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Wakes Experimentally

e turbine models are not standardized
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Setup & Overview
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So far:

circular wake shape

intermittent flow regions surrounding the velocity deficit

increased wake width

qualitatively comparable results for both turbines
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So far:

circular wake shape

intermittent flow regions surrounding the velocity deficit

increased wake width
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Curled Wake in yaw - towards quantification
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Curled Wake in yaw - towards quantification

polynomial fit
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Yaw misalignment: Curl and asymmetry
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Yaw misalignment: Curl and asymmetry
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Yaw misalignment: Curl and asymmetry

x/D =6

—ForWind
—NTNU

e ‘curl’ observed for all wakes where ~ 4= 30°
* tilt in opposite direction

» different direction of rotation!

in accordance with
[Bastankhah & Porté-Agel 2016]

> interaction with the ground/tower shadow
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Yaw misalignment: Curl and asymmetry

x/D =3 (shear inflow) x/D =6
2 I T l I VA — T 1 T
— ForWind /| —ForWind
—NTNU —NTNU
1.5 ‘
1 L
0.5
2 0
™
0.5
-1F
S
-2
15 -1 1.5
e ‘curl’ observed for all wakes where = =+ 30°
* tilt in opposite direction
. . . . '
> different direction of rotation! i accordance with
> interaction with the ground/tower shadow [Bastankhah & Porte-Agel 2016]
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Parameter comparison at = —30°
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Parameter comparison at = —30°
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Summary & conclusion

* wake measurements with focus on yaw misalignment
> full plane LDA data

> 2 model wind turbines, differing in size/design

> 3 yaw angles, 3 inflow conditions

» > 20 wakes total
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Summary & conclusion

* wake measurements with focus on yaw misalignment

> full plane LDA data

> 2 model wind turbines, differing in size/design
> 3 yaw angles, 3 inflow conditions

» > 20 wakes total

==

* wake analysis including two-point statistics

* radial wake extension significantly larger when including
two-point statistics !

* important for downstream turbine loads

-> affecting wake steering application and wind farm layout
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Summary & conclusion

* wake measurements with focus on yaw misalignment
> full plane LDA data
> 2 model wind turbines, differing in size/design
> 3 yaw angles, 3 inflow conditions

» > 20 wakes total

e =

* wake analysis including two-point statistics

* radial wake extension significantly larger when including
two-point statistics !

* important for downstream turbine loads

-> affecting wake steering application and wind farm layout

* Blind test 5 coming up

* data available for cooperation/validation
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Thank you!
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Curl parametrization
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Curl parametrization

—ForWind
—NTNU

1} 6D |

-1 0 1

e ‘curl’ observed for all wakes where v 30°
e further deflection of ‘ForWind’-wake
* tilt in opposite direction

» different direction of rotation!

: : : i d ith
> interaction with the ground/tower shadow E::;%Lhznhcz\’;;rté_p\gd 2016]
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Curl parametrization
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¢ ‘curl’ observed for all wakes where v 30°

¢ further deflection of ‘ForWind’-wake
* tilt in opposite direction
» different direction of rotation!
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Shape parameter )\*(7)

NTNU, r=D ForWind, r = D
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Wake center detection

NTNU, ShearGrid 6D,y = —30°
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Wake center detection

NTNU, ShearGrid, 6D,y = —30°
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Wake center detection

NTNU, ShearGrid, 6D,y = —30° 1
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Wake center detection

1a |
——ForWind, v = —30°
——ForWind, v = +30°
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Wake center detection

T
——ForWind, v = —30°
——ForWind, v = +30°
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Wake center detection

T
——ForWind, v = —30°
——ForWind, v = +30°
0.9F —-NTNU, v = +30°
—-—-NTNU, v = -30°
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Curled wake in yaw - a general effect?
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Curled wake in yaw - a general effect?
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Curled wake in yaw - a general effect?
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Curled wake in yaw - a general effect?

©@NTNU
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Curled wake in yaw - a general effect!

30 mm v=30°, /D=5

o 05" 1 -ts [Howland et al. 2016]
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Curled wake in yaw - a general effect!

30 mm v =30°, 2/D=5

o 05" 1 -ts [Howland et al. 2016]
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Curled wake in yaw - a general effect!

30 mm v=230°, z/D=5

-1.5% 5 _yo/.?) Y [Howland et al. 201 6]

(a)

| y =-30°

O | | | | | | | | | | | | O

[Bastankhah & Porté-Agel 201 6]
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Curled wake in yaw - a general effect!

30 mm

[Howland et al. 2016]

e

| y =-30°

[Bastankhah & Porté-Agel 201 6]

F Curled wake observed for drag disc (30mm) |
. model wind turbines (I150mm, 580mm, 890mm) |
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