Blade pitch optimization
for an offshore vertical axis
wind turbine model

Hubert Branger, Sukanta Roy, Christopher Luneau,
Denis Bourras and Benoit Paillard

&\ Curtin University _ .”’E
_ Institut - -
Malaysia PYTH EAS

branger@irphe.univ-mrs.fr REGION
gerey Support: 5D H“g ( laben €C

LPES »
FELTE ET COMPLEXITE

/'—\ . h -
Y irphé
L \ } Insttt de Recherche sur les
. Phénoménes Hors Equilibne

Branger et al, WESC, Cork, June 17-19, 2019

1



Outline

- Introduction

- IRPHE/Pyhtéas wind-wave facility

- Wind turbine physical model

- Tests and Results on pitching optimization

- Conclusions - Perspectives

/«-—\ . h -
\irphé
AN\ } Insttut o Recherchs sur les
E Phénomanes Hars Equiore

Branger et al, WESC, Cork, June 17-19, 2019




Introduction:

All the large offshore wind turbines in the world are Horizontal Axis Wind Turbines

There is no Large Offshore Vertical Axis Wind Turbine (VAWT)

L

No real background on the large ones

Not able to self-start 2> need a motor to start

Not able to self-stop = need a brake system to stop

Vibrations, tforque oscillations

- No Financial support
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But there might be some good points :

1) No need to have a Yaw system 0

if the wind direction change

2) > gravity center is lower - floatter 20% smaller
Guo et al. (2018), Huijs et al (2018)

3) - the turbine still works even at large inclination
good for floating platforms
Chowdhury et al (2016)

4) > Wind Farms: more turbines/km? = more Power/km?
Cp is better if furbines work 2x2 or 3x3
Arab et al (2017), Douak etal (2018)
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Three years ago: Eolfi had the SpinFloat project:
-~ to design 6 MW Vertical Axis Wind Turbine with pitching blades

Irphe had French support

in order to :

- build a small experimental model
- make experiments in IRPHE facility
- find good pitching laws
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Why pitching the blades ?

1) > For a better driving force

Without Pitch

wind speed U

Apparent W
wind speed

With Pitch

wind speed U

Apparent W
wind speed
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Why pitching the blades ?

2) Good for self starting :

Incoming
Wind speed
U e

No pitch = No movement
—> equilibrium position
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Why pitching the blades ?

2) Good for self starting :

Incoming
Wind speed

U

—

With pitch - rotation starts
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Why pitching the blades ?

3) To slow down or stop:

Max
iInverse
Lift
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Pitching the blades for Vertical Axis Wind Turbines is not new:

There have been many published papers on Vertical wind turbine pitching

Very Recent papers:

- Douak et al (2018) - pitching efficient for self starting

- Chen et al (2018) : > pitching is efficient with a simple sinus function B = B, sin(6)

- Zhao et al (2018) : > efficient pitching B(6,TSR) = Be SiN(0) - B, (TSR) sin?(6)

- Bayati et al 2018, Battisti et al 2018, Li et al 2018 = pitching is efficient: ~~ 20% on Power Coefficient
- Xu et al 2019: > more complex pitching law: B = ¥3_,(Xi-; ajxTSR* *sin(j6))

BUT , they mainly concern:
- relatively small furbines,
- or blades with large chords,

. . : .. . . 4 T
- or turbine with high solidity ratio, N R
- or rod crank or cycloid systems P hg”.
(center of rotation of the blades £ center rotation of turbine) — N AT b}
- iy /*
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IRPHE/Pythéas Large air sea interaction facility in Marseille
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We previously made research works on floating wind turbines in this faciliy

-

Semi-sub Tension Leg Platform (TLP)

Tri-floater Vertical axis
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To design the wind fturbine physical model in relation with the EOLFI requirements for the WINDFLOAT project
we made preliminary studies using open source software XFOIL and QBLADE
(Double Multi Stream Tube model + Lift Line Theory + some 3D effects)

Studies on aspect ratio : ag=(blade length/ diameter)
+

Studies on solidity ratio: sg=(number of blades * Chord/ Diameter)
+

Studies on different blade profiles

Finally for the physical model, we end to :

> 3 Selig 1046 blades,
- Hight: 90 cm
- Chord: O cm,
- Radius: 80 cm

240 cm

Ty Ty S

50“di1’y Ratio=0.17 N L

E Blocage factor=0.18 Cross section of the facility




There is nothing on literature about Selig 1046 blades.

> We measured Lift and Drag Coefficients for all possible incidence angles ( -180° to + 180°)
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We built almost everything
(connections, bases, caps, electronics, ...

