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Planform aerodynamic characteristics of insect sized wings

Masato OKAMOTO, Daisuke SASAKI, Kousei SASAKI, Tasuku NAKAMURA

ABSTRACT

The purpose of this study is to ascertain the aerodynamic characteristics of wings with various planforms having low aspect ratios at
Reynolds number of Re< 10,000 which corresponds to an insect wing. The very small forces and moment acting on the wing were
measured by using the low pressure wind tunnel assuming the measurement of insect sized wing. The wing models tested in this study are
the thin flat plates having rectangular, elliptical, and delta planforms. The lift slope of the wing with large aspect ratio showed constant in
the small angle of attack range and changed horizontally as the angle of attack increases. The Reynolds number effects of these wings were
comparatively small. As the aspect ratio of the wing decreased, the small lift slope and the large maximum lift coefficient provided by the
additional vortex were obtained at Re=10,000. However, the maximum lift coefficient decreased as the Reynolds number decreased to 3000
or less, and the additional vortex lift component was hardly seen in the wings with the specific aspect ratios. As the aspect ratio further
decreased, the disappearance of the vortex lift was not observed. The aspect ratio range in which this phenomenon was observed was
different in the wing planform. This is one of the unique aerodynamic characteristics of the insect sized wings.

1. [FL&IC

KL A NVZEITBIT BIET A7 MR OYE I 2E 7]
FEMEIZBE T 2 0F50IE, /N o M ARTZERE (MAV) OB
FE LTI L7=. ZHicxt LT, Torres and MuellerD |
KR %2 AR T AT N AR RO EERRIZOWT, LA )
wfﬁ&qmm)~mmm<ﬂﬁ£%%ﬁot.v4/
VXD LT GA 1DV CTiE, Mizoguchi and Itoh? (%
R€*52,000~76,000‘/C, Okamoto and Azuma® % Re=10,000~
20,000 CJRIAER ZIT> TS, ZhHOERERIL, &
LA OV ABINZ B CH Zh 72 Lamar® O BRI & Ly X
< ﬁjﬁa);kﬁ)ﬁ%nuén(b\6 & % {EQTX’\ﬁ k
RO, LA JIVRBRGEEN NSV EEB XD
5. 5612, HIETIXCFD (computational fluid dynamics)
B BMITICB VT, £ OfERIZRe=10,000iC3 ) 5
FURAERE R & — BRI NTE DY, ZhbOfERIX
FIERERb0LEZLND.

L2L, Rebix & iz b A 7V XEB /SN
Re<10,0000 B L OWBIZAH Y - 5 Ik T, K7 A2 bt
BORJAFER 1T I25ER, ZofHmmimEg hn Lon
M BEVIBRBNAELDL Z EBRyNoT0. b,

COMFEMITEESERIET ALY MEEIZBWTH LN,

FEDOT AT NOHIFIZFEEBIRIC L > TR D Z &2
o TETDD),

AN, BRZRBRY A XDET A2 kO IR D
BOLESPEHNECHONT I E COMEREAY F & O THRET .

2. EEREE

ERICIIEE TR A A XEBOBEEL HACER S
TARE RREEE) 24 H Lz, ARGRIE T 7 U 8o s ZE
T U= NI/ R 2 R E T 52 T, RULA 7
NABOPETHBIEEZEMNT 2 L TEHEEZREXLL,
INER VA VR ORE ZFTREIC LTV 5. AR O
HRILSCIRG) T 72 I3 3CHR9) 2B X iz,

3. EERiER

ES Oy R IORA AN Fig LIZRT LD R T ARY
Mt AR ORI ZEE, HHE, TAXEO 3 FEETH
D, THUBIEEWVERCREL TEBY, ZOMBIOETEE
Jt% Table 1 (2”7, e h#EkE ¢ loxtd 2 #ELt /¢

@0%%~w%f%¥@ﬁ KoTORRNRD., £z, /5
M3 LT X RITIEF AICHEEE ¢ MERZ0RE0OR
&t i3 —ET, %ﬁ#ﬁqﬂ FEREIIIREL D, 20
WENY, PREOLE, E%E&:ié%ﬁﬂmﬁ«@%ﬁi%ﬁtt
NS WD & &, BFICT AT MV EVWEIZHONT
>”’ﬂ‘”ct DG EEEORENRKE N ED, ;é/rbzgéi%
M CH# LTHLZORERIFFE E L Le o7z,

Aerodynamic center 0.25¢

AR=0.5 R=1 AR=15 AR=2
Rectangular wings

AR=1.27 AR=1.5
Elliptical win,
T
AR=0.5 AR=1 AR=2 AR=4
Delta wings

Fig. 1 Planforms of model wings examined in this study

Table 1 Specification of model wings

Aspect Conax c t/lc
ratio (mm)  (mm) (%)
Rectangular wing 0.5 40 40 0.75
1 25 25 1.2
1.5 25 25 1.2
2 25 25 1.2
Elliptical wing 1 30 25.5 1.18
1.27 30 25.5 1.18
1.5 30 25.5 1.18
2 30 25.5 1.18
Delta wing 0.5 50 333 0.9
1 40 26.7 1.12
2 40 26.7 1.12
4 30 20 1.5

This document is provided by JAXA.



