Further characteristics of the atmospheric turbulent wind:
Periods of constant wind speed and
waiting times between gusts

Daniela Moreno, Jan Friedrich, Matthias Wachter and Joachim Peinke

ForWind, University of Oldenburg. Oldenburg, Germany

26" Deutsche Physikerinnentagung - German Conference of Women in Physics
25.11.2022
Karlsruhe Institute of Technology (KIT), Germany




Content

1. Motivation: Why do we characterize the atmospheric wind?
Why do we investigate further characteristics of the wind?
Definition of further characteristics
Results on statistics of further characteristics
Load analysis
Conclusions

2

Future work




Motivation

Why do we characterize the atmospheric wind?

Operating wind turbines

ForWind

Center for Wind Energy Research



Motivation
Why do we characterize the atmospheric wind?

o 4

Numerical simulations Operating wind turbines

ForWind \7-

Center for Wind Energy Research



Motivation

Why do we characterize the atmospheric wind?

Wind model:
To reproduce atmospheric wind
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Why do we characterize the atmospheric wind?
To have an analytical description of atmospheric phenomena — To be included in wind models
— Accurate load calculations
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Motivation
Why do we characterize the atmospheric wind?
To have an analytical description of atmospheric phenomena — To be included in wind models
— Accurate load calculations

v
‘E{'@ Standard characterization:
»  Comparability/Replicability
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«  Some features not considered or simplified
- Valid for 30 years

» Turbines TODAY are different (Larger, more flexible)




Motivation
Why do we investigate further® characteristics the atmospheric wind?

To characterize additional features of the atmospheric wind that might be relevant for current
designs and operational conditions of wind turbines

» Periods of constant wind speed
- Waiting times between gusts

*Further than the standard guidelines [1]




Definition of further characteristics:
periods of constant wind speed and waiting times between gusts
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T. - Length of the period of constant wind speed




Definition of further characteristics:

periods of constant wind speed and waiting times between gusts

Velocity Increment: u, = u(t + t) — u(t)
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T, - Length of the time between two successive gusts
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Results on the statistics

Data: Atmospheric measurements
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Results on the statistics
periods of constant wind speed and waiting times between gusts
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Results on the statistics
periods of constant wind speed and waiting times between gusts
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Results on the statistics
periods of constant wind speed and waiting times between gusts
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Results on the statistics
periods of constant wind speed and waiting times between gusts

Time [s]
T =18 5.
: e GROW. ° g&%w-
10 S ﬁ = 1.2 1.5¢
! —$ FINO . °
5 ®e¢ .“L/_f.i‘.« ﬁ — 1.4 z 1 ® o - R o
: \w\ PY ®
~ ®
= p(Ty|r,S) ~ T °vo, 0.5 °
® °"
L O |
10 102 0 2 4 6 8 10
T, I T 3]
° "y
ForWind \7..
Center for Wind Energy Research Oldenburg



Load analysis
Effect of waiting times between gusts (T ;) on the loads of the turbine
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Load analysis

Effect of waiting times between gusts (T ;) on the dynamics of the turbine

Might certain T ;induce resonance or
damping on the turbine?

Numerical Simulations
Load @ Tower
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Conclusions

» Definition of two further (than standard) characteristics of the atmospheric turbulent wind:
Periods of constant wind speed (T;) and waiting times between successive gusts (T))

- Statistical parameterization of T, and T, from atmospheric wind measurements

* First results on load analysis: Different T,, introduce resonance/damping on the wind turbine




Future work

- Spatial correlations of T, and T, events

* Are the statistics of T, and T, included in the current wind models for turbine simulations?

If not, how to include them?

» Considering more flexible rotor blades, how important is the effect of T, and T,, on the loads?
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Motivation

Further characteristics of the atmospheric turbulent wind:
Periods of constant wind sped and waiting times between gusts

Why do we investigate further® characteristics the atmospheric wind?

