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Nazov projektu Eviden¢né ¢islo projektu APVV-16-0192

Vyskum zvySovania energetickej u¢innosti viacvalentnych systé mov na baze
obnovitelnych zdrojov energii

Zodpovedny riesitel  prof. Ing. Miroslav Rimar, CSc.

Priiemca Technicka univerzita v KoSiciach - Fakulta vyrobnych technolégii,
PresSov

Nazov pracoviska, na ktorom bol projekt rieSeny

Katedra procesnej techniky
Fakulta vyrobnych technoldgii Technickej univerzity v KoSiciach so sidlom v PreSove

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

The National Technology Initiative Institute, Sevastopol State University Sevastopol, 299053
Sevastopol, Russia

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Patentova prihlaska 50043-2020

Nazov: Zariadenie na dialkové monitorovanie parametrov Zivotného prostredia upravenym
dronom.

Pdvodca: Flimel Marian, doc.Ing.,CSc., Rimar Miroslav, prof. Ing. CSc., Abraham Milan, Ing.
PhD., Vahovsky Jakub Ing.,PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica: UPV SR - 2020.

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/50043-2020.
PrihlaSka uzitkového vzoru 50019-2020

Nazov: KonStrukcia posuvnej vertikalnej clony na fasade budovy s fotovoltickymi ¢lankami.
Pdvodca: Flimel Marian, doc.Ing.,CSc., Rimar Miroslav, prof. Ing. CSc., Fedak Marcel,
Ing.,PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica : UPV SR - 2020.

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/UzitkovyVzor/Detail/50019-2020.
Patentova prihlaska: 50001-2020

Nazov: KonStrukcia medziokennej izolacnej viozky s fotovoltickymi ¢lankami

Pévodca: FLIMEL, Marian, doc.Ing., CSc. - RIMAR, Miroslav, prof. Ing., CSc. - FEDAK,
Marcel, Ing., PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica : UPV SR - 2020.

Datum zverejnenia prihlasky: 10.2.2021

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/50001-2020
Patentova prihlaska: 50002-2020

Nazov: Konstrukcia fotovoltického panela so Sikmo upevnenymi fotovoltickymi ¢lankami na
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vertikalne inStalacie

Pbévodca: FLIMEL, Marian, doc.Ing., CSc. - RIMAR, Miroslav, prof. Ing., CSc. - FEDAK,
Marcel, Ing., PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica : UPV SR - 2020.

Datum zverejnenia prihlasky: 27.1.2021

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/50002-2020

Patentova prihlaska: 50056-2020

Nazov: Konstrukcia pevnej vertikalnej clony na fasade budovy s fotovoltickymi Clankami
Pbévodca: FLIMEL, Marian, doc.Ing., CSc. - RIMAR, Miroslav, prof. Ing., CSc. - FEDAK,
Marcel, Ing., PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica : UPV SR - 2020.

Datum zverejnenia prihlasky: 11.8.2021

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/50056-2020
Patentova prihlaska: 50057-2020

Nazov: Zariadenie na dialkové monitorovanie svetelnotechnickych parametrov Zivotného
prostredia upravenym dronom

Pévodca: FLIMEL, Marian, doc.Ing., CSc. - RIMAR, Miroslav, prof. Ing., CSc. - KULIKOV,
Andrii, Ing., PhD. - KULIKOVA, Olha, Ing.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica : UPV SR - 2020.

Datum zverejnenia prihlasky: 11.8.2021

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/50057-2020
Patentova prihlaska: 50058-2020

Nazov: Konstrukcia posuvnej vertikalnej clony na fasade budovy s fotovoltickymi ¢lankami
Pdévodca: FLIMEL, Marian, doc.Ing., CSc. - RIMAR, Miroslav, prof. Ing., CSc. - FEDAK,
Marcel, Ing., PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Banska Bystrica : UPV SR - 2020.

Datum zverejnenia prihlasky: 16.9.2021

Spdsob pristupu: https://wbr.indprop.gov.sk/WebRegistre/Patent/Detail/50058-2020

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Kulikov Andrii, Fedak Marcel, Abraham Milan, Vahovsky Jakub: Study of the gaseous fuel
combustion respect to the O2 concentration and NOx formation, Advance in Thermal
Processes and Energy Transformation, Volume I, Nr. 1(2018), p. 23-26, ISSN 255-9102.
Spdsob pristupu : http://atpetjournal.com/papers/Vol1Nb1/ATPET_Kulikov.pdf

Rimar Miroslav, Abraham Milan, Fedak Marcel, Vahovsky Jakub, Kulikov Andrii: Evaluation
of the energy production efficiency of CHP systems during the summer and winter season
operation on the cogeneration unit. MATEC Web Conf., Volume 168, 2018 XXI.
International Scientific Conference - The Application of Experimental and Numerical
Methods in Fluid Mechanics and Energy 2018 (AEaNMiFMaE-2018).

