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Unsteady and inviscid flow analysis around the wing
using the compressible Building-Cube Method
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The goal of this study is to establish a practical and efficient flutter simulation tool based on Immersed Boundary
Method-based Cartesian mesh solver , which achieves low computational costs and high accuracy to simulate the wing
flutter phenomenon. The unsteady Building Cube Method(BCM) is firstly validated by the pitching NACAQ012 airfoil.
The tool is then extended for flutter simulation by integrating structural analysis. AGARD 445.6 weakened model is

used for the validation.
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Tablel BCM compressible Euler solver
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Table2 calculation condition
Mach number 0.7
Angle of attack [deq] 05
Number of cube 4,662
cellsinacube 16x16x16
Total number of cells 19,095,552
Minimum cell size 0.00092 / length of fuselage
dt 10
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Table3 calculation condition

Mach number 0.755
Angle of attack [deg] 00
Number of cube 226
cellsina cube 32x32
Total number of cells 231,424
Minimum cell size 0.0018/chord
dt 0.01
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5. 75 v ZRFEEE (AGARD weakened 445.6 model)
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Fig.16 AGARD weakened 445.6 model

Table4 List of vibration modes for AGARD weakened 445.6 model

Mode No. Mode Frequency [Hz]
1 Wing 1st Bending 9.6
2 Wing 1st Torsion 38.1
3 Wing 2nd Bending 50.7
4 Wing 2nd Torsion 985
5 Wing 3rd Bending 118.1
6 Wing In-Plane Bending 140.2
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Fig.17 AGARD weakened 445.6 model with mapped mode shapes
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Table5 calculation condition
Mach number 0.678/0.96/1.141
Angle of attack [deg] 0.0
Number of cube 3,028
cellsin a cube 8x8x8
Total number of cells 1,550,336
Minimum cell size 0.0073/MAC
dt 0.06
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Fig.21 modal displacement (M=1.141)
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