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(AnfJ nl\i/\llaerfseiltg Motivations

I"\/IostisotropicturbuIencedecaytheories!
¥Mrely on aselfssimilarity /selfpreservation hypothesis(single
lengthscaleusuallyTaylorscalg!
¥Mare noffully assesselly experimentsand DNS!
!

Exampled
¥dimensionahnalysis(Lin or KH equation: George, Gonzalez,
Antonia, Djenidi, DanailaE!
MDA + simplibedspectrum Comte-Bellot Corrsin Lesieur E!
¥pbxedpoint of 2egs model: KH,Batchelor PancheySpeziale&
Bernard Ristorcellj E!

Typical results! _
¥decayexponenttied to —



(Aix Marseille |

| =4 | =
o (! =4) (! =2) |
i > i
r : CBC houndsd
" ; i
: l
35| < > :
I |
301 Unceltainty Quantibcation! l
i theory ! i
25 | I
I |
I 1
| |
= l l
s CBC bounds i
I 1
I |
10 : i
I |
I |
il ] I
|
; _isersl " Il-_
-1.45 -1.4 -1.35 -1.25 2 =115 -1.1 -1.05 -1 -0.95

_ _ Decayexponentof kinetic energy!
[Meldi et al. , JFluid Mech 668, 2011]!

[Meldi & Sagaut, JFluid Mech 711, 2012]!



(Aix Marseille |

Classicakheories! |sotropy/homogenit

¥high-Reasymptotics | breakdown ?!

¥nointermittency :
Post-processing|?!

¥self-similarity/preservatioh

Non-self-similarsolutions #

Intermittency?

Finite Reynoldsnumbereffects?!\

Decayregimes!
¥algebraicdecay(exponential?)
¥predicteddecayexponenit




(DAiﬁn’\i’\'/aerfS‘?it'e! Looking for an investigationool
NS

 ¥Mlow- to medium Reynolds (fdrom high-Reasymptotic#
, ¥large-scaleesolutionissue ergodicity ?!

Experiments:!
¥notstrictly isotropig restrictedevolutiontime!
¥low-to medium Reynolds in practice (fgrid turbulence)!
¥no directmeasuremenf very large-scalées
¥no control of initial solution & largecales
!

OrszagO&EDQNM (1970):!
¥Mrealizableclosureof the 3rdordermomentequationin Fourier
space
¥fully generalinitial solution, Reynoldsiumber E!
¥nointermittencyeffectd

¥minimal complexity. [Rubinstein & Clark, PhysFluids 17, 2005]!
Wpodruff& Rubinstein, JFluid Mech 565, 2006]!
|




Aix--Marseille .
( Universite Outline

1.! Tools & models!
¥ EDQNM: abriefremindet
¥ Aglanceat Comte-BellotNCorrsintheory!
2.! Do selfsimilar solutionexistfor freely decayingHIT ?!

3.I Which scaleggovernthedecayrate 2

4. Non-selfsimilar solutions ovearbitrarylong time ?!
5.1 Existence of ainiversalattractorwith -1 decayexponen?!

6.IConclusions!
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Tools and Models




(Ai’ﬂh'\i/'\,aerf‘s‘?itg 1. EDQNM: abrief reminder

. Navier-Stokesquationsn Fourierspaceé
! o+ Ay = ik

@ 2nd-order momergquatior
!

) te(kya(p)” = ool

& Lin equation(= KH)!

I!—tE(k,t): T(Kk,t) +2"K%E (k, t)

3rd-order momengquatior




(Ai’ﬂh'\i/'\,aerf‘s‘?itg 1. EDQNM: abrief reminder

—+ "(k?+ p?+ ) lak)a(p)a(g)" = ! oooe"

@ Quasi-NormalApproximation !

! |t

[ Millionshikoy, 1941]!

Eddy-Damped)N !
[Orszag 1970]!
o H

e (k% + p*+ ) lak)a(p)a(g)" =  loa"lea"# (K, p, 0 la(k)a(p)a(o)’

-




(Ai’ﬂh'\i/'\,aerf‘s‘?itg 1. EDQNM: abrief reminder

| ! #

! ﬁ + I|<p](-q 'D(k)[](p)(](q)" = 166" | HO"

EDQN exact solution!

