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Abstract: In order to simplify the solving process of Euler equation for panel flutter,
approximate boundary conditions were successfully introduced into CBS (characteristic-based
split) finite element method to simulate the panel flutter. The impact of moving boundary
was treated as normal boundary conditions for Euler equation. From analysis, it is found
that: first, the results by approximate boundary conditions agree very well with those by
moving boundary method, and the application of approximate boundary conditions is more
convenient; then, Euler equation, rather than 3rd-order piston theory is able to capture the
pressure jump caused by sharp points at the ends of panels; finally, CBS finite element meth-
od with approximate boundary conditions has potentials and advantages in solving the fluid-struc-

ture interaction problems of small deformation of slender bodies in inviscid compressible flows.

Key words: panel flutter; fluid-structure interaction; CBS finite element method;

approximate boundry conditions; moving mesh

%5 H B : 2014-04-27
EESTB 15 E S5 & R4 (2012CB026002) 5 E R BHE 2 #1151 (2013BAF01B02)
YEE BT 298 (1983 —) , 5B, PO I B AL, it 35 0 Ao B A/ 380 AR i) A



%12

AEHLAE S SR T fBh 300 S SR it BEAR BRI ) CBS A FROTE 2849

TE ML 25 LR 008, P O Bl A8l v
P A I 5] R RE AR R R — R 1 U Y
FUBEFER] R, AR 22 1 2 38 X R) AT 1 R & 1Y
Wt e 2 B TS ALAE ) BTRR L SR % <
JI R 2R F i 26 38 A5 gy ARURE BY , AR T B
HIFFEHLEE T Wk 20 BOR B 2 1Y 2 5 8 oK i
Mr BAIR 3 ) (R HOG 4 m 1HEE % Euler J7
PR N-S J7 72, BIVRERE B B4R 110 09 v 804 4800 -
(it 115 I) R4 SR i 2ok SR g 3t 3 XF < Bl g i
AT ALY 0 A LE T o RS BB S )iz L T B 4
SEMURS B, O ELRT LASE 23 1 45 F 4R 3 X 0 3 19
AR

i ERJUAAE 2 E AR 8 T 5K 7%
i FERE A ) BUEAT T 3843 MBI S SR R -
[l T3 SRR AP e AN BR300 B 7 5K
BN 191 5 e By A S5 ) . A SR ik 3 O TS A PR A4
BUEFA R 2/ C 21530 Z iy 0 H . ik
A WRICR w7 A H B R ). B ETEIZ 4
., N )12 19 52 CBS (characteristic-based
split) A7 BR 90 7 %, % 05 5 F 1995 4F i Zienk-
fewicz Z5 NI B kR H L SR CG (characteris-
tic-Galerkin) J5 % #f 47 B i) 2§ 1, I R 55+ 43
SN B HUR W T3 REHEAT 23 20 K gk L A7 R b 4 )
TON-S 5 AR O G | R ) B BUE iR . B
B3RS T BB(Babuska-Brezzi) 454 B9 BR il

Ui A S SR e v b 3 Sl s ) L R R
FHARR A 1 J5 ¥ Ak B2 3l A% . B FI N A2 1Y 2
ALE (arbitrary Lagrangian Eulerian) Jy k. 1 F
7 ¥ s SR ] A% 3 B2 X iR N-S 5 fE iy
XFii W AT 8 OE R AE 2 A A, il Sun 4F
PR T — A B - R G 3h i SR B
6 T 880 P I 7 1% 3 3 K T — I 220 T s 4 R £
B GRBE R T B 38— I 2] 1 RA% 5 5 L35
b 3t 56 BT - 1A S ek R rRORT IH RS Y AR B AL
Jéb o JI T b AL BT 2 2 B 0 RN B A ) R R
] B ELAE B P AR 5 4

& Euler 75 18 3K fif 2l 11 5¢ 7] f8U 77 11« 3T L8 4F
K Gao B NI BT — Bl A BA R
JH 2k b 30 285 AT 1 4 U 3 v AR AR /NS TR 14 3l i
S Ia) L %05 W e KA RAE T« Hof BE T iz 3h
L 100 52 W e Ak Sk B RN S T L R AR R T
Aab By 303 0 By A% [ L A+ T B (L
i 5L GE ) M SR A 7 2 AT HLRCR B R 5
BA AR 4 ARS8 Pk i T — MRE AR T JE 7 1]
AR /N TR RE T 1) 8 RUBE L PR I BE Al B

IR B89 3L [ G ] A 8 4 W 2SR T o 4800 AL i B
AN Euler J7 R BEAT SR AR - AL T A

FET UL B L A SOR I 3800 A3 5 2% 10
CBS A IR IuK fif Euler J7 F2 2l 11 5t 8] i 47 #F
T 38 i 2> SHE S 8 Sl RE RS I 3 14 5 i DL B
A7 XM B F K f# Euler J5 (9 CBS A R
JUH S T b i JHE A 1 T 2l (R AR e Ak L AR K L T Al
TR L g dw s xR AT LA B R AR 9 CBS
A FROG.CBS A FROCSl RIAE T7 vk LK 3 B it 28 g
ALV i BRAIR ) B 25 SR AT 1 0 FE .

1 O @A

BE AR B R S B R A 1 TRy Bl T AR
17 FLEERRHT v 3l JC R AS 5 o b O 1K B2 5 1) o BE A
P9 s SR FH ) S0 5 HL W S A T A% 305 = il Al R
7 1) BERGIT = b A B 1) 2 w (RIBRBE) s T0 55
K AT T AN BE TG 50 . BE R AR R B )
A B S 1 AV T 695 R T 2R AT B IR 3. &
O H B a A BERCI S No it Jin 76 BE A
Uit B TR T s s po 23 0 R R BE 5 TR )

u,p,

A\

N, 0 W (x,0) x

Y=

H A

Bl 1 R AR U R R

Fig. 1 Schematic diagram of 2-D aeroelastic panel flutter
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