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Outline

 Computational Fluid Dynamics (CFD)
A CFD library: Introduction to OpenFOAM

CFD aerodynamic research
- 2D - Airfolls
- 3D — Rotor blades

e Summary
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e More than 20 institutes of the Universities:

ForWind \/

nter for Wind Energy Research

e Oldenburg, Bremen, Hannover (500 employees)

fundamental research

 Fundamental research in every field of wind energy

~ Fraunhofer

IWES

\

—~ Fraunhofer
IWES

« Member of Fraunhofer society

applied research

* Fraunhofer IWES with 500 employees

» Applied research in every field of wind energy
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Computational Fluid Dynamics

* Navier-Stokes equations (NSE)

 Numerical modelling of NSE

- Can be cheaper than Experiment
- Can be fast

— Gain detalled insight into entire flow field

- Reproducible
- A better understanding of flow phenomena leads //
to more control over them /

@ Universitit Bremen

Gt |OLDENBURG




What is OpenFOAM?

* Open Field Operation and
Manipulation — software

* Huge Library of field calculation tools

« Mainly used for CFD calculations

 OpenSource — with different
branches




What is OpenFOAM?

Advantages
 Open Code — you can change it

* Very powerful toolbox for own
development

* Once you know it — you know what
it does!

e Free

 There IS now a large community
using and improving it

Open\VFOAM
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What is OpenFOAM? Ope nVFOAM

Advantages Disadvantages

 Open Code — you can change it  Open Code — you can do what you

want — is not always correct
* Very powerful toolbox for own

development e Steep learning curve

e Once you know it — you know what ¢ Documentation is severe issue
it does!

* Free

 There iIs now a large community
using and improving it
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CFD Process
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Meshing

 CFD requires discretization
e Size & Quality impact:
- Solution

- Computation time

- Convergence

Ref: www.cmap.polytechnique.fr
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Meshing

 CFD requires discretization
e Size & Quality impact:
- Solution

- Computation time

Highly important, non trivial,
most time consuming step Iin 7
preproceSSIng | Rf: www.cmap.polytechnique.fr
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Meshing with OpenFOAM

 blockMesh

— Structured mesh

- Block decomposition of the
computational domain

- Simple geometries

- Time consuming procedure .
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Meshing with OpenFOAM

 blockMesh

— Structured mesh

f

T, |
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- Block decomposition of the S ]
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Meshing with OpenFOAM

e snappyHexMesh

- Unstructured mesh

- Meshes directly to surfaces from VAN N VAR N VAVAVAivg, S iy

CAD file ““ a— i ¥ -;' i ']1:-: f_#:_ : 3; : LR ,—*H 1 f+ q .3-5"'.‘.; 1

SSSe e

- Can be a time consuming TR ‘I:t._r**ﬂﬂf

procedure : gjﬁli

_ ] FarlesEatantiy S

— Problem with sharp edges: AN T T
eg:Trailing edge of blades, can not N R T,

represent the geometry well
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CFD Process
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Why should we use CFD methods in wind energy?

 Load calculations based on 2D models with limited
accuracy

» Especially in non-standard load cases models show
problems (e.g. yawed inflow)

* |n non-standard cases for atmospheric flows (complex
terrain, water, ...)

» Detailed aerodynamics only with measurements or CFD
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Why should we use CFD methods in wind energy?

P Actuator Line

___Full Rotor

Airfoﬂs

Atmospheric Boundary Layer
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CFD Simulations: Airfoll

o 2D Airfoil Characteristics needed for:
- Airfoil Design

- Blade Design

- Load Calculations

@ Universitit Bremen

universitdt |OLDENBURG




ForWind VY. TW7St

Tubulence » Wind Enesgy = Stochasfics

CFD Simulations: Airfoll

o 2D Airfoil Characteristics needed for:
- Airfoil Design

- Blade Design

- Load Calculations

Ref: [www.siemens.com]
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DU-91-W2-250

Velocity Distribution - Re = 1E6, a = 15.19°

Know your model!
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Airfoil Simulations

NACA-63-415
Lift and Drag Coefficient
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Wind Turbine Simulations
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Motivation

