Applied Physics S F##, 2021, 11(4), 214-225 Hans i
Published Online April 2021 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.114025

Rz A xR BF TSR RE
RIUFS

MR, & &, REHM
VUK ZE 2 R R 2 5 TR, DU

Email: "lei.gao@scu.edu.cn

WekE HiA: 202143 H15H; A EB: 20214F4H20H; &4 H#A: 20214F4H28H

=

AT HRBFERETHE UTHESIS o =L f e B3 i m, A 08 BUER 7
T AFHZIRMA %M T UIRAT B AR M3 PR BEA R . & B R0 A B B
5307, /AT AFRAA T RSS AR, ERsAEnrEEY, SHEFNAERR
B@MmpR, ETHRNG, BEIE, REEENS, HIBANIARA NS BEREN. £
MIATRITE O IER B, [ AEERPIR - WHEERRNRN. MESEFSBE, KBAZHT
A 3h BT R M BT SR VR AL TP AR KT 0 » (B RS8R0 A 2 R BUSSITIF 1 5 BN
FEREHIIE - BIFEH B, BRSO3 I BEE WA IR, X EERF AL AIHE)
HPARN BB /N S AT, SBUIMA AN, MR 0B ZR& EREFHLEI KR,
XTRTHT AR KR, HREN BT REFEH R A NS5 EMIEFFE —MERE, #— Pl A
ES 2 S walinl %

KA
&, WA, WER

Numerical Simulation on the Effect of
Angle of Attack on Aerodynamic Forces
about Flapping Wing in Hovering Motion

Jialin Shang, Lei Gao*, Chongxiang Huang

School of Aeronautics and Astronautics, Sichuan University, Chengdu Sichuan
Email: “lei.gao@scu.edu.cn

Received: Mar. 15”’, 2021; accepted: Apr. ZOth, 2021; published: Apr. 28th, 2021

DERER

SCES| M WA, mdE EEEHL a0 NS AT SRR A I B E T ST D). B, 2021, 11(4):
214-225. DOI: 10.12677/app.2021.114025


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.114025
https://doi.org/10.12677/app.2021.114025
http://www.hanspub.org

AR 2

Abstract

In order to study the effect of kinematic parameters on aerodynamic force of flapping wing in ho-
vering motion, the evolution of flow fields about a plate with advanced rotation under different
angle of attack is numerical investigated. The result shows the variation of instantaneous lift coef-
ficient and time averaged lift in different angle of attack. There are four mechanism changes by
angle of attack, wake capture, rapid pitch rotation, stall delay, and the influence of angle of attack
on the component of aerodynamic force on lift. In the beginning of the stroke, the aerodynamic
force is mainly affected by plate-vortex interaction. In the constant velocity phase, the plate at high
angle of attack can generate high lift by the leading edge vortex. However, a higher angle of attack
can also reduce the component of aerodynamic force on lift. At the rotation-declaration phase, as
the rotational velocity in the case with high angle of attack is lower than that of the case with small
angle of attack, the added circulation and lift are also reduced. Considering the influence of the
above mechanisms in the flapping motion present studied, there is a maximum value of the
time-averaged lift coefficient of flapping wing near the angle of attack of 55 degrees, and further
increase of the angle of attack will lead to the decrease of lift.
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Figure 1. Schematic of two kinds of wake-wing interaction [7]. (a) The first kind of wake-wing interaction; (b) The second
kind of wake-wing interaction
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Figure 2. Schematic of two-dimensional motion of wing. The direction of the velocity is given by red arrows (translation) and
black arrows (rotation). The leading edge is noted by yellow point. The “Stroke L and “Stroke Rare” is the left stroke and the
right stroke, respectively
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Figure 3. The translational velocity and rotational velocity of the flapping wing
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Table 1. Angle of attack and rotational velocity of different cases
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Case a(’) w, (rad/s)
C15 15 5.24
C30 30 4.18
C45 45 3.14
C55 55 2.44
C60 60 2.09
C75 75 1.04
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Figure 4. Schematic of the computational domain, fore-ground domain and background domain
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Figure 5. Comparison between C; curves of the validation case and the result of Wang et al.
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Figure 6. Comparison between vorticity contour of the validation case and the result of Wang et al. A and C are computa-
tional result of Wang et al. B and D are validation case’s vorticity contours
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Figure 7. Time-averaged C; of cases with different angles of attack

