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RESUMO

A principal motivacdo para o desenvolvimento deste trabalho consiste no aperfeicoamento dos
critérios adotados para interromper a execucdo de um processo iterativo. Com este fim, analisa-
se 0 desempenho do estimador empirico. Este estimador fornece uma estimativa do erro de
iteracdo, também denominada de incerteza (U), com base na taxa de convergéncia da variavel de
interesse. O erro (E) de iteracdo pode ser definido pela diferenca entre a solugdo numeérica exata
e a solucdo numérica em uma determinada iteracdo. Através da efetividade do estimador de erro,
isto &, darazéo entre incerteza e erro, anaisase a eficiéncia do estimador empirico quanto a sua
acurécia (U/E »1) e confiabilidade (U/E 3 1). Para tanto, sdo resolvidos sistemas de equactes
gerados a partir da aplicacdo dos métodos de diferencas finitas e volumes finitos sobre malhas
unidimensionais e bidimensionais uniformes, de problemas de transferéncia de calor e de
mecanica dos fluidos. Estes sistemas de equactes foram resolvidos cm a utilizacdo de véarios
métodos iterativos. O desempenho do estimador empirico pode ser dividido em trés intervalos:
nas iteraces iniciais, em geral a acurécia é baixa;, quando o nimero de iteragdes € muito
elevado, os erros de arredondamento predominam sobre os erros de iteragdo mas, mesmo assim,
a acurécia é relativamente boa; no intervalo entre esses dois extremos, a acurécia tende a
melhorar a medida que se aumenta 0 nimero de iteracdes. Nao se recomenda o uso do estimador
empirico em processos iterativos que envolvem a aplicacdo da técnica multigrid pois, em gerd,
sua acurécia € baixa. Constatourse que existem relacdes diretas entre o estimador empirico e

alguns estimadores disponiveis na literatura.

Palavras-chave: simulagdo numérica, erros numeéricos, erros de iteracdo, estimador de erro,

dindmica dos fluidos, verificacéo.
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ABSTRACT

The main motivation to develop this work consists in improve the rules or approaches adopted to
interrupt the execution of an iterative process. It's proposed to calculate the uncertainty (U) of
numerical solutions, where the uncertainty is defined as an estimated iterative error €). To a
variable of any interest, this error is the difference between the exact numerical solution and the
calculated numerical solution. It is analyzed the efficiency of an empirical error estimator to
iterative processes. This estimator calculates the numerical uncertainty (J) on basis on the
convergence rate of the interest variable. Through the effectiveness of the error estimator, that is,
of the reason between uncertainty and error, the error estimator efficiency is verified on its
accuracy (U/E ) and reliability (U/E ). Therefore, are resolved linear systems generated from the
application of finite differences and finite volume methods, on uniform unidimensional and
bidimensional meshes, in heat transfer problems and and fluid mechanics. These systems of
equations were resolved with the use of iterative methods. The performance of the empirical
estimator can be divided in three intervals: In the "initial" iterations the accuracy is low, in
general; when the number of iterations is very high, the round-off affect the accuracy, that is
good; in the interval among those two limits, the accuracy tends to be big as it increases the
iteration number. It was verified that, in iterative processes that involve the application of the
multigrid method, the empirical estimator behavior doesn't seems to be good; because in the
accomplished simulations it was obtained results with low accuracy and not very reliable. It was
also verified that there are direct relations between the studied error estimator and some existent

estimators in the literature.

Keywords: Numerical simulation, numerical errors, iteration errors, error estimator, fluid

dynamics, verification.
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