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Fig. 1 Full aircraft structuresimilar flutter model
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Table 1 Result of simulation and GVT

FEM/Hz GVT/Hz
Wing 1% bend 25.00 26.13
Fuselage 1" bend 40. 276 42.3
Wing 2" bend 64,088 66.62
Wing 1* torsion 94. 458 98.3




366 32
(DLM)
R MSC/NASTRAN-Aeroelastic,
7,
7 DLM
Fig.7 Mesh of DLM
2 CFD
CFD/CSD (b)
s Navier-
Stokes ( ) s
’ (c)
0 8 CFD
Fig. 8 CFD mesh for the flutter model
’ 0.002 -
’ — Mol
3 0.001} —M02
° —— M03
555190 < MO4
M05
9 i 10094920 0 et —weh
(s ottt ol ottt
, FEM \
D00 ——=G"""53"""03 04 05
) s
° 100 |
) —Mod 1
’ Mod 2
Mod 3
, ; < 6of| | — Mod4
& . — Mod 5
° < ‘ | ‘ Mod 6
0.2 s o | i g If 1
NASTRAN  DLM , wll”
, 9,
, % — 01 0z 03 04 05
t's
0.9, 281.04m/s. o M=0.2

Fig. 9 Result of CFD simulation using variable
airflow speed(M =0. 2)



3 367
0.002 2 CFD DLM (M=0.2)
2 Table 2 Comparison of CFD and DLM simulation(M =0, 2)
E — MO1 CFD DLM
0.001 — mg% airflow density 1.225 1.225
= —M04 Flutter speed/(m + s')  304.0  277(0 damp)/290(3% damp)
Sl
pupapee umuv "V ! %gg Flutter frequency /Hz 35.2 36.2
Os\”\\ Wﬂ;"‘; u”f \‘u.\ / H T
T/-H-“M‘ VAVAVAVAVAVAVAVAVAVAYAY .
A CFD
HELE . M 0.9 0% .
01 02 03 04 05 06 , 3,
t/s
200¢ 3 CFD (M=0.9)
‘ — Table 3 Comparison of CFD simulation and
—— Mo
150F AT Mod 2 wind tunnel test(M=0.9)
‘ Mod 3
" ——Mod 4 CFD Wind tunnel test
= M0 —Mod 5
E_I 00 L' Ii  Mod6 airflow density 1. 335 1. 335
] Flutter Dynamic pressure/kPa 52.72 48. 10
sob L Flutter frequency/Hz 32.9 32.8
4
0 1 1 1 1 1 ]
0 0.1 02 03 04 05 06
tls
10 M=0.9
Fig. 10 Result of CFD simulation using variable o ,
airflow density(M=0.9) ;
3 (2) Navier-Stokes ( )  CFD
b b M b
FIL-26 , DLM , H
M (3) Navier-Stokes ( ) CFD
b b ’ M b
b b b
3. 0.9, 48. 1kPa, . (4)
o Navier-Stokes (
11, o ) CFD s
,CFD M= s CFD ,
0.2 DLM , ,
, DLM i
0 , 1%~3%
) 2,
[1] GJIB67A 7-2008. 7
[s].

11 M=0.9
Fig. 11 Frequency response of flutter model (M =0.9)

[2] RIVERA J A, FLORANCE J R. Contribution of transonic dy-
namics tunnel testing to airplane flutter clearance[ R]. AIAA
2000-1768, 2010,

[3] ELI Livne. Future of airplane aeroelasticity[J]. Jowrnal of Air-
craft, 2003, 40(6): 1065-1092.

[4] FARHAT C, GEUZAINE P, BROWN G. Application of a three-
field nonlinear fluid-structure formulation to the prediction of the
aeroelastic parameters of an F-16 fighter[J]. Computers and
Fluids, 2003, 32. 3-29.

[5] FARHAT C, PIERSON K, DEGAND C
tion of the manecuvering of an aircraft[ J]. Engineering with
Com puters, 2001, 17, 16-27.

. Multidisciplinary simula-



368

32

[6]

(9]

[10]

GEUZAINE P, BROWN G, HARRIS C, et al. Aeroelastic dy-
namic analysis of a full F-16 con. guration for various flight con-
ditions[ J]. AIAA Journal, 2003, 41(3): 363-371.

MOELJO S Hong. Evaluation of CFL3D for unsteady pressure
and flutter predictions[ R]. ATAA-2003-1923, 2003.
HARTWICH P M, DOBBS S K, ARSLAN A E, et al. Navier-
Stokes computations of limit-cycle oscillations for a B-1 like con—
figuration[ J]. Jowrnal of Aircraft., 2001, 38(2): 239-247.
ERICSSON L E. Comment on Navier-Stokes computations of
limit-cycle oscillations for a B-1 like configuration[ J]. Journal
of Aircraft, 2002, 39(3): 519.

HARTWICH P M, DOBBS S K, ARSLAN A E, et al. Reply
to comment on Navier-Stokes computations of limit-cycle oscil-

lations for a B-1 like configuration[ J]. Journal of Aircraft,

[11]

[12]

[13]

[14]

[1

o

2002, 39(3): 519, 520.
BRIAN Hayes W, CHARLES E. Goodman. F/A-18E/F Super
Hornet flutter clearance program[R]. AIAA 2003-1940, 2003.
ANDERSON W D, MORTARA S. F-22 aeroelastic design and
test validation[ R]. AIAA 2007-1764, 2007.
CHEN P C, ZHANG Z C, AYAN S . Aecroelastic applications
of a panel-model-based overset Euler solver to a twin-engine
transport flutter model[R]. AIAA 2010-2550, 2010.

, .« MM,
1994.
YANG G W. Numerical analyses of transonic flutter on an air-
craft[J]. Chinese Journal of Theoretical and Applied Mechan-
ics, 2005, 37(6): 769-776.

Flutter characteristic simulation and experimental verification for

transonic flutter model of a whole aircraft

QIAN Wei', YANG Guowei’, ZHANG Guijiang' , ZHENG Guannan®
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Abstract: Transonic flutter simulation and transonic flutter wind tunnel test are the main techniques in

the design process for the high maneuver aircraft. In this paper, the finite element method (FEM) based mo-

dal analysis, flutter calculation using doublet lattice method (DLM), and the transonic flutter simulation by

CFD method are carried out for the structural similar flutter mode of a whole aircraft. The transonic flutter

wind tunnel test is accomplished in F1-26 wind tunnel. By correlation analysis of the results by the numerical

simulation with those of the wind tunnel test, a complex flutter mode of the whole aircraft is investigated and

verified. The effectiveness and the accuracy of the Navier-Stokes equations based transonic CFD code with

hybrid mesh are verified, and it shows the progress we have made on the unsteady aerodynamic CFD simula-

tion of aircraft. Combining transonic flutter wind tunnel test with CFD simulation, the complex coupling

flutter design for the whole aircraft could be accomplished.

Key words: transonic flutter; structural similar flutter model of whole aircraft; CFD flutter simulation;

transonic flutter wind tunnel test; Navier-Stokes equation



