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Investigation of “0”-Figure and “8”-Figures Wingtip Path Effect on
Aerodynamic Performance of Micro Flapping-wing

Zhang Hongmei, Yang Wenqing
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The aerodynamic performance of flapping-wing micro air vehicle(FMAV) is determined completely by
the motion of flapping wings. In order to study the complex wingtip trajectory influence on the aerodynamic
characteristics, the “0” and “8” figures effects are investigated by numerical method. The movement is divided
into three degrees of freedom: plunging, pitching and swing with different parameters setting. The numerical
results show that, compared with the traditional flapping motion, the flapping manners in “0” and “8” figures
can effectively increase the lift because of the added swing motion, especially in the “8” figure flapping. Howev-

er, the drag increased slightly at the same time. The thrust can be increased by adjusting the pitching angle,

This study can be provided as a reference for the FMAYV design with a complex wingtip trajectory.
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Fig. 1 Wingtip path of a variety of flyers
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Fig.2 Schematic diagram of flapping-wing motion
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Fig. 3 Basic motion including plunging and pitching
12 “0FRE5SFRIY

TEEARBAE L, N —E SRS, B
A R A0" AR B E “8” F I s ML , X P b AL AR
M XA THSI R R AR . & B3R RE T4
AR, MBEREBARI K 0" FI ; & TR R
NIRRT, MERPUB AR A “8"F . X4
W BRE RN, BRI E R, &ibsh
A B, A RARRE, AR KW
S5ME.
“O"FANSIE B AL T » 33 A B AR AL
A
Po(zs2) =fy,m(2)sin(we) €Y

ﬁO,m(z) :ﬁoym,tip >< bE (5)

“CTFRANSI BB LT, WS A ER AR
®’HN

ﬁs(zst) :ﬁs,m(z)sin(zwt) (6)
ﬁS,m(z) :ﬁ&m,tip >< bE (7)

AF B (x A" A FHR " Fis
AT ¢ B 2R R I3 O = B B A 35030 R R
Be.m WO FRER 8" F BB MET , 72 J& 17 3 L
2 BB RIS AL 5 B mie O P87 F i
AT . EMBRREAE.

‘OFREIAESEEH s ERNE 4
B .

Po.mtip fmemm—m——

I
|
|
|
|
|
I
|
:
Bo |
|
1
|
1
1
|
|
|
|
|
I

() “O"FRESK A E B

(b) “O"FIEIRS K2 shA A
H4 “O"FRININ SRR SHRESTERE
Fig.4 “0”-figure wingtip path motion of flapping wing
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Fig. 5 “8”-figure wingtip path motion of flapping wing
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ME 7 A RE - S A 18 EE N, B
EHF AR, T+ RBANHE ST R B 5 hn (Bp
BEL 7 A B0/ » IR 28 HE g 3 B BR 7 R BOR A
2O BMHEAKRT 180, BN, 187 —MEK
RBUE, ERRPRMFEAEF A B 187, B L,
3 hn A s B B AL 8% A DA SO N T T A Sy R
AR A AT BORE RATIRAS B 0 AR AT I R
%,

@ HE“"F RSB 3T AT KR
Y. PRSI A BERMLTED 0°~20°, [[fR 2°. “0”F
FAhah 75 2 T 33l A BE Xt T A BEL 7 4 4k B S AR
AN 8 Bran, AT AR H - M 33l M AR /D i O T
4% SIS F /N T 7 (B A I 5 S5 4R3h
A ETE PSRRI (4°~6°) , s & A
7 [ 3K s H 9 sl M BE AR Sz hn i CR T 67 , 38
I3 SN S (B AR M S

®£1%
-0.012
0.29 | G, A
- - CD A
s
028 S 4-0014
7
s
L 027r , .
© 4-0016 ©
0.26
7’
0.25 ;\ ’/ = -0.018
7’
~ ’f
022 PN g .
0 5 10 15 20
W)

B 8 “o”Eih st 5B A X J7 FRH 7 B B ma KR AR
Fig.8 The lift and drag coefficients vs.

swing angle in “0”-figure path

FEOVFANSI AT , 33 A B sh i i
AR AL B B S HBE R A% > /N R 9 3l R G 3 i et
AR WKV B 33 M s T A A

) HR“8”F I3 E 3 AT W34
Y. BhABEARMLTED 0°~20°, [HfF 2°, “8”F
FEAh 3 75 AT 53 A BEXT I 7 F0 BRI 4 1 R R
MEIME 9 B,

06} C
- o H0.10
0.08
05
0.06
@) ’ @)
oal L 4 0.04
0.02
.
03 R 40
- 1
0 5 10 15 20
BhEREC)

B9 “8”F IR gh iR Bl /A X T FRH 7 4 B i A
Fig. 9 The lift and drag coefficients vs.

swing angle in “8”-figure path

M 9 ATLLE W “87F IR IS T, A I
Bl B3 A I A0 (B HE O D s SRS A A
BUNEE AR ONF 7%, T J7 59 38 o b ok F
17 B/ EL 5 S 9 Bl A B A B OK T R AR AL
CRTF 7 T+ J7 38 hn te )/ T4 7 B 3k ER B

“8”F T3 J5 T+ J1 A A E A DL
J1 AR

3.2 @S

Bl s0x BEAMRGE B, Wk 1
BR7R .



%1

KM BN £ 0" F 8" F R 3 5 X B R BT 49

#z1 ARIDFTRARGEHZLEHE
Table 1 Pressure contour comparison of

different flapping motion
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