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Figure 1 Geometry of AGARD 445.6 wing model.
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Table 1 Comparison of natural frequencies for AGARD 445.6 wing

Mode First bending (Hz) First twisting (Hz)
Experiment!"”! 9.60 38.10
Calculated 9.5992 38.1650
Error 0.0083% 0.1706%
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Figure 2 First two modes of AGARD 445.6 wing. (a) First bending
mode, (b) first twisting mode.
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Table 2 the air property for AIC matrix calculating
No. Mach

Density (kg/m3) Temperature (K) Pressure (Pa)

1 0.678 0.2082 289.84 17318.9
2 0.901 0.0995 270.47 7721.2
3 0.960 0.0634 257.86 4691.3
4 1.072 0.0551 257.37 4073.3
5 1.141 0.0783 253.75 5705.0
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Transonic flutter boundary of AGARD 445.6 wing. (a) Flutter speed index, (b) flutter frequency.
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Figure 4 AGARD 445.6 wing flutter characteristics for Mach 0.678. (a) Decay factor over speed index, (b) frequency ratio over speed index.
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Table 3 Flutter speed versus angle of attack in Mach 0.96 for
AGARD 445.6 wing

Angle of attack (°) v, /(w,,b,,\//_l) &l Wy V; (m/s)
-2 0.244 0.314 233
-1 0.247 0.317 236
0 0.249 0.320 239
0.254 0.321 244
2 0.259 0.325 249
Z

A

1 1
| Original
| 4o
S~
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0.96)
Figure 5 (Color online) Static aeroelastic deformation for different
angle of attack (Ma 0.96).
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Table 4 The impact of static aeroelastic deformation on transonic
flutter property

Angle of attack (°) V. /(a,b, \/;) oyl @y Vr (m/s)
-2 0.248 0.317 238
-1 0.251 0.321 241
1 0.259 0.325 248
2 0.262 0.330 251
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Table 5 Comparison of flutter solution for AGARD 445.6 wing
between matched-point analysis and experiments
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Frequency domain analysis for wing transonic flutter

HE Shun, YANG ZhiChun" & GU YingSong

Northwester Polytechnical University, School of Aeronautics, Xi’an 710072, China

In the time domain aerodynamics calculation, a new approach for flow field boundary controlling is suggested in the
present study, in which the wing was forced to oscillate harmonically under small amplitude. The transonic
aerodynamic force was computed by solving unsteady Euler equations, and then modal aerodynamic force was
calculated using modal matrix. The least square method is used to fit the modal aerodynamic force coefficient time
history. From the physical meaning of aerodynamic influence coefficient (AIC) matrix, the formulation of AIC matrix
are derived according to time domain solution of modal aerodynamic force. Based on the transonic AIC matrix, wing
transonic flutter characteristics can be obtained by frequency domain flutter solution. The transonic flutter charac-
teristics of AGARD 445.6 wing are studied and the flutter boundary under different Mach numbers was presented.
The results obtained by the present method are in good agreement with those obtained by experimental data of
literatures.

aeroelasticity, flutter, transonic flow, frequency domain analysis, unsteady flow
PACS: 05.45.-a, 45.50.Jf, 45.50.Pk, 95.55.Pe, 96.12.De
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