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Cases 1/12

—— (Case 1 e Case 2 N [ Case3 —

O 3D simulation O 3D simulation O 2D simulation
O Mach : 0.80 0 Mach : 0.74, 0.76, 0.78 | | O Mach : 0.80
O AoA: 0 -6 deg O AoA : 3 deg O AoA: 0 -6 deg
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How the kick affect to
the flutter boundary?
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Computational setup and model
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—  3D-URANS —
20 N OF; B 0F,
ot ax] B axJ

Turbulence model
Inviscid flux
Time integration

Inner iteration
Reynolds number

Time step

Weakly
coupling

Spalart-Alimaras[1]
SHUS(3"9 MUSCL)
DP-LUR [2]

5

0(105)~0(109)

5x 1073

[1]: Spalart, P., and Allmaras, S., 1992, AIAA Paper

[2] : Graham V. Candler et,. al. 1994, AIAA J
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— Equation of Motion(2-DoF)

[MItG} + [DIigs + [Kliq} = 1Q}




How to compute the unsteady situation 3/12

Steady flow
lAero-coefficient

Flutter computation
» Subtract the initial aero
coefficient from equation
of motion.

« Initial position will be the
center of the motion

_ V*z{ —(€ = Cip) }

0= 2(Cop = Cimo)

AoA = Equilibrium angle
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== {z(cm — Cmo)

}

AoA = Equilibrium angle

How to compute the unsteady situation 4/12
Steady flow How to calculate flutter boundary _
l Diverge
lAero-coefﬁClent | Unstable \/\/\/\A/VV\/\/\/
= I
Flutter computation 5 |
« Subtract the initial aero .Qﬁ:% | Boundary
coefficient from equation = ;
of motion. E Y
20 psf] '\
* Initial position will be the Stable . !
center of the motion. ?\
_(Cl _ Cl,O) Angle of Attack \ Converge
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Computational conditions
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Condition

Airfoil
Aspect ratio
Min. grid spacing
y+
Domain size
Kick (da/dt)

SC2-0414
2 (only for 3D grid)
5x 1076
0.2
50c
1.745 x 1073

Grid Size

Grid Code

Span

Radius Total
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2D-coarse 503
2D-fine 1403
3D 603

261 250

200 1.1 M
560 8.6M
39.3 M

Structured rigid wing grid
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Case 1: Results 6/12

Flutter boundary Flutter frequency
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Case 1: Results and flow field on the upper surface 7/12
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Case 2 : Results and flow field on the upper surface
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Dynamic Pressure [psf]

Flutter Frequency [Hz]
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O Separated flow occurs — Stabilize [3]

[3]: Oyeniran N et al., 2022, AIAA Jornal



a [deg]

Case 3 : Results and flow field on the upper surface 9/12
I S [ | s l LS Separated flow

~ 5.0 Lst torsion freq. C, distribution (u-velocity < 0)
& | -1 8
S 4.5
5 |
2 40f
B~ [
g 3.5} 1st bending freq 2D-Coarse
5|
ks 30> ) 4

400 +———————— |
g I~
% 300 l:/ 0 deg 3 deg 6 deg
=
S 200}
o [°__o .
g : —{}— 2D-Hokkaido-coarse é) 2D-F|ne
& 1000 | 5 2D Hokkaido-fine o
g | 2
) i O  Experimental-data

0=—— 2 4




Kick size dependency on 3D prediction 10/12

3D-Angular velocity 2D-Angular velocity
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Less kick impact in 3D prediction




Conclusion 11/12

Case 1 Case 2
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O Case 1 : Good agreement with the experimental data
O Case 2 : Flutter boundary linearly increases with the AoA
O Case 3 : Different trend with different grid size — Need to get the converged solution

O 2D prediction has strong dependency on kick size, but Less kick impact at 3D
prediction



Substracting C; & C,,, or equilibrium position? 12/12
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