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Presentation Overview

= Definition of cases modeled
— Cases for each of 5 site-specific models

= Results
— Wind speed standard deviations
— Reynolds stresses
— Coherent Turbulent Kinetic Energy (CTKE)
— Integral Length Scales
— Spectra
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Cases Modeled

= Data from each of 5 sets Stability Richardson
— Lamar LLJ project Category Number Range
- wrcList ] Ri <-1.0
— eavvest INnTiow .
— SeaWest Outflow E -10< R! <0
— SeaWest Row 37 3 O<RI<£0.1
= Separated measured data 4 0.1<Ri<£0.25
Into stability and wind speed 5 0.25 < Rj
categories
= Modeled available cases with _ _
wind speeds around 10-14 Velocity Wind Speed
m/s as well as highest and Category Range

lowest wind speeds in stability
category
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Cases Modeled

Wind Speed Bins

9 11 13 15

L = Lamar LLJ (21 cases)

| = SeaWest Inflow (8 cases)

R = SeaWest Row 37 (7 cases)

National Renewable Energy Laboratory

N = NWTC/LIST (14 cases)

LN |[LNI|LNI|LNI LN | [
O |OR|OR |O S
LN |[LNI|LNI|ILNI A 3 <
O |OR|OR |OR Q
LN [LN |LN |L L 4§
O R| R >,
L L L L 5

O = SeaWest Outflow (11 cases)
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TurbSim Setup

= Each site-specific model in TurbSim v1.40 was run
for the corresponding data categories

— TurbSim Meteorological Inputs:
* Richardson number (median Ri of the data in the category)
* hub-height wind speed (median WS of the data in the category)
 all others were “default”

— Other Boundary Conditions:
e 2-3 m grid spacing

— 31 seeds for each case
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Comparisons

WF_07D
0.26 ;
= Simulated data distributions compared with
measured data using box plots .
— “Box” top and bottom indicate 25" and 75"
percentiles 0247 T 7
— Dotted black line indicates the median (50t
percentile) = 023 .
— Solid red line indicates mean value
— “Whiskers” (lines extending above and below 0.22 .
box) are drawn to the 10" and 90" percentiles 5
— Dots are drawn at the 5" and 95" percentiles 0211 |
02 83\}\:‘09
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Comparisons

= Parameters compared:
— Wind speed standard deviations
— Reynolds stresses
— Coherent Turbulent Kinetic Energy (CTKE)
— Integral Length Scales
— Spectra
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GP_LLJ Model vs. Lamar LLJ Data

- 21 Cases, 31 Wind Speed Bins
random seeds 9 11 13 15 17 19
each
] LN|LN|[LNJ|LN LN g
= 25x25 grid o 10|10 |10 |0 | o
R R g
= 3.5-m grid LN|[LN[LN|LN LN B
. @) IO (1O |10 | O @)
spacing R |R [R 5
) LN|[LN[LN/|L L L 4§
= Comparisons 0
R R
at ~85-m hub-
_ L (L |L |L L 5
height
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GP_LLJ vs. Lamar: Sigma u

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP_LLJ vs. Lamar: Sigmav

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP_LLJ vs. Lamar: Sigmaw

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP LLJ vs. Lamar: Mean u'w’

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP LLJ vs. Lamar: Mean u'v

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP LLJ vs. Lamar: Mean v'w’

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP_LLJ vs. Lamar: L,

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP_LLJ vs. Lamar: L,

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP_LLJ vs. Lamar: L,

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
400 I I I I I I T T I I I I I I

350 7

300 .

w Length Scale, m
N N

o (6)]

o o

I I

| |

N
(&)
o
T
.
|

LLC0] N T . : .

