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Experiment on static aeroelastic in high speed wind tunnel

Yang Xianwen” , Yu Li, Lyu Binbin, Guo Hongtao, Yang Zhenhua, Kou Xiping

(China Aerodynamics Research and Development Center , Mianyang 621000, China)

Abstract: Experimental investigation on static aeroelastic was carried out in high speed wind
tunnel using glass fiber models and carbon fiber models respectively. Flexibility matrix, aerody-
namic force, pressure, bending/torsion strain signals and bending/torsional deformations of
models are measured. Experience is accumulated for developing high speed wind tunnel static
aeroelastic experimental techniques such as stiffness test, bending/torsion strain signals gauging,
videogrammetric model deformation and wind tunnel total pressure control. The investigation
shows: comparing with rigid model, lift curve slope and aileron/flap efficiency of static aeroelas-
tic model decrease, aerodynamic center of static aerodynamic model shifts forward, pressure dis-
tributions of static aeroelastic model change significantly; static aeroelastic wing model bending/
torsion strain signals, which can be used to analyze aerodynamic loads, are nearly linear variation
with attack angle at small attack angles, for lift coefficient and pitching moment coefficient of
static aeroelastic wing model change linearly with attack angle at small attack angles; at the posi-
tive attack angle, effective angle of attack decreases due to torsional deformation for high-aspect-
ratio backward-swept wing static aeroelastic model, wing section bending/torsional deformations
gradually increase as wing section position varies from wing-inboard to wing-tip.

Keywords: static aeroelastic model; high speed wind tunnel; force measurement; pressure

measurement; bending/torsion strain signals; bending/torsional deformations
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Fig.1 17 and 2 static aeroelastic testing models
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Fig. 3 Schematic of flexibility measurement points

distribution of 3% static aeroelastic testing model
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Table 1 Static aeroelastic effects on lift curve slope

and aerodynamic center position
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Table 2 Static aeroelastic effects on aileron and flap efficiency
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Table 3 Dynamic pressure effects on lift curve slope
and aerodynamic center position for 1% and 27
static aeroelastic models (Ma=0.6)
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Table 4 Dynamic pressure effects on lift curve slope
and aerodynamic center position for 47
static aeroelastic model (Ma=0. 74)
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Fig.7 Blending deformation measurement results of
3% static aeroelastic testing model

1.5 -1.5r-
—r— a=0°
—— =2°
1 2 r —p— a=4o

—— = 6°

1. 121

09+ X 09)

0.6 #®-06
*’Tﬂ

HAEE AT/ ()

-03 + -0.3F
—— o =12°
M —— g =4°
0 . . , 0 s . )
0.6 0.8 1.0 1.2 0.6 0.8 1.0 1.2
x/m x/m

(a) Ma=0.3, ¢=6.5kPa  (b) Ma=0.8. ¢=38.2 kPa
B8 IFHuMiRENARTENESER

Fig. 8 Torsional deformation measurement results of

3% static aeroelastic testing model



672 = K8 N

¥ oE

CORRE o

0.6

—+— Ma=0.3,q=6.5kPa
== Ma=0.8,q=38.2kPa

L L '

al(%)
B9 3 gt RERAANREELANETHLME
Fig. 9 Lift coefficient versus angles of attack for

3% static aeroelastic testing model

T

WA 15 1 DU T 458

(1) ik 38 B 21 A A 0 BP 1 3 A5 70 A I Pk
BRI B T I IR BP R TR A AT A,
27 P LR AR TR R ) SRR A WM T B R R, A
AT S0 F 5 Y R A2 A B R 1727
A7 PR R RY Y T ) 2Rt 28 SR Bl AR AL R e A
/N,

(2) 27 s A5 7Y 55 P A Y 3% T s g 22 S W
B, fEMa=0.6,0f o«=2°. 3k ¢=21. 8kPa i},
27 PR AT B AL [ 2% 9 b 1R AR F NI AL 3
AL, 540 b 3R ) = TIPS A,

(3) FE/IN A7 30 L e i AL 35 ABE 7R S
R AE S A A B B A SR R A

(4) 7EIE A B o R R 9% LU 5t WL 3 e 5 e 52 7Y
F18) ¥ TET L 5 728 T A A 2000 A /) o ) T B R T 3R AR
LB R,

A TR v AR R R R I g ) A/
I AR A 5 I S | A AR AR T A A (VMDD K XUl A2
T 42 ) 45 e AR U O TR AT A R R I A T
RIFmiAE &,

2 % X #:

[1] Wang Faxiang. et al. High speed wind tunnel testing[ M]. Bei-
jing: National Defense Industry Press, 2003. (in Chinese)
ER#, % md R (M b st BB Lol AR AL,
2003.

