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Part II:

Implementation of a vortex code for wind 
turbine aerodynamics and aeroelasticity



An illustration



DTU Wind Energy, Technical University of Denmark

Usage



DTU Wind Energy, Technical University of Denmark

Aeroelasticity with vortex methods - 
Challenges 

• Vortex-structure interaction

• Turbulence

• Shear

• Dynamic-stall models

• Computational time



Part I:

Introduction to vortex methods



1 – Kinematics
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(incompressible)

(vorticity definition)

Helmholtz decomposition and 
Poisson's equation



2 – Dynamics



2 – Dynamics
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Vorticity formulation of NS equations
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Helmholtz's (2nd) theorem 
(consequence of Kelvin's)



3 – Discretization
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Generalized vorticity



4 – Smoothing and viscosity
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Smoothing
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• Viscous splitting:

Convection/Strain                                     Diffusion

Viscous diffusion 
(thanks to viscous splitting)
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Viscous diffusion 
(thanks to viscous splitting)

• Initial state:

• Convection

• Strain

• Diffusion



5– Vortex methods
(summary)
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Conclusions

• Preliminary aero-elastic vortex code released

• More applications and users needed

• The challenges presented in the previous section should be faced

• Further improvements of the code to be developed
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Thank you for your attention
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Vortex method as projection
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Vortex method as an aerodynamic tool

Movie



4 – Implemented vortex code: 
Omnivor 
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Elements
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Applications
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Applications
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Applications



DTU Wind Energy, Technical University of Denmark

Applications
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Applications
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Applications
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Applications

Movie
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More complex

Vorticity and sources are the keys.

It's easy to find particular, elementary solutions

The boundary conditions are the tricky part.

Solution: Biot-Savart law and Green's 
theorem 
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Results



DTU Wind Energy, Technical University of Denmark

Potential flow elements
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(incompressib
le)
(definition)

Helmholtz decomposition



DTU Wind Energy, Technical University of Denmark

Incompressible, homogeneous, Newtonian fluid with 
conservative forces: 

Curl of Newton’s law:

Presssure obtained by 
integration

Vorticity equation



DTU Wind Energy, Technical University of Denmark

The entire flow field is known by summation  of  
the velocity induced by all the singularities

Different vortex codes
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Pros and cons