6 mm Holes for Teflon parts

ur le




To pitch the blades, we used 3 servomotors

Vertical Axis Wind Turbine (VAWT)
with pitch control

L 4
Servo-motor --> Blade Pitchihg
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How it works: control-command loop for the pitch

Wind speed U
Computer with Python program
Pitch
P R—
updating

pitch,,4.1 = f(U, TSR, 0)
pitch,, 4., = f(U,TSR,0 + 1/3)

We have a pitch command: \)T]
8

pitch,,,4.; = f(U TSR ,0 + 21/3) Rotational encoder
to measure
U :wind speed Q, TSR and O

TSR : Tip Speed Ratio=R Q /U
0 :blade azimutal position

Control

Teensy card 1
with an ARDUINO
Software coding

Command Another Teensy Card

controls the servomotor
mouvements
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Results: | | P
pitchl = a0 + alsin(61) AR\

With o <i g pitch2 = a0 + alsin(61 + 7I/3) k “
Ith a very simple SInUs Co an SR
Y P mm pitch3 = a0 + alsin(01 + 2”/3) /A
Wind turbine rotational velocity increased by a factor 4| (equivalent to a mechanical
rod-crank or cycloid systems
5 wind speed 5m/s
With prtch
4 L
7
: s 31
Q) : Rotational speed =
2 o
S . :
> 11 Without pitch
(qv]
O |» ‘\/
Azimutal Rotational sensor 360°—>0°

-1

(@) 5 10 15 20 2¢
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Results: Self-starting :

U= 4m/s , no pitch:
turbine does not start

5.0
4.5 - .
b, & No pitch
= 35 = /
= 3.0 - &
S 2.5 4
S 2.0 -
= 1.5 -
Minimum = 1.0 7T |
wind speed oo
to start rotation o) 10 20 30 40 50 60 70 80 90 100 110 120

Azimutal initial position of blade 1 before start (°)
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Results: Self-starting :

U= 4m/s , no pitch:
turbine does not start

5.0
4.5 -
—_ 4.0 T-f"
g 35
= 3.0 -
S 2.5 4
| = o .
£ 2.0 1| With pitch
= 1.5
M|n|mum B 1.0 &= = = o = = = = = = 1
wind speed E'Z i /
to start rotation o) 10 20 30 40 50 60 70 80 90 1;£ 110 120

Azimutal initial position of blade 1 before start (°)

2 -
_—

U= 1m/s : pitch on
turbine starts
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Results: self-stop:

If you change B in -B, the turbine slows down and stops.

B to stop = - B to start

Branger et al, WESC, Cork, June 17-19, 2019




How to find better pitch laws ? 0 = Blade Azimut

1) Pitch laws: not only sin (6) but also the harmonics: sin (2 0) , ...
2) Pitch laws: not only sin (0) but also phase shift sin (6 + ¢) )
3) Pitch laws: not only sin (6) but also the quadrature cos (6)

4) Pitch laws: coefficients should depend on TSR

- 12 parameters to find

Branger et al, WESC, Cork, June 17-19, 2019




How to find « optimal » coefficients al, a2, .. a12 ? > Genetic algorithm « Dakota »

(Open source Optimization toolbox)
Dakota routines are based on Bayesian statistics, hybrid optimization

Goal: TSR maximum

DAKOTA TSR sent to the

computer

TSR

Dakota sugests Pitch Laws servo moteurs input
a f”qsf- set fOf' fhe ]2 I nyhon —

values Teensy Card / Arduino commands
(a, az - -, aiz);
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How to find « optimal » coefficients al, a2, .. a12 ? > Genetic algorithm « Dakota »

(Open source Optimization toolbox)
Dakota routines are based on Bayesian statistics, hybrid optimization

Goal: TSR maximum

DAKOTA TSR sent to the

computer TSR
—

Automatic loop

Dakota sugests Pitch Laws servo moteurs input
a Secoﬂdsef fO/" I nyhon —

the 12 values Teensy Card / Arduino commands
(a]/ az - -, 012)2
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How to find « optimal » coefficients al, a2, .. a12 ? > Genetic algorithm « Dakota »

(Open source Optimization toolbox)
Dakota routines are based on Bayesian statistics, hybrid optimization

Goal: TSR maximum

DAKOTA TSR sent to the

computer

TSR

Dakota sugests Pitch Laws servo moteurs input

the 12 values Teensy Card / Arduino commands
(a, az - -, Ay

The procedure is automatic  (ho hand control)
lrun=2min ; 1 hour > 30runs ; 24 hours > 720 runs without interruptions
We made Thousands of non stop runs.

[é > Dakota find the best parameters (al, ..., a12) to maximize TSR



Main Result :

U=4m/s IR

:

Video: Pitch O
U=4 m/s

Pitch Off
Then
Pitch On

Branger et al, WESC, Cork, June 17-19, 2019 26 R et



TSR multiply par 20 with Pitch on Il

— No pitch

time (s)
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Air flow is seeded with a lot of particles

We made PIV measurements
camera

to measure the flow around the —a
blades |

d =3
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Vorticity
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No pitch

PIV
measurements

OPEN FOAM
Simulations
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Conclusions:
- We build models, conducted experiments, found quite optimized pitching laws

- Pitch: - allows self-starting at low wind speed
- possibility to slow down and stop the turbine
- increases a lot the rotational velocity (more particularly at low wind speed)

- increase the Power by 20 % with water turbine

Next: Unfortunatly, the two French VAWT projects are canceled ®

- New experiments are planned with a
Water Turbine with blades
completely under the water

Thank You

Nenuphar
Vertiwind Spinfloat
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