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V ¢om vidite uplatnenie
vysledkov projektu:

Ziskané teoretické vysledky mézu najst’ aplikacie v materidlovom inzinierstve
a metalurgii v kontexte tuhnutia zliatin, ako aj v geofyzike v kontexte dynamiky
rovnikovej oblasti rozhrania medzi vnitornym a vonkaj$im jadrom Zeme.

Charakteristika vysledkov

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Analyzovali sme problém nelinedrnej, dvojrozmernej konvekcie v dendritickej zoéne pocas tuhnutia bindrne;j
zmesi. Uvazovali sme Specificky limitny pripad, v ktorom nastup oscilacnej konvekcie predchadza nastupu
ustaleného pradenia pri fixovanom horizontalnom rozmere konvektivnych utvarov. Tato asymptoticka limita
nam umoznila urcit’ nelinearne rieSenia analyticky. Vysledky poskytuji uplny opis stability a prechodov medzi
ustalenou a oscilacnou konvekciou v zavislosti na Rayleighovom ¢isle a bezrozmernom kompozi¢nom
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pomere. Osobitnll pozornost’ sme venovali efektom asymetrie zdkladného stavu a nehomogenity v
priepustnosti dendritickej zony, ktoré vedu ku skokovym (hysteréznym) prechodom v systéme. Zistili sme, ze
prechod medzi postupujucimi a stojatymi konvektivnymi vinami, ako aj medzi stojatymi vlnami a ustdlenym
pradenim, moze byt hysterézny. Nase teoretické predpovede sme porovnali s vysledkami neddvnych
laboratornych experimentov.

Previedli sme lokalnu asymptotickll analyzu prirodzenej konvekcie v dendritickej zone pri velkych hodnotach
Rayleighovho ¢isla, generovanu uvol'nenim primesi pri ochladzovani binarnej zmesi z vertikalnej hranice.
Hlavnym ciel'om bolo osvetlit’ podstatné fyzikalne procesy, ktoré riadia lateralne tuhnutie dendritickych zon.
Pomocou redukcie uplného systému riadiacich parcidlnych diferencidlnych rovnic sme urcili ustalené,
dvojrozmerné, sebe-podobné rieSenia pre dynamické polia v dendritickej zone. Skimali sme tiez Casovy vyvoj
objemového zlomku tuhej fazy smerom k ustdlenému stavu. Jednym z najdodlezitejSich vysledkov bola
kvantifikécia vertikalneho rozsahu advektivnej makrosegregacie primesi vo vznikajucej tuhej faze.

Summary of the project results and the fulfillments of the project goals (max. 20 lines) -english:

We study nonlinear, two-dimensional convection in a mushy layer during solidification of a binary mixture.
We consider a particular limit in which the onset of oscillatory convection just precedes the onset of steady
overturning convection, at a prescribed aspect ratio of convection patterns. This asymptotic limit allows us to
determine nonlinear solutions analytically. The results provide a complete description of the stability of and
transitions between steady and oscillatory convection as functions of the Rayleigh number and the
compositional ratio. Of particular focus are the effects of the basic-state asymmetries and non-uniformity in
the permeability of the mushy layer, which give rise to abrupt (hysteretic) transitions in the system. We find
that the transition between travelling and standing waves, as well as that between standing waves and steady
convection, can be hysteretic. The relevance of our theoretical predictions to recent experiments on
directionally solidifying mushy layers is also discussed.

A local analysis has been performed of free convection flow at high Rayleigh numbers within a mushy region,
induced by release of a buoyant residual as a binary alloy is cooled from a vertical sidewall. The free-
convection boundary-layer equations for the mushy region are derived for a distinguished parameter regime
corresponding to the limits of large Stefan number and of large compositional ratio. In this regime, the thermal
and flow fields are steady, whilst some transient growth of the solid dendrites can still occur. Steady-state,
self-similar solutions for the temperature, flow and solid-fraction fields within the mushy region are obtained.
The development of the solid fraction towards the steady state is also examined. Among other results is the
quantification of the vertical extent of macrosegregation associated with free convection in mushy regions.

Podpisom zaverec¢nej karty riesitel vyjadruje svoj suhlas so zverejnenim tdajov v nej uvedenych.
Podpis zodp. riesitela: ......cccccevceeiiiirriireeneeenns Podpis Statutarneho zastupcu: ........cccceeeeeemennnnnnnnn.

Datum: ... e, Peciatka:



