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Wing Flutter Prediction Using an Energy Method Based on
One-Way Fluid Structure Coupling
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Abstract: To predict the flutter boundary of airplane wings, an energy method based on one-way
fluid structure coupling is proposed. To consider the effect of wing vibration, the flow mesh is
updated using a fast dynamic mesh technology proposed by our research group. Then the pressure
is computed by solving the Reynolds averaged Navier Stokes equations in the arbitrary Lagrangian
Eulerian coordinates through the SIMPLE algorithm using the updated flow mesh. The
aerodynamic force applied on the wing is calculated using the pressure on the wing surface and
then the aerodynamic work is obtained. The aerodynamic damping is assumed to be equivalent
viscous damping. Thus the aerodynamic damping can be computed using the calculation formula
of equivalent viscous damping, and the flutter boundary is predicted using the aerodynamic
damping. The aerodynamic damping of the wing 445. 6 is computed and the dimensionless flutter
velocity of the wing 445.6 can be predicted using the proposed energy method. The relative
deviation between the dimensionless flutter velocity and the experimental data is about 1.5%. It
is found that the aerodynamic damping increases with the order of mode in transonic flows. The

distribution of the aerodynamic work on the wing surface shows that the positive aerodynamic
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work is mainly caused by the shock wave in the transonic flows. Thus it can be concluded that the

transonic flutter of the wing 445. 6 is mainly induced by the shock wave.

Keywords: wing flutter; fast dynamic mesh technology; fluid structure interaction; energy

method; aerodynamic damping
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