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Previously
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Different variables

Independent: ¢

State: v V

Other: T' L W D o



The lift-drag polar

_ c?
Cp = Cp, + i

Zero lift drag: Cp, Lift induced drag: f}qs
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Tip vortices

lower than freestream
static pressure

Ly _1_1_

higher than freestream %
static pressure 4,

Image from ‘Elements of Airplane Performance’
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Aspect ratio and Span efficiency

CQ
CD:CDO | 7TAL¢

A = Aspect ratio (wing slenderness) . >
Span b
¢ = Span Efficiency l/\LOJ/\
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Total drag polar
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Total drag polar
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Still parabolic 0.22
Cp from Lift-Drag polar (flaps up)
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W. Bailey Oswald

Aeronautical engineer at NACA
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e = Oswald efficiency factor




Total drag polar
In essence a parabolic e

To be more accurate:

Saving 1% drag is significant
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Drag vs. speed
drag

One part increases with V
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Aircraft morphology

Low aspect ratio
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I Recap
Cr

CD:CDO I TAe

OR
Cp =Cp, +k1CL + ]CQC%

D = D(V)
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