Rimar Miroslav, Kulikov Andrii , Fedak Marcel, Knezo Dusan, Husar Jozef: Analysis Of
Forced Ventilation And Conditioning In Summer Conditions - 2018. In: Technology,
Education, Management, Informatics journal. ISSN: 2217-8309

Rimar Miroslav, Fedak Marcel, Kulikov Andrii, , Abraham Milan: Analysis and Simulation of
Forced Ventilation in Special Condition MATEC Web Conf., Volume 168, 2018 XXI.
International Scientific Conference - The Application of Experimental and Numerical
Methods in Fluid Mechanics and Energy 2018 (AEaNMiFMaE-2018)

Rimar Miroslav, Abraham Milan, Fedak Marcel, Kulikov Andrii, Oravec Peter, Vahovsky
Jakub: Methods of increasing the efficiency of cogeneration based energy equipment.
Modern Machinery (MM) Science Journal, Volume 2019, Issue 6, pages 2935-2938.DOI :
10.17973/MMSJ.2019_06_2019025

Abraham Milan, Vahovsky Jakub, Fedak Marcel: Current Trends of Increasing
Efficiency of Equipment Operating on the Basis ofCogeneration with Regard to Energy
Balance. Advances in Thermal Processes and Energy Transformation, Volume 2, No. 1
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(2019), pp. 01-04, ISSN 2585-9102. Dostupné na:
http://atpetjournal.com/papers/VoI2Nb1/ATPET_Abraham.pdf

Kulikov Andrii, Rimar Miroslav, Fedak Marcel, Kulikova Olha: Analysis of the flame front
geometry respect to the NOx formation. Modern Machinery (MM) Science Journal, Volume
2019, Issue 12, pages 3474-3478. DOI: 10.17973/MMSJ.2019_12 2019024

Oravec Peter, Sarvas Jan, Kulikova Olha: Thermal properties of the unusual fast-
growing energy crops, Advance in Thermal Processes and Energy Transformation, Volume
2,No.1 (2019), pp. 05-09, ISSN 2585-9102. Dostupné na:
http://atpetjournal.com/papers/Vol2Nb1/ATPET_Oravec.pdf

Rimar, M.; Fedak, M.; Vahovsky, J.; Kulikov, A.; Oravec, P.; Kulikova, O.; Smajda, M.; Kana,
M.: Performance Evaluation of Elimination of Stagnation of Solar Thermal Systems.
Processes 2020, 8, 621. https://doi.org/10.3390/pr8050621

Rimar, M.; Kulikov, A.; Fedak, M.; Yeromin, O.; Sukhyy, K.; Gupalo, O.; Belyanovskaya, E.;
Berta, R.; Smajda, M.; Ratnayake, M.R.: Mathematical Model of a Heating Furnace
Implemented with Volumetric Fuel Combustion. Processes 2020, 8, 469.
https://doi.org/10.3390/pr8040469

Rimar M., Kulikova O., Kulikov A.: Determination of the Working Parameters of the Biomass
Boiler. MATEC Web of Conferences 328, 02002 (2020).
https://doi.org/10.1051/matecconf/202032802002

Belyanovskaya, E.; Rimar, M.; Lytovchenko, R.D.; Variny, M.; Sukhyy, K.M.; Yeromin, O.O.;
Sykhyy, M.P.; Prokopenko, E.M.; Sukha, I.V.; Gubinskyi, M.V.; Kizek, J.: Performance of an
Adsorptive Heat-Moisture Regenerator Based on Silica Gel-Sodium Sulphate. Sustainability
2020, 12, 5611. https://doi.org/10.3390/su12145611.

Rimar, Miroslav; Kulikova, Olha; Kulikov, Andrii; Fedak, Marcel: Energy Treatment of Solid
Municipal Waste in Combination with Biomass by Decentralized Method with the Respect to
the Negative Effects on the Environment. Sustainability 2021, 13(8), 4405;
https://doi.org/10.3390/su13084405

Kuznetsov, Pavel; Rimar, Miroslav; Yakimovich, Boris; Kulikova, Olha; Lopusniak, Martin;
Voronin, Dmitry; Evstigneev, Vladislav: Parametric Optimization of Combined Wind-Solar
Energy Power Plants for Sustainable Smart City Development. Appl. Sci. 2021, 11(21),
10351; https://doi.org/10.3390/app112110351

Rimar, M., Feak, M., Kulikov, A., Abraham, M.: Evaluation of combined production of heat
and electicity on the cogeneration unit. MM Science Journal, Vol. 2021, Issue:12.

