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ABSTRACT

In order to ensure a safe and robust design of jet engines, uncertainties must be considered
during the development process. The main goal of this study is to assess the robustness of
the Secondary Air System (SAS) of a low-pressure turbine (LPT). A special focus is put on
the quantification of epistemic, i.e. lack-of-knowledge, uncertainties which requires efficient
sampling strategies to control the computation time.

From a stochastic point of view, the input quantities of the SAS model are divided into alea-
tory and epistemic parameters depending on the knowiedge level. For the aleatory case, a
sufficient amount of data is available to assign the uncertain parameters with probability dis-
tributions. In contrast, incomplete knowedge exists about the input quantities of the epis-
temic category. Therefore, probability-boxes are used for the UQ, which means that the cor-
responding parameters are described by an ensemble of cumulative distribution functions
(CDF) instead of a single CDF [1]. Hence, the epistemic component is expressed by an addi-
tional interval-valued uncertainty on the hyper-parameters.

The uncertainty sources of the SAS comprise geometrical quantities, e.g. sealing gap widths,
as well as temperature and pressure boundary conditions which represent the interaction be-
tween cooling system and core gas flow. In order to model the latter in a physically con-
sistent way, the SAS model is coupled with the aerodynamic and thermodynamic simulation
which is accompanied with a higher computational effort.

Due to the variation of the distributional parameters, the stochastic moments of the response
values, i.e. the cooling mass flows of the SAS, are also subject to uncertainty. Using the
standard Monte Carlo (MC) Sampling approach for the robustness assessment is not rea-
sonable because of the large computational effort. Within the scope of this contribution, the
so-called Non-Intrusive Imprecise Stochastic Sampling (NISS) approach is applied which en-
ables an efficient uncertainty propagation in the presence of epistemic uncertainties [2].
Apart from a significantly lower computation time, the study has demonstrated a high approx-
imation quality for the response mean.

Finally, the results of the uncertainty study are used to analyze the fulfillment of the perfor-
mance requirements on the cooling system. In comparison to a pure aleatory study, the influ-
ence of unknown distribution functions is taken into account.

[1] Michael Beer, Scott Ferson, and Vladik Kreinovich. (2012). Imprecise probabilities in
engineering analyses. Mechanical Systems and Signal Processing, 37(1-2): 4-29. Doi:
https://doi.org/10.1016/].ymssp.2013.01.024

[2] Pengfei, Wei, Jingwen Song, Sifeng Bi, Matteo Broggi, Michael Beer, Zhenzhou Lu, and
Zhufeng Yui. (2019). Non-intrusive stochastic analysis with parameterized imprecise
probability models: I. Performance estimation. Mechanical Systems and Signal Processing,
124:349-368. Doi: https://doi.org/10.1016/}.ymssp.2019.01.058



https://doi.org/10.1016/j.ymssp.2013.01.024
https://doi.org/10.1016/j.ymssp.2019.01.058

