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Turbulence is Evervywhere




Turbulence is Expensive
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Turbulence is L arge
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Where is dissipation happening?
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Wall Turbulence 1n the 1960’s

Streaks, Sweeps, Ejections ..

Kline et al. (1967)



Wall Turbulence 1n 2014

TBL: Re,=1800, u*=
J.A. Sillero (2014)



Turbulence

o Before 1990s: Data-driven
o After 1990s: Analysis-driven



Mars in the 1950’s




Mars in the 1950’s




Mars in the 2010’s
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Example #1:
Turbulence in °1D°

One-point statistics
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One-point Statistics
Wall-bounded FIows
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One-point Statistics
Wall-bounded FIows

Maximum Fluctuations

10 . . N
Simulations e’ &
e““ oEI” O
ot “o‘“ P :
+ & P‘j
q:,EB' 'C;_Q_O_.p ______ .
A o>
7t ',;(\\9"; O
v o
6} One theory
Qo : :
3 4
10 10 Re_ 10

Fluctuations

w2yt (yy)t
e

-
----
§ -

7

Simulation -

h,  Experiment |




One-point Statistics
Wall-bounded FIows
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One-point Statistics
Wall-bounded FIlows

1D turbulence
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Turbulence in °*(3+1)D°
(seometry + time)

Coherent structures
in wall-bounded flows



Turbulence Structures
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What do we know about WEBT Structures?

Kline et al. (1967)

Streaks, Sweeps, Ejections ..




What do we know about WEBT Structures?

Kline et al. (1967)

Streaks, Sweeps, Ejections ..

Velocity Streaks,
Vortices

Kim, Moin, Moser
(1987)



What do we know about WEBT Structures?

Kline et al. (1967)

Streaks, Sweeps, Ejections ..

Velocity Streaks,
Vortices

Kim, Moin, Moser

Sillero, Jimenez, Moser (2014)
“everything”



Structures of Wall-Bounded Turbulence

1967
(there is something there)
What is it?

2016
(we know “everything”)
What is the question?



Momentum (uv) Structures of the
1 ogarithmic laver

-uv>1.75uU’V’

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



Attached Sweeps and Ejections

Momentum Transfer
IS self-similar
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Lozano-Duran, Flores & J (2012)



Attached Sweeps and Ejections
cover the wall

Instantaneous (H=1.75)
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Lozano-Duran, Flores & J (2011)



They are in most Shear Flows
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Del Alamo & al (2006), Lozano & al (2012), Dong & al (2017), ...



Tracking Eddies in Time
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A. Lozano-Duran & J (2014)



Tracking in Time
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Tracking in Time
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Lifetimes: Attached Sweeps and Fjections
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SPlits and Mergers
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Structures in Wall-bounded Flows
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Turbulence in (1+1)D
(scale + time)

The energy cascade



The turbulence cascade
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The Obukhov energy cascade

t,=l,/u, t,=1,/u,
—> —>
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Richardson 1922, Kolmogorov 1941, Obukhov 1941



The Kolmogorov energy cascade
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Which is the real cascade?

t,=l,/u, t,=l,/u,

= S




why should we care?
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The energy cascade

Homogeneous Shear Turbulence
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The energy cascade takes time
1 arege (o Small

Homogeneous Shear Flow
3 ' .

Dong, Sekimoto & J, 2012

: ' /\ f J'\,,/

Prod/<g>

Dissip/<g>

Al' '

)

50 100
St

150



The energy cascade takes time
1 arege (o Small

Homogeneous Shear Turbulence
3 ' .

Temporal cross-correl.

Dong, Sekimoto & J, POF, 2012
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Filter to isolate Scales

A = 240

Homogeneous
Isotropic
Turbulence
Re,=350

Cardesa, Vela-Martin, Dong & J, POF, 2015



The °*velocity® of the cascade
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ScaletrbositiontTime
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Intersection History
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Intersection History

Obukhov, 1941
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ScaletrbDositions=Time Statistics
Homogeneous FlIows

« ‘5D’ turbulence

e ~20 Mh/BGQ + 10 Mh/gpu

e ~250TB

e 25,000 snapshots

 Public ‘unrestricted’ access
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summary

Turbulence is hard, but not a mystery

Thanks to supercomputers and simulations

Analysis-driven rather than Data-driven

Dimensions Primary Archival files
Mcpuh B
1 150 30 200
3+1 30 170 104
3+1+1 30 250 3x104

Postprocessing becoming more important

Long-term storage crucial
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