Markovianisatiorstep @

000" = ¢ lipa t l 00" I 1 AR | AR t 1, L (t! t") "
' (t) = € "1 1000 (O) + 00 ! 00 (t) @ ' kpg dt
0
EDQNM solution!

> 600" (1) = lipg 1# € 'wa '  166" 160" (1)



(Aiﬁn’\i’\'/aerfs‘?{'e! 1. EDQNM: abrief remindet

A few comments!
¥ Closureof theevolutionequationof the 3rd-order !
Moments ("equationfor thetransferrate)!
Dissipationis an output, not arescribedjuantity
No selfsimilarity/selfpreservatiorassumptioh
No hypothesisabout the Reynoldsumbet
No hypothesisabout thespectrunshapé
No hypothesisabout the initial condition!
No intermittencyeffectincluded
Canbeextendedo manycases (HAT)!

K K K KK KK



(A')ﬁ n,\u/\l/aerrsse.’l[g RosetteGstone:

I Karman-Howarth equation for velocity correlationfunction

| 4 |
. 12 — : 13 n 12
ﬁ(u f)= W+ - u~h(r,t) +2 W(u f)
| S in(k i
u'2f (r,t) = 2 EkY S'ljg(r;h Ci‘zg‘;) dk
2 0+
E(k,t) = ul_ Kr(sinkr ! kr coskr)f (r,t)dr
0
B, (K?r21 3)sin(kr) 3coskr) T(k)
uthir) = KAr 2 Gr3 K
13+
T(k,t) = 2u|— (k2r2| 3)kr sin(kr) + 3k?r? cos(r) h(r)

0



(A')ﬁ n,\u/\l/aerrsse.’l[g RosetteOstone:

I Karman-Howarth equation for thevelocity structurefunction
|

21K 11S, 1 "1 1S
T et e
S,(r) = U T U0 = 201! f(r]=4  E(Ka(kr)dk
0
So(r) = U T UOF = | 120%h(r) =4 Tés)!all(l:r)dk
. |

sinx! Xsinx

1
ax)= 3 X3




Lniversite E(k) vs. f( r) :tricky maths
(r! +")#r "8 E(k! 0)# K

(AIX*MaI’SEI”

SO g
f(l’): Cm

I
[Davidson, 2011]! E

[Llorr & Soulard, 2013]! m@o
| r o
2 |2E(k)_ (nn I Cn+1n|_n+1 kn + Cm#mLmkm#l
U n=4 m=m,




(Ai’ﬁ*n'\i"\,aerfs‘?itle! 2. A lookat Comte-BelloN Corrsintheory

[Comte-BeIIotE)Corrsin, 1966] [Lesieur, 1978] $kbrek& Stalp 2000] E!
Msimplibed 2-range initiaenergyspectrumi(k)!

¥singlelengthscale= integralscale(~ spectrunpeaR)!
¥puredimensionahknalysi$

¥decayregimeexponentsasfunctionsof spectrunslopeat largescales

10
t>1t¢
|
|
|
~ 10 | | I |
S A(t)k | Ck 12/ 3) ! 5/3
L |
|
|
|
115 :
10 | / :
| | L Ll | L | |
10'° 10° 10° 10° 10'° 10" 10°



(A"ﬁ Marseil] CBC theory decayexponent:s
K(t) ! L # Re. Re
: T p+ 3(" T p)*5 3(T P51 (] T+
High Re, ! 2 Bé ! (| pp-23 o %+3 % 4%“! 213) = !(p+3‘§) %} ! p+3p
Saturated high Re -2 -3 0 3 ; 1 1z
Low Re s s A » T e

Breakdownof PLE! ! (! " p) ! >3, p(! =4)! 05

Someimportantpredictions!
¥ Taylor microscalesvolutionindependenof the initialslopeandRé€
¥ Singularbehaviorfor " =1!
¥ ConstanRedecay
¥ High- andLow-Reregimesdentical
¥ All lengthscalescollapsewith growthexponentl/2!

[Meldi & Sagaut, 2013]!



CBCtheory decayexponents

Aix:-Marseille
universite

Invariant quantities?!

IL(1)! K'L ()= K"

i Re ! 200" 30C
= Re- # 0.1" 0.01

5:' 130D Re. > 200 — 300
i Re: <0.1—0.01

¥ No invariant ovearbitrarylong times éxceptsingularregime" =1)!
¥ InPnite number of invariantsfor high/low regime(Pnitetime)!

