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Fluid dynamic forces acting upon a body
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How can an airfoil generate lift force?
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Circulation (bound vortex) create a lift to keep a flyer aloft!
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Bernoulli’s Equation:
pressure difference over the airfoil

u% 1
HH +=V’ +gz=C(1)
a p 2

Dynamic pressure: pV?%/2 Lift

Magnus Effect: inflow+circulation
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F(lift & drag)=Jy(-p+t)dS
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Boundary layer problems
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Drag on a plate
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Drag on a circular cylindelt'\
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Drag on a sphere
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Boundary layer problems
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Boundary layer problems
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Drag on a circular cylinder

m 2ROTTHEE DD O @ L~
ﬁ)b?/,ﬁ FRALTURIE, FNOBENEENEB LT, Fi

[TRADTEAZED LI EEICEFDRAIZKREIZTES8DHND_ L%
WS, WA —ADRENEEZECLART -T2 - IV UIZEHA TS,

ﬁt‘iﬂ BFEHLT MR

' *L'
S N
' vy
‘ /\lﬁ : ey
! o N L
a: : £ 2L
4l e ﬁ
7 W -
&R :
F e 3
" 8
- b
= 4 - n
> -

72 @4 2T D—XMEE 0N SNV g



AED#EHL2

Drag on a circular cylinder
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Drag on a circular cylinder
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Drag on a circular cylinder
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Drag on a circular cylinder
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Drag on a flat plate
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Drag inside a tube: 3D Hagen-Poiseuille Flow
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Drag inside a tube
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Drag inside a tube
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Flapping-wing Flight Dynamics &
Aerodynamics Computational Flight Control
o Biomechanics

for Bio-inspired Flight
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15t realistic CFD model with flexible wings revealed
importance of wing deformation in hummingbird hovering.

(Maeda&lLiu, submitted 2015)
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Wing morphology and deformation in hummingbird can augment
aerodynamic forces and achieve better aerodynamic efficiency.



