy of the fuel to heat the compressed air in front
of the turbines as the storage is discharged, [2]. Binary power plants, detailed in monograph
[3], operate in a similar manner.
There are two diabatic air power plants currently in operation in the world, Huntorf
(Lower Saxony) and Mcintoch (Alabama). They were built for two different reasons. The first
in the 1970s in case of another black-out. While the second one (110 MW, 1991) refers to
energy storage.
In the presented work special attention was paid to the first of them - with a capacity of
300 MW - transferred to the user on 01.04.1979.
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The second Hellenization of Christianity - medieval notional theology
Druga hellenizacja chrześcijaństwa - średniowieczna teologia spekulatywna
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Fiszera 14, 80-231 Gdańsk, jb@imp.gda.pl

It is relatively easy to distinguish the characteristic periods of Christianity development, based
on the language used in the proclamation. Initial, but comparatively short period of time was influenced
by hebraisation, when lectures given by the Jesus from Nazareth were translated from the Aramaic into
Hebraic language and written down. At that time, Christianity known today also as Judeo-Christianity
was based on the so called G sources. Second influential period known as a Hellenization had started
from the Paul from Tarsus missions. Year 54 was a year of significant importance, as at that time Paul
was invited to the Athenian areopagus for the conference organised by the outstanding Greek scholars.
That event took place without the translators’ support – due to the Hellenization process, the Revealed
Truths projection on the conceptual system of Greek science was a fact. After the Cesar Theodosius
I edict in 381 year, Christianity had changed from the persecuted religion into the persecuting one. That
turning point intensified the romanisation of the Christianity resulted in main concepts translation into
Latin. From 1517 year another period of Christianity evolution had started – paganization started to
deviate the Revealed Truths. It was caused by the lack of scientific fundaments in local pagan languages
(Hussitism – Czech language, Lutheranism – German language and recently – Amazonism – Portugal
language).
Apart from the aforementioned facts, second Hellenization period took place between 1127 –
1277, but it was restricted only to the Latin practiced by the isolated group of monks. The atmosphere
of that times is well captured in The Name of the Rose film based on the Umberto Eco novel. This era
began with the partial Latin translation of Aristoteles Physics work and went to the end in 1277 with the
Paris condemnation of bishop Tempier. Second Hellenization which projected the Revelation onto the
revalued scientific system of Aristoteles was named as the notional theology. The reason of the never
ending novelty of it is based on a fact, that included speculations are much more exact and logical than
those used in the other notional sciences such as relativistic cosmology, quantum physics, climatology
and cognitive science. During my lecture I am going to set an argument, that notional theology is the
greatest notional science. However, I see the necessity of its promotion and revalorisation.
The reason of notional science disappearance is not its conflict with the natural sciences, but
conflict with the dogma theology stating that faith and knowledge cannot coexist. On the other hand,
that coexistence was fundamental in Aristoteles theology, who managed to meet faith (mythos) with a
rational arguments (logos). That approach is a base of every modern notional science. The vital reason
of notional theology decline was resistance against growing awareness driven by the medieval
discoveries of principles ruling the natural world. Fideism associated with the difficulties to accept new
scientific discoveries was well known to monks who travelled into cyclic scholastic conferences and
delegations. That was a clear contradiction between it and Christian concept of self-sufficient nature.
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1730 – 1745 P. Dąbrowski (PG)
Issues about technical maturity of heat exchangers for devising a unique concept of nCO2PP
1745 – 1800 P. Ziółkowski (PG/IMP PAN)
CFD and CSD analysis for axial expander of negative CO2 emission gas power plant
Closing dinner and results of PhD student competition “Ora” (DW "Helena" Gospoda pod Strzechą /Holiday House "Helena" - Hunting Lodge )
1815

