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~~— Eintroduction

Flutter is a self-excited vibration phenomenon which is
one of the aeroelastic phenomena and occurs by a mutual
interaction of aerodynamic force, inertial force, and elastic
force. Usually, structural oscillation is damped by
aerodynamic force but catastrophic oscillation occurs at a
certain flutter speed. In the worst case, it brings about
wing destruction instantly. Thus it can be said that wing
flutter is a very dangerous phenomenon. And it has a
feature called transonic dip which lead to sudden a
decline of flutter boundary in Transonic region. This
feature is important factor to analyze flutter phenomenon.

‘ B Past Accidents >

- Control surface flutter (World War 1)

— Handley Page 0/400 bomber (1916, UK)
- Midair breakup accidents (World War l)
- F117 fall accident (1997, U.S.)

F : Flutter

B : Buffeting

Z : Dynamic Responce
V : Mecanical Vibration

Aeroelastic Phenomena

Handley Page O/400 bomber

(http://en.wikipedia.org/wiki/Handley Page Type O)

Avoiding flutter is essential for safe flight

B Design of Next Generation AirEIanes >

- Lightweight airframe

Next Generation Airplane
(http://www.newairplane.com/787/#/galler)

} Deterioration in prediction capability

¥

Need to Improve flutter boundary prediction methods
(Numerical computation, wind tunnel test, flight test)

- High aspect ratio main wing

~Hl Contents of Calculation

‘ M Experimental Model >

*Doggett Jr., R.\V,, Rainey, G.A. and Morgan, H.G., "An Experimental Investigation of Aerodynamic
Effects of Airfoil Thickness on Transonic Flutter Characteristics,” NASA-TMX-79, Nov., 1959

*Thickness of Aluminum insert : 0.001651 (m)

Wing Model Unswept Model Swept Model

Chord Length(m) 0.115824 0.22225
Span Length(m) 0.2921 0.1905 T
Aspect Ratio 5 > 3 5o
Taper Ratio 1 1/7 3 : l
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s Flexible plastic foam

Cross section Circular-arc [Aluminum insert NACAG65Aseries | Aluminum insert /

Flexible plastic foam

A : Aerodynamic Force
E : Elastic Force
| : Inertial Force

D : Divergence

R : Control System Reserval
L : Static Deformation

DS : Dynamic Stability

Study of Numerical Analysis Method for Transonic Wing Flutter

Seiya Tateoka Department of Aerospace Engineering, Tohoku University
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Wing Flutter

(http://www.dg-flugzeugbau.de/index.php?id=dg1000-flattern-e)

Airplane Crash

(https://youtube.com/watch?v=X2wYvr20nAg)

‘ B Recent Flutter Researches >

- Increase in demand of experiment and numerical analysis for flutter in
association with using composite materials
» Need for more accurate CFD method
- Analysis of flow field around the complicated shape
» Grid generation using unstructured mesh
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v'Euler/NS analysis to AGARD wing using
high-order unstructured mesh method (Sawaki et al.)
»Good agreement with experiment data at subsonic region
» Error reduction by using RANS solver at supersonic region

B Objectives

- Perform flutter analysis to the wing which has different characteristics from AGARD wing
using high-order unstructured mesh method and investigate how much calculation results
\approach the experimental data
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‘ B Eigenvalue Analysis >

- Aluminum insert part is modeled

- Modell, 2 : Chordwise thickness is constant
- Model2

Structural Model

Model Property

. Taper ratio is considered

- Boundary condition : Wing root is completely fixed Element
__Wing Model | Mass(kg) | 1st-bending | 1st-torsion | 2nd-bending | 2nd-torsion | 3rd-bending y°ung'sln(:2duuuse
Exp (Unswept) 0.1725 14.29 80.41 89.80 - - 6.79 X 1010
Modell 0.1727 15.03 76.09 92.74 240.9 258.4 Poisson’s ratio v
__Wing Model | Mass(kg) | 1st-bending | 2nd-bending | 1st-torsion | 3rd-bending | 2nd-torsion 0.3529
Exp (Swept)  0.06477 23.60 81.60 128.63 - - Density p
Model2 0.06475 60.98 142.9 210.9 273.1 357.4

Depends on mass

‘ B Numerical Methods >

e Structural Analysis

- Governing Equation : Equation of motion

Fluid Analysis

: Accounting for 1st to 5th modes
: 0.02
: 2nd order BDF scheme

- Modal Analysis
- Modal Damping
- Time Integration

* Fluid Analysis

Surface Pressure

Computational Grid

- Governing Equation : 3D Euler equations
: 2nd order SV method
- Convective Numerical Flux : SLAU scheme

: 2nd order BDF scheme

Structural Analysis

Grid Deformation
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- Spatial Discretization

- Time Integration

 Spatial Grid Generation
- Algebraic Method

Structural Displacement

Calculation Flow

>— M Results and Conclusions

‘ H Computational Grid >
| Ghdl | Grid2

Whole Picture (upper half)

Tetrahedron 209534 364474
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: = B Computational results M=0.715 M=1.017
‘ B Computational Conditions > p—> S P O —
0.8 I I I I I I 08 '50%-2? -
. N Exp & e s e A e
- Ratio of Specific Heat :1.14 (freon12) oridl = n 0 5t —
o Grid2 » 0.2 -99%-3; .
- Angle of Attack : 0 075 . . ) | o
. Q (&) O ‘/;/’
' Mach Number | 0715 | 0.814 | 0.851 | 0.913 | 0.956 | 1.017
- . 0.7 _ 4l
Test-medium ) 31190 1.125587 0.9580891 0.742145 0.895728 0.952420 *
density(kg/m3) 5| . N N
. . 0 | 65 i n ] l . i chord chord
| MOnset Criterion > . 4
06 ¢ .
Flutter Speed Index V. :stream velocity *
v b, :half root chord N
o :natural circular frequency 0.55 o nn omr e nor
— a . 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05
Al b w \/; (1S.t tOFSIOﬂ) Mach number
sa ¢ -mass ratio Flutter Boundary
d m iWing mass ~ Mach Number
=" " ase density 0.715 | 0.814 | 0.851 | 0.913 | 0.956 | 1.017
P v conical volume Gridl  6.2% 7.5% 9.0% 189% 14.6% 10.5%
) error
Grid2 65% 7.3% 8.6% 12.8% 143% 10.1%

Distributions of pressure coefficient and mach number

M Conclusions ) =, _HFuture Plan > =\
_ Performed flutter analysis to unswept model using two kinds of grids - Need to develop a numerical method which can predict transonic flutter with far less
% Grid convergence decreases when the shock wave exist on the wing surface computational cost while retaining capability of capturing transonic dip phenomenon
> Computational results show higher boundary than experimental results > Full potential equation + boundary layer equation
x% )) « *Keep certain accuracy and reduce computational cost ))




