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Uncertainty quantification analysis of aerodynamic force and heat for
air vehicle due to freestream variation
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Abstract: The flight environment of high-speed aircraft is relatively complex, and the reliability of
numerical simulation results of this process can be affected by the freestream condition variation. In order to
assess and quantify the aerodynamic and aerothermodynamics uncertainty of high-speed aircraft due to the
freestream variation, a double ellipsoidal configuration featuring the combination of a front fuselage and a
cockpit cover of the space shuttle was selected as the research model, and the numerical simulation approach was
adopted to obtain the flow structures, wall heat flux, pressure distributions and other characteristics. The
reliability of the prediction method was verified by comparing the simulation results with the experimental data,
which demonstrated the reliability of the prediction method. Based on the Latin hypercube experimental design
method and the non-intrusive polynomial chaos expansion method, the freestream density, freestream
temperature, wall temperature, and freestream velocity were selected as the uncertainty input variables, and the
uncertainty quantification and sensitivity analysis on the aerodynamics and aerothermodynamics of the double
ellipsoid model were conducted. The research results indicate that, the uncertainty of freestream conditions has a
significant impact on the lift, drag, and stagnation heat flux values of the double ellipsoid model. Variations in
the freestream velocity and temperature significantly affects the wall pressure distribution, while variations in the

freestream velocity, freestream density, and wall temperature strongly affect the wall heat-flux prediction.
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Fig. 1 Schematic of the double ellipsoid model (unit: mm)
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Table 2 Variation range of the freestream condition

Gy 2 HEAE R E
vl Poo/(kg-m™) 0.1017 +10%
v2 Tw/K 74.42 +10%
v3 Tyan/K 300 +10%
v Uoo/(m-s~1) 1348 +120

x3 THEEELER

Table 3 Uncertainty quantification results

F+ /N FHH3 /N B SR/ (MW-m?)
PHME N ~102.88 158.97 0.9719
Frfe s o 12.33 19.91 0.1913
ANt € 23.50% 24.54% 38.59%
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