“Further than the standard guidelines [1]
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Definition of further characteristics of the atmospheric turbulence
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Definition of further characteristics of the atmospheric turbulence
1. Periods of constant wind speed - T

Hypothesis: Local jets/cigars on the rotor plane — 3P oscillations on the loads
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Analyzing the effect of time T, between two gusts on the loads of the turbine

Reference Amplitude A,..¢
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Analyzing the effect of time T, between two gusts on the loads of the turbine

Clustering of wind gusts — Waiting time T,

Additional investigation: BEM simulations
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Analyzing the effect of time T, between two gusts on the loads of the turbine

BEM Simulations: Analysis of four loads, time series

T i6
g 214

2 12

10

[m

One gust
]

200

18
16
14
12
10

[m/s]

300

400

50(

Tgf :1.'05

200

[m/s]

300

400

50(

Ty, =3.0s

300

50(

T, =4.5s
: |

300

50(

T, =9.0s

200

18
16
14
12
10

[m/s]

300

50(

T, =30.0s

200

300

400

50(

[kNm|

[kNm]

[kNm|

—

[kNm

[kNm]

10000
5000
0
-5000

200

10000
5000
0
-5000

200

10000
5000

-5000

200

10000
5000
0
-5000

200

10000
5000
0
-5000

200

i T,;f :ll.(]s

300

- T, =3.0s

AU A A AR A AR

300

- T, =4.5s

A W A A

300

AN

T T, =9.0s

300

A L A A A A A

" T, =30.0s

300

One gust
3000 ' ' |
200 300 400 500
5000 .
Z 4000 | p
o .
— T, =1.0s V
3000 S ' |
200 300 400 500
5000
Z 4000 | -
. i
— Ty =3.0s
3000 S |
200 300 400 500
5000 .
Z 4000 } |
. |
— T, =4.5s &J
3000 ' | |
200 300 400 500
5000 |
Z 4000 | ”tf”‘“”"
o i
— Ty =9.0s
3000 | ' |
200 300 400 500
5000 .
El |
~ 4000 | iy
- . [\ u'u
g T, =30.0s
3000 | | |
200 300 400 500

[kNm)|

[kNm)|

TwrFo
4
15 210 . .
10 -
5
or One gust
St ) g ) | |
200 300 400 500 [
Time
4
15 210 . .
10 -
5 WM
0r 1 e
5L 1 —1|'05’ , ,
200 300 400 500 [
4
15 210 .
10
5
0r 9 .
2L T,=30s |
200 300 400 500 [
4
15 210 . .
10 -
8 m=as \[ )
200 300 400 500 [
4
15 210 . .
10
g i 0
e T |
200 300 400 500 [
4
15 210 . .
10 F
5 \ wx,.1‘|mwu.__.__—
0r . .
oL T,=300s | |
200 300 400 500 [
Time

1]

(kN

[kNm]|

[kNm)|

[kNm]|

[kNm]|

[kNm|

TwrSidetoSide

10000 + -
5000 fawen Wmmmmmmwmw |
0T One gust i
-5000 E I | | | | | l —

200 300 400 500 600 700 800 900

Time [s]

10000 - Superpos.(Ref) | 7
5000 w WMW Simulation =
0F Tq 1.0s Gust(1st,2nd) | -
-5000 t | | | | | | l —

200 300 400 500 600 700 800 900
10000 - Superpos.(Ref) | 7
5000 e S— Simulation =
0F Tq 308 Gust(1st,2nd) | -
-5000 t ‘ I I l -

200 300 400 500 600 700 800 900
10000 Superpos.(Ref) | 7|
5000 e — Simulation =
0r Tq —4.55 Gust(1st,2nd) | -
-5000 t ' I I l =

200 300 400 500 600 700 800 900

T | T T | T

10000 Superpos.(Ref) | 7]
A — i
Or 1,=9.0s | R i
-5000 t ‘ | ! | | | I l —

200 300 400 500 600 700 800 900
10000 Superpos.(Ref) | 7]
5000 S |'r'|\\\\\v~'A\\','.|,\W,'f!1M‘.ﬁ.\'.'.\\wmmn'-\w.'.--“'"“ v ?_irﬂuté;t-ifj;l 1 =
L aust(1st, i

0 Tq —30.0s ust(1st,2nd)
-5000 £ | ! | | | | | | =

200 300 400 500 600 700 800 900

Time [s]

I Wi WW I
Center for Wind Energy Research

\

>

Bremen
Hannover
Oldenburg



Analyzing the effect of time T, between two gusts on the loads of the turbine

BladeFlap

BEM Simulations: Difference between A4,..r and 4,

Reference Amplitude 4,.(: From the
superposition of two individual
gusts separated by T,,.

Simulations Amplitude 4_;,,:
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Analyzing the effect of time T, between two gusts on the loads of the turbine

BEM Simulations: Analysis of four loads, three aeroelastic conditions, normalized amplitude
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