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2 Overview and Goals

Overview:

Introduction
SWiFT

Computational Approach

Results
Validation

Simulations of yaw effects

Conclusions & Further Work

Goals:

Describe SWiFT facility

Validate Nalu-Wind + OpenFAST

Proof of concept that simulations
can show effects of turbine yaw.



3 SWiFT: Scaled Wind Farm Technology

Texas Tech University's National Wind Institute Research
Center in Lubbock, Texas

Wind Frequency Rose (77 al]
0°

270°



4 Instrumentation

Meteorological Evaluation Towers (MET)
O 2.5 D in front of 1st turbine
O 60 meter tall — 6 heights
o 3D sonic anemometers and thermometers

SpinnerLidar for Wake Measurements
Technical University of Denmark (DTU)

Vestas V-27 Turbines
0 Rotor diameter = 27 m
o Hub height = 32.1 m
O Strain gages: root-bending & tower
O Rotor azimuth and yaw angle measurements
o Nacelle accelerometer measurements

Lidar Planes



5 Nalu-Wind + OpenFAST

Nalu-Wind: Atmospheric Boundary Layer
Large Eddy Simulation

o One-equation, constant coefficient,
turbulent kinetic energy model

OpenFAST: Turbine Actuator Line Model
- haps: /nwtc.nrel.gov/ Op enFAST — Jason Jonkman, et al.

o Flow-structure interaction, turbine controls

o Rotor power, thrust, and blade flap root bending moments

Image: Yu, Zheng, Ma



6 Nalu-Wind + OpenFAST Workflow

1. Precursor
. 3km x 3km x lkm
. 10 m resolution mesh
. Periodic BC
. 20,000 sec for well established flow
. Neutral Boundary Layer (306 K=91° F)
. Wind 8.3 m/s at hub height (h=32.1m) aligned with 2 turbines

2. Precursor + I/0 plane
O 10 min

3. Turbines Running for 10 min
o Refinement around turbine area
O IC of Precursor at 20,000 sec
O I/0 plane as inflow

o

Time = 20000 sec

Velocity[m/sJ

12.98
9.73
6.49
3.24
0.00



7 Nalu-Wind + OpenFAST Workflow

1. Precursor
o 3km x 3km x 1km

O 10 m resolution mesh

o Periodic BC

• 20,000 sec for well established flow

2. Precursor + I/0 plane

• 10 min additional

• Same as #3, but without turbines

• Copy inflow to a plane

3. Turbines Running for 10 min
O Refinement around turbine area

O IC of Precursor at 20,000 sec

• I/0 plane as inflow

Time = 20000 sec

Velocity[m/s]

12.98
9.73
649
3.24
0.00

Time = 19998 sec

Velocity [m/s]

12.32
9.93
7.54
5.16
2.77



8 Nalu-Wind + OpenFAST Workflow

1. Precursor
o 3km x 3km x 1km

O 10 m resolution mesh

o Periodic BC

o 20,000 sec for well established flow

2. Precursor + I/0 plane
O 10 min

3. Turbines Running for 10 min
Refinement around turbine area

IC of Precursor at 20,000 sec

I/0 plane as inflow until 20,600 sec

n

Velocity [m/s]

12.91
9.68
6.46
3.23
0.00



Grid Resolution Study
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Grid Resolution Study
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11 Average Velocity Comparison — Precursor Data
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12 Turbine Results
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1 3 Wake Results: Instantaneous

90

80

70

60

50
N

40

30

20

10

Experiment - SpinnerLidar

lidar coordinate system

60 40 20 0

y(m)

-20 -40 -60

9
80

8.5

70
8

7.5 60

7
50

6.5
a N 40

6

5.5

5 20

4.5

4

30

10

Nalu-Wind

4141,11141/44

r ,,Fr 11111P.,

t
1,
\ 4. 4.  

\.\ ,,
•1'1 °4\

N

.....

...'"\\"' .....

..... I

.414efet. „4. • —
,,,,

,,, •
terl  

11144..._ ,,,,,

1\

,,

11 ,, 

, ,,
fr

I I 4 11 I • W.,

t-,e • 1111.11111i/1i'

,,,,,

  ðijð
  I1/1/-
,,,,,,,,,

"1/1/-,
,,,,,,, tt/i/ð1/11,,
  11/1/1•

4.44.44444/4/11114/•
.• 4 444414.4.4 •011/1141

1i/ei/ð///4,./1111 f_

r14. 4. /..4 ,44 / 44 4 •eð, 44 f •

J r4 4,..,41414•4,14 41 f •
,,,,,,,,,, • e
  •,

./ • •

50 40 30 20 10 0 -10 -20 -30

y(m)
-40 -50

9

8.5

8

7.5

7

5.5

5

4.5

4



1 4 Wake Results: I 0 min Average

Experiment - SpinnerLidar Nalu-Wind
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Simulated Yaw Angles
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16 Simulated Yaw Angles
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17 Conclusions & Future Work

Nalu-Wind matches experimental data.
Precursor velocity plane measurements

OpenFast turbine power and loads

Wake deficits

Yawing the upwind turbine can increase the power of the second
turbine.
Might lead to total power loss (with just two turbines — multiple rows might
show increase)

Yawing study will build into a Multi-Level-Multi-Fidelity UQ study.

Stable & Unstable atmospheric conditions will also be validated.



18 Thank you!

https://energy.sandia.gov/energy/renewable-energy/wind-
power/wind_plant_opt/

Funding from DOE - Wind Energy Technology Office



19 Wake Results: Plane vs Synthetic lidar
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20 Grid Resolution Study Results
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21 Grid Resolution Study
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