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Detecting stationarity in time series data
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Energy spectral density

frequency domain

wave number domain
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Low-pass filter: Energy spectrum density

|

L ] F
e, I; | L
Ve il V\ 1Al
Y L,.l."nv‘ my w\|u’l|hww

WWWMW

Cut-off Frequency (Low-pass filter) in Hz:

L | ——Traw OK Cancel

| |—— averaged
low-pass filtered

1072 100 10?
f / Hz

° .’

14 ForWind \Y.
eeeeee
nnnnnnnn
Center fo nergy Research 7 oidenburg



How to describe the stochastic evolution of u,.from scale to scale?
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Scaling of structure functions:
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Estimation of fundamental length scales

(€)

—
injection

lch
L

(€

transfer

(€)

G ——
dissipation

O Input

Enter the kinematic viscosity in mA2/s

15.32e-6|

OK Cancel

Input

Enter the value of Kolmogorov constant, C_2 associated with second order

structure function(in between 2.0 to 2.2)
2.1

OK Cancel

16

ForWind

Center for Wind Energy Research

eeeee
nnnnnnn
ombg



structures

statistics

injection

(€) ;

transfer p
[}
[}

& 500

\ 1 P [}
VCPUPCYIBIDC N
_;,4’____ __.,'___l,’_ ______ - - -

<€> o 6c odog ozco nvocc
— N (] ,l \ \
dissipation ° ®ooo ¥ oo

< ‘UT ‘ >Astm

0

T//\ 101 -5 Ast()t

PHYSICAL REVIEW FLUIDS

Small scale structures of turbulence in terms
of entropy and fluctuation theorems

André Fuchs, Silvio M. Duarte Queirds, Pedro G. Lind, Alain Girard,
Freddy Bouchet, Matthias Wachter, and Joachim Peinke

Phys. Rev. Fluids 5, 034602 — Published 11 March 2020

"\ ANNUAL
f\ ¥l REVIEWS

The Fokker—Planck Approach
to Complex Spatiotemporal
Disordered Systems

J. Peinke,!” M.R.R. Tabar,’ and M. Wichter!

ForWind \7..

. Hannover
Center for Wind Energy Research Oldenburg



Products  Solutions  Academia  Support = Community

4\ MathWorkse

File Exchange

GitHub <

Softwareentwickler

structures

statistics

Fokker-Planck description

Markov picture of turbulence
Multi-point statistics

< ‘UT ‘ >ASmr

stochastic thermodynamics
of cascade process

fluctuation theorem

ForWind

Center for Wind Energy Research



Trajectories of velocity increments [u(-)]

longitudinal velocity increments

ur(z) =v(x+1r) —v(x)
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How to describe the stochastic evolution of u,. from scale to scale?

Markov picture of turbulence
Fokker-Planck description:

—0rp (Up Uy ) = (—&MD(D(UT, r) —+ &ZD(Q)(uT, fr)) P (ur|tr,)

. . . [ ] —
25 R. Friedrich and J. Peinke, ForWI nd \O BBBBBB

Phys Rev. Lett. 78, 863 (1997) Center for Wind Energy Research V7 Glaanburg



How to describe the stochastic evolution of u,.from scale to scale?

?
p(ur|ur’) — p(ur|ur’7 ur”)

Markov picture of turbulence
Fokker-Planck description:

—0rp (Up Uy ) = (—&MD(D(UT, r) —+ &ZD(Q)(uT, fr)) P (ur|tr,)
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Einstein-Markov length: conditional PDF

MV VAR P4 MY

©

pd
@p(un [ur,)
p(u"l ‘ul'_)? ur',;)

p(u’r ‘ur’a ur”)

1 ' ' <
1 ,° 0 e 0
\ . o 0 Increment of the second condition:
° I °n \
0 - 0
0.5 é’ 00 D 1 ' 3
° l 2 4
® 0@ 0_6 ! oC 0 AR
D &?: . , ! 4 ) OK Cancel
& A - (Y ]
= : : > 10
R v N e v
4 A = 5D { ’ 0
Il . - ! ! A -
~ | A
0 head ! - : 9°. O
® 05 S ' € .0
- . 1 Ve °
0 ° . .
A % . Ng Number of Bins:
" 0 oo ) 1 ©
'Y ° ’ 1 @
OA % g v : : 201'
-1 : ! ! 7 up(re = 2AE0M) /000
M. . : | s (r2 = 285/
: | | OK Cancel
0, o : :
o 1 1
1 1
1.5 ] . 1 1 il
o~ O 9 . 0 1 1
izl o 0O~z | | L L | I
-2 -1.5 -1 -0.5 0 0.5 1 1.5
up(ry = 2Apn) /000
1 o,
28 ForWind 7

Center for Wind Energy Research



Markov picture of turbulence: Kramers-Moyal coefficients D(1:2)
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Markov picture of turbulence: Kramers-Moyal coefficients D(1:2)
0.1 0.05 0 0.05 0.1 0 0.005 0.01 0.015 0.02
e | |
0.2
0.1
=
= 0
-0.1 S
-0.2
2
2
0
r/\ 10 2 /A 10 2
ur(r)/ oo ur (1) /0o
ForWind \7.-.

32



Vielleicht erst hier die
Annimation mit den
Trajektoreien
einfligen
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Fluctuation theorem for non-thermal noise in ,
macroscopic system: developed turbulence O§ Do
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total entropy production for single trajectories [u(-)]
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integral fluctuation theorem (IFT)
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT
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Entropy balance of cascade process
Verification of the measured FPE: Validity of the IFT
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200 realization of turbulent cascade process
Entropy producing trajectories

(AS;) =0.59

200

43

ForWind \7..

nnnnnnnn

Center for Wind Energy Research V7 oldenburg



200 realization of turbulent cascade process
Entropy producing / consuming trajectories
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200 realization of turbulent cascade process o sa-em
Entropy producing / consuming trajectories
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200 realization of turbulent cascade process
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Analysis is completed.
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