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Turbulence Structures
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Turbulence Structures

(Dimotakis et al. 1981)

“Kelvin-Helmholtz”



Turbulence Structures are useful

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



Even if … most of the flow may be
structureless

NASA



Structures are Everywhere



• Strong
• Observable
• Relevant
• either

• Energy Producers/Sinks
• Energy Repositories

= f( ) + …∂t
structure structure

What do they have in common?



Wallace et al. (1972), Willmarth & Lu (1972) 

Quadrant Structures
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The Scales of Wall-Bounded Turbulence
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Energy =kEqq

Dissipation = kEωω Re3/4

CH: Reτ=2000
Hoyas & J (2006)

“log” layer



The Scales of Wall-Bounded Turbulence

2.5δ

TBL: Reτ=1800
J.A. Sillero (2013)

Energy, u’+=2
Vorticity



Energy ~ 100 m ~ h

• Vorticity ~ 1 mm ~ 30η

Outer/Inner ~ 100,000

The Scales of Wall-Bounded Turbulence



The Coupling with the Shear

Nonlinear eddy turnover => Tto = λ/uλ = λ(kEqq)-1/2

Shear deformation time => TS = S-1

Corrsin parameter:  
s*(λ,y) = Tto/TS = Sλ / (kEqq)1/2

s*>>1  => Shear dominated (“linear”, energy input)
s* ≈ 1  => (the playground)
s*<<1 => Shear independent (nonlinear, no input)

Corrsin (1958)
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The cascade

Self-sustained
structures

The Corrsin Parameter

s*(λ,y)

y+=50

CH: Reτ=5200
Lee & Moser (2016)



The “Wave” Velocity

del Alamo & J (2006)



The “Wave” Velocity

CH: Reτ=2000, Hoyas & J (2006)
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The “Wave” Velocity

CH: Reτ=2000, Hoyas & J (2006)
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The “Wave” (In)-Coherence

CH: Reτ=2000, Hoyas & J (2006)
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Structural Regimes

λ=y
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Near-wall
waves?

Very-large
waves?

Incoherencew



Structural Regimes
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Very large scales
Size ≈ h
c=Ubulk

kinetic energy



Near-wall “waves” (c+=11) 

velocity intensity+

U+=11

y+

Reτ

Reτ

Euu

y+=15   

60
0+



7δ ≈
9000+

Very-Large “waves” (c=Ubulk)
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Logarithmic Layer (c=U)
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The Log-Layer Structures

Lozano-Duran, et al. (2012)
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HST: Reλ=100

Prod./Dissipation

Structures “Burst”

Flores & J (2010)

TIME

U+=151500+

Logarithmic Layer

Homogeneous Shear (no wall)

60% Stress in 8% Volume

Prod./Dissipation

time

channel 

Time

y/h=0.3



Sheared Structures ‘burst’

Streaks

Eddies (-uv)

Mean Shear Linearised Orr-Sommerfeld
(Inviscid) Orr

Dt = ∂t+U(y) ∂x
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JJ, PoF (2013)



Sheared Structures ‘burst’

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

• 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)

• Everything “bursts”  (mostly viscous and log)



Thank you
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