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V ¢om vidite uplatnenie
vysledkov projektu:

Ziskané teoretické vysledky moézu najst’ aplikacie v materialovom 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:

Studovali sme problém nelinearneho vyvoja oscilaénej konvektivnej nestability v dvojrozmernej izotropnej
dendritickej zone pocas tuhnutia bindrnej zmesi. Uvazovali sme blizko-eutekticku limitu, ktord umoznila najst’
asymptotické rieSenie problému pouzitim perturbacnych metod. Navyse, uvazovali sme rezim vel'kych hodnot
Stefanovho cisla, ktory umoznil destabilizaciu systému vzhl'adom na oscila¢ny (vinovy) typ konvekcie. Zistili
sme, Ze postupné a stojaté vinové pradenie moze byt’ superkriticky stabilné. Stabilita konvektivnych stavov
zéavisi predovsetkym od citlivosti izotropnej permeability dendritickej zony na variaciach v lokadlnom zlomku
tuhej fazy: systémy s relativne nizkou citlivost'ou uprednostitujii v nelinearnom rezime konvekciu vo forme
postupnych vin. Pokles permeability je spojeny s prechodom ku subkritickym, a preto nestabilnym, primarnym
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oscilaénym stavom. Okrem zmapovania relevantného parametrického priestoru z pohl'adu stability
oscilanych stavov sme urcili detailnt ¢aso-priestorov Struktiru teplotného pol’a, rychlostného pol'a a pola
zlomku tuhej fazy v dendritickej zone.

Previedli sme lokalnu asymptotickll analyzu prirodzenej konvekcie v izotropnej dendritickej zone pri vel'kych
hodnotach Rayleighovho ¢isla, generovanu uvol'nenim primesi pri ochladzovani binarnej zmesi z vertikélne;j
hranice. Hlavnym ciel'om bolo osvetlit’ podstatné fyzikalne procesy, ktor¢ riadia lateradlne tuhnutie
dendritickych zon. Pomocou redukcie Gplného systému riadiacich parcidlnych diferencialnych rovnic sme
urcili ustalené, dvojrozmerné, sebe-podobné rieSenia pre dynamické polia v dendritickej zone. Skiimali sme
tiez Casovy vyvoj objemového zlomku tuhej fazy smerom k ustdlenému stavu. Jednym z najdolezitejSich
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 the problem of nonlinear development of oscillatory convective instability in a two-dimensional
mushy layer during solidification of a binary mixture. We adopt the near-eutectic limit, making the problem
analytically tractable using standard perturbation techniques. We consider also a distinguished limit of large
Stefan number, which allows a destabilization of the system to an oscillatory mode of convection. We find
that either travelling waves or standing waves can be supercritically stable, depending strongly on the
sensitivity of permeability of the mushy layer to variations in the local solid fraction: mushy-layer systems
with relatively weak sensitivity are more likely to select travelling waves rather than standing waves in the
nonlinear regime. Furthermore, the decrease in permeability is found to promote the subcritical primary
oscillatory states. In addition to mapping out the location of different stable oscillatory patterns in the available
parameter space, we give the detailed spatio-temporal structure of the corresponding thermal, flow and solid-
fraction fields within the mushy layer, as well as the bulk composition in the resulting eutectic solid.

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.
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