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Experimental measurements of spatial (Eulerian) velocity profiles

Taylor Hypothesis⇒ ux(x)

• Gagne, Castaing, Hopfinger et al. at Modane (1995) : wind tunnelRλ ≈ 2500

• Chanal, Chabaud, Castaing, Hébral at Grenoble (2000)
Helium jet Rλ ≈ 208; 463; 703; 929

• Baudet and Naert at Lyon (2000)
Air jetRλ ≈ 380

Experimental measurements and numerics of temporal (Lagrangian) velocity profiles

• Mordant-Crawford-BodenshatzRλ ≈ 690

• Mordant-PintonRλ ≈ 740

• A. Arneodo, J. Berg, R. Benzi, L. Biferale, E. Bodenschatz, A. Busse, E.
Calzavarini, B. Castaing, M. Cencini, L. Chevillard, R. Fisher, R. Grauer, H.
Homann, D. Lamb, A. S. Lanotte, E. Lévêque, B. Luthi, J. Mann, N. Mordant, W.-C.
Muller, S. Ott, N. T. Ouellette, J.-F. Pinton, S. B. Pope, S. G. Roux, F. Toschi, H. Xu,
and P. K. Yeung...
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Longitudinal Velocity profile:Eulerian
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Noise↔ Signal
→ Stochastic modelling

Relationships with Navier-Stokes equations?
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Temporal Velocity profile:Lagrangian
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Rλ = 740 of Mordant et al.
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Small scales of turbulence and Kolmogorov phenomenology
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Intermittencyin Eulerianfluctuations

Eulerian longitudinal velocity increments: δℓu(x) = u(x+ ℓ)− u(x)

Flatness F =
〈(δℓu)4〉
〈(δℓu)2〉2
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Universaldescription of EulerianandLagrangianvelocity fluctuations

Eulerian longitudinal velocity increments: δℓu(x) = u(x+ ℓ)− u(x)

Lagrangian velocity increments: δτv(t) = v(t+ τ)− v(t)
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⇒ Unique Singularity Spectrum D(h)
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Singularity Spectraof EulerianandLagrangianvelocity fluctuations

Eulerian longitudinal velocity increments: δℓu(x) = u(x+ ℓ)− u(x)

Lagrangian velocity increments: δτv(t) = v(t+ τ)− v(t)
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Borgas (93)
⇒ DL(h) = −h+ (1 + h)DE(h/(1 + h))

⇒ DE(h) = h+ (1− h)DL(h/(1− h))
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Long-rangecorrelations→ Multifractals

Monin-Yaglom (75), Gagne et al. (78), Antonia et al. (80)

Yeung (97), Mordant et al. (02), Mordant et al. (04)
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Optimaldescription of longitudinal fluctuations

1. Singularity spectrum D(h)

• Inertial range
• K41 scalings
• Intermittent corrections

• Dissipative range

• Reynolds number dependence
of the velocity gradients

• Consistent description of the
intermediate dissipative range

2. a universal constantR∗

• Kolmogorov constant

• Consistent description of the
Skewness (Karman-Howarth
relation)

kjhghjgf
kjhghjgf
kjhghjgf

jhgkjhgkdghhjjhbgδlujhgkjhdjhgjlhgljhgjjjhbgδlujhgkjhdjhgjl (see Chevillard et al. 2006)
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Probabilisticdescription of Eulerian turbulence

Chevillard et al. 03, Chevillard et al. 06, + many recent reviews (Benzi-Biferale 09,
Boffetta et al. 08, Toschi et al. 09)

Eulerian δℓu =

independent
︷ ︸︸ ︷

βℓ
︸︷︷︸

stochastic weight

× δ
︸︷︷︸

Gaussian noise

Castaing et al. 90

Laurent Chevillard, Laboratoire de Physique, ENS Lyon, CNRS, France – p.11/25



Probabilisticdescription of Eulerian turbulence
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Probabilisticdescription of Eulerian turbulence
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Probabilisticdescription of Eulerian turbulence

