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Main motivation for AVATAR:
/\\//\t/\f‘ Aerodynamics of large wind turbines (10-20MW)

We simply don’t know if present aerodynamic models are good
enough to design 10MW+ turbines

10MW+ rotors violate assumptions in current aerodynamic tools,
e.g..

— Reynolds number effects,

— Compressibility effects

— Thick(er) airfoils

— (More) flexible blades

— Flow transition and separation,

— Flow devices

Hence 10MW+ designs fall outside the validated range of
current state of the art tools.
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/NNENC  Avatar: Main objective
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To bring the aerodynamic and fluid-structure models to a
next level and calibrate them for all relevant aspects of

large (LOMW+) wind turbines
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/NNENC Avatar:

— Problem: No turbines are on the market yet for validation
— Hence: Validate against experiments
. HDG tunnel of German Dutch Wind Tunnel facilities (DNW)

* Airfoil measurements at Reynolds numbers up to RE = 15 NMnd
low Mach (< 0.2)
* LM: Wind tunnel airfoil measurements
* Forwind: Wind tunnel airfoil measurements at
* TUDelft: Wind tunnel experiments on airfoils with vortex generatorsflaps
* NTUA: Wind tunnel experiments on airfoils with/without

* DTU : Danaero: Aerodynamic field experiments on a 2.3 MW?turbine and
supporting 2D wind tunnel measurements
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/NNENT Avatar: Work procedure

d A dynamic Tools for IA|

Use the different models from partners in the project

0 Itisacooperationproject!

O In the project we have many models which range from computational
efficient ‘engineeringtools to high fidelitybut computationally expensive
tools

0 Engineering tools are needed in industrialdesign codes ?)

o High fidelitymodels (and intermediatemodels) feed information towards
engineeringmodels

1) J.G. Schepers ‘Engineering models in wind energy aerodynafni@®12).
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/NNENT Avatar: Work procedure

 Demonstrate the value of the improved tools on 10 MW
reference rotorwith and without flow control devices

1. INNWIND.EU reference rotor (more or less conventional
design philosophy)

2. AVATAR reference rotor which should be more
challengingfrom an aerodynamic point of view (e.g.
lower induction, longer, more slender blades, thicker
airfoils, higher tip speed).

* Compare results from ‘old” and improved models at the end
of the project
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WP4: Aeroelastic analysis of large flexible

/A Va\Wa\n

AdVanced Aerodynamic Tools for |IArge Rotors

WP1: Integration and evaluation of 10

MW RWT
(CRES)

—  WP2: Advanced aerodynamic mode

(DTU)

control

blades
(NTUA)

‘Major milestones’:

Delivery of 10 MW Avatar rotor in month 6
Delivery of improved models in month 36
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M6 RWT Rotor Design
g Cross Comparison with
Innwind.EU RWT

Avatar and Innwind.EU
RWT recalculated with
New Tools

Redesign of the RWT
Flow Devices Applied

Demonstration of CoE
Reduction

= Up-scaling to >10MW

Design Guidelines

Model Validation
Conclusions

Work Packages/
Work Package dependancy

Delivery of RWT

Design

- Rotor Aero-tools
- Flow Devices
Models|

- Aeroelastic Loads
- Design Derivatives
- Validated New|
Design Tools

Cross Check of
the Redesigned
and Up-scaled
WTs

« Validation against high fidelity models

Advanced rotor aerodynamic models

* Development of advanced engineering tools

*Development of advanced engineering tools for VGs and
LE/TE flaps
*Validation against high fidelity results and wind tunnel tests
*Design and validation of controllers
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» Development of advanced engineeringtools
« Validation against high fidelity models
¢ Validation at industrial standards
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AVATAR RWT

AdVanced Aerodynamic Tools for IArge Rotors

Power: 10 MW 10 MW

Rotor diameter: 178.3m 205.8m

WTPD: 400 W/m? 300 W/m?

Axial induction: 0.3 0.24

RPMA Tip speed 9.8rpmA 90m/s 9.8 A 103.4 m/s

Hub height: 119m 132.7m
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1 Aerodyn Tools for IArge Ro

Power Coefficient flat around Betz
maximum (a = 1/3)

C, = P 4a(l- a)?
1oau.?
2

Aerodynamic load coefficient strongly
dependant on a
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C, =4a(l- a)

Increase diameterA maintain
aerodynamic loadsA increase power
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/NNENF Design of AVATAR RWT

5% Increase in energy production due to larger diameter

Key rotor load levels are maintained

Non-rotor loads exceededA Redesign of AVATAR rotor at end of project
Note: LCOE of AVATAR turbine assessed

in 1) taking into account additional
advantage of lower wake effects

PowerCurve PelSteady VS HHWindSpeed

1) R. Quinn, B. Bulder, J.G. Schepers
A parametric investigation into the effect of low induction 4k
rotor (LIR) wind turbines on th&€otf a 1GW offshore wind
farm in a North Sea wind climate;RA-Deepwind 2016
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/NNENT Design of AVATAR RWT

The operational conditions

Section Thickness Re (rated) Ma (rated) Re (Min) Ma (Min)
60.0% 7.0 x106 0.05 4.4 x106 0.03
40.1% 11.0 x106 0.07 7.0 x106 0.05
35.0% 14.0 x106 0.09 9.0 x106 0.06
30.0% 17.0 x106 0.12 10.0 x106 0.07
24.0% ( 20.0 x106 ) 0.16 12.0 x106 0.10
24.0% Te o106 0.25 11.0 x106 0.15
24.0% 13.0 x106 0.30 8.0 x106 0.18
21.0% 20.0 x106 0.16 12.0 x106 0.10
21.0% 16.0 x106 0.25 11.0 x106 0.15
21.0% 13.0 x106 0.30 8.0 x106 0.18
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