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Thesis! "Mathenatical Models of pbasg Transit,ions in Poroug Media"

The submitted thesis has been prepared within the framework of the

research carried ouL in the Department of Mathematics, Faculty of

Nuclear Sciences and Physical Engineeríng, Czech Technical

University in Prague (FNSPE cŤU) in collaboration with the Co]orado

Schoo1 of Mines, Golden. The author deals with Lhe solid - 1íquid
phase transitions in porous rnedia. Ťhe purpose of the thesis was Eo

develop mathematical models of solidification in porou§ media ať

macroscopic and microscopic scale and to open ne\^/ horizons of
research related Lo soil thawing and freezing in the contexL of

environmental as we11 as material science.

First part of the thesis explains details of motivation for the

research which comes from the environmental and materíal science. As

the description of phase transitions ín porou§ media require
knowJ_edge from severa1 domains of physicš, next chapLer is devoted

to summariz'ing thermodlmamics of multiphase sysEems, mechanics of
porous media and conservation laws of governing quantities.

The subsequent chapter focuses on developing mathematical models of
phase Eransitíons in porous media. First, the coordinate framework

is established based on Eulerian and Lagrangean systemš. Then,

corresponding conservaEion 1aws are formulated using a Óenera1
balance law. Ťhen, Lhe mode1 at macroscale is suggested *rri"n

couples Ehe energry balance with the poromechanícs of saturated
medium \ťithouE ftow. This model contains an experimenLally suggested
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term control1ing the latent heat release and reflecting pore

sErucLure. Part of this model is analyzed mathematically.

NexL, a mode1 of phase transition aL microscale is derived, which

assumes a slrmmetric two_dimensional sLrucťure of the medium. The

pore slrínmeLry is used to estimate the phase interface curvaLure at

each point of Ehe pore in advance, which simplifies the model

itself. Finally, a mode1 of phase transition at microscale in a

general pore geometry is suggested, Here, the phase interťace is

described by means of the phase-field method.

Ťhe computational chapter contains results of numerical solution of

the above mentioned three models by means of Ehe finite-elemenL
method. Ťhe auLhor implemenEed eguatíons of the models into t,he

environmenL of a selected finite-element package. The weak

formulation of the models is summarized in the Eext. Ťhe author

additionally performed auxiIiary computat,ions testing the coupling

of key quanlities across the phase interface. From t,he computations,

v/e see their quanLitative as \i/e11 as qualitative behavior and mutual

comparison. AE the laboratory scale, the author used his models to

verify the conditíons of particular e><perimental setups PrePared bY

collaboratingr research t,eams,

The submitted thesís presenls the achievements of the author in Lhe

mathematical modeling of phase transit,ions in porous media, I

emphasize the author,s original contribution in designíng a1l three

models considered in the thesis. The auLhor so far published 3

articles directly related to Ehe topic (í_ in the Scopus indexed and

2 in Lhe impacLed journals). He several Límes presented his results
in the internaEional conferences (of them, the Tnterpore conferences

are Ehe most importanE) and dravl aLtention to the given topic.

The PhD sLudy of the candidate made part of the cooperation bet,ween

the CTU in Pragnre and the Colorado School of Mines, Golden, where he

is a frequent visitor. His work contributed Eo the design of

experiments carried wiEhin the cofilmon project at the Faculty of

Civi1 Engineering, cTU. He acEively participated in the educational
process in the Department of Mathematics, supervised students, and

has been guiding exercises in basic courses. He also held the

nnglish iaught course in variat,ional meLhods and fínit,e elements' for
the Japanese exchange sludents -

During the work on the topic, qhe candidate proved very high ability
to independently master and develop problems of interdisciplínary
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and mulLi-physics character. Through his tdork, the topic of ptrase

changres accorrpanied by structura1 changes h.as become integral parL

of the researctl activities withín the collaborative work of cTu

FNSPE and Colorado School of Mines Golden. Respecting the above

mentioned facts, f have a1l reasons to recommend t,he candidaLe to

the committee for the d,efence of Lhe degree Doctor of Philosophy. As

the thesis opens new directions of the research of high importance

and some parts of iL are §till vrorth of publishing, T suggest to
posLpone publíshing the thesis f.gr 3 years from the defense date in
agreement with Sec. 47b) of the Act Lt]-/t998 col1. on Higher

Education and on Changes in and Arnendments to some other Acts.
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