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Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni
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Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

1.
2.
3.

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

1. Jozef Kacur, J. Minar : A Benchmark Solution for Infiltration and Adsorption of Polluted
Water Into Unsaturated-Saturated Porous Media, Transport in porous media , DOI:
10.1007/s11242-012-0119-5, 2012

2. J. Ka¢ur, H. Budacova: Determination of Pressure-Saturation-Permeability Relations by
Centrifugation, Defect and Diffusion Forum Vols. 326-328 (2012), pp.261-266

3. Jozef Kacur, J. Minar and H. Budacova: Infiltration in Porous Media using Centrifuge with
Moving Arm, prijaté na publikovanie v knihe DDF (Defect and Diffusion Forum) published by
Scitec Publications Ltd, Brandrain 6, CH-8707 Uetikon Zurich, Switzerland

4. J.Kacur, H.Budacova: Time measurement scenario for inverse problems in Infiltration,
Computers and Fluids, resubmitted



5. Jozef Kacur, J. Minar: Solution of an inverse problem in the two-phase flow in porous
media, prezentované na konferencii "Inverse problems 2012 ANTALYA"

6. J.Kacur,H. Budacova J.Minar, Solution of inverse problems in infiltration via centrifugation
with moving arms, prezenované na konferencii "Inverse problems 2012 ANTALYA"

Uplatnenie vysledkov projektu

Ziskané vysledky: navrh scenara centrifugacie, vypracovanie originalnej numerickej metddy a
preukazanie funkénosti navrhnutej metddy sa realizuje pri konsStrukcii centrifugy na Stav.
fakulte STU Bratislava. Pomocou nami navrhnutej a vypracovanej metody je mozno technicky
relativne jednoducho a lacnejSie ziskat hydrologické a geochemické vlastnosti pérovitych
materialov.

CHARAKTERISTIKA VYSLEDKOV

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

V predlozenych pracach sme rozpracovali, analyzovali a numericky zrealizovali originalnu
metddu na rieSenie matematickych modelov infiltracie vody a transportu kontaminantu s
adsorpciou do porovitych prostredi. Preukazali sme, Ze tato metdda je vhodna na riedenie
inverznych uloh ako: ur€ovanie hydrologickych (permeability a tlak v zavislosti na saturacii)

a geochemickych (adsorp&ne krivky a koeficienty kinetiky) charakteristik. Tieto vysledky sme
porovnavali s najefektivnej8imi v suasnosti (napr. znamy softvare HYDRUS) a preukazali
sme ich prednosti (presnost). Tieto sme aj nazvali "Benchmark solutions..." v praci 1). Okrem
toho sme aplikovali nase vysledky aj pri dvojfazovom prudeni (voda-olej) v porovitom
prostredi. Aj tu sme preukazali vhodnost’ nasej metddy na rieSenie inverznych uloh
(odpovedajuce hydrologické charakteristiky). Matematicky model sa opiera o silne nelinearnu
a degenerovanu konvekéno-difuznu (PDE) rovnicu. Nasa metdéda je obmedzena na 1D ulohy
s volnou hranicou, ale to je postacujuce pre ur€ovanie spomenutych charakteristik

v laboratornych podmienkach. Na urychlenie ziskania dodato€nych merani (nutnych pri
inverznych ulohach) sme pouzili vhodny scenar centrifugacie, ktory umoznuje jednoduchym
spbsobom ziskat’ merania len globalnych charakteristik ako odstrediva sila, mnozstvo vody
vstupujucej a vystupujucej zo vzorky pri centrifugacii v istych ¢asovych momentoch. Teda
nevyZadujeme merania saturacie z vnutra vzorky, ktoré je technicky velmi narocné a dost
nepresné. Previedli sme mnoho experimentov na potvrdenie vhodnosti nasej metddy. Istym
ocenenim je skuto&nost, Ze zodpoveny riesitel bol pozvany prednasat' na medzinarodnej
konferencii DSL v Madride v juni 2013. Ciele projektu boli uspesne spinené.

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

In the presented list of papers, we have developed, analyzed and numerically realized an
original method to solve mathematical models for water flow, and contaminant transport with
adsorption in porous media. We have demonstrated applicability of our method in solving
inverse problems : determination of hydrological (permeability and pressure versus
saturation) and geochemical ( adsorption isoterms, kinetic rate ) characteristics. The obtained
resuts we have compared with the well known and efficient softwares (e.g. HYDRUS) and we
have demonstrated some advances (as accuracy) of our method. Consequently we have
called these as "Benchmark solution ..." in 1). We have applied our method also in two-
phase flow (water-oil) in a porous media . Also here we have shown that our method is a
good candidate for inverse problems (determination of corresponding hydrological
characteristics). Mathematical model is based on a nonlinear and degenerate convection-
diffusion PDE. Our method is limited for 1D problems with the free boundaries, but it is
sufficient for determination of required characteristics in laboratory conditions. To speed the
collection of necessary additional measurements in inverse problem we have proposed a
suitable centrifuge scenario which requires only simple noninvasive measurements of global
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characteristics : centrifuge force , amount of injected and expelled water at prescribed time
moments. In this way we do not need saturation distribution inside the sample, which would
be very expensive and not enough accurate. We have realized a series of experiments to
justify our method. Consequently, we have to present an invited lecture at the international
conference DSL-2013 in Madrid. The all goals of the project were successfully realized.
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Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdivé a uplné
a suhlasim s ich zverejnenim.

Zodpovedny riesitel Statutarny zastupca prijemcu
prof. RNDr. Jozef Kacur, DrSc. prof. RNDr. Karol Micieta, PhD.

V Bratislave 21.1.2013 V Bratislave 21.1.2013

" podpis zodpovedného riesitela podpis Statutarneho zastupcu prijemeu
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