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‘Cascades’

The flux of a conserved
guantity across a range of
scales

e.g.
 Energy in Homog. Turbulence

e Momentum In shear flows



The energy cascade

Homogeneous Shear Flow
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The energy cascade takes time
1 arge (o Small

Homogeneous Shear Flow
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The energy cascade takes time
1 arge (o Small

Homogeneous Shear F

Temporal cross-correl.
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The cross-scale energy flux
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The cross-scale energy flux

At = const.-g1/3r2/3

HIT: Re,=384
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The °velocity”® of the cascade
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The energy flux is intermittent
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Stretching in turbulence

HIT, Re=60-200
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Stretching an infinite vortex
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Stretching an finite vortex

Verzicco, Jimenez, Orlandi (1995, 1999)



Stretching an finite vortex
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Wall-bounded Flows

Homogeneous Turbulence

Wall Turbulence (Channel)
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Momentum Flux Cascade

Momentum (Channel) Energy (Channel)

Viscous:

4

10 10 WAL L 10

oJ +0,P = o,<-uv>+ O(Re ")

"C = -yv ‘ €@ Momentum flux




Flow fields of the Logarithmic layer

Reynolds’ stress (-uv)

Channel: Re.=2000. A. Lozano-Duran



Momentum Structures of the
1 ogarithmic layver
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Attached Sweeps and Ejections

Momentum Transfer
IS self-similar
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Attached Sweeps and Ejections

Momentum Transfer
Is Fractal
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Mmomentum Transfer is “°Universal®

Length of (uv) Spectrum of (uv)
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Sweeps and Ejections

Momentum Transfer is NOT Intermittent
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Tracking Eddies in Time
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Tracking in Time

Ejection £+ =720

>4k >

IS

tt =340

1
J— H
—_—
1 v
—_— 1 [r—
1 T . : |
e S :I— — 1 ‘—‘I
1 1 :-‘ =|
' ! H — \ i
- 1 [l = T ™
— \ — e R ERT -
— - o i R r——
S— T - T T  —
— —— r— =1 — ' !
- Til— ' — ! — - —
- = .
— \ 1 T — = — T ™ ! —
\ ' H . — 1 ! |‘_: —'_:_
— e 1
\ x: T Y T Y
—_— =, ' ! —_—1 1 : T T
|‘| 1 (] 1 —_ i
- : : -
1 f ' —_— 1
1 1 ' D ————
1 I —_—
— 1
[

Channel: Re_=4200. A. Lozano-Duran



Tracking in Time

Ejection
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Lifetimes: Attached Sweeps and Fjections
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Scale Change in Time

Channel: Re.=4200. A. Lozano-Duran



SPlits and Mergers

Split Merger
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Crowth and Decay

Re_= 950-4200

Lozano-Duran & J (2014)



mereger and Split Indices
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Crowth and Decay (the theory)
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Crowth and Decay (the data)
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meregers and Splits are Markovian
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Delative Volume Increments
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A fair coin toss
(martingale)

Sn: Sn-l + 1$
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A failr coin toss
(martingale with ruin)
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Crowth and Decay
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Martingales with ruin

Additive: S,,, =S, +rI,
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Yolume versus Life
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summary

There is a forward energy cascade that takes time
It crosses the inertial range incrementally

Its velocity Is given by the local eddy turnover

It is intermittent (or u,,,~ u’)

The momentum flux in channels also cascades

It IS not intermittent

It can be followed in individual eddies

It “resembles” a martingale with ruin



Thank you



The Viscous Laver is Small

Channel (U): Re_=2000, y*=15
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