DOI: 10.17973/MMSJ.2021_12 2021099

Rimar, Miroslav; Fedak, Marcel; Kulikov, Andrii; Kulikova, Olha: Evaluation of the radiant
cooling ceiling panels with a reversible heat pump. MM Science Journal, Volume 2021,
Issue 12, DOI: 10.17973/MMSJ.2021_12 2021120

Uplatnenie vysledkov projektu

Vysledky vyskumu projektu REFRES najdu uplatnenie v oblasti:

- kombinovanej vyroby energie a tepla (KVET),

- vyuzivania obnovitefnych zdrojov energie v kombinacii s primarnymi zdrojmi energie s
cielom zvySovat' u€innost produkcie energie,

- problematiky znizovania tvorby NOX pri vysokovykonnej prevadzke spalovacich zariadeni,
- energetického vyuzivania spalitefnych zloZiek tuhého komunalneho odpadu,

- komfortu byvania pri pouzivani efektivnych spdsobov chladenia obyvacich a
kancelarskych priestorov zalozenych na OZE

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt REFRES sa zaoberal problematikou zvySovania ucinnosti viacvalentnych systémov
na baze obnovitefnych zdrojov energii, s dorazom na prediktivnost, synergické efekty,
optimalizaciu u€innosti a efektivnosti takéhoto systému s primarnym ciefom zvySenia
energetickej ucinnosti.

Projekt rieSil vyskum algoritmov pre vysoko efektivne narabanie s energetickymi zdrojmi,
najma obnovitelnymi vo viacvalentnom usporiadani, resp. v kombinacii obnovitelny
zdroj/klasicky zdroj.

Vyskum sa realizoval v laboratériu, ktoré je v su€asnosti vybavené viacvalentnym systémom
obnovitelnych zdrojov (termicky solarny systém s naklapanim kolektorov, fotovolticky
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systém, reverzibilné tepelné Cerpadlo) v spojeni s klasickym zdrojom tepla (kotol na drevnu
Stiepku, rekuperacna jednotka, kondenzacny plynovy kotol, tepelné zasobniky, riadiace
jednotky.

Kreovany bol napr. model kogeneraénej jednotky umoznujucej monitorovanie spalinovych
ciest vo vztahu k produkcii zne€istujucich latok a to nedesStruktivnym spdsobom. Algoritmus
vyhodnocovania spalovacieho procesu vychadzal z prvkoveho zloZenia paliva a analyzy
spalin. Vysledky merani, ako aj simulécii, vedli k poznaniu, Ze je mozné do drahy spalin
nainStalovat’ daldi vymennik spalin, ¢im sa preukazatelne zvySuje ucinnost predmetne;j
KVET - kombinovanej vyroby energie a tepla.

Vo vyskume sme sa zaoberali aj moznostou eliminacie stagnacie tepelnych systémov.
Vyhodou nasho navrhnutého systému je plna automatizacia riadenia a samostatné
rozhodovanie systému podla aktualnych podmienok. Systém vyberie najvhodnejSiu variantu
prevadzky v danom €ase a zasah uzivatela nie je potrebny.

Na zaklade ziskanych vysledkov boli aplikované modely a algoritmy v realnych
podmienkach laboratéria. Pozornost bola venovana optimalizacii a verifikacii vysledkov
experimentov a ich diseminacii pre podmienky energetickych procesov na baze
obnovitelnych zdrojov energie. Viysledky vyustili do publikaCnych vystupov v prestiznych
zahrani¢nych vedeckych a odbornych €asopisoch.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The REFRES project addressed the issue of increasing the efficiency of multivalent systems
based on renewable energy sources, with an emphasis on predictivity, synergy effects,
optimizing of the efficiency and effectiveness of such a system with the primary goal of
increasing energy efficiency.

The project dealt with the research of algorithms for highly efficient management of energy
sources, especially renewable ones in a multivalent configuration, or in a combination of
renewable source / conventional source combination.

The research was carried out in a laboratory that is currently equipped with a multivalent
renewable energy system (thermal solar system with tilting collectors, photovoltaic system,
reversible heat pump) in conjunction with a conventional heat source (wood chip boiler,
recuperation unit, condensing gas boiler, thermal storage tanks, control units).

For example, the model of a cogeneration unit enabling monitoring of flue gas paths in
relation to the production of pollutants in a non-destructive manner, was created. The
combustion process evaluation algorithm was based on the elemental composition of the
fuel and flue gas analysis. The results of measurements, as well as simulations, have led to
the recognition of the possibility that another flue gas exchanger in the flue gas path can be
installed, which demonstrably increases the efficiency of the CHP - combined heat and
power production.

In the research, we also dealt with the possibility of eliminating the stagnation of thermal
systems. The advantage of our proposed system is the full automation of management and
independent decision-making of the system according to the current conditions. The system
selects the most suitable variant of operation at a given time and no user intervention is
required.

Based on the obtained results, models and algorithms were applied in real laboratory
conditions. Attention was paid to the optimization and verification of experimental results
and their dissemination for the conditions of energy processes based on renewable energy
sources. The results outcomes have been published in prestigious foreign scientific and
professional journals.
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