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Aeroelastic tailoring
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Preliminary aircraft design

[ Conceptual ]—)[ Preliminary (9%) ]——)[ Detail

Numerical model
* Global design
e Optimization
 Performance

Results must be obtained quickly
Adequate models must be chosen




Unsteady aerodynamic modeling for aeroelasticity
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Boundary element methods for linear potential

Lattice methods Panel methods

Current
industrial
practice for
aeroelastic Actual
Flat plate computations geometry
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Panel methods only need to be corrected
for nonlinear flow effects




Overall methodology
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Unsteady source and doublet panel method

Panel discretization
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Transonic correction

Linearized steady pressure coefficient derivative

2
p(0) = 5 (021(0) + Ao (0)
2

aacp (0) = B

aac;ef(O) =

(ON;A™1BA, + A, 1,)
2

3 (ON;D°™"A~1BA, + A, 7,)

Procedure
1. Compute pressure derivative aac;;ef(O) from steady CFD

2. Solve for diagonal correction matrix D<°Tr

3. Compute doublets: u(w) = A 'Bo (a), umx’y) + DA™ Bg (w, umz)




Viscous-inviscid interaction
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Non-iterative p-k flutter solution method

Flutter equation 3() 4
TES 1 ,
2—p M +K__poouooQ(k) q = 0
lref 2
p = gk + ik
3(p1)
Algorithm ~
J 3(po)

1. Compute Q;(k;) for a set of k;
2. Solve eigenvalue problem for p;
3. Interpolate k,, such that 3(py) — kyy = 0

v
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Aerodynamic case — LANN wing

"‘
R
R
R
R
.7
R

My, =0.77
Re = 5.2 x 10°
a = 2.6°

11



Steady pressure coefficient
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Unsteady pressure coefficient
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Aeroelastic case — AGARD 445.6 wing
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Modes shape
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Aeroelastic case — AGARD 445.6 wing
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Modes migration
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Conclusion

Main points

« Developed correction methodology whereby steady viscous-
Inviscid interaction is used to correct an unsteady panel
method for nonlinear transonic and viscous flow effects

« Demonstrated the methodology on aerodynamic and
aerostructural cases

« Discrepancies mainly due to quality of reference steady results

Next steps

« Integrate the methodology into optimization framework to
calculate flutter constraints
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