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6 wing corrugation 1 Micro Air Vehicle (MAV)
" Nodus 2 hovering
8 Pterostigma 3 Reynolds number (Re)
9 Stroke plane 4 Morphology
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6 Non-rising airflow ! Unsteady fluid
" Drag 2 Smart bird

8 Stream lines 3 Gliding flight

9 Aspect ratio 4 Soaring flight
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7 Fast taking off L Airfoil

8 Fast climbing 2 Lift force

9 Advanced flow display 3 Thrust force

10 Numerical simulation 4 Mass ratio

11 Numerical simulation method 5 Coupling relationship
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Effective disk Power loading
loading
Ib/ft? N/m? Ib/hp gf/w
Hawkmoth [17] 0.18 8.6 70.0 42.6
Micro rotor 1 [17] | 0.18 8.6 30.0 18.2
Orchid bee [17] 0.45 21.5 50.0 30.4
Micro rotor 2 [17] 0.45 21.5 20.0 12.2
Phantom 2 [18] 1.45 69.3 6.6 4.0
KUBectle-S [19] 0.13 6.2 8.2 5.0
Dragonfly [17] 0.13 6.2 40.0 24.3
Delfly Nimble [20] | 0.38 18.4 8.2 5.0
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! Particle Image Velocimetry (P1V)
2 Vortex

3 Multi-rotor

4 Hawkmoth
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4 Active feedback system ! Control surface
5 Control moment generator 2 Control moment
3 Center of gravity (CG)

https://metec.benf.ir A axio



www.metec.bcecnf.ir

th International Conference on
Technology Development in

Mechanical and Aerospace
Engineering

el Gy GuibiS preiiin @
= Aigo 3 5 glis dnwgs

Lbdlgm g SuilSo ®

b 50 ol 5l g el ) aiSs bgis 5 aied yi 0y b ol (glsn jo B (9 Sla s Jsb )0 1) 093 Cumdy pglas

R LSRN LasQT)'i”i Golol g By cwyp ¥ Jgaz .05 0 0,00 by gS0lgS

6. Hummingbird

Hovering

Approach Model Animal Targeted Function Mechanical Components
1. Northern Responsive body A front propeller, adjustable
goshawk tail, wings
Morphing-wing- Wing ex-intensions linked to
based gliding Seamless feather wrists
2. Pigeon
3. Fruit Fly High acceleration Flapping wings
Acrobat flight High DoF * of wings
4. Bat
Anti-whirl transmission,
Wing-flapping- Multimodal flight flexible wing membrane
based agility 5. Swallow

Wing twist modulation

Attitude control in
flight

7. Birds

8. Insects

9. Beetle

Seamless hovering and horizontal
flight

High-speed flapping

Recovering from flipping over

Mechanism of shifting the
center of gravity

Soft actuators

Elytra-like wings
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4 Biomimetic

5 New Mexico State University
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! Morphing-Wing-Based Gliding
2 Wing flapping-based agility
3 Altitude control in flight
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