196 FHMIZEATTE PR FERAE R AR JAXA-SP-18-005

4. ERFERLER
4.1 SR E

Fig. 2I1T, 7AXZ MEORLRDBREIZHOWT, LA/
I R I ST E OZE IO BAL &R

Fig. 2@)IFAR=2DEFE THSH. LA /L AERe=10,000
OHB I BRECGERD L, Cixdlm L icHEmL,
4deg<a<8deg THF NERI D EMNTIEMT D23, o=12deg Th
KB IR Cmax=0.75% LV, ZOHBMEIZCLITED LT
B—TEEERD. LA VBT 5 & Re<3000 Tl
Crmax | TEENT/INE L 72 Y, Re=2000 T I EE HIEDC
AT BN, TOBLITHRE/ NS, R—F—h—T %
FC, HURECol 3/ ML MR Comin3 L A/ 7V ZEL D
DL ITHEINT D BN ENLSMI B LN NS V. By F S
T— A MEECrooseld, a=0degftiT TIXCro2s=0T, f#
MCIEDOHEB ZFON, a>5deg THAICELL, —H T
WD), TOHBAICAIZHEINL TN, ZobA /v
AN L DL, BAOBROZEL & RIS .

AR=1.5 (Fig. 2(b)) 12720 LEDZCrma S REL 2D, %
DT DOINTESE>TL S, LL, LA LN
B35 L, Re=3000TCrmaxld/NE< 720, Re=2000TILH
L 72D, CpCuozse b RIKEIZAR=2DE L i LT
LA IV ZEURNET OO R E V.

AR=1 (Fig. 2(c)) DHEEIZ OV TILILIERS) 12 Z DFEHIZ
IRULTED, KT AL M EEEORETH DB Ui O
WL BCOEINE, VA VO EILITIETL, iE
BHOHMENA SN RD. ZTDT=D, Cimxd LA IV
AW T B LN EL T D,

AR=0.5 (Fig. 2(d)) {2725 &, T AT FrDOWIIT L >
THHERNI/NE L 20, Xo@EmidlfsEcolisme,
0>45deg TCLN AT DA, T OMEEIZ L A ) L ZEDIE
DLTHIREEL LR,

LD X oIz, BIEEOEGE, 1SAR<ISTIEL A /X
B Re<50001 /AT 5 L&, (KT A7 NHEORG N
4.2 ¥EME

Fig. 312, 7 A~Y NHORRLFEAREITHONT, LA/
W AE AL ST B G OE TR DB 2 R T

AR=2 (Fig. 3(a)) TI&, Re=20,00012FB VT H TR < A
Y, TAXRY FEOREWRHERMRE RS, 22 TiIEL
A JIVZERRA LT, Re=2000To=10deg T D CrhM#
WD T 27T TH D,

AR=1.5 (Fig. 3(b)) TiZ, Re=20,0000 CriTo>15deg CHEAR
WL RN LT O AR, o=33degfTiT
TCmnZ &V, TOBEWTH. LA VB ORD LI
WZCITRADT 2N, LA VXEOREADITR LT
15deg<a<40deg @ 1 f i P & O CL 3 B L T &
Re<30001272 % &, Z oA HiFH T2 iz 72 5.

INNEEREME (4R=1.27 (Fig. 3(c))) Z2b &, LA
J IV IO & HIZCBNAERT B AMANNESL Y
Re<3000 T I L 2otz Ronzl 720,
Cimaxl IR ELWATD. Cob B LT LA VA%
DD T B LML Y, R—F—D—T %25 L
Re<3000 TIIET A7 MEROFHEN R ONRL 72D,

AR=1 (Fig. 3(d)) DHBE, LA J VAERED L THCL,
Cp, Cuo2sc DFFEIZK E 7228(1%72 <, Re<3000TCLEAA
FEMT/INEL 2, a=40degftIT TAT B CLo M A I3 1E
MMIREL 725,

4.3 TILAE

Fig. 412, 7TAXY MO 5 =AFR OV EK 2 FF>T
IEBITONT, LA VA B SEIGA 0%
HOELETRT.

