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Structures

Oy = () + ...



Turbulence Structures
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Turbulence Structures

“Kelvin-Helmholtz”

(Dimotakis et al. 1981)



Turbulence Structures are useful

<

(Dimotakis et al. 1981) (Lee, Reynolds 1982)



Even if ... most of the flow may be
stiructureless

ey = f(cm) + ...




Structures are Krvernywhere

Q



What do they have in common?

at. = f(Cwn) + ...

Strong
Observable
Relevant

either
« Energy Producers/Sinks
« Energy Repositories




Quadrant Structures
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The Scales of Wall-Bounded Turbulence

Dissipation = KE_, Re3/4 “log” layer
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Hoyas & J (2006)



The Scales of Wall-Bounded Turbulence

Energy, u =2

\orticity

TBL: Re_=1800
J.A. Sillero (2013)



The Scales of Wall-Bounded Turbulence

Outer/Inner ~ 100,000



The Coupling with the Shear

Nonlinear eddy turnover => T, = Au, = )\,(quq)-UZ

Shear deformation time =>T¢,=S"

Corrsin parameter:
s*(LY) = T/ Tg = Sk / (KE,)Y?

s*>>1 => Shear dominated (“linear”, energy input)

s*<<1 => Shear independent (nonlinear, no input)
Corrsin (1958)



The Corrsin Parameter
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The “*Wave* velocity

Minimise: ((8,;14 +C (933”&)2)
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The “*Wave* Velocity
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CH: Re_=2000, Hoyas & J (2006)



The “*Wave* Velocity
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The *“*Wave* (In)-Coherence
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Structural Regimes

Incoherence,,

Very-large
waves?

Near-wall
waves?

wavelength,/h



Structural Regimes

Kinetic energy

) Very large scales
: Size = h

: C:_Ubulk

+ 2Eh

Near-wall viscous
_ c=11 /
N\’
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Near—-wall *“*waves* (¢c*'=11)
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very-Large “waves® (¢c=U,,u)
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1 ogarithmic Laver (¢c=U)
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The Log-Lavyer Structures

Instantaneous

Self-similar
Conditional
Average

The pairs
are self-similar

Lozano-Duran, et al. (2012)



Structures “°Lurst®™

Logarithmic Layer
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Sheared Structures “burst’

Streaks
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Sheared Structures “burst’

And they can be traced in real (DNS) channels...
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M. P. Encinar & J (2016) Inclination Angle



summary

e Structures in Turbulence: Rare but Relevant

8% volume (60% drag)

 Very Small and Very Large structures behave
like waves

 Log layer structures are self-similar,
transient and quasi-linear

« Shear-driven (not wall-driven)

e |Everything “bursts” | (mostly viscous and log)



Thank you




	Where can we find�Coherent Structures �in Wall-bounded Turbulence?
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Quadrant Structures
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	The Log-Layer Structures
	Structures “Burst”
	Sheared Structures ‘burst’
	Sheared Structures ‘burst’
	Summary
	Structures of Energy Production�Quadrant Structures
	Lifetimes are also self-similar
	Shear without Walls
	Sweep-ejection pairs  �without walls
	Slide Number 33
	Homogeneous shear also Bursts
	How does it work?�Where is the Energy Coming From?
	Where is the Energy Coming From?
	The Streaks (u) are created by v
	Amplitude vs. Inclination�Lineal Model (One mode)�
	Nonlinear Amplitude vs. Inclination �One Fourier Mode in a Minimal Channel�
	Orr in a full-sized channel
	Slide Number 41
	Slide Number 42

