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Motivation

® Understanding turbulence
® Numerical simulations: isolate turbulence

® Statistical properties of turbulence:
One-point: e.g. PDF
Two-point : e.g. power spectrum
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Turbulence in a box :

® continuity equation

® Euler equation

. 2
® isothermal P=Cs0

e FLASH 4 with HLLR solver Flash Center

for computational science

® homogeneous grid

® 3D, periodic boundary conditions

® initial conditions: v(r, t=0) =0, o(r, t=0) = Qg




Forcing routine
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— forcing field varies smoothly in space and time
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(SchmidtW., et al., 2009, A&A, 494, 127)
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(Konstandin L., et al. 2012)
® solenoidal forcing is more space filling, whereas compressive
yields larger voids and stronger shocks
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One point statistic: density PDF

o pltiv1) = p(ti)M?  —  ps)ds= (re) )

1
V2mo2 exp(— 202

PDFs are log-normal distributed
(Passot T.,Vasquez-Semadeni E., 1994, Phys. Rev. E, 58, 4)

* Log normal —» 0‘3 — ,LL?) (eXp (O‘?) — 1)
with s =log(p) , pp =1

e Passot 1994 : Op = Osg N b.M
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One point statistic: density PDF
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* deviations from log-normal are caused by mass-conservation.

(Hopkins 2013)
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The variance of density PDF
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* The b-parameter depends on the forcing mechanism
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The variance of density PDF
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* The b-parameter is a measure of A_A;llcomp
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Two point statistics:
The density power spectrum




Richardson-Obukhov: Energy-cascade

large energy
scales Injection @@@




The density power spectrum

Power spectrum
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D(k, t;, M)dk = 4k’ p(k, t;, M) - p*(k, t;, M) dk
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e
Why the density power spectrum!?

® Weizsaecker|951

. p0) x O x O(0)L° 7

A

FT Y , degree of compression
D , fractal dimension

I, volume filling factor

o p(k) = T(1 = 3y)k~ (173




Two point statistic: density power spectrum

The Parseval theorem O'g —I—,ui = / D(k) dk
0
10—

® increasing \/[ — spectra get shallower
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Caveats measuring the scaling exponent

; total spectrum, 10243, M = 15
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® The slope depends on the fitting range

® Develop a hierarchical fitting technic
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Local slope of the density power spectrum
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® spectra get steeper with resolution

® spectra get shallower with M

ii UNIVERSITY OF



Influence of the Mach number and resolution
fitting range: k € [4: 10]256, [4 : 17]512, [4 : 31]1024
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strongest shock contains all mass

spectrum = delta function ,
peaky density — constant spectrum
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Influence of the Mach number and resolution
fitting range: k € [4: 10]256, [4 : 17]512, [4 : 31]1024
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Conclusion

® The width of the density PDFis 0, ~ bM

® The slope of the density power spectrum is:
(M) =(—-1.91 +£0.01) A~ 0-3040.03

® This influences e.g. fractal dimension, space
filling factor, and degree of compression.

D=2-1/2¢(M)=2+0.96 M"">"




Thank you for your attention!




Hierarchical Bayesian model of the power spectrum

® Linear model with scatter
log(P(k)) = A+C-log(k) + Os

Test on synthetic data
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(Konstandin et al.,2015)
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One point statistic: density PDF

* Log normal — O'g = ,ui(exp (O‘?) — 1)
with s = log(p) , pp =1

e Passot 1994 : Op = Osg b.M

e Konstandin et.al. 2015 :
ds = Bi(s, t)dt 4+ Ba(s, t)dW
Bi(s(t)) = —1/Ta(s — ps) B3 =1/7m5log (1 4+ b*M?)
pressure redistributes the compressed gas

p~'Vp=ciVsrci(s— ps)

—> 02 = T4/273 log(l—l—bé./\/lQ)
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