Aeroelasticity Assignment No. 4

Due: December 02 (Fri)

Consider the typical section airfoil with two degrees of freedom as
discussed in class. Assuming the 2-D incompressible strip aerodynamics, equations for the
lift and pitch moment at the elastic axis are given by Eqs. 5-311 and 5-312 (B.A.H., p.
272), respectively.

1) Derive the equations of motion.

2) Assuming a solution of the form o =@e” and h = he”, where p=0+i®, set up the
flutter determinant.

3) Considering the following numerical parameters:
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plot the roots (real and imaginary parts) of the characteristic equation as function of the

reduced velocity (bi) and identify the flutter point (including flutter mode) for the
mﬂ
following cases:

3.1) Quasi-steady aerodynamics (with and without aero damping)
3.2) Quasi-unsteady aerodynamics

3.3) Unsteady aerodynamics

4) Repeat (3) for -Z’—)’— =0.1and £ =038
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5) Compare your solutions and discuss the importance of the different terms of the
aerodynamic operator (i.e., aerodynamic mass, damping, and stiffness).

6) Use Equation 6-136 (B.A.) to determine the reduced flutter velocity for the above cases,
and compare with the results obtained from (3) and (4). Comment on the eventual
discrepancies.
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Hint: In Prob.3, the difference between 3.1) and 3.2) is the only consideration of the
terms included in the aerodynamic formulation. Please be careful that the “undamped
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system” included in the lecture notes corresponds to quite simplified situation where all
the damping terms included in both right- and left-hand sides are completely neglected.
Thus please proceed to each case of the problem solving as follows.

3.1) Quiasi-steady aerodynamics
Set C(k) = 1.
- no aerodynamic mass and no aerodynamic ¢ term
- with damping terms (& and h terms) and apparent mass terms
- with damping terms (& and h terms) but no apparent mass terms

3.2) Quasi-unsteady aerodynamics
Include C(K).
- only aerodynamic damping and stiffness terms, but no aerodynamic mass terms

3.3) Unsteady aerodynamics
Include all the terms and C(k).
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In Case 3.2) and 3.3), you may take an iterative step by referring to the original
definition of C(k). However, you may use the approximate formula, which is as follows,
to avoid the iterative computation step.
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