Chevillard et al. 03, Chevillard et al. 06, + many recent reviews (Benzi-Biferale 09,
Boffetta et al. 08, Toschi et al. 09)
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Batchelor’s interpolation for both Inertial and Dissipative ranges
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Predictionof Eulerian intermediate dissipative range
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Predictionof Eulerian gradients

(plot from Ishihara et al. 07)

Paladin-Vulpiani (87) + Nelkin (90)⇒ F ∼ Rχ4−2χ2

λ and χ4 − 2χ2 ≈ 0.37

with χn = minh−
n(h−1)+1−DE(h)

1+h
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Probabilisticdescription of Lagrangian turbulence

Chevillard et al. 03, Arneodo et al. (ICTR et al.) 09 + many recent reviews
(Benzi-Biferale 09, Boffetta et al. 08, Toschi et al. 09)

Lagrangian δτv =

independent
︷ ︸︸ ︷

βτ
︸︷︷︸

stochastic weight

× δ
︸︷︷︸
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Predictionof Lagrangian intermediate dissipative range

From Chevillard et al. 03 and Arneodo et al. (ICTR) 09:

C2 = V ar[ln |δτv|] and ζ(4, τ) =
d ln〈(δτv)4〉
d ln〈(δτv)2〉
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Predictionof Lagrangian gradients ≡acceleration
(plot from Ishihara et al. 07)

F ∼ Rχ4−2χ2

λ with χn = minh−
n(h−1)+1−DL(h)

1+2h

• if DL(h) quadratic⇒ χ4 − 2χ2 ≈ 1.8

• if DE(h) quadratic⇒ (Borgas) χ4 − 2χ2 ≈ 0.92

• if DE(h) She-Leveque⇒ (Borgas) χ4 − 2χ2 ≈ 0.7
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Thecritical Reynolds numberR∗

Definition (through the fluctuating dissipative length scale):

η(h)

L
=

(
Re

R∗

)− 1
h+1

• Re = σL
ν

Reynolds number

• σ2 = 〈(δLu)
2〉 the large-scale variance

• h holder exponent, h = 1/3 in K41

EXP
⇒ R∗ = 52 Universal (see Gagne et al. 2004)

• First implication: mean dissipation (neglecting intermittency)

〈ǫ〉 = 15
R∗

σ3

L

• Second implication: Kolmogorov constant cK (neglecting intermittency)

cK =
(

R∗

15

)2/3
≈ 2.3
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Skewness andR∗

S(ℓ) = −
〈(δℓu)

3〉

〈(δℓu)2〉3/2
and A(ℓ) = −

〈(δℓu)
3〉

〈|δℓu|3〉

⋄ (Rλ = 208)
◦ (Rλ = 380)
▽ (Rλ = 2500)

• Inertial range (using KH)
〈(δℓu)

3〉 = − 4
5
〈ǫ〉ℓ

• S(ℓ) = 12
R∗
≈ 0.23

• A(ℓ) = 3
√
2π

R∗
≈ 0.145

• Full-line→ MF predictions

• EDQNM predictions on the way...

S(ℓ) = 12
R∗
← Phenomenological→ cK =

(
R∗

15

)2/3
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3D Fluid Turbulence: Full velocity gradients

Direct Numerical Simulations
(picture by Toschi)
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TrackingVelocity GradientsalongLagrangiantrajectories

DNS

• Yeung & Pope (89).

• Girimaji & Pope, J.F.M. (90).

• Pope & Chen , Phys. Fluids (90).

Experimental

• Zeff et al., Nature (2003).

• Lüthi, Tsinober & Kinzelbach, J.F.M.
(2005).
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StatisticalIntermittency andGeometry in turbulence

DNS Results Rλ = 150
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Geometry

• Preferential alignment of vorticity

• Preferential axisymmetric expansion
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The RQ plane - Local Topology

See Chong, Perry and Cantwell (90) and Cantwell (93)

λi = f(R,Q) ∈ C: Eigenvalues of A

• Second invariant: Q = − 1
2
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