Unsteady Lift Measurements of the Dragonfly-type Wing
Song-Hak Kim*, Jo-Won Chang**

ABSTRACT

Unsteady lift measurements were carried out in order to investigate the effects of phase
difference and reduced frequency of a dragonfly-type model with two pairs of wing. A
load-cell was employed to measure the lift generated by a plunging motion of the
dragonfly-type model with the incidence angles of 0°. Experimental conditions are as
follows: phase differences between fore- and hind-wings are 0°, 90°, 180° and 270°, and
reduced frequencies are 0.075, 0.15 and 0.225, respectively. The freestream velocity was 1.43
m/sec and corresponding chord Reynolds number was 3.4x103. The variation of
phase-averaged lift coefficients during one cycle of the wing motion is presented. Results
show that the total value of the positive lift coefficient during one cycle of the wing
motion is the largest at the phase difference of 90°, and that the maximum lift coefficient
and lift coefficient per unit of time increases with reduced frequency.
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fig. 1 Dragonfly type model

o =717} 1.0m(E) x 1.0m(Eol) x 35m(Z°l)
oln, HUFEHL 451 m/secolt) AlFR-obo]
zaky mde] Yoy AA gale Mg o
354 oAl Zdolw, ¢ - g HaE A
¥ 27t 376cm, 535cmeolth @l AE L
+38° ~-38°% gl A& o]F1 glen, %711‘?
TEATE 7109, gt vlojE dAZEA
AdYZ =& /‘}%5}‘7‘1 RH E e _r]ﬂ;z}"—‘

IAA E £ A=A £ 2 ﬁ?
of AH&-H E7H AA FAre o] s et

7} Y3ted], @AY AEAe EFvE FH 5SS
AbgslTh de 248 fA87] A8 2mm
o] BARE AMgste] 4HY 2u(span)H &
ST E ston, A HA wgen
Imme] €4%& AH83e WoE FAFUG
Singh et al.[8]2 A& HA HPES e &

3 gl B H4¥H AFE FAFHLH, &
A RA = Y(frame) FFol webA F2 9]
335}7} Ade d9E =&39t. ol=g F

e i8] a2 338 & AT, 1 H
A Axv SAHA gtk B dFdAME
gfe £94 Axe FAHoE 2HEA &Y
=)}, @7};4 FAL ALEY [4]9) AMAH ush
2},

2 d7e F 4 /e vkl ZAe 2dY
FH5  BF @;z AFEEEE

1.43m/seco) A} T} on,

ol 24 Re= 3.4x103°]t}. %‘_@3 34 AE

5 K=015¢ W - FAde 947 00, 907,

180° 18]31270°9 Ao dsle ZALE )i,

AAFa17E 9009 A B “}—‘& AESFE 015, 030,

045 8 utfto] spax & 77kR Aol #e o
TE 43 9.



B4R 58 9N WY I 2% 3

fig. 2 Load-cell

<fig. 2>+ 2499 &3 T FH87) 9
g 2% 2= A(load-cel)S UER Amo]ﬂ%,
<fig. 3>& 2= A9 &’Xé(calibration) o]l &
HojFes adss A8gde &X351s ﬂo
T en, o3 2= ’iil-f] FAH(FH)
g 1193 4 (non-linearity)> °F 0.014%°] T}

<fig. 4>= T AFPF) AFE I B
g Agrz SR ofyg e ¥
7ol 0°¢1 A5 Yz A 2= Ao
AEste Y-F wFe] ¥ FAHLE Yol
0°)1 B4 griel Agshe oFg JRa} golx
o w2 dgelM 58 e 2o 4
oM A4 24T goz "}%5}"3‘3}

<fig. 5> Hdloa wAHE 3S Holg
2 HEINNAAY AL HoFE adog 7
dolx FA"E ¥ 10Hz HDEE|(low pass
filter)7}  Z3E  FE7]|(amplifien) S E35}o
National InstrumentAte] Hole FSAI~"HE
AF&-3S ). Fejtek and Neheral6]= 83 27
of #% FH ZAAYANAM xolZ(noise) | AS

ENS

Fore Wing Hind Wing

]
H
t
H
H
+
H
H
H
H
H

; Gear Incidence 2-axis
angel 0° load-cell

fig. 4 Schematic of Experimental set-up

fig. 3 Calibration of load-cell
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