H (I L » I ! ) [Antonia & al., VassilicosE]!
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CBC vs. EDQNM: high Re asymptotics

05 —\“n-u—..n.._...j._ B e i - B - ety - LI
l I I ..... — =1
—_— =2
P =3
c _—
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Perfectagreemenivith Comte-BellobCorrsin

1 theoryin all cases fotwo-rangeinitial spectrur

<1% error!

[Meldi et al., J.Fluid Mech 668, 2011]!

"y [Meldi et al., J.Fluid Mech, 711, 2012]!



(Ai’ﬁ*n'\i"\,aerrss‘?itlé Batchelorturbulence#=4

! I I I I
—1=10
—-——1=10?

1
. . |
\ :
PLE breakdown! ; \
10 20_ -\l _l ‘| ]
10'° 10 102 10° 10°

K



(Ai’ﬁ*n'\i"\,aerrss‘?itle! Breakdown of PLIE:

! [Meldi et al., J.Fluid Mech 668, 2011]!
[Meldi et al., J.Fluid Mech, 711, 2012]!
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AbckMarsell Batchelorturbulence#=4

0.34

11.3m
[ l —EDQNM, Batchelor turbulence —EDQNM, Batchelor turbulence
I o CBC formula, " =4 o CBC formula, " =4
0.32¢ o CBC formula, " =4 ! p, p=0.52 - 11.35" o CBC formula, " =4! p,p=0.52 |

o

0.3 . 11.4) 1 q

0,28 L T T
10 10 10 10° 10° 10° 10° }o“ 10° 10°

—EDQNM, Batchelor turbulence
o CBC formula, " =4
[ l l o CBC formula, " =4! p, p=0.52

c!12.35F

| 2L
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Do self-similar
solutions exist ?




(A0 Marsell A few debnitions

Selfpreservation : thereexist!

¥ a uniqudengthscaleand !
¥ auniquevelocityscalel  E (K1) = vA(D)I(t)F (k)

¥ Atimeindependenshapgunction!

Partial Self-preservation: restrictedto a range o$cales

Selfssimilar solutions solutions ofequationgLin, KH)!



Aix-:-Marseill
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Theassumptiorof similarity of shapeof thestatisticalfunctions!

during decayin theearlier work wasprincipally a mathematicatlevice !
usedto enabledePnitaesultsto be obtained... ToPndsuchsolution has
been onaask to determinghe conditionsinderwhichtheycanand !

do providea correct description of turbulencganother In this latter !
taskwhich hasengagednuchattention in the last bweears buteven!
somostof theestablishedesultsare negative !

andour positiveresultsstill restinsecurelyon vague intuitive argument:
(vague formostof us -clear andprecisefor theinspiredfew !)!

Batcheloy 1953 (p.148)!



(Aiﬁ*n'\i’lvaerrss‘?{g A look at Georgetheory (1992, 2009)

-;'> l'E  dEs
= 1 l
It dt PO

Lin equationt
12 dEs 1 d CTs!%
: f+ —a— #f'= | [1] 2#4f
11 ES a dt 11 adt 11 ES g [ ]

George$@sitended SelfSimilarity hypothesis




(Aiﬁ*n'\i"vaeffg?it'g GeorgeCQheory predicteddecayregimes

!2!: 2A" (t! tp) = #° -:> Taylor SelfSimilarity ?!
EJ! OtV

Es 1 1
Tg | ek tP

Universal equilibrium dEg/dt = dtdt =0

Inviscid power law decay v=>0

visous power law decay All terms retained | u? ~ t", A ~ t1/2, Rey ~ i

Linearized ”final period” T,=0

Viscous, constant length scale dt/dt =0 | u? = udexp [-10v(t —t9)? /N3],

A= /\0 X L11
Inviscid, constant length scale dl/dt =v =0 | u®=ud(1+ Cug[t—to] /lo)>




Is E(k) selfsimilar/preserving?

[Meldi & Sagaut JoT, 2013]! (! _ 4)

Aix--Marseill
universite

!
10° 10°
Re =10* Re =10*
.——-Re, =1000 .——- Re, =1000
———.Re =700 ———.Re, =700
= =
S S
>\ 10 5 | >\ 10 5 L
< <
w \ V
artial SP!
arge scal
110 110 H
10 10 \l | | 1 |
10° 10'° 10° y 10° 10* 10

Normalizationbasedonintegralscale& kinetic energy

e.g [Clark & Zemach 1998]!



