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Design and optimization
of wind turbine
aerodynamic add-ons

Stig Stagh@j Knudsen
Senior CFD Engineer
Suzlon Blade Science Center



Suzlon Energy — Brief History Suzlon Energy Lic.

Became 5™ largest

Acquired AerPac Blade : : :
. Chrys-Capital & CITI-Corp 24.2 GW installed Blade Science Center
ESTABLISHMENT EXpande into USA invest in Suzlon WTG|:]3\?(;J|:2Cturer across 33 countries opens in Vej|e, DK
New business:
Solar
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— Presence in 19
, countries on 6
Acquired Siidwind Launched globalization O S1ock Bxchange eI e continents
Acquired Hansen Senvion (Repower) Senvion (Repower)
— More than 8,000
employees

— Total installed
capacity: ~¥15.8 GW
(Sep-2016).

— More than 10,000
turbines at 325 sites



Installed capacity Suson Energy L.
| Ewope

Portugal 102.9

Romania 44 1

Spain 2331

Turkey 109.2

Other 18.9

Total 508,2

1 Germany

-
- 50 & Romania  Turkey China 928.8
North America Spain / China Japan 118
- &> India 9,849.0
US.A. 2.684.9 Portugal —— @ Bulgaria ,.J ,049.
Canada 31.5 Japan Sri Lanka 31.0
Total 2.716,35 Total 9.694,89

Nicaragua —— 94

Indi
South America ndia

Brazi 7413

Nicaragua 63.0  Brazil Total 764.4

South Africa v /’

Total 138.6

Uruguay 65.1
Total 869,4 /
Uruguay
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Tec h n o I ogy H u bS Suzlon Energy Ltd.

Denmark Germany
Aarhus — Global Wind&Site, SCADA and Control Systems Hamburg and Rostock — WTG Product Development
Vejle - Blade Science Center Hamburg — Renewable Research Center

US.A.

WTG Product Development
Technical Services Group

Netherlands
Hengelo — Engineering and Blade development

India

Vadodara — Blade Testing Center
Pune and Chennai - Engineering Center
Bhuj — Materials Testing Lab
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Aerodynamic add-on Leading edge slat (vorfliigel)
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S111 - Slat — Aerodynamic potential
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2D design optimization Suzlon Energy Lt

Maximum thickness

____________
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Horiz. position

59% airfoil
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MSES for performance evaluation Suzlon Energy Led.
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Sensitivity tc47 sec25 02 des0083

16— Free

MSES: Fully coupled viscous-inviscid formulation, -

14l| —- Forced . /
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Fast execution: - Sy
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€s=30.938, ca=31.602, th=21.953 030} -~ forced Trans. N 60 | :
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(AEP free=3.12e+06 AEP_forced=3.05e+06) 025 b 160 = 50 |
: : : f‘:‘ 'B_Q'
dAEP=118.332 03 :_:- A0
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U L
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2D design optimization outcome Suzion Enerey Led
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Wind Tunnel Test Campaign — 3D Effects

Suzlon Energy Ltd.
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Wind Tunnel Test Campaigns

Effect of slat

Cl

Effect of slat - 59%, Clean, Re=2.5M
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Increase geometric
compatibility

BEM:
150 % of AEP
target

Suzlon Energy Ltd.
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3 D C F D Suzlon Energy Ltd.

Wall Shear Stress[i] (Pa)
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3D CAD model for optimization Suzlon Energy Led

New CAD model
* Distribution for parameters to allow for 3D

optimization

* Smooth surface generation by meta- Rel. angle distribution
surfaces

» Extensions to unload and reduce tip
vortices
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Slat geometry change

Suzlon Energy Ltd.

Initial design

Tip extentions

Final design
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3D optimization Suzlon Energy Ltd.
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3D optimized design Suslon Energy L.

Initial Design
from 2D

Final 3D
design

X Lambda 2 criterion (/s/2)
v -1000 -600 -200 200 600 1000
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Effect of spinner and Cone
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zZ |y Lambda 2 criterion (/sA2)
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Structural design
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Hoisting the slat

Suzlon Energy Ltd.
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Comparison with tuft visualization Suzlon Energy Ltd.
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| Separationline (CFD) | 70 % of AEP target

separationline (ruts) 1 150 % of AEP target (+VG)
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