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Streaky structures in turbulent flows
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Some questions

Is a 'coherent’ lift-up effect at work in fully
developed turbulent flows?

Does it select the spanwise scales of the
'natural’ streaks?

Are the optimal amplifications large?

Can we force these streaks for

control purposes?



Linearization near the mean flow
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Dynamical system formulation
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Linearized system for parallel basic flows
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Optimals for the initial value problem
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Optimal amplification of initial conditions
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Active & passive control ~ deterministic forcing
Influence of free-stream turbulence (in TBL)
& nonlinear interactions with other scales

~ stochastic forcing

Same outer-inner peak structure for the

amplifications of forcing?

In previous analysis of turbulent Couette flow, Re;=52 was too

low for inner-outer scale separation

Hwang & Cossu JFM 2010



Response to harmonic forcing (scale by scale)

forcing frequency

r ?'c.u'/t A ~ i
f(y,t) = £(y)e™“’" a(y,t) = u(y)e'“r!

i=Hf H=C(wiI-A)'B
transfer function (aka resolvent operator
evaluated on the imaginary axis)
Optimal amplification of harmonic forcing
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Response to stochastic forcing (scale by scale)

# -~

£Y=0 EBOFEE)) =15(t—-1").

stochastic forcing: zero-mean, isotropic, flat spectrum, Gaussian distribution

V' = < ” u |T> variance of the response to stochastic forcing

variance of the response = trace of < G >

1 & |
Via,B) = S / trace (HHT) dw = trace(CX,C")

"

KL (POD) modes from i :
AX  + X, A'+BB'=0.

spectral analysis of < a1 >
algebraic Lyapunov eqn.

see e.g. Farrell & loannou Phys. Fluids 1993



Rmax & V for a=0 and Re=10000
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Premultiplied Rmax & V (same data)

deviations from (approximate) power law régime revealed

on premultiplied amplifications
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Wall-normal Fourier-mode profiles of optimals
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Same shapes for Gmax, Rmax and V-KL1!



Can we explain the intermediate régime

(approximate) power scalings?

Gmax =B’ 3 V=B" 3 Rpax =B



Geometrical similarity in the intermediate 3 region

In the intermediate region the

relevant scale is A, -> ® 041y
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Rescaled system
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geometrical similarity assumption
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from log-layer assumption:

1= /8 { rescaled time Only 3 dependence
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Evolution equation in rescaled variables /
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Rescaling of initial value problem

G = maxg, |[a[*/[[@o]* = [[Ce*AD|J?.

G(B,t) = G(B,t3/3). <=>Gmax=p"
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max G time proportional to A,

del Alamo & Jiménez JFM 2006
same in Pujals et al. PoF 2009 &
Cossu et al. JFM 2009,



Rescaling of response to harmonic forcing




Rescaling of response to stochastic forcing

V = (1/2x) [ trace(HH)dw.

| \p

= (B71/2n) [=_trace[(HH")dw

V(B) = (B/BV(B). <=>V=p"



* Approximate power law régime for log-layer
geometrically similar structures

* Two peaks in the deviation from this régime

* Forced response can be very large if at large scale

* Same optimal perturbations for all frameworks (new?)

* Large-scale forced peaks -> large wall influence

* Current work: extension to low a/[3 régime ->
(approximate) k™' dependence in the log régime?

(relation with Perry & Chong, Perry & Marusic, ...7)
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