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Non-linear Aero-elastic Calculation Based on the
Response Surface Interpolation

Wu Xinlong, Wang Feng, Li Zhaojun
(Institute of Aircraft Flight Test Technology, Chinese Flight Test Establishment, Xi’an 710089, China)

Abstract: For flying wing, high aspect ratio low Reynolds number aerodynamic layout is easy in a small angle of
attack occurs under conditions of flow separation, it will bring significant non-linear aerodynamic problems,
while the impact of aero-elastic problem also can not be ignored. For this type of layout presents a radial basis
function interpolation to establish the non-linear pressure coefficient distribution model. Established by radial
basis function interpolation surface element on the angle of attack on the pressure coefficient derivative response
surface, the pressure coefficient points and through infinite plate spline(IPS) method of interpolation of multiple
iterations to achieve aerodynamic structure nonlinear aero-elastic analysis. The results show that the method for

static aero-elastic analysis of the effectiveness of flexibility while accurately reflect bring aerodynamic efficiency

loss and distortion effects on lift and drag.
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Fig.4 Lift-drag ratio
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Table 1 Difference among the overall aerodynamic aircraft,
wingtip torsion angle and wingtip deflection in both elastic

computing methods under different angles

3 527.040 0. 57 0.011

Nastran 3% 10 1186.760 1.72 0.030
16 936. 480 1.76 0.026

3 548. 600 0. 63 0.014

EEIE 10 1 236.490 1. 62 0.026
16 947.527 1.82 0. 040
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Table 2 Calculation of static aeroelastic longitudinal aerodynamic derivatives difference in rigidity and elasticity conditions

Rl G 3 HEHT
SUL I 4
IHME CFD Nastran IHME Nastran IHME Nastran
. Cr, —6.156 99 —5.815 27 —6.156 99 —6.181 02 —6.181 02 0. 996 0. 996
! Chria —0.325 93 —0. 360 30 —0.325 93 —0.325 70 —0.325 70 1. 001 1. 001
. Cr, —4.118 80 —3.718 83 —6.156 99 —4.242 84 —6.181 02 0.971 0. 996
8 Chq —0.446 70 —0. 460 60 —0.325 93 —0.446 80 —0.325 70 1. 000 1. 001
. Cr, —0.153 43 —0.141 98 —6.156 99 —0.159 38 —6.181 02 0.963 0. 996
12 Chq —0.576 22 —0.589 65 —0.325 93 —0.575 81 —0.325 70 1. 001 1. 001
. Cr, 1. 660 75 2.136 80 —6.156 99 1. 748 80 —6.181 02 0. 950 0. 996
16 Chra —0.029 80 —0.028 67 —0.325 93 —0.030 33 —0.325 70 0. 983 1. 001
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