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SWIFT exists to: e |
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Reduce turbine-turbine
interaction and wind
plant underperformance

Develop advanced wind = ' i b
turbine rotors -

Public open-source to
advance simulation
capabilities

Facilities:
= Three variable-speed variable-pitch modified
wind turbines with full power conversion and

- extensive sensor suite
| ”% = Two heavily instrumented inflow
. h (\ M,.;.‘ anemometer towers
e ool ? = Site-wide time-synchronized data collection
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Outline
» What is the SWIFT Facility?

= What research projects use
SWIFT?

= What is the future of SWIFT?




= 7.5m/s at 50 m,
Class 5 Wind Site!

= Consistent South Wind,
180.5° Average
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SWIFT Wind Turbines

Hardware

Collective Pitch System
300 kW Variable Speed Generator .

AC-DC-AC Full Scale Convertor

National Instruments controllers

Complete turbine / rotor state
instrumentation

Fiber Optic blade sensing system



Research-Scale o
Minimum research

cost and time
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Scaling
m A cost-efficient size for which research can be directly scaled to larger,

more costly and time-consuming sizes.
= Requirements:
- Operation at Reynolds Number (scaling parameter) between 10% and 107
- Tip speeds approaching 80 m/s for acoustics and large rotor projects
- Variable-speed variable-pitch operation
- Minimal cost and time associated with research operations
- Highly reliable turbine
e - Minimal restrictions on publication and intellectual property

Sandia National Laboratories




SWIFT Wind Turbines

Control Software

ACS-800-17

regenerative drive
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Power controller

‘ PM Or Full scale
| Gear box Induction converter
"l Generator
iil
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| 250-300 |
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Variable & 1:23.450H:
Upto 1:27.660Hz
S5 RPM ’ >
e % 1287 RPIVI (50 Hz GB)
128 % increzse) 1520 (60 Hz GB)

Main controller

= Open Source Code

= Modularized by Subsystem ¢

= EtherCAT up to 1000 Hz T

= All DAQ signals available for control

= Running on NI Veristand

= Parameterized Variable Speed and Torque
Controller

= Maintains all original safety systems and alarms




__ Inflow
' Met Mast Configuration CharaCteriza tion
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Met mast sensors Met mast heights’ Guy_wwes :
Radius 47.5m 1
3D Sonic: ATI SATI/3A Sonic Anemometer 58.5 m: 3D Sonic 57.91m 7
Cup: Thies Wind Sensor First Class Advanced (IEC accred) 56.5 m: T,RH 45.11m
Vane: Thies Wind Direction Sensor First Class 45 m: 3D Sonic, Cup 29.87 m
T: 592 Met One Temperature sensor 31.5 m: 3D Sonic, Cup 14.63 m
BP: 092 Met One Barometric Pressure sensor 29.5 m: 3D Sonic, Vane
RH: 593 Met One Relative Humidity sensor 27.5m: T,RH, BP
DP: ATI PAD-401 DataPacker 18 m: 3D Sonic, Cup
10 m: 3D Sonic
2m: T,RH, BP




Controls Integrated

w:th Site-Wide Measurement System

Site-Wide Precise GPS Time Synchronlzatlon - Open-Source, Rapidly
Reconfigurable Controller
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Control Building

= Central control and
operations

= 700 sq. ft. with 2 temporary
offices for proprietary work

= Electrical troubleshooting lab
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xperimental Preparation Lab

= 4,500 sq. ft. environmentally
controlled high-bay
experimental rotor
preparation

= 1,000 sq. ft. machine shop




Outline
= What is the SWIFT Facility?

* What research projects use
SWIFT?

= What is the future of SWIFT?




Integrated timeline

FY15 FY16 FY17

National Rotor

Testbed
200 m Inflow
Characterization SNL met towers
1
1st Quarter 2nd Quarter ] 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st Quarter 2nd Quarter

REW 200 m tower analyze Inflow model SNL Met towers construction Finish
Wed 10/1/14 existing data bration Sun 3/19/17
Model Model
I
Data analysis/quality col
Data gather/archive

NRT requirements definition Design Build Ground tests Commissioning tests Available for test campaign
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return to m data an ble for test cam

SNL-2 replacement and commissioning
Aerosol validation
Deploy aerosol at SWiFT
e‘d lestat SW T

Address ES&H and regulatory requirements

Wind tunnel rotor
go/no-go

I
SWIFT return to

operations

SNL Wake Imaging




SWIFT Baselining

» Detailed analysis of fundamental
turbine-turbine interaction

= Calibration and verification of public
open-source wind turbine / plant
model

= Data quality analysis and
troubleshooting
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| ational Rotor Testbed

The National Rotor Testbed is a
rotor innovation to enable
technology acceleration

Baseline blades represent
functionally scaled-down aerodynamics and structural
dynamics of a modern megawatt-scale rotor

Baseline blade design is public and open

Enables research in: wake interactions, aero-acoustics,
Inboard aerodynamics, controls, aeroelastic dynamics

Giass@alsa Sxin
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Measurement System

Benict - Detailed Flow Structu
With Turbulent Inflow

= Capture detailed 3-D flow structures that convect downwmd

= High spatial resolution: 16,000 data points per sample

* |[maging allows for fast scanning sufficient to capture sub-
rotor scale turbulent flow structures

= Enables direct comparison with high-fidelity and

e engineering level models o
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OE Atmosphere to
Electrons Support

» Change focus to Wind Plant Optimization

Inflow Upwind Rotor Wake Downwind Rotor Power Production
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Drivetrain: Acoustic Array: Plant Controller:, .ioes
Reliability Aeroacoutics Wind Plant Control



Outline
= What is the SWIFT Facility?

= What research projects use
SWIFT?

= What is the future of SWiFT?
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Deep-Row Wake Dejici

NQ dies
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Allows study of wakes v_vhen_ coalesc,‘ed by four turk
Study wake deficit and meander
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OLpIore wind-plant control .
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Wake Mer _._ g and Meander

Addltlon of two lateral tur nes
Allows study of complex lateral mteractlons and
.multlple-turblne wake def|C|t and meander.
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This work is supported by the US DOE EERE Wind and Water
Power Program.