(Ai)ﬁ nl\i/\llaerl’ssei’i[g Is E(K) selfsimilar/preserving?

E (k)/ (u?!)
E (k)/ (u?!)

Normalizationbasedon Taylorscale& kinetic energy(TSS)!

e.g [George, 2002, 2009]%peziale& Bernard, 1992] [Mohammed & Larue, 1990]!



(Ai)ﬁ nl\i/\l/aerfs?itlé Is E(k) selfsimilar/preserving?
(I =2) Partial SP! (! =4)
! at small scale$

10° ‘ ‘ ‘ ‘ '\(

=
o
o

E (K)/ (u?!)
E(K)/ (U-!)

o
(&)

[y
o

=
o

———Re; =700

\

t

----- Re; =1000 \
|

110

10 110

10

Normalizationbasedon Kolmogorovscale& kinetic energy(KSS)!

e.g [Antonia et al., 2002] Ristorcelliet al., 2004, 2006]!



(AiX*Marse”! A singularcase#=1

universite

10 \ \ \ 10°

iy
o
(=)

=
.
«

E (k)/ (u?!)

=
.
-
1S

18 115
10 3 ‘ ‘ 10"l
10'? 10° 10° 10"

10°

| the uniqueself-similarsolution

E (K)/ (u2!)

All theoriescollapse irthis case !




(A'ﬁ*n'\i"vaeffg?'t'g A singularcase#=1

x 10°
| 0
0
~ 3 110000
S 2
2 L = |
= S
x!'2r Ll ! 2000
w .
= #=102 = ——$=102
[1C | Y (S #=10% s [ U AN R ——— $= 104
————— #=10° } 3000 -—-—$=10°
L 10" 10° y 10° 10° 10° 10'° 10" 1o|!j 10° 10? 10*
0
< 13f ~
: GeorgeQseoryalsovalid in this case!
ol
g
L
= 1o
112F

10
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Which scales govern
the decay rate?




3. Which scaleggovernHIT decay?

Aix:-Marseill
universite

|
|dea; use Data Assimilation techniques tadentify governingscales
I!

¥ Whichscales?!

¥ Whichfeaturesassociatedo thesescales?!

¥ Dependencyn observations ?!

Data Assimilation: reminder!
|

¥ Developedn weatheirforecastreld
¥ Optimalrecosntructiondentibcation okelectegarametersginitial/boundary

conditions, freevarameteri physicalnumericalmodelsE)!

¥ Two mainfamilies!
¥ Variational methodsbasedon optimal controltheory!

¥ Kalmanbkltertypemethods



(Aiﬁ n'\i’{/aerfs‘?itg 3. Which scalesgovernHIT decay?

[Mons et al. PhysFluids, 2014]!

|
Problem : !
I
Givenanarbitrarydecaylaw/realization reconstructhe optimal initial conditioric(k,0)!
!
!
¥ Severalpossible observationsvels!
¥ full spectrumatsamplingtimes!
¥ Integralquantities(kinetic energy dissipationlenghtscaleskE) !
¥ Decayexponeniassuminglgebraicdecay!

ldea: startingfrom anarbitraryrandominitial guessspectrum DA optimizationwill !
reconstructhe optimal initial conditiofiocusingon scaleghatgovernthedecayregime



(Aiﬁ nl\i/\|/aerI’SSeij[|e! DA: mathematicaformulation

Find E(k,0)that minimizeghe Lagrangiancostfunction
!

. |
L(E, B) = %!y" H(E) 2 + I:",%+2"k2E" T(E)

/

Observations ! Observation!
(availabledata)! operator
(appliedto E(k,1)) ! Optimality condition!

Direct problem(Lin equation!

Adjoint problem(adjoint Linequation!

| %(k,t)+2"k2b‘(k,t)! Te (B K, t) = I—"f|E!y! H(E),k,t"

E(k,T;)=0



(A"fJ Marseille DA iterativeprocedure

| Arbitrary guessvalue for initial condition] E°(k) = E(k, 0)
Solvedirectproblemfor E(k,t) from t=0 to t=T,
|

Evaluatecostfunction
Is it smallerthanbxedconvergencéreshold?!

Yed No!