Get knowledge about full rotor aerodynamics

Investigation of flow pattern

 Rotor & tower interaction

Get knowledge about 3D effects

Wake investigation
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CFD Simulation: NREL VI Wind Turbine

e 10 m rotor diameter
e Measurements in NASA wind

tunnel
* Pressure, load as experimental

data available
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NREL VI Wind Turbine

Surrounding Patch

Outlet ‘
\ Cylinder contains the

structured mesh of the blade

o

Inlet

/

Symmetry planes

Ref: Rahimi.H ForWind Center for Wind Energy Research, Institute of Physics, University of Oldenburg, Germany
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NREL VI Wind Turbine

Simulation conducted on the FLOW * cluster, with 92 CPU cores

Steady-State simulation

Total grid size: 7 Million

k-0 SST turbulence model

Convergence achieved within 5 hours CPU time

* The Facility for Large-Scale cOmputations in Wind energy research (FLOW)
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NREL VI Wind Turbine

18 [ I I I I EI [ t I 5 I I [ I EI L ¢ [
: : : : : ; xperiment =+ : : : : : : xperiment G-
OWer output - “hresent —a— o Thrust e

14 b i

Power [KW]
'—l
=
|
|
Thrust [kN]

S N U S N T S N ol
5] 8 10 12 14 16 18 20 22 24 2t 6 8 10 12 14 16 18 20 22 24 26

Wind Speed [m/s] Wind Speed [m/s]

Ref: Rahimi.H ForWind Center for Wind Energy Research, Institute of Physics, University of Oldenburg, Germany
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NREL VI Wind Turbine

Pressure distribution
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NREL VI Wind Turbine

Pressure distribution
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Ref: Rahimi.H ForWind Center for Wind Energy Research, Institute of Physics, University of Oldenburg, Germany
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Aerodynamic force coefficient conventions

Plane of rotation

Rotation
direction
chot_\— o
wne
o / Where,
o V4 Vi P + ¢ = Blade pitch angle + local twist angle,
- ¢ o = Angle of attack,
Ereis C., = Normal force coefficient,
stream C. = Tangent force coefficient,
wind C = Lift force coefficient,

C,,.. = Thrust coefficient,
Gm . = Torque coefficient,
C, = Pitch moment
coefficient, and
V. = Resultant Velocity Vector.

Ref: http://www.nrel.gov/wind/
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4.5 m rotor diameter

 Measurements in 9x9 m2 open
section wind tunnel

* Pressure, load and PIV
experimental data available

* Considered cases: axial inflow with

10, 15, 19, 24 and 30 m/s
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Mexico Wind Turbine
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0 0.2 0.4 0.6 0.8 1 1.2 -03 -0.15 0 0.15 0.3
S : : : . { ‘. :

O_a) P «J‘bur | | B
U=10 m/s
Linear range

x/R [-]

T . e
= »e ||
B 1
0 0.2 0.4 0.6 0.8 1 1.20 0. 3 : 0.8 1 T2
(/R [-] (/R [-]

Ref: Herrdez, |.; Stoevesandt, B.; Peinke, J. Insight into Rotational Effects on a Wind Turbine Blade Using Navier—Stokes Computations. Energies 2014, 7, 6798-6822.
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Mexico Wind Turbine
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Ref: Herrdez, |.; Stoevesandt, B.; Peinke, J. Insight into Rotational Effects on a Wind Turbine Blade Using Navier—Stokes Computations. Energies 2014, 7, 6798-6822.
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Fluid-Structure Coupling

» Large, flexible rotor blades deform

Displacement (m)
4.5°

1
A

 Conventional CFD assumes stiff blades A

w

« CFD+FEA Improves accuracy

N

(FEA = Finite Element Analysis)

e

Ref: Dose.B ForWind Center for Wind Energy Research, Institute of Physics, University of Oldenburg, Germany
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Summary

OpenFOAM is a very useful tool for simulating wind energy
applications (2D, 3D, steady state, transient)

* Open source concept

« Shows good results for wind energy applications

e Join the community!
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Thank you for your attention

hamid.rahimi@uni-oldenburg.de

Smart Blades Project

- Development and Design of Intelligent Rotor Blades -

A joint research project of DLR, ForWind and Fraunhofer - IWES
@ Federal Ministry for the
b sk Environment, Nature Conservation

and Nuclear Safety

* The Facility for Large-Scale cOmputations in Wind energy research (FLOW)
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Discussion
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