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Flow Visualization for a Dragonfly Type Wing
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Abstract

Flow visualization experiments have been performed to investigate the effects of phase lag, reduced
frequency qualitatively by examining wake pattern on a dragonfly type wing. The model was built with
a scaled-up, flapping wings, composed of paired wings with fore- and hindwing in tandem, that
mimicked the wing form of a dragonfly. The present study was conducted by using the smoke-wire
technique, and an electronic device was mounted to find the exact positional angle of wing below the
tandem wings, which amplitude is ranged from -16.5° to +22.8°. Phase lag applied on the wings is 0°,
90°, 180° and 270°. The reduced frequency is 0.15, 0.3 and 0.45 to investigate the effect of reduced
frequency. It is inferred through observed wake pattern that the phase lag clearly plays an important

role in the wake structures and in the flight efficiency as changing the interaction of wings. The reduced
frequency also is closely related to wake pattern and determines flight efficiency.
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Fig. 1 Flow visualization of wake patterns (phase lag 0°)
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Fig. 2 Flow visualization of wake patterns (phase lag 90°)

PN B8 2%
Hsmoke-wire°ll

ZhilEt WEe] =

He

_\ﬁ

7EA s AR A TN TE A f1A] €

7153 0°® oL, ARG offFo R

HAE S(-)o®, AFoR gHols

FH oz FAEAH

(posmonal angle)s oJv|shH, 7%=
Gl 2Ee] downstroke,

O, |

pd A =R

S i i

18 009 998 2

Zr= d) 2o
# @AR E AH RS ekl Aol
Fig. 1d, 1g = 27 -8.5°,

-10°9 41 2] downstroke,
upstrokes UERHTL ojuf FI) F Y FF
A4S downstrokedl A= Gl Sl fo A

(streak line)> o}e]l= 3)o]x| a1, upstrokedl A=

1588

O]‘rri e
7ie] stroke "3kl W}E‘r/ﬂ =l
Aol E9A 2
= W3 A= .

Fig. 2 Fig. 1914 $JAFxbak 90°2 W73k A}
ot} Fig. 2a, 2bollA I Hi= upstroke, H&
7N+ downstrokeE Xl &3to] Skl ofiHe] &
Z7bstar, i "W §tgo] ol
suctionsl= &7} WASEHA o) upoba]
oS g7 gHd 24 =i, ojef e
ST Al AR g =3k G
of A Z}m7F oF 12° ~ 22° Afolo] glomA
daskar, Gl dAlel A4 Sid

Aol 7t Al WA

1

ox Tt o o [
o rlo o rlo

2~ 1

o)1
== %

o7 H?_]E‘r. Fig. 2e,
ol mlad ofalA ek
dvfe] FF Wol| 3]
Fig. 2i ~ 2k&= 9% I 25
, Pl oFEiw el s Eo] A

A

SHo R SEWA e (separation) =] =



2004

e
fli

S, A

b 180°0l 4 & F719 A &
LEbA Zolt}. Fig 3a, 3b, 3g
(trailing edge)©. = F-E] 2z wlojr}r}

2
!
2 a

N

q

%
X

o

1) h=
5l

00 o
Jy T
il

:

s o
N

i

e T | G o)

il
BN
o

Z3}% vortex street
Saharon et al.[9]2] A A ZF=Ag] 7FA &}
UEhd ddaE 2 dXA
7b Skdule] SR
TR dREEeR
913 A7E 180°%1 Aol =
A= IEE 5
o A2 uds A
vortex streetS A dlch.

Fig. 4% S17A} 270°61 4 3 =719 Y3l &
b Il A ZAEE YERR Folth 914A}
270°% 917343F 9009 Hlzgk 1§lS R &)
ARk, (d)= Fig 39 9174k 90°¢] (b)eF 7ol <

]

>
Y At ok
o b
e X

2
R

i

°

S}, Fig. 3k

o
i
SOl

©

2 T
T
Sob o &
)

U pe —

3
!

(k) 14°u,
Fig. 3 Flow visualization of

1589

() 20°u, —85°

—14%

wake patterns (phase lag 90°)

I7)= downstroke, HE 7+ upstrokeES % &5}
L7l olgwel mFFE Frlela, RHelel
AWe o] o} EFL suctiondhs &Iv}
WA s 9k 90°e Hlsl wakeFol Atk d

A 4w (e G e W Il 9

fex]
G el A7) watolrh. 91dA7E 90°l Fig.
39 (i) ~ ) FAFsHA Fig. 4(@a), (b)ollAE ¥

37l 25 downstroke ZEfEA], b7l o} o
FEo] Fdse IHow saWHA vgEE A
< B 7 ok

Fig. 5 &= Fakel zlgol wa Hsdk 2o
A AEe Aol AT Frs dY, FFY
Fdg BoF= adolth ().b)(0x 44 T
4 2%57F 0.15, 0.30, 0.45 o|t}, Fapd AFF
7} 0159w w57 gaE Skdle] e
WA vE SF{o FAE T A kAR
F29 AE47F 030w el weld
frado]l K ghkel S7FR s fFHaAde] 3ox
= 27 AA SE S AFER Hee



10°0, 22°

0)

(k) 14°u, 21°d

Fig. 4 Flow visualization of wake patterns (phase lag 270°)
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(h) 16°u, -13°u, K=0.30
Fig. 5 Effect of reduced frequency
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