7

End! Solveadjointproblemfrom t=T; to t=0,

Y
Computegradient ofcostfunctionwith respect td&2(k),

!!E—LO(E, E, k)= ! E(k,O)

Y
Modify E°(k) with gradient-typemethod,




Aix+Marseille |
( Lniversité DA results

! Initial guesswith singlewrong slopeat large scale$

" " - )
' Guesssolution!

T: = 10%1,

1%

10 observations!

—
-
-
T
-
—
1

E/ max(E")

Exa(“t so‘\lution!

at 2 samplingtimes!
Co
1% 1

" | | 1 I
| i# # $

K/k | (t = T¢)

Initial exact solution!
(targe)!




Aix--Marseille
( universite DA results

! Initial guesswith random local slopeat large scales(by half decadg!
! . . . .
p
:\
o
N’
pad
®
S
~ -
LIJ & I
1 |
b
!
¢ !
[ "% . . . ' ‘1
' o . ¥ e

kik L(t= Tp)



Aix--Marseille
( universite DA results

! Initial guesswith random local slopeat large scales(eachk)!

~—~~
—
I,
~—
S
& v
\ \
— e !
LIJ " L \ |
' \
v !
\ \
I
by
‘ -
1% | I|

!" i# !n !" #

Kik L (t= T¢)
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( universite DA results

Convergencehistory!

MARS
H

T4

" "




(

Aix--Marseill

universite

- DA results

Change in the localslope (begining/end of DAprocedure)!

s(1)

siM) 1

"%&

1"%84

Scalegthat havegovernedthe

||||

‘
!
!
[

lecayrate!

# ||$

KIK (t= T;)



Aix--Marseille
( universite DA results

! Gradient of the costfunction versus initial spectrum!

kik  (t = Tt)



Aix-:-Marseille |
( UNiVersite DA results

Conclusions!

¥ Initial conditions danatter! !

¥ Non-classical(fas)) decayhavealsobeenobtained

¥ Finite time decayregimecanbe controledmanipulating!
the initial conditions!

¥ Within HIT framework!
¥ C$model$E of the turbulegereratiorprocess
¥ Adding a forcingterm (forcedHIT with time-~arying!

sourceerm)!
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Non-self-preserving
solutions over
arbitrary long time ?




(Aiﬁ n'\i/\l/aerfs?itlé Initial Three-Rangé&pectrun

t<t.
10° |
|
|
: C, 12/3! 53
| |
=10° |
X |
" |
|
10' L :
|
| [Frenkel& Levich Phys.Lett 98A, 1983]!
Ul : [Frenkel Phys.Lett 102A, 1984]!
10’ aaAEY “— 12, [Eyink& Thomson, Phys:luids 12, 2000]! -
\ I \ I \ \ \
10'° 10 10'° 10’ 10° 10* 10°

k



(Aiﬁ*n'\i’lvaerfs‘?itg Initial Three-Rang&pectrunm:

' Time evolution!
I Minitial non-self-similaregime(three-rangepectrun!
¥Recoveryof aclassicakelf-similarregime(two-rangespectruml

Lengthscalesvolution(CBC-like dimensionahnalysig!

l2(t) 112272 P (€)1 TR
C = (a2, 11001 2(0))

Caution: 't, = + |



(Aiﬁ*n'\i’lvaerrss‘?{g Initial Three-Rang&pectrun-

Kinetic energyevolutionlaw during pPrst phase!

us(t) = 1 E (k, t)dk

Timeindependen
if PLE holdd

\) Pseudoself-similar law !



Aix--Marseill
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Initial Three-Rangé&pectrum-

10*
——EDQNM
~ ———CBC formula, " =2
N \‘"\
N CBC formula, " =3
10°F
&
x
|
|
2
\ ‘| 10
‘. |
\ | | 1 . ‘ ‘ ‘
12 i . ‘ 10° 10" 10° 10° 10" 10
10 0 | L : ; !
'6 14 '2 0 ?
10 10 10 k 10 10

[Meldi & Sagaut, JFluid Mech, 711, 2012]!
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11.16p

Initial Three-Rangé&pectrumith PLE)

11.2

—EDQNM

11.24r o CBC formula, " =2 |
23 o CBC formula, " =3
11.28F
11.32f q
o o o o o o
! 1'36 Il Il Il Il Il Il
10° 10* 10° 10° 10" 10"
0.42"
0.38
c
]
0.34)
o o o o o
0.3l ‘
10° 10" 10°

12.16p

1220

12.24

n

12.28r

12.32F

—EDQNM
o CBC formula, " =2 ||
o CBC formula, " =3

12.36"

—EDQNM
o CBC formula, " =2
o CBC formula, " =3




Univers te Pre-multipliednondineartransferT (k)

(11=2,1,=23)

(Aix*MarseiI!

