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Effects of vortices around a flapping wing on wing performances
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Three-dimensional numerical simulations of a flapping wing in low Reynolds number (Re=10°) are conducted, and the
effects of vortices around a flapping wing on its performance are investigated using unsteady simulation. Flapping
motion makes a few discriminative vortices, for instance, leading-edge vortex (LEV) and tip vortex. Both vortices are
mainly generated from down stroke motion. Firstly, flow is separated from the tip of wing and creates the tip vortex.
Secondly, LEV is generated on upper surface of wing from tip side of leading edge. LEV spread over the upper surface
along downstroke. This LEV remains until upstroke at root side, and makes strong negative pressure. The large lift
force is created by the generation of tip vortex and LEV staying at the upper surface.
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Table.1 Parameter of flapping motion

k 0.93
h 233
o 23.8
o 47.1
P 86.5

(3) 3 YTTPiE - B

P, AT CRRAE L7237 A—2 2 L BT & RoiER %
TS 1 AMBT-0 0T T o I, By F RO LA Figl
ez

80.0

60.0

400

200

Flapping angle, Pitching angle [deg.]

C
T
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
|
|
|

I I
Up stroke Downlstroke

T/4 12 37/4

A B D F G H A
T T T
I I I
I I I
I I I
I I

I I
I I I
I I I
I I I
I I I
I I I
I I I
I ) I
I I I
I I I
I I I
I I I
| | |
I I I
I I i
| I |
i I T
I I I
| | |
I I I

‘ Flapping angle Pitching angle ‘

Fig.3 Time histories of flapping angle, pitching angle
Figd #1072 —R A b7 =—RAE £TET v 7 A ha—7,
72— AENDT == AAILRD ETOEINL T A ha—7
ThDH. b 18 FEOERIOR % Figd |ORT. ThEh
Copyright © 2009 by JSFM



DRI COLRNT GRS, ARITEARUN G2 R X TH
5. ZITC, FEMIEARAE, ERIEERERLCEY, R
DIEAHE P4, FHEOEPR FHZER L TND. AT CRE
L7eT A—2TlE, 3o E TN v T EHE A DA
To L HIEB L 225 TRY, O DkDD L 8 DF AR K57
) & 7p o TUNB.

———— Up stroke ~ S Down stroke ————

Side view

Front view Side view Front view

Fig4 Instantaneous flapping wing position for each phases

() FHETFE

3 It MG Navier-Stokes e & g4 Sl R L
L7z CFD f#T &1 T 7=, AT ClL, TEREIEDRE T 1 7T 2
DOEXZ NHIIIR G TH D E, FIZEROES iz RKD
BRI FUERRG CThDEEBRL, ATREOMEEC
EHLUTHEMAR D22 L=, — OTFETHW AR 7 B
BIZiF 20 & Vo, SHREEDBER( LI Roe AF— 2% MUSCL
HECE 0 EREEL LIZb 0z, R 2 BTy
20 Al L7z

WG T 7= 7 EENC L AL, Wik, i
TSI LT DIEEE RN T D, T DT ORI ORs
JENEF L 0o T B, ZZCARITCIE, 2 RIS 07
=LY L ER VT LU-SGS FafEE ™ & Dual Time Stepping 75
& A G ORI R 2 S5 2 SIS X R ORSEE 2
STW5D. ARGETIHE Re 0T b Z L1nz, ELRCtE-T
AT DRI R AR MBI, FIBRC L0 AT IR
ERBEE AR AIUT LV E X220, SLRET U
B & LT

(6) FEHET

ARG TN FRRS & Fig5~7 (TR 381213 Figs

F 23 ABERAEHEL VRO DL
B7-3
WO & 972 CH AR T2 Vo, #7503 201x99%x101 D&
FH 200 RTHD. BOmFIE E TN T — FED 20
el Uiz, ARF9ETIY, 3 YorIlidy- ke E OB Th 5 A
P HRNEE NS | > THD EHEZ, BASUIN
DINBEESIE, 22— FRO 50552 & > TW5. £z, EEY Ot
BRI X DD D Z L&D, Fig6Fig7 (ORT X 9128
TR S8, BISIIBE OB & 72D X 5 el +4y
e L, Tk TG AR o7
AWFFECTIIIATROPN LT ZIEEN A THE L QD 720, FUR
VIR &R Ui e LW 5.

g

e
e
o

ity
A
i

et
gttt
it
il \ i
I

aig il

]
Uit
ittt
i

i

TE

75 point

LE Vi

Tip 50 point Root

Fig.7 Computational grid (top view)

(6) ZERSIFHMITIE
AFHTTIE, Ty T A= LA A a—7 % 1 [ad5D
1ToT-iEE A 1 A& R L, WIS OZENEL 725 F T
AR I LR Uiz, BR300 FTREZ: 6 I H CoIE
7o & HE 222K DTN TN D, TEHET ] Cp e, T
71 Crae Zidiam ) BRI, 1 IR OEEZ AN DO T
72<, 6 JAMIBOHZOFHIEL L TR L.

Copyright © 2009 by JSFM



3. HERRUER

(1) PHET- & EE P OIPEREOHERS

RO Fig8 \TAMTTO 1 JEfld 7= 0 O R - I MEH D
W& R L, Table2 |21 EHIOEEZTTT. Mo mnd ko
2, ZOEENCIEEICH VA b o— 7 R A A s
TRY, FULAba—onbT v 7 A ha—2 290 EbAHE
BRTIRKROEF Lo CnD. FT2, HEAICE L Clisgsia sk
AR VIRLCRY, Ty7TAMa—2nbE A ha—27 2]
DD DRI RE R L 7o T LES TN,

Table.2 Average value of lift and drag coefficient
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