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Multi-scale Nature of Turbulence
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Coherence in Turbulence

(ELI)IL‘ ﬁ%ﬁ%f* Ja

wall turbulence free jet

Kawahara & Klda 2001 Mitsuishi, Fukagata & Kasagi, 2006
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[iB]: “Eddy” & “Vortex”

* Eddy (EHRT—ILDiEDEER)
— Eddy viscosity GE¥s14)
— Eddy diffusivity GRHLEEL)
— Large-eddy simulation

* Vortex (& Al @)

— Vortex dynamics

— Vortical structure



“OFFETE vs EFETE
U(y)

Q2 event

Momentum

uw>0
transfer

p’ < ()

Q4 event

u <0
p’> ()

Reynolds stress

— _, U
—u'v ~ly—Vp
JEFG % (Eddy viscosity) dy

Turbulent transport @

~ — Re

Molecular transport V







Definition of “Coherent motion”

“A three-dimensional region of the flow over which at least one
fundamental flow variable (velocity component, density,
temperature, etc.) exhibits significant correlation with itself or
with another variable over a range of space and/or time that is
significantly larger than the smallest local scales of the flow”

Robinson, S.K.,
Ann. Rev. Fluid Mech., 1991
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Reference:
Ricco et al. (J. Fluid Mech, 2012), Ciramelli et al. (Phys. Fluid, 2013)
Yakeno et al. (J. Fluid Mech, 2014), Hasegawa et al. (J. Fluid Mech, 2014)
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Solution

.

0 y =00

L

IR NEr v
w(y,t) =W, expy zka)t — \/;yJ >expk—\/;yJ

5

4

y( a)’2v)1/2

7\

A4

traveloing wave
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P, = <w(va—wj> o« WA/ve

'

exponential decay
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