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NONLINEAR FLUTTER ANALYSIS USING INVISCID REDUCED ORDER MODELING TECHNIQUE
Y.H. Kim and D.H. Kim

A new method identifies coupled fluid-structure system with a reduced set of state variables is presented.
Assuming that the structural model is known a priori either from an analysis or a test and using linear
transformations between structural and aeroelastic states, it is possible to deduce aerodynamic information from
sampled time histories of the aeroelastic system. More specifically given a finite set of structural modes the method
extracts generalized aerodynamic force matrix corresponding to these mode shapes. Once the aerodynamic forces are
known, an aeroelastic reduced-order model can be constructed in discrete-time, state-space format by coupling the
structural model and the aerodynamic system. The resulting reduced-order model is suitable for constant Mach,

varying density analysis.

Keywords: A2 2] 719 (Reduced-Order Model),
(Computational Fluid Dynamics)
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2.2 Unsteady Aeroelastic Reduced-Order Model
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Fig.2. Flow chart for the AAEMS system identification procedure
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3.1 Aeroelastic Analysis on Reference Dynamic Pressure
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Table 1. Material properties of AGARD 445.6 wing

Elastic Modulus Ell = 3.15 GPa

Elastic Modulus E22 = 0.4162 GPa

Shear Modulus E12 = 0.4392 GPa

Poisson's Ratio 0.31
Density 393.5 kg/m’
0.356m
s

0.762m

0.559 m |

Fig.4. Geometric configuration of AGARD 445.6 wing

Fig.5. Finite element model of AGARD 445.6 wing
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Fig.6. Natural frequency model shape on FEM grid
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(b) Computational surface grid
Fig.8. Computational grid for AGARD 445.6 wing model
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3.2 Aeroelastic Analysis Using Reduced-Order Model
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Fig.11. Aeroelastic response due to initial condition (Ist mode)
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Table 2. Flutter boundaries dynamic pressure for the AGARD

445.6 wing
M0.596 M0.678 M0.96 M1.14
Experiment | 6000 Pa | 5540 Pa | 2927 Pa | 5047 Pa
ROM 5959 Pa | 5520 Pa | 2450 Pa | 6056 Pa
Full-simulation | 5850 Pa | 5380 Pa | 2550 Pa | 5715 Pa
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