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V ¢om vidite uplatnenie
vysledkov tohto projektu:

Vypracovany sibor programov a praktické skiisenosti a nadobudnuté teoretické vedomosti
moZu byt pouZité v budicnosti na navrh, simuliciu a bezpe¢nostnu analyzu zariadeni
reaktivnej destilacie (homogénne aj heterogénne katalytické, v jednoduchom mieSanom
reaktore ako aj v etiZovej alebo napliiovej koléne),
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Sthrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Cielom projektu bolo s vyuzitim teoretickych poznatkov a prislusného matematického aparatu vypracovat subor
programov, ktory by umozioval navrh, optimalizaciu a bezpecCnostnu analyzu zariadeni reaktivnej destilacie (RD).
Bezpecnostna analyza tychto zariadeni musi zahfiat identifikaciu existencie moznych viacnasobnych ustalenych stavov,
analyzu ich stability, urCenie bezpeCnych operacnych podmienok, vySetrovanie operacnych podmienok, ktoré spdsobia
prechody systému z jedného ustaleného stavu do iného a urCenie podmienok bezpe¢ného nabehu a odstavky tychto
zariadeni. V ramci rieSenia projektu sme sa preto venovali aj tejto otazke.

Viysledky ziskané pocas rieSenia projektu boli publikované v 9 CC ¢asopisoch, v 1 CA ¢asopise, v 12 zbornikoch
z medzinarodnych konferencii st napliiou dvoch PhD prac. Pri rieSeni projektu sme:

- porovnavali modely réznej zloZitosti (rovnovazny model, nerovnovazny model zalozeny na Maxwell-Stefanovom
pristupe, heterogénny nerovnovazny model s efektivnymi difuznymi koeficientami), pricom sme sa okrem iného pokusili
poukazat na vplyv komplexnosti matematického modelu na predikciu spravania zariadenia, €i uz v ustalenom stave
(identifikacia viacnasobnych ustélenych stavov), alebo v dynamickom rezime (nabeh zariadenia do ziadaného ustaleného
stavu).

- poukazali na moznost pouzitia metodiky HAZOP s matematickym modelovanim pri bezpeCnostnej analyze zariadeni
reaktivnej destilacie. BezpeCnostna analyza zahfiala identifikaciu viacnasobnych stavov a analyzu ich stability spolu
s analyzou dynamického spravania zariadenia poCas nabehu, alebo pocas néhlych zmien operanych parametrov.
Okrem iného sme sa pokusili ukazat, Ze navrh a bezpecnostna analyza zariadeni reaktivnej destilacie pomocou
matematického modelovanie je zavisla od komplexnosti zvoleného matematického modelu, ako aj od kvality parametrov,
ktoré su do daného modelu nutné.

- porovnali simulacné vysledky s experimentalnymi (idajmi (spolupraca s Univerzitou v Dortmunde resp. NCHZ, a.s., Novaky

Sthrn vysledkov rieSenia projektu a naplnenia ciel’ov projektu (max. 20 riadkov) - anglicky:

The aim of the presented project is the development of mathematical model of reactive distillation column and its
application in design, simulation, optimisation and safety analysis of such an unit. The safety analysis of RD units must
include identification of the possible multiple steady states, analysis of their stability, study of safe operating conditions,
investigation of conditions and trajectories which can shift the columns from one steady state to another one and
determination of safe start-up and shut-down procedure.

The obtained results were published in 9 CC journals, 1 CA journal, 12 proceedings of the international conferences and
were summarised in two PhD. Thesis. The research during the project may be divided in several parts:

- development, examination and comparison of different types of mathematical models for reactive distillation
(equilibrium model, nonequilibrium model based on the Maxwell-Stefan theory, nonequilibrium heterogeneous model with
the concept of effective diffusivity), simultaneously the aim of this part was to show the impact of model complexity on
prediction of a reactive distillation column behaviour in steady state (identification of multiple steady state) or in dynamic
regime (start-up and shut-down procedure).

- it was shown that the integration of a mathematical model approach into the HAZOP analysis is powerful
methodology for safety and operability analysis of reactive distillation equipments. A safety analysis of these equipments
includes an analysis of multiplicity of steady states and their stability, a study of safe operating conditions, an
investigation of conditions and trajectories which can shift the column from one steady state to another one and
determination of a safe start-up and shut down procedure. However, it was shown that a reliable prediction of reactive
distillation column behaviour during the HAZOP deviations from normal operation conditions is affected by the complexity
of a mathematical model and by the determination of the model parameters.

- the simulation results were compared with the experimental outputs (collaboration with the University of
Dortmund, or with NCHZ, a.s., Novéky)
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