0.5 A
)
0
039 0 10 20 30 40
e,
& 0 —
g ﬁ L -+ Re 10,000 l U
S + Re=5000
02 o Re=3000
210 0 10 20 30 40 50, Re=2000
Angle of attack, o deg
(a) Rectangular wing with AR=2
1 1
ﬁ%&@%
0.5 0.5
) )
0 0
0300 10 20 30 40 s0 %% 0.5 1
0 . CD
I -~ - Re=10,000 U
g Mmﬂ ¢ l
S 02 Mg~ Re=5000
o Re=3000
-1 1 2 4
0 0 0 20 30 40 50 o0
Angle of attack, a deg
(b) Rectangular wing with AR=1.5
L5 L5
1 e 1
S 05 J 05
0 0
O30 10 20 30 40 30 % 0.5 1
CD
ﬁ - Re=15,000 l U
§: - Re=10,000
0.2 A4 4 Re=5000
20 0 10 20 30 40 e
Angle of attack, a deg © Re=3000
« Re=2000
« Re=1000
(c) Rectangular wing with AR=1
1.5
1
S) o
0.5 g
0
10 0 10 20 30 40
CD U
5 0 o 3
< e, Re=10,000
S D3|+ Re=5000
Y o Re=3000 I
-10 0 10 20 30 40 50
~ Re=2000

Angle of attack, o deg

(d) Rectangular wing with AR=0.5

Fig. 2 Aerodynamic characteristics of the rectangular wings
with various aspect ratios
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Fig. 3 Aerodynamic characteristics of the elliptical wings
with various aspect ratios
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Fig. 4 Aerodynamic characteristics of the delta wings with
various aspect ratios
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Fig. 5 Reynolds number effects of main aerodynamic coefficients

EEDORBETHLNTHS. T7bb, Re=10,000TiIFiH
EIZIEWE T B#R 23 5 H 41,  Re<50007ClXSuction analogy %
IMZ 72 WEGERS 11R4%, T2 b bR a4 L e nwgh
EERMICTE S <. ZOMBICHOWTIE, HBEE T kS,
KIS, T2 REITSCHSE SR I iz,
I EERNRE I ET D 2 T, BOMERNHE
MLUTWEGHE LTHMENS. Z OFEmIIZIRAO A
{EFER DS LA ) VABOW D ICrrbbTRbhs. L
MHL, LA JIVAENRREAD Lz &, TOMmiTEEm» S HE
n, BICAHEL TWRWOD. Fabh, Bikmixstsd
LA E LT InERARWZ Lk s 2 LT,
BT AR NI D E, ZOCOIITFALE R
LN 725, ZOFRMIELS B R0VD, EAOE
PS5 Z LI L - T, EADORBIMNEWICEE~DFR
EEMETLIOTIEIRVINEEDRS.

5 #5
BOVEBEMEICBWTERT 227 MERIZLA /L X
BUAEMEDN /NS W E b TW=23, Re<3000TIE, &7
AR NHBIZA SN\ OMMBN R 52 258
SBNELTZ. ZOT A7 MEHEAITEEFIC L - TR
D, I E CTIX1<AR<L.S, 5 M3 TIlX1.27<AR<1.S,
FIHBETIIISARQL TH 72, Zhix, Bl X#EIiC
RoNbREDENFED—2STH D,

AWFTRIE, FHEFR BB (GREE 5 16K06894) D
xS Ciihbing.. ZZICHERRT 5.

SEHR

1) Torres, G. E., and Mueller, T. J.: Aerodynamic
Characteristics of Low Aspect Ratio Wings at Low
Reynolds Numbers, Fixed and Flapping Wing
Aerodynamics for Micro Air Vehicle Applications, edited
by T. J. Mueller, Vol. 195, AIAA, Reston, VA, 2001, pp.
115-141

2)  Mizoguchi, M. and Itoh H.: Effect of Aspect Ratio on
Aerodynamic Characteristics at Low Reynolds Numbers,
AIAA Journal, Vol. 51, No. 7, 2013, pp. 1631-1639.

3)  Okamoto, M., and Azuma, A.: Aerodynamic Characteristics
at Low Reynolds Numbers for Wings of Various Planforms,
ATAA Journal, Vol. 49, No. 6, 2011, pp. 1135-1150.

4)  Lamar, J. E.: Extension of Leading-Edge-Suction Analogy
to Wing with Separated Flow Around the Side Edges at
Subsonic Speeds, NASA TR R-428, 1974

5)  ZHmASth, 2 AR b BV A v XBdEIC 1
D7 AR RO, A AT S ke
RBSCHR 5 55 Witk = - TR OCIR, 2018

6) BIARIEN, #ex AR, Hx AHTE, TAE: Bhy
A RAR=1 [EFHE D2 TR, B A2 Tl 250
4£ Vol.65, No.5, pp.177-180, 2017

7 PAMEE, FAREA: BELA VR ICR T 5 M
WHEDOZE/ R, FESSEIFRATHE S RV T LAFREHLE,
2017

8) Mex KR, MAEAN: BYmEBRIZBITLLA /L
ZEURAVE, FAHERFEE RS L OFESHRHS,
2017

9) Okamoto, M. and Ebina, K.: Effectiveness of Large-
Camber Circular Arc Airfoil at Very Low Reynolds
Numbers, Trans. Japan Soc. Aero. Space Sci. Vol. 59, No. 5,
2016, pp. 295-304

10) Polhamus, E. C.: A Concept of the Vortex Lift of Sharp-
Edge Delta Wings Based on a Leading-Edge-Suction
Analogy, NASA TN-D-3767, 1966

This document is provided by JAXA.





