2 LA iﬁ

ACTA AERODYNAMch SINICA

xe

5 7 P42 ) B R TR AL 3 S XU S

XN—F LXTF AEE FLE LG 54

Wind tunnel experiment on control of stalling flow of fixed wing UAV with bionic coverts

LIU Yihong, MA Xingyu, GONG Xu’ an, HUANG Yijun, WANG Yong, JIANG Nan

BlES'E

X%, ThTe, PLh %, 5. A P il [ e 300 AL B R KUIR SEER (). 25 8l 224, 2023, 41(10): 52-60. DOL: 10.7638/kqdIxxb—2022.0204

LIU Yihong, MA Xingyu, GONG Xu’ an, et al. Wind tunnel experiment on control of stalling flow of fixed wing UAV with bionic coverts[J]. Acta Aerodynamica
Sinica, 2023, 41(10): 52-60. DOI: 10.7638/kqdlxxb—2022.0204

TELR B2 View online: htips:/doi.org/10.7638/kqdlxxh—2022.0204

AT AR L SR

Articles you may be interested in

Pite B PR R TR 3 B 5K

Experiments on flow separation control with bionic coverts

25 B 1R 2021, 39(6): 184-195  hitps:/doi.org/10.7638/kqdlxxb—-2021.0177

DA SR EERIBT SRR S . BRR R

Review on aerodynamic noise reduction with bionic configuration

2R BN S22 2018, 36(1): 98—121  https://doi.org/10.7638/kqdlxxh—2017.0162

A AR v T R S O

Lift enhancement control method of thin flat—plate at post stall angles of attack
RS2 2017, 35(6): 792796  https://doi.org/10.7638/kqdlxxb—-2015.0068

] G ARG BT BT ST

Investigation of calibration method for hot—wire probe in compressible flow

R J152E . 2019, 37(1): 55-60  hitps://doi.org/10.7638/kqdlxxb-2016.0093

SFETARRAT = AREER SRR

Experimental investigation on delta wing flow control by plasma

R J152E . 2017, 35(2): 305-309  https://doi.org/10.7638/kqdlxxb—-2015.0158

MR TRE A 1 FRH OB BSRAB R s
Separation flow control on free—wing with beveled—slit—synthetic—jet at low Reynolds numbers

R J12E . 2017, 35(2): 277-282  https://doi.org/10.7638/kqdlxxb-2016.0165

Huhik: DO )18 4RBH T 3B R B8 5 1S RO

\

HiF: 0816-2463375 el REMIR ARS

Email: kqdlxxb@163.com ~
b FAELHRE L

4k http:/kqdlxxb.xml-journal .net/



http://kqdlxxb.xml-journal.net/
http://kqdlxxb.xml-journal.net/
http://kqdlxxb.xml-journal.net/
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2022.0204
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2021.0177
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2017.0162
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2015.0068
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2016.0093
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2015.0158
http://kqdlxxb.xml-journal.net/cn/article/doi/10.7638/kqdlxxb-2016.0165

B 414 10 = 5 % Hh ¥ FE R Vol.41, No.10
2023 4F 10 A ACTA AERODYNAMICA SINICA Oct. , 2023

3 E 4R S . 0258-1825(2023)10-0052-09

(£ B PEFI B E E T AW 31 K& XUE L5
H-g' st g%, el 1 5 2 B

(1. X«ijc% *)fou*ﬂ”?rjh KRBT TRE ) 25 f %, Rt 300354;
2.7 T R A AL MM R B O A B R YO S, E . 710072;
3. VHEEACH K% 251 3l ) B 5 RS %, RS 610031
4. R E SR SR R RS I TS R, 43 621000)

