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Numerical investigation of high Mach number instability in the NACA0012 Benchmark Flutter Experiment
Toma Miyake and Hiroshi Terashima (Hokkaido University)
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Abstract
In this study, three-dimensional flutter calculations were conducted to investigate the mechanism behind the high-Mach-
number instability observed in the NACA0012 benchmark flutter experiment. The unsteady Reynolds-averaged Navier-
Stokes equations were solved using the SA model with Quadratic Constitutive Relation, 2024 version (SA-QCR2024). The
numerical results showed good agreement with experimental data. At M,, = 0.89, the most unstable condition, the C; —h
loop exhibits a clockwise rotation, indicating instability in the heaving mode. This behavior is attributed to the negative lift
slope observed at this Mach number. Comparisons of surface pressure coefficient distributions between angles of attack of
0 and 0.1 deg indicate that shock wave movement causes a decrease in lift coefficient with increasing angle of attack,

resulting in the negative lift slope at M., = 0.89.
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Fig. 1 Flutter boundary obtained in the NACA0012
benchmark experiment [8].
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Fig.2 A wing section model with two degrees of
freedom.
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Table 1 Configuration of the NACAO0012 benchmark wing
(8].

it NACA0012

a—-FE 0.4064 m

HE 87.067 kg
TARY M 2.0

Table 2 Structure parameters of the NACAO0012
benchmark wing [8].

X, 0
7,2 1.024
Wy 3.36 Hz
Wy 5.20 Hz
In 0.0024
Ja 0.0024

Fig. 3 Computational grid (405 X 137 X 201).
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Table 3 Parameters for a forced oscillating wing.

Amplitude hgp,, 0.1
Reduced frequency k 0.015
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Fig. 4 Flutter boundaries.

u
11 13
" i

.0.0 o = l 0.0

@ M, =0.77 (b) M, =0.86 (©) M, =089

Fig. 5 Velocity distributions in the x-direction under the steady-state (non-oscillating) condition at the mid-span.

0.010 0.010 0.010
_ 0005} _ 0005} _ 0005}
=] =] =]
2 2 2
2 2 2
% 0.000F % 0.000F % 0.000F
(=] (=] (=]
o o o
— — —

-0.005}+ -0.005}+ -0.005}+

-0.010 -0.010 0.010

0.1 0.0 0.1 0.1 0.0 0.1 0.1 0.0 0.1
—h —h —h
() M, =0.82 (b) M, =0.86 (©) M, =0.89

Fig. 6 C; — h loops.

©copyright 2025 by the author(s). Published by JSASS with
permission



BT FR AR FAEH  / JSASS-2025-2079
BAEMEFFHEBUEY I 2 L=y a VEHiY VRV Y A

20254E7TH2H~4H

&7 — R —)ViE (B)

0.04

<
=1
=1

0.00

Lift coefficient

-0.02

0.0 0.1 0.2 0.3 0.4 0.5
Angle of attack [deg]

Fig. 7 Variation of lift coefficient with angle of attack.
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Fig. 8 Differences in C, distributions on the upper surface under the steady-state (non-oscillating) condition between
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Fig. 9 C, distributions on the upper surface under the Fig. 10 Variation of shock position at the mid-span.
steady-state (non-oscillating) condition at M,, = 0.89.
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