E 7. TRIDARGINRIA DR

N T BT ) R A A IR, 18 then TS 8 AL B IS BRI T 70 SR B
2o AEF 8 ORI Ay KT 55 RIS fy /N T 55° RIS o0 0 o AL B AL IF BLARIE 1 10 S AS R BIAFAE
%), fEIEER B AR T EE ST 557 MSRE & ML — AR, X8 L 5 5 200 £ 1 9Bl T A1
T AN T 55 G, X — B RECA & MBUEE. fElfh 455G, g BT ) &5
thZGm RN E L. AR/ A, IR BO T ) R B 2 HEL R M, AR R Berh, sl S pL
T EE AR T S PRI S N AN R S SR o DRDA BT AT (S, s i B ) N 1D £

DOI: 10.12677/app.2021.114025 220 N A


https://doi.org/10.12677/app.2021.114025

AR 2

AR OR 35 AR A O AR AL LA, BT LA SO g B B9 <3l 0 B 22 3t i S BT T g A2 Rl 4t I — Rt
7E 4.2 TR TR 45 M IR AG 2 BEAT J0 M IR BEAT A 06 o AESTIERT B, T 70 SR B G B L v S A, D
I P ) A2 AL FEAR /S o 3 — B BERI T 0 Z 80 B2 B S SR AL (2] [3 AR 0 B J T 10y B
Mig o AR Li &8 A1 2800 P AR ok B BRI B sh J1 22 0 i, sl Jia B R AN A 1
I BRI T b i 43 1Bl 0 BEARAT A S SR ALY sl g, DRt e i Rsh A0k 7P 4. Hdnshid
PN 75 U/INE S5O, HERE T 2 E A A N TR, 30 A N S B T ) 2R By
e A2 55°3E— 2B /NE 1500, AEE H T 77 R B A BN T A . AERE ST BL T
1 BB 2 S DL — VA o XA AEL IR P AR DR e 30 3 BRI T J o 300 S FR) S48 4 R [ £ P
8] P9 5 ARG R A OB, AL Bl B Bk, AT RERS 7 A R VA . 2 AR e 3 3 R EL A
BN, T ARIE A B S ET A I8, BT R BT 00 2 P Bt B sy, P AROT 4k e,
BN BT BT REIT AR I B KN

8t1 ty t3 ty ts &g ty tg ty to
: T _CL(Q:55O) T T T T T T :
I ——C,(a=45°) |
6r C,(a=30% i
| ——C,(a=15°) |
4t 1
] 1
- 2: /) |
D \ ]
| / :
0t \\/ A=
1 \I
] ]
-2 Lf' v ;!
4: 1 1 1 1 1 1 1 1 :
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
t*
(@)
& t, ts ty ts ty t; tg ty tio
: T T _CL(a:75°) T T T T T T :
1 —C,(a=60°)
ot —C (a=55% 1
] ]
] ]
4r 1
| ]
| \ |
~ 2 ] |
© LN ,_/\ ﬁ
I |
0l \ /,
| X
2k

_4 1 1 1 1 1 1 1 1
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
t*
(b)
Figure 8. C; curves of cases with different angle of attack. (a) Cases with angle of attack within 15°~55°; (b) Cases with an-
gle of attack within 55°~75°. Ten representative instants #,~¢,o are depicted in this figure
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Figure 9. Pressure (left) and vorticity (right) contours at ten instants during the eighth stroke for the cases with different an-
gle of attack. (a) The case with a = 60°; (b) The case with a = 55°; (c) The case with a =45°. LEV is leading edge vortex and
TEV is trailing edge vortex. The subscript L (or R) here indicates that the vortex is formed during the left stroke (or the right
stroke). The index number in the subscript corresponds to the order of the vortex formation in each stroke
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