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<Abstract>
The effect of numerical factors, which includes time metrics, computational region and the time accuracy are
examined for the simulation of the flutter phenomena with the fluid/structure coupling method. It becomes clear that
the computational region and the improvement of the time accuracy play an important role on an accurate prediction
of time responses in pitch and plunge.
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Fig. 1 Metrics and Jacobian for two-dimensions.

212 0000000000000
gooo0oO0ooooooooooooooooooooo

0000000000000 e oooQ

O00(M)-step O(n+)-step 00000000000 (mMOO

gooooooooooooooolooobooooooo
[|+ﬂ®&——A—

oooom
(m-1) m- n
]AQ(m)z_J(m)[Q( i _Q j
(m-1) n
EYAN J ) @

A\ (Mm-1) M= m=
—J(m)At{a_E] —J(m)[Q( 1)_Q( 1))

0 ;1

af J (m) J (m-1)

D000ADDODODOOO A=9E/6Q0 0000 A0

00 3000000000000000000000000
000000000000@O000000000000
ooooo0 JgMm=3md =3nm

Copyright © 2001 by JSCFD



~ N (Mm-1)
O Aladm™ = —n| B (gm0 _3n) )
[| +AtaEA]AQ At{a{] (@™ -q7)

0000000000000 000000000000@)
00000 J™=g™oooJm™=3"000000000
oooQ

00000@GOO0000AQ™ 0000000000
0@G)OODOD0D0D0O00 Navie-Stokess D DO DO 0000
000000000 00000D00000D00000000
000000000 D00000D 100000000000
ooooo
1. 00O0D0D0O00ONoID
2. EuWeD0D0O00O0DOO0OMOOE-(m)IO
00oO00o0ooooooD

22 0000000000
Figue20 00 0000000000000000O0O0O
0000000000000000hOOOOOO0O000O
J0000e¢g00000000 2000000000000
00oo0oooOoooo®e®
mh+S,d+ch+kh=-1
Sh+1,d +c,d +k,a =M
000O0mO00000000000S,(=mbx,)0000
00000000000 I, (=me2r) 0000000000
0000060¢ 0000000 Ok (= mew?) O ke (= me?)
00000 h-00@O0)Deg-00@0)000000000
LOODODOoOoooomMMOOO0O00oO0OoOoooooooo
0000000000wOw,00000h-000000a -
0000000000000 00000o0on
0@U0000000000000hO0O0OO0ObOOO
h=hb00OO0 w0007=wt00000000000
0oooo0oo0oOooooon

[M]{a +[K]{d} ={Q} ™

i klome@l )

0 r,

4 =lg)0w i)

0000000000000000c¢, =6 =00000 x
0000000000 DODO0MOoOoobOoobobooboo
gooooboood
« _ U, _ Py 9
V_bwa\/ﬁ’ﬂ_n‘bz 9)
0000VY0 Speed-index 00 0000000000000
uoodoobuL.U p, 0000000000000 a0
gooooo
0000000 ODO(HOO00 400 Runge-Kutta O O
gdboboobooboobooboboob c.oc,oo
gooooboood

23 0000
goobooooboboobobbooooboooobooo
000 Loosely CouplingD O OO OODODOOODOOOOODO
goooobano
e J000ODOOODLOODLOODOObOOODbOOOO

(6)

0oOoooOoooo0ooc O0Cc,00000
e J00DDIDNDDDOM@EIOIDNDODDONNDDD
0000000000hOgOOOOO
e J0000DODDDONCODNONDONONODDNONDDODOD
000000000000000000
0000000000000 00000000000000
000000000000000000000000000
00000 c000D0000c000a 000c¢/a 0000
D0000000000bK(=c¢/2)0000e-000000

e, 0000000000D0DO0O0O0DDOO0O0ODODOD
gogoogboobobooboobbooboobboobo
gd
hstrumureZZH fluid ATaructureJ:l 2|vl_mAtfluid (10)
Vi
gopbodbboobuoooobbooboobboobo
gobodbobo 2000o0b0oobobbooobooooo
godobobbooooobobooooooo

elwatis sxis
e.a : elastic axis
c. g : center of gravity
______ 7~ -\ |
-e‘*:—‘aﬁ__ﬂ_";‘,i_- I
+h
bra X:*b
b=c/2 |

Fig. 2 Two-degree-of-freedom typical section wing model.
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Fig. 3 Computationa grid.
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Fig. 4 The effect of the temporal metrics and the jacobian.
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Fig.5 The effect of the outer boundary regions.
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Fig.6 The effect of the time accuracy.
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Fig. 7 flutter boundary.
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Fig. 8 flutter frequency.

oooano

(1) Isogai, K., “On the Transonic-Dip Mechanism of Flutter of a
Sweptback Wing,” AIAA Journal, Vol. 17, No. 7, pp. 793-795,
July 1979.

(2) Bendiksen, O. O. and Kousen, K. A., “Transonic Flutter
Analysis Using the Euler Equations,” AIAA Paper
87-0911-CP, April 1987.

(3) Alonso, J. J. and Jameson, A., “Fully-Implicit Time-Marching
Aerodagtic Solutions,” AIAA-Paper 94-0056, 1994.

(4) Bohbot, J. et a., “Computation of the Flutter Boundary of an
Airfoil with a Parallel Navier-Stokes Solver,” AlAA-Paper
2001-0572, 2001.

(5) Shima, E. and Jounouchi, T., “Role of CFD in Aeronautical
Engineering (No.14) — AUSM type Upwind Schemes,”
Proceedings of the 14" NAL Symposium on Aircraft
Computational Aerodynamics, SP-34, Jan. 1997, pp. 7-12.

(6) Yoon, S. and Jameson, A., “Lower-Upper Symmetric-Gauss-
Seidel Method for the Euler and Navier-Stokes Equations,”
AIAA Journal, Vol. 26, No. 9, 1988, pp. 1025-1026.

(7) Badwin, B. S. and Lomax, H., “Thin Layer Approximation
and Algebraic Model for Separated Turbulent Flows,” AIAA
Paper 78-257, Jan. 1978.

(8) Tamura, Y. and Fujii, K., “Conservation Law for Moving and
Transformed Grids,” AIAA paper 93-3365-CP, 1993.

9 000000 D00D00O"O0O0DOoOOo0 1BOODoood
000 1957.

(10)Nakamichi, J.,, “A Verification of Unsteady Navier-Stokes
Solutions Around Oscillating Airfoils,” NASA TM-88341,
Sept. 1986.

(11)Nakamichi, J., “Some Computations of Unsteady Navier-
Stokes Flow Around Oscillating Airfoil/Wing,” NAL TR
1004R, Oct. 1988.

Copyright © 2001 by JSCFD



