126 N2 EEY

S AR A 358

HAd 92 QE ]

3P FHBgo] B 249 75 54
- 9534 2 95 & AN

ol & A, ¢ &

=1

&' 21 & or?

=\ o O

TWO-DIMENSIONAL FLOW PROPERTIES OF INSECT FLIGHT ABOUT THRUST GENERATION
-VORTEX STAYING AND VORTEX PAIRING PHENOMENA

Jung-Sang Lee', Jin-ho Kim' and Chongam Kim

Many researchers have made an effort to explain flight mechanism of flapping insects. As a result, several
unsteady mechanisms about lift generation in insect flight have been proposed. But it has a limits to elucidate
insect's forward flight and abrupt thrust, because most of these are about insec’s hovering flight. For this reason,
the objective of this paper is to simulate "figure-of-eight motion" of insect's wing during tethered flight for
comprehending aerodynamic property in insect’s forward flight.
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Fig. 1 Position of wing element of Phormia-Regina
tethered flight during one stroke, Downstroke
phase(red solid), upstoke phase(green solid)
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Table 1. Experimental data from Ref.[9]

=B Uco 2.Tm/s
GRS AT f 130 Hz
BHEAH c 38 mm
AFA % of chord o} 10%
PojE=Ry Rec 684
Reduced Frequency k=2wfe/Uxn 1.155
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Fig. 2. Time-dependant aerodynamic coefficients, lift
coefficient(red line), drag coefficient(green line)

Fig. 3. Leading edge vortex at t=44.122, (a) pressure and
velocity vector field, (b) pressure distribution on the wall
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Fig. 4 Vorticity contours during upstroke, (a) t=48.583,
(b) t=44.122, (c) t=44.394, (d) t=44.666, (e)
t=45.482, (f) t=45.972.

3.2 downstrokeA|2] ZBHEM

SRR AFE HHRy] A8 dERT EUYY B¥
& #EE B34 Fig 3@ A $FHo) 24T w9 oy
7 $E9EE, Fig 3-b)E oln Al9le] wg HueEyy
€ R9E) Fig 39 FHF54T Fig. 3-(b)9 suction
AR 7L A8k, upperst lowerd] HAYHRE o] 2R
FANTTE FEFTLe] EHH 4AYE BAFR Yok

%A g}F+ Ellington[4,7]3 Dickinson[8]¢]  #|A}e] ]
(normal hovering)d & oA oju] HAFg on, I/l e w
27+ $ASHA tanslatione ¥ W] FAFck ST, Fig.
138 B¥ olge Aol t2A ¥l 2R gElxE
Tt EskRT e o] gIIk slejEtan
AES &+ Yok ol AxEu| P AAu|golA e o)
5] 2EHoz th27] wid dAGFe] HAYEE o
T ke A& oulgck Normal hovering®] @71
FLEER3S)O Ut Aol @At 28 wEte 43

translation3HA] E|A|qk, o]& Az o] v HEA)F
Ja“’“‘é}ql 7193k @) e dAgRE dd A
& FEg FEAIA B Folch A Fig 39 SR
< 57 g dlolx Y] &5 SEE o]&% °3§‘i‘l’-—
Zel FUbl wE Aden AZEn fawgde
quasi-steady 7|3 0.2 Thga} o] vehd 4 gtk

r°‘ r.'E. _'EL e -

e

oy =a—tan ' (v/(U, —u)) 3)

o714 v& translation £%9]|31, u'E lagging x|k 4
G)ZRE {FAN37L downstrokeA] translation?} lagging 8%
9 £x7} F7HEE ALA €€ ¢ Yk

3.3 UpstrokeAl2] B2{EA
Fig. 2& ¥4 A7 =486~49.1904 =287 2yt

Fig. 5 (a) Vortex pairing and jet flow in the wake, (b)
Inverse Kdrmaén vortex, (c) Variation of drag
coefficient with non-dimensional time
Re=12000, pitching amplitude=100, k=10,
maximum thickness is 12% of chord length

Fig. 6 Pressure and velocity vector field, (a) t=48.746, (b)
t=48.801, (c) =48.855, (d) t=48.910
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