% AEF e ¥

APPLIED MATHEMATICS AND MECHANICS

REHBRERANS T EST
I ¥, ARE, AT, NV E

Simulation of Aerodynamic Performances of Flexible Flapping Wing Airfoils
WANG Qi, ZHU Yinxin, NIU Peixing, and LIU Shaobao

TELR I View online: https:/doi.org/10.21656/1000-0887.430155

HEAT BRRRNER IR HAt SO

Articles you may be interested in

BT RN A A BRITIE 14 i S 5 il A (AL i
Numerical Simulation of Fluid—Solid Coupling Collision Based on the Finite Element Immersed Boundary Method
N FHECEF N 1%, 2019, 40(8): 880-892  https://doi.org/10.21656/1000-0887.400053

I Wt A S A A SR I 8l 5 e ok 1) 3 T 5 3 0 2 D BT

A Method of Fluid-Solid Coupling Dynamics for Tube Bundle Vibration and Collision in a Cylinder Fluid Domain
N AN 127, 2018, 39(5): 568-583  https://doi.org/10.21656/1000-0887.380265

72 o) B RS R BB 1) 3 ) BB

Optimization of RBF Parameterized Airfoils With the Aerodynamic ROM

N B 17, 2019, 40(3): 250258 hitps://doi.org/10.21656/1000-0887.390187

WA . I AR SR TR 5 XU i D 3 234
Fluid-Structure Coupling Wind-Induced Vibration Analysis of Transmission Lines Across 2 Close Hills
N AR R 12, 2020, 41(7): 747-759  https://doi.org/10.21656/1000-0887.400241

PR T N, SR A 5
An Experimental Study of Leakage Effects on Flexible Pipelines
N FHBCEFNTI2. 2019, 40(8): 866-879  https:/doi.org/10.21656/1000-0887.390296

=Y NI AT SRS B A BT
Optimal Design of Flexible Skin on the Leading Edge of a 3D Variable—Camber Wing
o FHER=E I 1%, 2020, 41(6): 604614 https://doi.org/10.21656/1000-0887.400384

PSR o FEIEE



N = ) % Applied Mathematics and Mechanics

3E5H 202245 A Vol.43,No.5, May. ,2022
© N FHECSAFNF) 544957 43, ISSN 1000-0887 http://www.applmathmech.cn
IR ERN SR ES T

>, 1,2

OV, AREV, FBAV, AbE

(1. B R A 22 e HURASHE g2 KAz il E R R 50 %, 95t 210016;
2. RIS AUR R s i be Z ek AL PR 250 TR EL R S04 =, Bt 210016 )

(H A Fx) 2 RAS)

WE: SEEFM, EMGE . /) Reynolds 04F T, L AT HA B35 S shbEREILSS, ZRIHOR L I AL 4%

M, B FNS SR AT ST AR Lk 3=, %o e S 8 S sl RE AR R A8 1 SCIE ST T 2 v 5 3 280 10 35 [

B U5 AR, ST T ORRIRGE . 0 AR RS A R B AR LRSS Re. 07 25 e B, BRI 3 A,
TR ARG T R IR I TE B (8], A ST L sh IR AR Fepk 3 A i 251l T B i i sh, BT f13ish

PRGIR A, A A s AR 3 R A5 B R 7 SE A T . WFIT 4 SR Al N AT B HE S 2

X 8 A A REMRG;  SshiksEs T AR

RESHES: 0355V211.3 XERER: A DOI: 10.21656/1000-0887.430155

Simulation of Aerodynamic Performances of
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Abstract: Compared with fixed wings, the flapping wing has a significant aerodynamic performance advantage at low
speeds and low Reynolds numbers, which draws more and more attentions. But most previous studies focus on rigid
flapping airfoils, the aerodynamic performances of flexible flapping airfoils are still unclear. A fluid-solid coupling model
for the flexible elliptical airfoils was developed to analyze the flow field around the airfoil, the airfoil deformation and the
aerodynamic characteristics of airfoils, at different wind speeds and attack angles. Compared with the rigid airfoil, the
flexible airfoil can delay the shedding time of the wake vortex and reduce the oscillation frequency of the disturbance on the
lift force. The flexible airfoil significantly suppresses the disturbance of the wake flow and reduces the oscillation amplitude
of disturbance. Even, the airfoil disturbance oscillation can be completely eliminated at an appropriate Young’s modulus of

