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Introduction

Several in-house Fluid Structure Interaction modelling options have been developed at
NTUA:

 Aerodynamic and hydro-aero-elastic analysis of wind turbines and wind farms

* Helicopter rotor aeroelasticity

* Aeroelastic response of cylinders

* PV aeroelasticity
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Introduction

aerodynamic module

A wide range of in-house aerodynamics analysis tools have been
developed over the years:

* Enhanced Blade Element Momentum (BEM) models

* Lifting line / lifting surface / panel free wake vortex models
e Actuator disk and line CFD URANS/DDES/LES models

*  Fully resolved CFD URANS/DDES/LES models

* Hybrid CFD models (Eulerian — Lagrangian)
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Wind turbine rotor applications

Aeroelastic modelling of wind turbine rotors in yawed flow conditions
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Uniform Free-Stream Flow,” Appl. Sci. 2021, 2021, 11, 12097

Root Flapwise Moment Axial Induction Factor at 75%R
AL — LL — BEM — AL LL BEM —
21 , , , , , 34 0.45 — — 0.45
U,=8m/s U, =11 m/s U,=8m/s U,=11m/s
20| { L {33
0.4] - 0.4
18] I 131 oassl 1 | {0.35
©
17, {30
0.3[ [ 0.3
16 129
15 1 i 1 1 i 1 28 0_25 1 i 1 1 L 1 0_25
0 90 180 270 360 0O 90 180 270 360 0 90 180 270 360 0 90 180 270 360
Azimuth angle [deg] Azimuth angle [deg]

ERCOFTAC Autumn Festival, 15 October 2026, NTUA, Athens




Wind farm applications

Aeroelastic modelling of
the complete wind
x turbine configuration
s I within the computational
= domain

p
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Wind farm applications
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Helicopter rotor applications

Aeroelastic modelling Of helicopter rotors N.Spyropoulos, “Development of Computational Methods for the Aeroelastic

o Analysis of Rotors using Grid Based and/or Particles Techniques. Application to
]g Wind Turbine and Helicopter Rotors”, PhD Thesis
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Wind turbine tower applications

CFD aeroelastic analysis of Vortex Induced Vibrations on Wind Turbine towers

Unstructured grids with wake refinement

O

O

Refinement area size critical for resource management
o Cantilever cylinder based on the experimental setup of Lupi et al. (2021) (*)

o Fully resolved boundary layer modeling.

a Tunnel walls modelled as inviscid walls

(*) Lupi, F., Riidiger Hoffer, R. Niemann, H.,J.: Aerodynamic damping in
vortex resonance from aeroelastic wind tunnel tests on a stack, Journal
of Wind Engineering & Industrial Aerodynamics 208 (2021) 104438

L=775mm d=50mm
f =20Hz
Re ~2x10*
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Wind turbine tower applications
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Wind turbine tower applications

CFD aeroelastic analysis of Vortex Induced Vibrations on Wind Turbine towers

Work Supervised by
Profs V. Riziotis & G.
Papadakis
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Wind turbine tower applications
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Tandem cvlinder abplications
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Tandem cylinder applications
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PV applications

CFD analysis of PV vortex induced vibrations
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Floating wind turbine applications

Modeling of the hydrodynamics of a WT floater @ CCP-W5! @ HEC-WSI
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Floating wind turbine applications

Floater motion excited by irregular incident wave

“Modelling the Hydrodynamic Response of a Floating
Offshore Wind Turbine - a Comparative Study,”
Applied Ocean Research 155 (2025) 104441.
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- WIND TUNNEL Floating wind turbine applications

k

Modeling of the hydrodynamics of a WT floater
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Discussion

e Several Low and Medium Fidelity options can be employed in wind energy and
aeronautical applications, as they generally provide satisfactory performance under
design and near design conditions.

 However, High-Fidelity (HiFi) aerodynamic models can offer deeper physical insight
under conditions dominated by complex aerodynamic phenomena, such as deep
stall and vortex shedding, which can significantly influence the aeroelastic
response.

 Time-domain FSI analyses using HiFi aerodynamic options are extremely
computationally demanding and, in practice, require substantial HPC resources.

e Surrogate models can help mitigate the computational burden, enabling the
indirect integration of high-accuracy, physics-based models into the design loop of
aeroelastic systems.
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