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UNSTEADY LIFTING LINE



The classical Lifting Line Theory
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Indicial response 
(Wagner problem)
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Küssner function
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DUHAMEL’S PRINCIPLE
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ROTORVEX
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Validation
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Surging oscillations

𝑨𝒔𝒖𝒓 = 𝟎. 𝟎𝟏𝒎,𝝎𝒔𝒖𝒓 = 𝟐. 𝟏𝑯𝒛
𝑽 = 𝟐. 𝟑𝟑𝒎/𝒔

𝑨𝒔𝒖𝒓 = 𝟎. 𝟎𝟏𝒎,𝝎𝒔𝒖𝒓 = 𝟐. 𝟏𝑯𝒛
𝑽 = 𝟑. 𝟔𝟕𝒎/𝒔
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Pitching oscillations

𝑨𝒑𝒊𝒕 = 𝟑∘, 𝝎𝒑𝒊𝒕 = 𝟎. 𝟔𝟓𝑯𝒛

𝑽 = 𝟐. 𝟑𝟑𝒎/𝒔

𝑨𝒑𝒊𝒕 = 𝟑∘, 𝝎𝒑𝒊𝒕 = 𝟎. 𝟔𝟓𝑯𝒛

𝑽 = 𝟑. 𝟔𝟕𝒎/𝒔



Concluding remarks

Development of a state-space model for circulation 
dynamics

Formulation, implementation and validation of an efficient 
unsteady lifting line model

Easy inclusion of several rotors into the model

Alternative for analyses when BEM shows its limitations
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