0.5f 0.5¢

KT (k) / max (KT (k)

KT (k) / max (KT (k)) .

105 . _ 110
105 —kT(k),! =102 kT (k),! =10

. 2

|1(10 ) ___|1(1010)

...... 2 11

1l 1,(107) | | | | | |
| . | | ‘ ‘ 10" 10° 10° 10" 100 10° 10° 10’

107 10° 10° 10' 100 10° 10° 10 k

t<tc t>tC



(Aiﬁ n'\i’{/aerfs‘?itg Initial Three-Rang&pectrurr-

| InPnite critical time region!

4.0 - - ; . .
Breakdown of permanence of large eddies
357
3.0 : y
0) =01 —
09 25+ —o— 02 1 —P1 : ]

I Breakdown of

20k Permanence of large eddies | permanence of
I large eddies
|

1.5 : -
!
!

1.0 I 1 1 1 1 1

1.0 1.5 2.0 2.5 3.0 3.5 4.0

01



(Ai)ﬁ n'\i"vaerfs‘?it'é Solutionwith inbnitecritical time

! (1=371,=4)

1'1.3p
— EDQNM, Batchelor turbulence
[l q o CBC formula, " =4
I 1.35F o CBC formula, " =4! p,p=0.52 |
e

O O O o 0O 0O 0O 0O 0O 0O O o o
1'1.4+

0 0 0 0O O O O O O o o o o o
11.45 2 - - — — —



(Aiﬁ*n'\i’lvaerfs‘?ige! Pre-multipliednondineartransferT (k)
B A il -

0.5f 0.5F

KT (k) / max (kT(K))

KT (k) / max (kT (k))

—kT(k),! =10%0
05 —KkT(K),! =102 +0.5
——-11(10%°)
——-11(10?)
------ 12(10%9)
] S N I A ER 12(10°) 1
107 10° 10° 10" 100 100 10° 10 10" 107 10° 100 100 100 10" 10



(Ab& n'\iAVaerfS‘?itg Pre-multipliednondineartransferT (k)

(1,=3.7,',=4

T
.

0.5f

(k) / mgx<T+<kS>

KT (k) / max (KT (k))

—KkT(k),! =101°
10.5
——-11(10%)
""" 12(10%) 0
1 1 |
| | : | | | | | | : )
17 15 13 T 1 3 5 7 L x H L L x x x
10 10 10 10 " 10 10 10 10 0_7 10_5 10_3 10_1 101 103 105 107

C$inactive®fealed permanende



universite

Existence of a
universal attractor ?




(A"ﬁ Marseille A universaldecayregime?

= - S 2K2T(K)dk! (2" K2)2E (K)dk
dt O o O

i
a }S(t)Reg (1) + G(t) 'Kz((tt))

15
12(t)
K(t)

[PV, 12(1)
(9—158(t) I.?eL(t) K(t)( O}_SG(t)

Generation of dissipation Destruction of d|SS|pat|on

- o

Karman &Howarth (1938)!
Panchey1971)!
Speziale& Bernard (1992)!

Ristorcelli (2003,2004,2006) _

Antonia et al. (2001)!




(A'Xun'\i"vaerf‘s‘?'t'é A universaldecayregime?

Skewlness:oefbcient!

oo (ux)® 3 30, o KeT(ktydk _ h"(0)¥?
o gz o 7312 — fU0(0\
(T u'/ 1 x)2 14 T RE (K )k F1(0)
Palinstrophy coefpcient!
L,
G - 30"!< #ﬂj - 120'.5 !0+ o k E(k’t)dk — 0/6"1: (IV)(O)
! SicS ! ,  K2E(k,t)dk
K(t) ! ")

7 1
C, = 5

: 2

S(t)Re- (t) + G(1)



(A"fJ -Marseil] A universaldecayregime?

Von Karman-Howarthypothesig1938) :!

| S(t) = S G(t) = G

R 7 e 7
ﬁ> —_ = 1 _S Re'‘“+—G "2
Re, 315 - 15

Fixed pointanalysist+ Taylor-scale-base8elf-Similarity :!

