I J We explored some new constraints that stationary processes

impose on the fluctuations of power in the context of turbulence. Here we
first recall some properties of the fluctuations of the injected power, the
dissipated power and the energy flux that have to converge at vanishing
frequency. Then we show that these properties are fulfilled by GOY—shell
model that share intermittent properties of turbulence. Hence constraints on
the power fluctuations might force some intermittency in the GOY—shell
model . Indeed we show that the constraint on the power fluctuations implies
a relation between scaling exponents. This relation is fulfilled by the GOY—
shell model and agrees the She-Leveque formula. It also fixes the intermittent
parameter of the log-normal model to a realistic value.
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Dissipative systems: %:I—D: Energy balance with I= injected and D

dissipated powers
Stationary processes = (I) = (D) but also the equivalent relations :

(1) li1‘r})|lh(ou)|2 = lin})]ﬁ(wﬂ2 with X (w)the Fourier Transform of X
w— w—

(2) [;7(AI(t) - AI(t + 7)) dT = [(AD(t) - AD(t + 7)) dT
with AX(t) = X(t) — (X)
(3) t;0(1)? = 1pa(D)? with a(X)? = (AX?)
and 74 (t) = T}()Z O (BX () - AX(t + 1)) de

Turbulent systems: dissipation occurs at much smaller scales than injection. The
input power must cascade up to the dissipative scale.

dditK = | — [Ix where Ex= coarse-grain energy of the velocity Low Pass filtered up

to the wave number K;

[Ix= energy flux up to K
Turbulent hypothesis: there is an inertial range where [l does not depend on the
injection and the dissipation. In addition to (I) = (1) = (D) one has

10(1)? = 0 (T)? = 1p0(D)?

e T

Intermittency in a turbulent model a consequence of stationary constraints %
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Scaling exponents for the Fourier mode
(u2) oc k=%
Kal: () =(llg) = {3 =1
Intermittency = ¢, # p/3
* Log-normal model:
S =35 +1/18Gp —p?)
* She-Leveque (SL) model
D
-3y (1-45)

1
b=vp+ 1= ¥ =gi £~0.58

Dynamical equation mimicking Navier-Stokes equation in discrete and

exponentially, k,=k,2" spaced wave number space. It satisfies the SL model

duy _ 2 .
T F(Un-2,Un—1,Unt1,Uns2) + fa+ Ona +Vkn Uy ;

u, € C; n € [1:N], k, =2"/16

F(Un-2)Un-1,Un+1, Un+2) = ikn (un+1un+2 -

[Leveque and She PRE 55-3 (1997)]
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The relation 7;0()? = tp0(D)?
= 7y,,0 (Ix)*holds for the GOY shell model

In the GOY shell model:
o(Tk)? o< K%(u®) (1.a).
o K27% (1.b)
o« K927  (1.c)
> 1, « K707
What is 7y, # Tg (< K~0€) ??

Tk the characteristic time of the
shell K

Unt+iUn-1 un—lun—z)* +cc
4 8

inerti JAEk _ g M<N
In the inertial range: e Ix =g Ex=Y"Nu,|?/2 ;
Ix=1=f,-u,"+cc;
My = i K (UupsoUpsrty + UppqUyUy—1/4)

/4 Hypothesis: there is a given characteristic time for coarse-grain
4<M« (%) K=2"/16

quantities. I, Uy = M, w;,
It can be computed as follow

— _ Uk () Uk (2))dT

2 M (@
We show that constraints on the fluctuations ~1/3(UK) '2 =1 )y (u(@ui(2) dr
of energy flux in the GOY shell model imposes ~ Z",T; Tia(uiz) K™l = 1, o K028 1111
a additional relation on the intermittent Zizg 0)® g=2M>»1
scaling exponents:
(6—=C-1=0
Fitted by the SL model.

New relation between intermittent scaling exponents

(6 —=¢2—1=0
* Holds for She-Leveque Model (K41: {5 —¢, —1 = 0)

[Cardesa et al PoF 27 111102]

* Fix the intermittent free parameter u of the log-normal parameters

NB: extension to real turbulence not so straightforward because global

. . : . to a realistic value p=0.3.
quantities are averaged in space (those much less intermittent)