T BT T ST I 2 A A v v N T R A TR R A ST WL RO A S R B A R AR . SEIRAE R EER
A1 3 [ 90 ARG 3 O 5 RGIR R HEAT, DU 1.0 my 3% K 300 mm ) NACA0018 - B ML AR T 76 15930 £ 45 11 F 7 A4 1
KR AE IR %, HT KM EEECH Re=5.1 x 10°. 928 o, 5 32 1k 78 PV R 1) 49 B 22 S 7E WU R L 3BT 1 AR )
P AL, I A 22 2 R 350 00 e L3RR R A S A5 5, I b TRt 00 S R L Kk B R R R A
oo S230 45 W GL7R : 76 20%c £ B L oL, Z2vk 7 28 58 B RSk i (g e o, Bl B B Eh 19 IS N AR S 78 80%c 1 E L
B, ZEVEA R A TUE A A7 8, IR BN R ) o BB 00 1 R X ST A R R L, [ T 2R B D) R R
B J2 IR i bk B X ) S BEAIG, VR B8 S I TR B O T A R ) o 125 1) Tl R R T R BN 9 O A
N, TP S N IR B B AT RO I BT U] 2 R, KO SR (/U< 1), FEK LR AL s A, N R 45 R
(JelU=3), W0 T AT 2k B V) JE R ST V) 2 ATk o W S50 W 7R T 28 1 2 2 Mk 4 ) 70 ~F BN 3K A SR i 3
e 1R AL .

KRR 7 A s RO S B R AT AN Bl FER RN

& 432K5:Q811.6; 0357.5 CRRFRIRAD: A doi: 10.7638/kqdIxxb-2022.0204

Wind tunnel experiment on control of stalling flow
of fixed wing UAV with bionic coverts

LIU Yihong" %%, MA Xingyu" *, GONG Xu’an', HUANG Yijun', WANG Yong*, JIANG Nan'
(1. Tianjin Key Laboratory of Modern Engineering Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300354, Chinas
2. National Key Laboratory of Science and Technology on Aerodynamic Design and Research, NPU, Xi’an 710072, China;
3. State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China;
4. Key Laboratory of Aerodynamic Noise Control, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: In this paper, the experimental study of stall control of a straight wing by bio-inspired flexible
serrated coverts was conducted in the subsonic close-loop low-turbulence wind tunnel in Tianjin University. The
NACAO0018 wing model had a chord of 300 mm and a span of 1.0 m, and it was installed at the angle of attack of
15°, resulting in a stalling flow phenomenon in the wake. The chord-based Reynolds number was Re = 5.1x 10°.
The spanwise coverts were fixed at multiple positions on the upper surface, and the resulting wake flow velocity

was measured with the hot-wire anemometer. The averaged velocity, fluctuating velocity and power spectral
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density etc. were compared between the cases with and without control. Experimental results show that the
coverts at the 20% chord adaptively flap with the flow, whereas the coverts at the 80% chord slightly flutter at a

quasi-equilibrium position. The averaged velocity loss in the wake zone is recovered obviously in the two

conditions, and the turbulent fluctuation in the shear layers of both the leading and trailing edges decreases

obviously. The control effect on the stalling flow is realized under both conditions. Moreover, the power spectral

densities and discrete wavelet analyses reveal that the adaptive coverts suppress the low/medium-frequency

large-scale flow structures (fc/U,<<1), and convert them into high-frequency small-scale ones (fc/U,~3), leading

to higher spectral coherence between the leading edge and trailing edge shear layers. The mechanism of bird

coverts in stalling flow control at high angle of attack of a straight wing is thus revealed.

Keywords: bionics; wind tunnel experiment; coverts; stalling flow; flow control; hot-wire anemometer
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coherence analysis diagram
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LIEINLE Bl f/Hz fe/Un
1 1.95~3.91 0.023~0.047
2 3.91~7.81 0.047~0.094
3 7.81~15.63 0.094~0.188
4 15.63~31.25 0.188~0.375
5 31.25~62.50 0.375~0.750
6 62.50~125.00 0.750~1.500
7 125~250 1.5~3.0
8 250~500 3~6
9 500~1000 6~12
10 1000~2000 12~24
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Fig. 8 Wavelet coefficient contours of the leading edge
shear layer under different working conditions
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