1640 – 1700

Nineth Session– project nCO2PP – Chairman: dr hab. inż. P. Madejski, prof. AGH (Villa Marzenie)
1530 – 1540 H. Pawlak-Kruczek (PW)
The use of raw and valorised sewage sludge for hydrogen production – part I
1540 – 1555 Ł. Niedźwiecki (PW)
The use of raw and valorised sewage sludge for hydrogen production – part II
1555 – 1615 T. Kowalczyk (IMP PAN)
Analysis of serial connected two radial-axis turbines powered by steam-gas
1615 – 1630 K. Stasiak (PG)
Comparative analysis of the power outputs from hybrid nCO2PP and ORC sections
30
40
M. Kowalczyk (Bros Control)
16 – 16
Preliminary guidelines for the construction of the nCO2PP prototype plant

1420 – 1530

Invited Lecture for purpose of project nCO2PP – Chairman: dr hab. inż. T. Ochrymiuk, prof. IMP PAN (Villa Marzenie)
1130 – 1230 D. Mikielewicz (PG)
Project objective of negative CO2 emission gas power plant
1230 – 1245 Coffee break (Villa Marzenie)
Eighth Session – project nCO2PP – Chairman: dr hab. inż. Z. Nowak, prof IPPT PAN (Villa Marzenie)
1245 – 1300 T. Ochrymiuk (IMP PAN)
Substitute porous medium in CFD practice
1300 – 1315 M. Froissart (IMP PAN)
Mechanical analysis of porous materials at the example of WHIPOX Oxide Ceramic Matrix Composite
15
30
M.
Amiri
(PG)
13 – 13
Selected CFD results for CO2 separator - comparison of system with and without spray-ejector condenser
1330 – 1345 S. Wrzesień (AGH)
Numerical modeling of carbon dioxide and water separation phenomenon in the gas–liquid two–phase system

900

800 – 830

Thursday (09.09.2021)

Seventh Session – Chairman: dr hab. inż. W. Sobieski, prof. UWM (Villa Marzenie)
1855 – 1920 W. Dudda (UWM)
Influence of the mean principal stress on the condition of the beginning of Burzynski plasticity in the aspect of Lode analysis
1920 – 1940 S. Lipiński (UWM)
The use of image processing and analysis to obtain information on the internal structure of granular beds
1940 - 1955 W. Wiśniewska (IMP PAN)
Technological issues in the construction of heat storage tanks
00
Dinner
(DW
"Helena"
Gospoda
pod
Strzechą
/Holiday House "Helena" - Hunting Lodge )
20
00
Flute concert by Sylwia Wrzesień with accompanies of Wojciech Sobieski (DW "Helena" Gospoda pod Strzechą /Holiday House "Helena" - Hunting Lodge )
21

M. Lackowski
T. Ochrymiuk
P. Rolka
A. Tomaszewski

J. Głuch
S. Głuch
S. Gotzman
D. Kardaś

Z. Kowalewski

B. Kraszewski

E. Pieczyska

Skipper: G. Żywica
Ł. Breńkacz
J. Kiciński

Skipper: P. Ziółkowski
M. Amiri
M. Drosińska-Komor
P. Radomski
K. Stasiak
N. Szewczuk-Krypa

Skipper: W. Sobieski

S. Lipiński

A. Manecka-Padaż

R. Matysko

S. Wrzesień

W. Wiśniewska

A. Wnuk

A. Sawicka

Sailboat 7

Sailboat 6

Sailboat 5

Y. Kharchenko

P. Krakowska-Madejska

M. Banaszkiewicz

K. Jesionek

Skipper: P. Madejski

Skipper: W. Dudda

Skipper: J. Badur

Sailboat 3

Sailboat 2

Sailboat 1

SAILBOAT CREWS

Twelfth Session – Chairman: dr hab. inż. P. Krakowska-Madejska, prof. AGH (Villa Marzenie)
1100 – 1215 J. Badur (IMP PAN)
The second Hellenization of Christianity - medieval notional theology
Closing of the conference and lunch
1230

P.J. Ziółkowski

M. Ostachowicz

M. Froissart

E. Domke

A. Butterweck

Skipper: Z. Nowak

Sailboat 4

