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Rotor Aerodynamics
Variable Site Conditions
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All sites show varying wind
conditions

Turbine design needs to
account for this.



Rotor Aerodynamics
Influence of profile properties
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REpowers philosophy is to
have a sufficient angle
margin to stall.

smooth stall behaviour.
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Airfoil characteristics
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Rotor Aerodynamics €R EDOWEr
Airfoil characteristics — shear influence Systems
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Rotor Aerodynamics

Airfoil characteristics — roughness influence

section A-A

I
»

V, 1y = const

\ 4

high shear section B-B )

c_L[]

influence of roughness on lift

Oan

Q
o
los]

______ mm—m e
\\

\\

1

|

I

|

1

|

I

|
~q-
N

Sd

N\

N\

N

|

|

|

|

|

|

|

|

alpha []

|—c|ean ——rough |

ERENONET

- - o e e e e e e e

N\
\
1
1
1
1
I
1 |
|
| 1
1 |
]
' 1
1 |
[}
, 1
] |
|
| 1
1 |
L . I
---------------- section A-A /
N - e e e e e e e o e M M M e e e - 4
T T T T T T T T T T T T T T —— ~
\
\
1
1
1
1
u I
' 1
T !
. 1
________________ V1, lower blade 1
1
1
1
1
. 1
section B-B /
~ -

T e e - T S S T RS RS RSN WSS RSN RS R e REm REm REE RS R R e e



Rotor Aerodynamics < RE
Stall power and aerodynamic safety factor

____________ vl  shortchord .~ 1| REpower design
(slender blade design)

Lift = p/2 Ac v,
A = 1(...,chord)

Chord

Profile Thickness

Contamination Sensitivity

Stall Power
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Loads




Rotor Aerodynamics < RE
Stall power and aerodynamic safety factor

Mechanical rotorpower against wind at nominal
rotorspeed and design blade set angle
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For high performance under varying conditions
REpower blades are designed with high Aerodynamic Safety Factors



Rotor Aerodynamics eﬁfp OW(?f'
Aerodynamic safety factors Systems

3

Wind turbine using REpower blade design
(no stall effects seen)
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PC Measurement Analysis
Measured power curves - practice
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PC Measurement Analysis
Power curve verification reference list

Model Number Number Ratio
G L of of EMAEFP/GAEP
GL Garrad Hasan measurements n:-?-a'-ili[e-d Pl
Standard 5 2 98.9%
MD7 e
4 Standard 6 2 99.2%
M= T
r
/ Standard 2 2 101.9%
MMz S
i
Standard 8 8
MW Plus Option 1 1 100.9%
T 1068
Evolution 6 5
Standard 1 1
M 100.0%
min [ max results
: W Evolution 6 5 8.2 1021
- Standard 3 3 100.4%
I #Nyo+
- : 100.9%

j/[ Standard 1 1

min { max results

na-n's

Standard 1 1

MM j’lé\l 40 3
ViNpIVg2  FANjos

101.2%

min [ max results

ns — n's

100.4%
it
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Alternative Techniques for PC Measurement QRE!UOL V‘?f

Power curve verification today

Met mast is industry standard and is required
by the IEC 61400-12-1.




Alternative Techniques for PC Measurement

Power curve verification
Nacelle Anemometer

IEC 61400-12-2 nearly complete (FDIS)
Very high uncertainty approach: 15 to 20% uncertainty

T
| profiled blade induced flow
|
Environmental parameters: /
tother wind tHrbmeS /
errain roughness /
terrain obstacles / blade root vcﬁ@( . anemomertﬁcr)%p{"quaﬂcéiclﬁtss
RIX number / aviation lights mounting struciure
) swirl induced flow mounting position
upsteam rotor induced flow blade root wake [ lsafety railings
. hacelie induced|flow
T‘/ yd / control system software version
. { control parameters ,
Wind: L operational mode - rpm & pitch
turbulence N
yaw error —
flow inclination angle
air density { ‘
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Alternative Techniques for PC Measurement Power
Curve Measurements — Anticipated Development

1. Current Status
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Alternative Techniques for PC Measurement

Power curve verification

Sample comparisons show promising results:

Normalized AEP compared to guaranteed power curve (100 %)
Met mast LiDAR LiDAR
(Hub height) (Equivalent wind speed)
103.5 % 102.7 % 101.1 %
100.0 % 994 99.0
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Alternative Techniques for PC Measurement

Power curve verification future

Stand alone ground based LIDAR
will be acceptable

Further in the future
nacelle based LIDAR (of special
interest offshore)

EREPOVET
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Summary < RE,

Wind conditions are highly variable on all sites
Good aerodynamic blade design can handle highly variable conditions

Power curve measurement show stable results for a wide variety of conditions
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