the airfoil. These results provide a theoretical guidance for the design of soft aircraft.
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The geometric model for the elliptical airfoil: (a) geometric sizes of the fluid domain; (b) geometric sizes of the elliptical airfoil
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Fig. 2 Meshing of the fluid domain: (a) meshing of the whole model; (b) mesh refinement near the wall
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Fig. 3 Characteristics of the flow field around the rigid airfoil: (a) the velocity contour; (b) the pressure contour
E N TR B, B AT LIS ARSI SRR, IS [
R Y AT 5 SRS SR X LU BAIE, R I E] T H Ak

x=2 (5)
C

b VAR R, v=2.94 m/s; RS R]; ORI S (154K, ¢=0.68 mm.

A7 BT TS [ 35 8 5 B R [R] A% AR, T4 9 B R TR it B AR R S0 B K i BE e 50, B s
FHIMEAE 0.4~0.6 mg Z [H) 3 A HAPE AR L, FIAZ 4(1&] 4). 302 PR 380 f5 2 H0 90 R AP 2 T 0 v . T
JIPFEEZI R 0.5 mg, B35 R R B S B R fH T R . TS ) i 2R A X SE AR (BB | S
1), 5 Pesavento Fl Wang"" B AU TH- 45 AR R — B0 R BIRL | TRk SR B SR AR
EI’J AL S SRR ST . R = b RO RS i (1.23x10%, 1.98x10%, 5.23x10*) #E4T 1 RIKE TG MEIRAIE, i b AR % T 11

WEE L P W AN, v 5 IR A R 25 TR A 48 SR AFIT . PRIk, e St 2 SR P Pl 45 D BRI D A 25 1.98%10%) BITAT 3 J 1
BN

1.2

Pesavento & Wang!'"!

. — — mesh number 5.23x10*
A\ - - -~ mesh number 1.98x10*
— . — mesh number 1.23x10*

1.0-51
0.6—”
0 5 10 15 20 25

4 NIPEFRIIT )5 Pesavento Hl Wang!"” AUE{E 545 X b

Fig. 4 Comparison of lift forces of the rigid airfoil to the numerical results of Pesavento and Wang!'"”



590 A 55 I Q=S| B = 2022 4FE 3 43 %

1.3 ARIXE. DB THRE AR SR
PEBGERLA A R 0°, 6°, 12°, 16°, 20°, 24°, 28°, 32°, K A 2 m/s, 5 m/s, 10 m/s, 4351315545 21 A [53] 32 754 Ji] [l
Hz (K s), K3 6), F+. B R FHBHEL (] 7).

v/(m/s) v/(m/s)
5.768 5.993
5.191 5.394
4.614 4.795
4.037 4.195
3461 3.596
2.884 2.997
2.307 2.397
1.730 1.798
1.154 1.199
0.577 0.599
0 0

v/(m/s) v/(m/s)
6.305 6.455
5.674 5.809
5.044 5.164
4413 4.518
3.783 3.873
3.152 3.227
2.522 2582
1.891 1.936
1.261 1.291
0.631 0.646
0 0

v/(m/s) v/(m/s)
6.389 6.473
5.750 5.826
5.111 5.178
4.472 4.531
3.833 3.884
3.194 3.236
2.555 2.589
1.917 1.942
1.278 1.295
0.639 0.647
0 0

v/(m/s) v/(m/s)
6.411 6.536
5.770 5.882
5.129 5.229
4.488 4.575
3.847 3.922
3.206 3.268
2.564 2.614
1.923 1.961
1.282 1.307
0.641 0.654
0 0

B 5 AREATBINEIADR S EE <
Fig. 5 Velocity contours of the flow field around the rigid airfoil at different attack angles
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Fig. 6 Pressure contours of the flow field around the rigid airfoil at different attack angles
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Fig. 7 Lift forces, drag forces and lift-drag ratios of the rigid airfoil at different wind speeds: (a) lift forces; (b) drag forces; (c) lift-drag ratios
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Fig. 9 Velocity contours of the flow field around the flexile airfoil with different Young’s moduli
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Fig. 11 Deformation contours of the flexile airfoil with different Young’s moduli
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Fig. 12 Lift forces and drag forces of the flexible airfoil: (a) lift forces; (b) drag forces
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Fig. 13 Velocity contours of the fluid field around the rigid (left) and the flexible (right) airfoil with different attack angles
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