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A Study of Elastic Load for Vertical Tail in A State of Transonic Speed

ZHOU Gang-gang,CHEN Tao * ,XU Min

(School of Astronautics s Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: This study focuses on nonlinear behavior of aeroelasticity and dynamic elastic load of vertical tail
on fighter aircraft in a state of transonic speed. A time domain coupled CFD/CSD strategy is introduced
and a method of calculating elastic load is presented by using this strategy. The analysis is based on numer-
ical results of flutter boundary of 0°sideslip angle under different mach numbers and unsteady aeroelastic
load at 0.9 Mach,sideslip angle of 2°and 10°, and the effect of rudder on flutter is detected. Dynamic re-
sponses of inertial load and elastic load are also available.

Key words: coupled CFD/CSD; nonlinear aeroelasticity; elastic load; elastic wing

A RSB RIT R CRE AR —, AR

AT LAY T 38 e % X AL Bl 1 | 45 A 4 ) 5K
e, RAHLTE R AL ik 7 v 9P AR T8 K HC 45 4 e
JO7 4 7% H 7 A A L A R AR Ak B
A 5 DAL, AT B AR 00 A0 BB K S P AR 2R P Y

Wi A HE.2012-12-19
HEE&WMA :FHEKARF=E 4 T BIWH (90816008,11202165)

1% 555 Bl AT AR T 1 S A AR 2T iz 3 o A R
R 38 TR0 O 32 ok i o sh At L 20 4l 80 AREAR,
WP W & T 2248 CHLE T I 28 A v
ARGON, 90 85 M, £ B MSC A wl FF & T

EH B S ENIC1977—) , B I RN+, =8N F AT AR5 .
* BEEE B HA989—), B 4, T MNEF KITE I IISE . E-mail: nwpuchentao@126.com

SIAGAEN. % . BEGFERBATALI] FFTBAFFR: BKFFH.2014.15(1):20-23. ZHOU Ganggang, CHEN
Tao, XU Min. A study of elastic load for vertical tail in a state of transonic speed[ ] ]. Journal of air force engineering university: natural science
edition,2014.,15(1) ;: 20-23.



%13

JA) T A T B P 5 AT B 21

MSC.FLIGHT LOADS # #4753 8l / 544 — 1Ak
METHENGEE . X 2 MR B TE T35
J1 R AP AR TC s B BOA B RS T 5 S5
AR B AT . AR XS AR ETHR AT
AT I HE T RO R IO X 28 A A A R B R R
JE R A A A2 A JEUAEL, ST T M L M s
ST R I A S S B R S o AR EORT S T
F1o3 A S W R AL BRI IE . B TR
PRI 52 56 B8 e e T AR 2 v U 8h Jy ), Bal-
uch 88 N HIFSE T 45 K 91 X Bl 48 R4S 4 O Ak Y
S B K A A TR I XK FE LR B A Bl 3K
i M F T B9 ) R

X Sy kR FE 51 75 RS/ M A A A T
R ARLRAE AR W8y R ) e J0 i T
PSR I L, P, AR SCHE S T R JH A T CFD
(Computational Fluid Dynamics) # & CSD (Com-
putational Structure Dynamics) " * f{ £k M5 B 5
PEBUE I BHOR 5T T 8- PL 2 A 25 75 30
() A 2 1 Bl B AT SRy R0 AT R . BE AR R
AT TRAT A B S A2 BT S5 A BT S A 5 R AL
B FR GE it DA ke ATl R o A B R T B
N RAT g RAT W BT O HE— 20 W AT R SR

1 CFD/CSD fi48:

1.1 tEEHzhhE
KL LY 25 4 Bl g2 T R R B 2C0 4
M +Cq+Kqg=Q" (D
KM, CL,K 4357 Ry 25 1 J57 1 46 B BHLJE 6 [ )
JEH B s q A LRI Q" A Eitg b . 45
¥ 2 F1 2% SR g R T IR B & m vk o 1 25 A A X X
(DT IH— b HA .
ME+CE+KE=QF (2)
K. HEHHEEM=0" MO ,C=0"CP K =
@ KD, 53 | k7 SO AR L SCREJE AR BE AT X
WIBERE Pz 6 BT Ui, HW L. q=@5:0" =
Q0" HIT NI,
1.2 tEREHNE
X F 05 B (D B A i dE 2 H RS Q1 ok
F CFD JyiksKk fif . Wt 45 il 07 # R BT B XU
Euler 7.

J _
—J UdV+J FdS =0 (3)
dtJa Q

A0 RHIEGIRFL; dS S 46 il 4 2% 1w 0% S0 ) T
PR A ;U S S PR N J5 o | 2 et R 20 1 3
AR F R 3E G 4 R ZR T A JO RG2S A
ALK FH Van Leer #%2, B 0] B Bk A LU-SGS i
%
1.3 CFD/CSD $#8& 7%

K AR HE S SR W, 43 3] A I SRk O 47K 0 485 4
DA IN S BUE (- Eray Nk SRR EAR L PSS
i s () A 5 3] 2R 498 1Y) s Sl el 7

2 Wi E ik

2.1 A EEREITE
A% B S5 B E S5k 3 J1 2= TT R R

Ko () +M8()=F () 0
A0 Ny ¢ BRI F () ¢ WIS,
B Bl A

i ik CFD/CSD M 5 5K fif 2815 45 Ik 20 454445 s
A A R AL I B 2 S L T DA OB PR e
O MRS Fe ()
F,(t)=MS
F:(t)=Ko)
2.2 SH;HHEHIHE
AT AR 2 ROkl N EE R A B
SR TN
F,(t)=M0o(t)+Ko(t) (6)
BN B i A T B 1 A% L Y R
e LA o A T AR AT
F,(t)=P(A D)
7 TR B NS A A5 b B Y R 3l AT
AL TG54 A% 5 A5, T B B R 3R B <3l
At WA, T3l S 1 /T O |
F G oK A ik R 95 e B A5 H R AR B A #k
A A A T Z R B k. ARSCRH R
IPS(Infinite Plate Spline) i {H J7 % 43 5l 1 5 1 B %
S TG I Ak 19 067 % . 37 245 &5 TFI(Transfinite In-
terpolation) 3fj % % i i £ AR 15 2] 7 7 fE 4w 1 3l )
SR N

(5

3 GERAE Y

R RS CHLAY 3 BATE A S M T SRR . %
afi: 2 4 1A A O B 45 4 L SR T Nastran 55 HAR 25
FIE A AR, 21 REET 5 BB s Rk



22 2R TR CHARBE O

2014 4

R 1 GEHIET 5 MRS

Tab. 1 The first 5 orders of the structural modal

BSOS )T R WR /He
1 1 5.609E+3  1.191E+1
2 1 1.210E+4  1.751E+1
3 1 5.705E+4  3.801E+1
4 1 6.303E+4  3.996E+1
5 1 L. 469E+5 6. 100E+1
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Fig. 2 Load response curve under 2°of side slip angle
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