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Mixed uncertainty quantification and its application in upwind scheme
for computational fluid dynamics (CFD)

Liang Xiao'?, Wang Ruili
(1. Institute of Applied Physics and Com putational Mathematics» Beijing 100094, China;
2. College of Mathematics, Shandong University of Science and Technology ,
Qingdao 266590, Shandong, China)

Abstract: Both aleatory uncertainty and epistemic uncertainty exist in the initial and boundary condi-
tions when we numerically solve the CFD with sharp discontinuity. In this paper, mixed uncertainty
quantification approaches are developed to deal with this situation. Specifically, the outer level uncer-
tainty is linked to epistemic uncertainties, and the inner uncertainty is linked to aleatory uncertainty.
The non-intrusive polynomial chaos method is utilized to cope with the aleatory uncertainties, while
the P-box theory is used to deal with the epistemic uncertainties, and the upwind scheme and Riemann
solver are used to solve the deterministic system. We apply this method to the Sod problem in the
CFD, and acquire preferable effect. This method evaluates the influence of input uncertainty such as
density (aleatory uncertainty) and polytrophic exponent (epistemic uncertainty) on the output uncer-
tainty, the efficiency of this method is also proved. This method is also helpful in evaluating the de-
gree of confidence and validation of the result from modeling and simulation by other models.

Key words: mechanics of explosion; modeling and simulation; non-intrusive polynomial chaos; mixed
uncertainty quantification; P-box
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