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Motivation and Objective

« Atmosphere contains a wide range of turbulent
scales

=  Wind turbines interact with these turbulent scales
o Wind turbine size is increasing > surface layer

= Turbulence production varies with the atmospheric
conditions
Do turbulent scales (spatial and temporal) affect the
wind turbine performance?

Objective: To study the effect of turbulent scales on wind
turbine performance

Approach: Compare the turbine response to the spatially
and temporally varying resolution wind inflows
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Large Eddy Simulation
(Neutral Atmospheric Boundary Layer)

Framework used

SOFWA from NREL

Boundary condition

« Periodic BC in stream and span-wise
directions

« Stress free at top and wall function
approach at bottom

Compt. Domain

3km x1.5km x1km (X xy x2)

Grid spacing « 10 m along y and z direction
e 15m
e 20m

Time-step size 0.1s

# time steps used 18,000

NAWEA 2013



1on

Q{LIN[VERS[TVm WYVOMING

ind Inflow Preparat

W

gy
Research Center

Wind Ener

Cropped
Inflow plane

n xn)

(

Cropping

n

Original

Inflow plane
(N, x N,)

NAWEA 2013



Wind Energy , _
UNIVERSITY of WYOMING
Research Center ‘{ i

Spatial Resolution Effect

Ay =Az=10m, 15m, and 20 m
At=0.1s
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Result: Mean Wind Profile and u,,, Spectra
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FAST

(Fatigue, aerodynamics, structures, and Turbulence)
Aero-elastic code

Input - loads, geometry and material properties of
wind turbine

= AeroDyn — aerodynamics loading using wind inflow
FAST solves equation of motion
Output — Turbine responses

Turbine: AeroDyn input : Wind Turbine : Outputs
- 1.5 MW, Dia. 70 m | Wind inflow. : :
. 5.0 MW, Dia. 126 m 220> i l i
- Onshore FAST input | |
| I

o

I I Controls, Blades, A G Deflections,
Active pitch control ontrols, Blades —» TFAST | 4 o

Towers, Mass, efc. Moments, efc.

Time step 0.005 s | |
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Turbine Outputs

i )
Inflow Flap-wise bending ¢ ¥~

e moment at blade root
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V(y,z,t)

Edge-wise bending

moment at blade root

Out-of-plane blade
Tip deflection
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Result: Out-of-plane Blade Tip Deflection
(1.5 MW Turbine)
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Result: Flap-wise and Edge-wise Bending
Moments (1.5 MW Turbine)

Flap-wise Moment Edge-wise Moment
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Result: Flap-wise and Edge-wise
Bending Moments (5 MW)

: 10
0.16 H
) _ z 10 m 10 m

10 1 I15m |1 I5m
E 20m N 20m
= =
o . 20 flap-wise w107 1st edge-wise
% 10*l \ modj ~1.9 Hz Z:A mode ~ 1 Hz
= \ =
= s = 10"
5107 - &

\
. T 10"~ T 0 1
10 10 10 10 10
f. Hz f. Hz

NAWEA 2013



Wind Energy , _
UNIVERSITY of WYOMING
Research Center ‘{ Y ol

Result: Turbulence Effect
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Result: Output (turbine response)

to Input (wind inflow)
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Result: Variance
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Temporal Resolution Effect

Ay=Az=10m
At=0.1s,2s,4s,10s
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Result: Mean Wind Profile and u, , Spectra
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Result: Flap-wise and Edge-wise Bending
Moment (1.5 MW Turbine)

Q{LlN[VERS[Tvm WYVOMING

10
N
=
| Z
: "
_6-
10 S - e
10" 10° 10 10°
f. Hz f, Hz

NAWEA 2013



Wind Energy
Research Center

Result: Variance
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Conclusions

« Wind turbine responds dynamically to higher
frequency turbulent structures
= The presence of turbulence and shear amplifies the
turbine response in the higher frequency region
= Spatial resolution showed more sensitivity to the
wind turbine response than the temporal resolution

* Highly resolved wind inflow is important to wind
turbine simulation
* Provides better design and performance of wind

turbine
o Fatigue loading and stress
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