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Clanky:
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aircraft motor, Sci. Reports 12 (2022) 16454. Impact factor for 2021: 5.0

2. Ghabeli, A., Pardo, E.*, and Kapolka, M.: 3D modeling of a Superconducting Dynamo-
Type Flux Pump, Sci. Rep. 11 (2021) 10296. Impact factor for 2020: 4.4
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process of a coil by an HTS dynamo-type flux pump, Supercond. Sci Technol. 34 (2021)
084002, 11 stan. Impakt faktor pre 2020: 3.2

7. Pardo, E.* and Dadhich, A.: Electro-thermal modelling by novel variational methods:
racetrack coil in short-circuit, IEEE Trans. Applied Supercond. 33 (2023) 5201606. Impact
factor for 2022: 1.8

* Corresponding author.

Vedecké monografie:

1. Pardo, E. and Girilli, F.: Electromagnetic modeling of superconductors. In: Numerical
modeling of superconducting applications: Simulation of electromagnetics, thermal stability,
thermo-hydraulics and mechanical effects in large-scale superconducting devices. World Sci
Publ. Co. Pte. Ltd., 2023, p. 1-104. ISBN 978-981-127-143-4

VyZiadané prednasky:

1. E Pardo, A Dadhich, S Li, M Kapolka, M Solovyov, M Mosat, J Kovac, J Souc: Modeling
and measuring the cross field demagnetization of REBCO stacks and bulks for millions of
cycles. In: Applied Superconductivity Conference 2020, USA (on-line).

2. E Pardo*, J Kovac, L Kopera, R Ries, F Grilli, E Berberich, T Reis: AC loss in the REBCO
stator of a 1 MW motor for aviation. In: ISS 2020, Tsukuba, Japan (on-line).

Uplatnenie vysledkov projektu

Experimentalne aparatury, softvéry, vypoctové aj experimentalne metddy a dalSie zakladné
know-how ktoré boli vyvinuté v ramci projektu mézu sluzit' ako zaklad pre navrhy dalSich
narodnych ¢i medzinarodnych projektov.

V tomto smere uz boli skuto€ne vyuzité pri priprave navrhu projektu pre Eurépsku vesmirnu
agenturu (ESA), ktorého hlavny rieSitel obhajil dizertaCnu pracu po€as trvania projektu a v
sucasnosti je postdoktorandom na nasom ustave (Anang Dadhich).

Tento projekt tiez umoznil za¢lenenie dvoch postdoktorandov do nasho ustavu (Anang
Dadhich a Arpit K. Srivastava).

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

Elektrifikacia dopravy je klu€ovym aspektom na zniZenie emisii a zmiernenie nasledkov
klimatickej katastrofy. Pre komercné lietadla s viac ako 100 pasaziermisa ako
najvyhodnejSie ukazuju koncepcie elektrickych lietadiel uvazujuce s vyrobu elektrickej
energie na palube lietadla s vyuzitim palivovych ¢lankov na baze vodika. KedZe kvapalny
vodik ma v tychto lietadlach teplotu az 20 K (-253 °C), je ho mozné pouzit’ aj pre chladenie
supravodivych elektrickych hnacich motorov, ktoré dosahuju pomer vykonu a hmotnosti
potrebny pre komeréné letectvo. PocCas rieSenia projektu sme analyzovali viacero
supravodivych €asti takychto motorov, pomocou pocitatového modelovania i
experimentalne. Vybudovali sme jedineCnu aparaturu pre merania energetickych strat a
tepelnej stability cievok z vysokoteplotnych supravodiCov (HTS), pri teplotach az 25 K.
Viyvinuli sme tiez softvérové nastroje vyuzivajuce inovativne vypoctové metddy na
predpovedanie elektromagnetickych, tepelnych a mechanickych viastnosti (a ich vzajomnej
interakcie) HTS cievok a supravodivych magnetov (alebo supermagnetov) v tychto
motoroch. Jednym z kligovych zisteni je, Ze spajkovanie supravodivych pasok do stipcov
vytvara supermagnety, ktoré su velmi odolné voci vysokofrekvenénym oscilaciam
magnetického pola vyskytujucim sav tychto motoroch. Experimentalne sme tiez zistili, ze
vodny lad je vynikajucim tepelnym stabilizacnym médiom pre HTS cievky, pri
jednosmernom ¢i striedavom prude. Pri pouZiti vodného ladu vSak dochadza k zniZeniu
maximalneho pripustného striedavého prudu, v désledku zhorSenej tepelnej vodivosti medzi
supravodi¢om a chladiacim médiom. Celkovo projekt splnil ciele vytyéené v navrhu a otvara
dvere pre buduci kvalitny vyskum s vyznamnym spolo¢enskym dosahom.

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

Transport electrification is a key aspect in order to reduce emissions and attenuate the
effects of climate disaster. For commercial airplanes with more than 100 passengers, the
most feasible electric aircraft architectures use hydrogen-based fuel cells to generate the
electricity on-board. Since liquid hydrogen in these airplanes is as cold as 20 K (-2530C),
this liquid can also cool down superconducting electric propulsion motors, which can provide
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the necessary power-over-weight ratio required for commercial aviation. During this project,
we analyzed several superconducting parts of these motors by both computer modelling and
experiments. Indeed, we built up a unique experimental set-up to measure high-temperature
superconducting (HTS) coils for this motor, regarding their energy loss under alternating
current and their thermal stability at temperatures as low as 25 K. We also developed
software tools using innovative computational methods to predict the electro-magnetic,
thermal and mechanical properties (and their mutual interaction) of HTS coils and
superconducting magnets (or super-magnets) in these motors. Key findings are that
soldering HTS together in stacks result in super-magnets that are very reliable to the high-
frequency magnetic field oscillations that appear in these motors. As well, we experimentally
found that water ice is an excellent thermal stabilization medium for HTS coils under both
direct current or alternating current. However, water ice reduces the maximum possible
alternating current due to worsened heat conductance between superconductor and cooling
medium. This project fulfilled the objectives of the proposal and opens the door for future
high-quality research with social impact.
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