Re (t)! Re (" )#0
ke

[ Speziale% Bernard, J.Fluid Mech 1992]!



(

AickMarseill A universaldecayregime?

[Antonla et al. JoT, 2002} Kolmogorov SeltSimilarity!

R& _ LA —GO Re'/? + —Go "2

Re 3 15 15 15

Fixed pointanalysis+ Kolmogorov-scale-basesklf-similarity :!

[Ristocelliet al., PhysFluids, 2003, 2004 ,2006]'



(Ai)ﬁ*nhi/lvaerrssﬂlé Observability ofasymptoticdecayregimes

The R, fixed point and k(t) ~t': The reader is reminded
that the presumed behavior of S~ const, and G~ const (or
G~R,) implies, rigorously and self-consistently, that
R,— R.>0, and k() ~t~'. Such k(z) ~ ¢ behavior has not
been seen experimentally. The speculation has been that the
approach to the 7' regime is too slow to be seen
experiment‘cllly.26’27’31 However, the DNS, for example,31’43

do all seem to exhibit this behavior when especial care has
been taken to adjust for virtual origin effects.

. the two point correlation

begins to approach box size and the most energetic modes
are at the lowest wavenumber and the largest scales are rep-

resented by very few points. [Ristorcelli Phys Fluids 18, 2006]!



(Arittasel EDQNM results
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no ttuniversal attractor!



(Alﬁ*r]'\i’lvaefrssﬂg Skewnesgvolution
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(Aiﬁ*n'\i’lvaeffg{g Palinstrophyevolution

!
‘ 0.27
4’ ............. "=1
10; vy
. SR N I [Ep— "=3
0 N I R "=q
103; o I =1 ////
E —_ e
F 1 =2 [} ,// -
O | @ 02675 T
L] i 1 =3 D)
10 | ————— =4
0265 Ll L Lol L Lol L Ll L Ll L L
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30C

Re > 200"

G(1) !

G(t)! G = 15 ng"1 ;u_




(A')ﬁ n,\i/\llaerrssei’ltle’l Conclusion:

¥Decayis governedoy initial conditions (the turbulen@generation
mechanisma practice)!

¥-inite time evolutionis governedoy largescalesangingfrom initial to
Pnalspectrumpeak

¥No full selfsimilarity/exact selfpreservationn generalcase!

¥No sensitivityto asymptotidoehaviorof thespectrumat largescale$

I Behaviorat k! 0 escapesxperiment&Simulations andghouldnotbe
a parametein theoriesfor decay(real turbulencelivesin a bnite world !)!

I Ildem:analyticity of thespectrumintegralinvariantsdependingn
asymptotidoehaviorE!

¥ Non-selfsimilar solutions possible ovarbitrarylong times!






(Ai’&h'\i"vaerfs‘?it'é TKE spectrumwith fractal forcing!

[Meldi, Lejemble Sagaut, JFM, 2014]!

Fractal forcing !
I Ibroadbancdenergyproduction!

I 1 Batenedspectrunpeak kL)'~ 8k 2E (K
F (k1) = gy Skn) Bk EC ’Zt)
[1+ "KL p(t# #)]
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gttty TKE spectrumwith fractal forcing!
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(Aix*MarseiI!
universite

TKE spectrumwith fractal forcing!
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(Aix*MarseiII

v | KE spectrumwith fractal forcing!

=100 ) A

R

t=1+1/" t

t=1+103/"
k k
| T 1 T
————.kIF ————.kIF
AU e 2#K3E J\ 0.5[) oo 2#K3°E
0 "'"'""'"r _____ 0
1y 10.5 |
12 r 11+
10" 10” %00 10° 10* 10" 10° %00 10° 10*



| Classicakheories!
! ¥high-Reasymptotick
¥no intermittency
¥self-similarity/self-preservatidn

Decayregimes!

¥algebraiadecay(others?)!
¥predicteddecayexponent

Do theoriesagreewith experimentabtata ?!



EDQNM results
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Observability ofasymptoticdecayregimes

- O O oo o O O O
/;"_:'_'.':.______ _______
* o~
/
o,,
4
s
//’
L f
0
/
sz !
o,‘ ,
e e e e L - u] I =1
/
// | =2
// ''''''' -1 =3
I/ l
// _____ =4
—’/
| | | |
12 2
10 10 10 10

Re




