Measuring (small-scale) Turbulence in the Ocean
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Length Scales of Turbulence
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Theoretical Spectra of Turbulence
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First Confirmation of the Kolmogorov Theory
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Ficure 12. Seventeen spectra compared to the theories of Kolmogorolf, Heisenberg and
Kovasznay. The straight line has a slope of — 4, the curved solid line is Heisenberg's theory
and the dashed line is Kovasznay's theory. Within the square, tho observations are too
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Turbulence spectra from a tidal channel
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Measuring Turbulence in the Ocean
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where v 1s the kinematic viscosity. It follows that
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£= 5 v Jﬂ (k) dk, (5)

where (k) is the spectral density of the velocity shear.
An empirical function governing 4 was developed by
Nasmyth (1970) and formally published by Oakey
(1982). An analytical fit to the function was initially
obtained by Wolk et al. (2002); however, a slightly
modified version that ensures that the integral of the
shear spectrum preserves the variance of the signal is
given by Lueck (2015) as
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where k is a nondimensional wavenumber given by
k = 2wk and 7 is the Kolmogorov microscale defined

by
V3 1/4
n= (;) . (7)

The form of the shear spectrum given by Eq. (6) spans both
the inertial subrange and the (viscous) dissipation range.
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Measuring Turbulence in the Ocean

(with local isotropy assumption)
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where ¢ is the rate of dissipation: k is the radian wave-
number in the streamwise direction; and C,, and C,, are
the Kolmogorov constants, given by 0.5 and 0.67, re-
spectively (Sreenivasan 1995).

McMillan et al. (2016)



Measuring Turbulence in the Ocean
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Wave-Turbulence Decomposition & Reynolds Stress Estimation
in Wavy Aquatic Environment

Bian, Liu, et al. (2018)
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Reynolds Stress Estimation: Cohenrence Method
(Benilov & Filyushkin, 1970)
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is a Fourier transform of the correlation function B (t)=a(r+t)f(r) and
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Reynolds Stress Estimation: Cospectra Method
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Reynolds Stress Estimation: “Phase” Method

(Bricker & Monismith, 2007)
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Reynolds Stress Estimation: “Phase” Method
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power density (W Hz™!)

Reynolds Stress Estimation: EMD Method

(Huang et al., 1998)
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Reynolds Stress Estimation: SWT Method

(Daubechies et al., 2011)
SWT = Synchrosqueezed Wavelet Transform

g ln | ‘
- Wi ' I l \ |
2 0' M
Q
o
>, I” “ ’ '
10
Tume(mns) -
025 ]
N 64 | 6
02 T 14|
015 & 031} . ! 4
= PR i A SRR S SN
0.1 e 007}
o | ‘ 2
oos & 0015 C |
‘ &Omu P S S S— l .0
1234567891 0123-‘.5678910

Time (mins) Time (mins)
02k i . i L i

uhl d ld: ol AR

Tutbulenco
. : A : WAL \ L L A

Velocity (m/s)
(=

=)
)
Q.

1 2 3 4 _ 5§ 6 7 8 9 10
Time (mins)

LB |

@/ m? $’2 Hz!
>
o,

: e Raw Wave Turbulence

10 10" 10° 10"

Synchrosqueezed wavelet transforms: An empirical mode ...
https://www.sciencedirect.com/science/article/pii/S1063520310001016
by | Daubechies - 2011 - Cited by 575 - Related articles Bian, Liu, et al. (2018)

L e —




Reynolds Stress Estimation: SWT Method
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Reynolds Stress Estimation: SWT Method
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Relative difference

Applications/Assessments
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Assessment of method performance: cospectra

Segment-009: rms orbital velocity: 0.11 mJ/s, current speed: 0.26 m/s
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Wave-Turbulence Interaction
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Wave-Turbulence Interaction
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