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Abstract
Passive morphing airfoils are airfoils that deform passively due to aerodynamic forces and are known to increase the

maximum lift coefficient and lift slope. However, experimental evaluation is costly and is further constrained by limited

experimental conditions. Therefore, we constructed an automatic aeroelastic simulator that couples a finite element

structural analysis with computational fluid dynamic solver and evaluated its accuracy by comparing it with experimental

results. Furthermore, a wing structure design tool was constructed and analyzed under different Reynolds number and

stiffness conditions. As a result, design parameters were identified that achieved higher lift coefficients and lift-to-drag

ratios than those of the rigid airfoil within the angle of attack range of 0° < AoA < 20°.
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L5 Stroke vs Test Force E=2680MPa

hinge:50% thick:0.5mm
hinge:30% thick:0.5mm
hinge:30% thick:0.4mm P
hinge:10% thick:0.5mm &

hinge:10% thick:0.4mm | 7

Force[N]
N
\

051 S 2F

0 0.5 1 1.5 2 2.5 3
Stroke[mm)]

X 9 fif & 2N D PR

# 5 WEENHBROME X DL

Hinge Thick FEM Experiment Error
50% 0.5 mm 0.392 0.418 6.3%
30% 0.5 mm 0.315 0.352 10.5%
30% 0.4 mm 0.213 0.232 8.2%
10% 0.5 mm 0.138 0.205 32.5%
10% 0.4 mm 0.116 0.153 24.4%
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13\ RECLE Cali DR % 7", Re =
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Ca < 2,500DFiPH CH IR RK L, Ca = 2,500
R CRAEZEZ R LIz b, BRI i T
LA ZRT, HICRe = 4.0 x 106 Tl&, Ca = 2,483
TR IRICL = 0.78% /R L, MIAR L kT 5
L 022 I L7,
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10°ClECa = 2,0001 4T H> BN A 2 7”7,

15 IZHHbL/D & Cai DA% ZRT, Re =
1.6 X 105DLA X, Caihd 0 725 1,000 F2 5 O

(B EGR) Tldk, WHEE OB & RIFRE
THDHM, CalH T 5 & Htthidth < 12D
L. Ca¥fi® 4,000 FLl CrIEpubens 20 FE w3
%, —J. Re=80x10%4.0x 10°DH4EIICa <
2,000DFFH CHPULHE K L, Ca = 2,000 Th
KEZERLT=O6, BT U 580 %R
9, FFIZRe = 4.0 X 10°TlX, Ca = 2,132 T KIGHL
L/D = 67.6% 7 L, WIKE L L4 2 & 7.9 4
. FEEEITIE 13.3%08ME 72 5,

BRE R L OMBHIEE TiE. Re = 8.0 X 105,4.0 x
106D R B35 B — 27 73Re = 1.6 x 105 DFFIE R
A7, Ochi H9]REE L7 K 912, Refmd kK
TWVIFEEROERIC L D ZE RO LN BEE 2B
o, o, BRRDIMUES, B IUBERIETH
> THCa < 3,000 TrEE UReB Tld— A D iR AU
WML CW5, 512, Re= 8.0x1054.0 x 10°
DI BRI IR & 72 5 CaXkiTH 2,500, i
SR & 72 % Ca¥RiTA 2,000 TH 5,

INHORERMNS, FFEDReEITEBWT, Calk%
WO ZRBUEIZ 72 2 K O ICZBIRE— 7 ¢ v V3RS
R TE. L vER RGNS Z L
DMERE LT BEfi#tr 7 0 7' 7 A X v R &z,

K8 “WILETND/NT A—H

Reynolds Hinge Skin Young’s
number Percentage Thickness Modulus
1.6 X 10° 10~50% 0.1~0.45mm 205MPa
8.0 x 10° 10~80% 0.3~1.8mm  500~5,000MPa
4.0 X 106 10~50% 0.1~1.5mm 50,000MPa
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