[2] Yun Qilin. Experiments in aerodynamics[ M]. Beijing: National
Defense Industry Press » 1991. (in Chinese)

PR, g as < sh fyEIMIL deat: BB Dok i 1991,

[3] Zheng Chengxing, Xiao Xiaoling. The exploration of elastic aer-
odynamics for a joined wing configuration[ J]. Acta Aerodynam-
ica Sinica, 2005, 23(01): 93-96. (in Chinese)

FWAT . H/ANE. FREEME AR T =X

B J12F2F AR, 2005, 23(01) ¢ 93-96.

[4] Zhang Shujun, Wang Yuntao, Meng Dehong. Study on static
aeroelasticity for high aspect ratio joined-wings[J]. Acta Aero-
dynamica Sinica, 2013, 31(02): 170-174. (in Chinese)
KPR, FBd, . KR % b H 3 S 3h o M B Y
()], =38 224, 2013, 31 (02); 170-174.

[5] Chen Dawei, Yang Guowei. Static aeroelastic analysis of a fly-
ing-wing using different models[J]. Chinese Journal of Theoret-
ical and Applied Mechanics, 2009, 41(04): 469-479. (in Chi-
nese)

BRRAR, A E . A s bt Sk s [T,
2009, 41 (04): 469-479.

[6] Xiong Juntao, Qiao Zhide, Yang Xudong. An aerodynamic shape
optimization of transonic wing design method for aeroelastic sys-
tem[ J]. Acta Aerodynamica Sinica, 2009, 27(02); 154-159.
(in Chinese)

RV, TEBM, MR, — R K < 3 B bk AR T8 5% i 1Y 5
AL AT R T ]. R sh 1224, 2009,
27(02) . 154-159.

[7] Sun Yan, Zhang Zhengyu., Deng Xiaogang. Static aeroelastic
effects of wind tunnel model on aerodynamic forces[J]. Acta
Aerodynamica Sinica, 2013, 31(03): 294-300. (in Chinese)
IV BRAETE . XB/NRIL. XU A5 T80 3 44 A T % < 3l 7 3% o F
FElJ]. ZER B h2EER, 2013, 31 (03): 294-300

[8] Heeg J, Spain C V, Fiorance ] R, et al. Experimental results
from the active aeroelastic wing wind tunnel test program[ R].
ATAA 2005-2234.

[9] Spain CV, HeegJ. Ivanco T G, et al. Assessing videogramme-
try for static aeroelastic testing of a wind-tunnel model [ R].
ATAA 2004-1677.

[10] Ivanco T G, Heeg J, Rivera Jr J] A. An investigation of leading
edge control surface divergence and its experimental prediction
[R]. AIAA 2003-1960.

[11] Kou Xiping. Research on high speed static aeroelastic model de-
sign of high-aspect-ratio wing[ D]. [ Master’s Thesis]. Mian-
yang: China Aerodynamics Research &. Development Center,
2013. (in Chinese)

TP, RESX AL A S S M AR B B iP5 [ DL L
TAEAR SO, M hEE S NS KRG, 2018

[12] Guan De. Aeroelastic experiment[ M]. Beijing Aeronautics Col-
lege Press, 1986. (in Chinese)

B KR IM. dban: dbatiitas o B A . 1986.

[13] Lizotte A M, Lokos W A. Deflection-based aircraft structural
loads estimation with comparision to flight [R]. AIAA 2005-
2016.

[14] Northington J S, Pasiliao C. F-16 wing structural deflection tes-
ting-phase I[R]. AIAA 2007-1674.

[15] Pendleton E, Flick P, Paul D, et al. The X-53 a summary of
the active aeroelastic wing flight research program[R]. AIAA
2007-1855.

[16] Chen Guibin, Zou Congging. Yang Chao. Aeroelastic design
foundation[ M]. Beijing: Beijing University of Aeronautics and
Astronautics Press, 2004. (in Chinese)

WREEM . AR . 8. Stk ARl M. dbat: dbatin
23R K 2 AR . 2004,



