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Observed structure of Langmuir circulations (LC)
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* Langmuir cells historically have been observed in the mixed layer over deep water

* In shallow coastal regions (10-20 m in depth) the cells have been observed engulfing
the entire water column during the passage of storms (Ann Gargett and collaborators)



Surface manifestations of LC

* Langmuir turbulence is characterized by a range of windrow (or Langmuir)
scales as can be seen during strong wind and wave forcing in a storm

* Under calmer conditions, the turbulent nature of this process can still be seen
through the irregularities of the largest (most visible) of the scales

Windrows during a storm Windrows during calmer conditions



Observed structure of Langmuir circulations (LC)

Full-depth Langmuir cells can induce sediment resuspension
In the presence of an oil spills the cells can also lead to entrainment of oil droplets

Mixing of sediments and oil droplets can lead to the formation of oil-particle aggregates
(OPA)
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LES problem configuration

* Large-eddy simulation (LES) performed within the following problem configuration:

= Boundary conditions
o Top is a wind-sheared rid lid
o No-slip bottom
o Periodicity in x and y

Ho sl boiiom L = For this configuration, formulation resolves
o wind-driven mean current
L, o largest LC (i.e. full-depth LC)

= Following the Gargett et al. field measurements of full-depth LC:
o L,=15m
o L, = 62.8m to resolve a pair of full-depth Langmuir cells
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Surface manifestations of LC

Windrows interacting with a plume or eddy
of murky water discharged from a river

Windrows interacting with an
along-shore current
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Goal

* Develop a Reynolds-averaged methodology that simulates (resolves) the largest
of the Langmuir cells

* In the case of the shallow coastal ocean or lakes and rivers, these cells would be
the full-depth Langmuir cells observed by Gargett and collaborators

* The methodology should be equipped with a turbulence model accounting for
the unresolved Langmuir scales (smaller than say the full-depth cells)

* This methodology would allow for estuarine and coastal circulation models
to resolve the largest of the Langmuir cells.

* Ultimately, this methodology could prove useful for understanding how the largest
of the Langmuir cells interact with shores, bottom topography and larger coherent
features such plumes, lateral eddies and fronts



Surface manifestations of LC
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Problem configuration

* Reynolds-averaged simulation is performed within the following problem
configuration:

= Boundary conditions
o Top is a wind-sheared rid lid
o No-slip bottom
o Periodicity in x and y

Ho sl boiiom L = For this configuration, formulation resolves
o wind-driven mean current
L, o largest LC (i.e. full-depth LC)

= Following the Gargett et al. field measurements of full-depth LC:
o L,=15m
o L, = 62.8m to resolve a pair of full-depth Langmuir cells



Problem configuration

* Reynolds-averaged simulation is performed within the following problem
configuration:

=  Uniform mesh
o 64 elementsiny
o 64 elementsinz

No slip bottom
L

I Ly o 4 elements in x (making problem 2D)

» Reynolds-averaged solution will be compared with LES performed on 3D mesh: 32x64x96



Reynolds-averaged formulation

<ui> contains wind-driven mean current + full-depth LC

u{ contains scales smaller than full-depth LC
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Reynolds-averaged formulation

Reynolds stress ) d(u;) _I_a(Uj) + dUig_*_deg
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Problem configuration

* |nitial development is performed within the following problem configuration:

=  Uniform mesh
o 64 elementsiny
o 64 elementsinz

No slip bottom
L

I Ly o 4 elements in x (making problem 2D)

» Reynolds-averaged solution with be compared with LES performed on 3D mesh: 32x64x96



Velocity fluctuations characterizing full-depth LC
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Reynolds-averaged formulation captures overall structure and
intensity of full-depth LC

See Tejada-Martinez et al. (2009) provides detailed comparison
between the LES and field measurements of LC



Velocity variance characterizing full-depth LC
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Velocity variance characterizing full-depth LC
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Reynolds-averaged simulation of Langmuir cells in variable depth shallow water
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Reynolds-averaged simulation of Langmuir cells in variable depth shallow water
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Reynolds-averaged simulation of Langmuir cells in variable depth shallow water
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Conclusions

A Reynolds-averaged formulation was introduced resolving the mean flow
plus the largest scale of the Langmuir turbulence

The largest scale consisted of full-depth Langmuir cells in the case studied
here

The formulation accounts for unresolved Langmuir turbulence through

(1) inclusion of production of TKE and TKE dissipation rate by Stokes drift
shear

(2) addition of Stokes shear to the Eulerian shear in the Reynolds stress
closure accounting for non-local mixing induced by the Langmuir cells

The formulation was found to give comparable results with LES in terms of
structure and intensity of full-depth Langmuir cells resolved.

Formulation was used to understand behavior of full-depth Langmuir cells in
shallowing water. As depth becomes shallower, the width-to-depth ration of the
cells becomes wider.

In the future, this formulation will be used to understand the behavior
of full-depth Langmuir cells in the presence of tidal-driven currents, density-driven
currents and lateral boundaries.



Turbulent kinetic energy and eddy viscosty

vertical velocity fluctuation (m s-1)

10

eddy viscosity v, (m?2 s)

20

30

X, (m)

40

0.02

-0.02

turbulent kinetic energy k (m? s2)

10 20 30 40 50 60

0.05 0.1 0.15 0.2 0.25 0.3 0.35

downwind velocity (m s)

— (uy) within an upwelling limb
— @ within a downwelling limb
(ug)™




Turbulent kinetic energy and eddy viscosty
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