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Review of the habilitation thesis of pavel váchal

Tlre irabilitaticln tltesis deais wit}r tlre clevelopttrent of Lagrangiarr and nanreiy tlre ALB
(Arbitrary Lagrangia,u-Euler) ntethod,s frrr t]re rrurlrerical solutiorr oí various phvsical problens.
T}ris topic is curlently vely popular arrd clralletteing due to its applicabilitv irr a wide range clť

plactical problens. The tlresis sttrlttrtalizes sevelal conťr,ilrutiotts of Dr. Váciral to this resealcil
aleas achievec1 iti clooperatiotr wirlt sevela,l colla'ooratot"s dulirrg last 10 years. Particuiarly. tlie
tlresis is the cotttpilatiorr of 1(J articlcs prrblishetl in ilttct,natiotral journals accclnrparried by arr

iltt1,oduc:tiou, specificaticlrt of several topic, rlf interest arrd cietailecl cornrnerrts to each article.
T}resis a]so corrtairrs clescriptiou c.if ctrrrerrt resear"cil of tlre author ancl future prospects.

ALE rrretlrod exlribits A verv proltiisirrg appt,oar:}i for lrrode]Iirrg a, c<"rnrplex tiuie-depetrclettt
problelrls ilt coiltplic:ated geclttiett,ies, e.g., fluid-structure interac,tion rvllere the cotrrputaticltta] rio-

trtaitr is clranges itl tiure cltre trl various force irrteractitlrrs. Hciwerler. in ordcr lo obtain phvsicall.v
relevatrt liutrrerical approxitlratiot}s, serret,al ilrtportaut trspects have to be take irrto accoutrt, e.g,,

corrservatiolr of phvsical quantities (geornetric ccltrscrvatir:rr of laws) , capturirtg of disc;rxrtinuities
and steep gradierrts (sirow-u,aves). errforcirlg t}tc second thermodytlainical law, etc.

Tlte at,ea of research of ALE rnethods is ratlrer witle so Dl, Václral for:us tlrt severai irtterestirig
aspects. Narrreiy, the artifir:iai viscosity tetlilttiques (ensuritrg the physir:ali;. acceptat)le nulttet.
ical solutiotls) , the preset,vitrg of s5,runtett,v (guat,atrteeirrg |hc p}rl,sical s\rtltletLt,of riurlrerical
solutions, if arry), t}te ploper tirriice of equatiori of states íbr }r.vdroclvrrarrric silrtulatiorrs and t}re

rezotrilrg; rertrappiug tet:llniques w}rich cxlribit tlte ftttrdatrtetrtal part of ALE cotrr;rtttatiorrs. Tlre
derrelo}letl tttethods are atr-lplied íbr rriclstly for tlre sitrtula.tiolrs of t}re laser-tal,get interactiotts arrrl
tratrspcrrt }tt,clrodynalnics for lasel plastrta rrrodellirrg.

The tltesis corrtains seteLaI intet,estirtg attcl origiual tec,lrniqttes applicable ilr trrrnrerical sitn-
u]atiorr of pitvsical syster}]§. Tlrere is tlrtly 1,911, fc_.rv Llieot,etical t,esults of trrrtrrerical anal_vsis
but tlre proposed rrret]rclds are a,lways carefull1, iuvestigated atrd testecl by the sel,,s of rrtimerical
experirrrerrts. I appreciatc tha.t tlot otr]\, sittt1lle aca,tletrtic exatrr1:les arc treate<l but also sotne
clrallerrgilrg test cases are takcrl irtto ac<,tltrnt,

As rtrentiottecl aborle. t}re maitt r:orc rlf t}re tlresis tlorrsists cif 10 papers prui:lis}recl irr rer:crgtrized
scientiíir: journals. Howevet,, trctrre of the }relorrgs to tlre top clet:ile, tna.y be witlt one exceptiott,
Eiglrt papers were writterr witi.r co-ar:tlrors frorlt abroad, soute of titem beiong surely atnclng the
top class of researchers, Tlre papel,s selected fot, tiic tlresis }rave a,ltogetlrel alrrrost 150 citatiirlls
wiiic}r clearly dernorrstrate the itrrpact of tire resrrlts orr tlre clorninutrity.

T}re thesis is weii alrarrged arrd well bala,nr:eci, it coritairrs errouglr of inforuraticln in a cpu-



densed way whicli slrows the expertise al]d rallgie of knowledge of Dr. Váchal. Tlre nutnerical
exatrrples presented irr the thesis were achieved bv the in-irouse codes developed at the Facrrlty
of l{uclear Science and P}rysical Errgineerirlg, Dr. Váchal is otte of the developer and his role irr
the presented papers is funclarnetrtal. Therefore, I strottgly recom,lnend to award, hiur the title
docent,

I have t}re íbllowing tclpics for the pclssible cliscussion.

1. The tirne discletizatiotrs are carried out by predictor,-r;olrec:tor rrreilrod. ls it possible to
solve the resulting ODEs fullv implicitlv? Whir:lr ptlssibie obstacles can we expect?

2. Ttre used urethods }iave first or secorrd order of accul-acy. Are tirere techriiques usirrg }rig}rer

order ntetlrods, e.g., discontinuous Galerkirr rrrethod?

3, The reliability of tlre develclped rnethocls is derrronstated rrrostly by comparisorr witlr ref-

erence results, However, the pro}:lenl of aposteriori error arralysis is trrrtouclred. Are there
al}y approaclres dea}ing with this subielct?

4. Currently. vely popular and dernanciing are high-performáince conlputirrg (HPC), Are the
any plans t<r use the developed methods in HPC? Wirir:ll ai;pects do seeur to be utost
critical?
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