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Finite Tip-speed ratio
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Straight Case (NO tilt)
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This is the basis of BEM tilt models. 
Why not including the rest?
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3. Tangential vorticity

In-plane component for various skew angles
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4. Longitudinal vorticity 

Root vortex (in plane component)

22 1 November 
2013



DTU Wind Energy, Technical University of Denmark

4. Longitudinal vorticity 

Root vortex (normal component)
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Tip-vortices
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4. Longitudinal vorticity

Tip-vortices – Far Wake
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Tip-vortices – In plane component
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4. Longitudinal vorticity

Tip-vortices – normal component
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BEM implementation
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Conclusions

• A new semi-analytical Yaw/Tilt model that accounts for finite tip-speed 
ratio

• Full velocity field from longitudinal and tangential vorticity obtained with 
combined analytical and numerical integration

• Simple approximations or empirical formulae can be derived for 
implementation in BEM codes

• Influence of longitudinal tip-vorticity is small compared to other 
components 
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Future work

• Implementation in BEM

• Comparison with free-wake vortex code and experiments

• Relaxing infinite number of blade assumption (tip-losses)

• Relaxing the constant circulation hypothesis
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Thank you for your attention
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