[ ]

H
H
H
H
H

R
¢ . uo ®
‘| | | ! ! ! ﬁ| ﬂ| ﬂi ! 1 ﬂ| ! I |
7 91113 21 7 9 113 217 9 1113 19 21 7 9 11 13 17
SC2 SC3 SC4 SC5

L]

National Renewable Energy Laboratory Innovation for Our Energy Future



GP LLJ vs. Lamar: Max CTKE

GP_LLJ Comparisons with Measured Data at 84.3 m
Measured (black), Simulated (green)
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GP_LLJ vs. Lamar: Spectra

85m: 214 30-min recs
O<ri<=0.1 10 <ws <=12
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GP_LLJ vs. Lamar: Spectra

85m: 214 30-min recs
O<ri<=01 10 <ws <=12
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GP_LLJ vs. Lamar: Spectra

85m: 214 30-min recs
O<ri<=0.1 10 <ws <=12
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NWTCUP Model vs. NWTC/LIST Data

- 14 Cases, 31 Wind Speed Bins
random seeds 9 11 13 15 17 19
each
] LN|LN|[LNJ|LN LN g
= 25x25 grid o 10|10 |10 |0 | o
R R g
= 2.1-mgrid LN|[LN[LN|LN LN B
. @) IO (1O |10 | O @)
spacing R |R [R 5
) LN|[LN|[LN/{L L L 4§
= Comparisons 0
R R
at 37-m hub-
_ L |L |L |L L 5
height
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NWTCUP vs. NWTC/LIST: Sigma u

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Sigma v

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Sigma w

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Mean u'w’

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Mean u'v’

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Mean v’'w’

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: L

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)

800 I T I I T I I
700 . :
600+ P . .
£ 500 - . .
) E
o !
c(’.)) L] :v ; .
o 400 : A N T -
) . L
c . i b
o : P
— ] ; ° il .
> 300+ . . . .-

S S S R A TR S S ;
1000 e o o e T S S

3

O | | | | | | | | | 1 | | | |

3 7 9 11 13 21 7 9 1 13 21 7 9 1

SC1 SC2 SC 3 SC 4

National Renewable Energy Laboratory Innovation for Our Energy Future



NWTCUP vs. NWTC/LIST: L,

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: L,

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Max CTKE

NWTCUP Comparisons with Measured Data at 37 m
Measured (black), Simulated (green)
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NWTCUP vs. NWTC/LIST: Spectra

37mC: 65 30-min recs
0<ri<=01 10<ws<=12
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NWTCUP vs. NWTC/LIST: Spectra

37mC: 65 30-min recs
0<ri<=0.1 10<ws<=12
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NWTCUP vs. NWTC/LIST: Spectra

37mC: 65 30-min recs
0<ri<=0.1 10<ws<=12
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WF_UPW Model vs. San Gorgonio Inflow Data

= 8 cases, 31 Wind Speed Bins
random seeds 9 11 13 15 17 19
each
. LNIEN|[LN|LN LN g4
= 11x11 grid o 1o |10 |10 |0 | o
R R g
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spacing R |R [R 5
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height
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WF_UPW vs. Inflow: Sigma u

WF_UPW Comparisons with Measured Data at 23 m

Measured (black), Simulated (green)
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WF_UPW vs. Inflow: Sigma v

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: Sigma w

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: Mean u’'w’

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: Mean u’v’

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: Mean v'w’

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: L

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: L,

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: L,

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_UPW vs. Inflow: Max CTKE

WF_UPW Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF 14D Model vs. San Gorgonio Outflow Data
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WF_14D vs. Outflow: Sigma u

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_14D vs. Outflow: Sigma v

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF 14D vs. Outflow: Sigma w

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_ 14D vs. Outflow: Mean u’w’

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF 14D vs.

QOutflow: Mean u'’v’
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WF_ 14D vs. Outflow: Mean v'w’

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_14D vs. Outflow: L

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_14D vs. Outflow: L,

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_14D vs. Outflow: L,

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_ 14D vs. Outflow: Max CTKE

WF_14D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_ 07D Model vs. SeaWest Row 37 Data

= 7/ cases, 31
random seeds
each
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WF_07D vs. Row 37: Sigma u

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_ 07D vs. Row 37: Sigma v

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_ 07D vs. Row 37: Sigma w

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF _0/D vs. Row 37: Mean u'w’

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF _0/D vs. Row 37: Mean u'v’

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF _0/D vs. Row 37: Mean v'w’

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_0/D vs. Row 37: L

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_0/Dvs. Row 37: L,

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF_0/Dvs. Row 37: L,

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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WF _0/D vs. Row 37: Max CTKE

WF_07D Comparisons with Measured Data at 23 m
Measured (black), Simulated (green)
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