Studying mixing efficiency and stratified turbulence with experiments
and open-science
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Mixing efficiency and mixing coefficient

E &E
Riy = - and I'= =,
| Exk + €Ep Ex

where €p and €k are the potential and kinetic energy dissipation.

Simple case: mixing a stably stratified fluid by stirring

mitial condition (limear strat.) effect of mixine
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e stirring: injection of kinetic energy (Pk)
e conversion from kinetic energy to potential energy (buoyancy flux) —(bw) = Cx_ 4 = €p
e dissipation of kinetic and potential energy ex + €p = Py

e energy spent for mixing = dissipation of potential energy
Ri, = _ EP energy spent for mixing
iE = =

Ex + €p total injection



Navier-Stokes equations under Boussinesq approximation
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o

e N? = d.b,,, the Brunt-Viisila frequency is constant (linearly stratified)
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Energetic
e Kinetic energy & = (¥*)/2
e Potential energy Ep = (pgz/po) = —(b112)
(HN)?

Ep =
d 12

(Dz).




Navier-Stokes equations under Boussinesq approximation
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e Equations for the buoyancy fluctuations b
D;v = =Vp + be, + F + vV?y
Db = —=N*w 4+ kV*b

e Density of APE E4:
diEx ==V - (pv) — Cx_a — &
diEy = Ckon — &

where
o Ex =Vv?%/2, e & = —uy -V,
o E, = b*/(2N?), o & = —kb - V?b,

* CK—-&*A = —bw



Why is the mixing coefficient 1" important?

Ocean models are LES (scale filter []).

* Approximation of a term similar to a Reynolds stress with a turbulent diffusivity
=V - [vh;] =~ K}vz [D101]
o Approximation of the turbulent diffusivity from a flux law for the buoyancy flux:

_ Ck
(Whypr) ~ —k;d, Dy = _KINZ = K = ;zﬂ
* Approximation of the energy conversion Cg_, 4 by a proportionality relation

CK—}A — Féﬁ’a
with I = 0.2 a constant!

But actually I is not really a constant!

And this has consequences for the large-scale results of the ocean models!

We need better parametrization of the mixing



Stratified flows and their different régimes

Introduction of 2 important non-dimensional numbers

e horizontal Froude number Fj,
(quantifying the effects of stratification)

e buoyancy Reynolds number R
(quantifying the effects of viscosity on the largest scales)



Strongly anisotropic flows
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e |ow vertical velocity
e vertical length scale L, << horizontal length scale L,

e [, ~buoyancy lengthscale L, = U/N,where U is the characteristic horizontal velocity



Strongly anisotropic flows
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Influence of the stratification, horizontal Froude number Fj},
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