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Fig.8 Results for stand deviation, skewness, and kurtosis for hypersonic cylinder considering operational uncertainty
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Abstract: The credibility of CFD simulation in a real world is one of the focuses all along in engineering. Uncertainty
quantification is an import tool for evaluation CFD credibility in a real condition. In this paper,some investigations on
uncertainty quantification approach to aeronautical applications are performed, which focuses on developing practical
technologies for uncertainty quantification, and reports related work in our team. Two aspects are involved. From the
theoretical aspect, oriented for solving “dimension suffering” problem in uncertainty quantification, we have paid
attention to developing the improved Monte-Carlo type methods like the Kriging-MC approach, and the spectral
expansion type methods like the inclusive polynomial chaos expansion (INPCE) approach. From the software aspect,
we present a general software framework using uncertainty qualification, which provides an interactive environment,
and provides related functions for batched generation of uncertainty parameters, design of experiment, batched
organization of uncertainty quantification jobs, automatic post-processing for results. Through the platform, one can
perform uncertainty qualification for typical problems related to operational uncertainty, geometrical uncertainty, as
well as physical parameter (i.e., modeling) uncertainty. The fundamental approaches and procedures are verified with
the classical Rosenbrock function. Results of geometrical uncertainty qualification for the oblique shock problem, and
operational uncertainty for a hypersonic cylinder problem are then presented. It is concluded that the approaches and
the procedures presented in this paper are effective.

Key Words: CFD simulation credibility; uncertainty quantification; dimension suffering; verification and validation;
polynomial chaos
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