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ONR COUPLED BOUNDARY LAYERS AND AIR-SEA
TRANSFER EXPERIMENT, LOW WINDS
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OCEAN SUBMESOSCALE TURBULENCE, L,~[0.1 —10] km

Submesoscale turbulent ““soup” with fronts,
rabian Sea instabilities, vortices, and SST anomalies in
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LES EXAMPLES OF 1-WAY COUPLING WITH AN
OCEAN SURFACE: GRID MESH 10” POINTS

Surface waves:

e Surface fitted time varying grid
e Imposed time varying spectrum of waves —

Heterogeneous SST: < Ug

e Imposed warm and cold fronts, and filaments
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Entry #: V0074

Large Eddy Simulations of Marine
Atmospheric Boundary Layers
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Wave driven winds



U Contours in yz-plane, Ug =10 m/s, Q.= 0.01 Km/s
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Wavy boundary: Hs ~ 6 m Grid mesh: dx~3 m, dz~1 m



SPATIALLY EVOLVING BOUNDARY LAYER
DOWNSTREAM OF A WARM SST FRONT

« Growing internal boundary layer

« Nonlinear in z vertical fluxes ) e 00 005 004 011 015 55 ot
* Intermediate maximum in w variance
* Impressive evolution distance

« Impact on entrainment

« Secondary circulations

Change in mean wind speed from upstream state

Vertical velocity w, z=41m
SST jump location indicated by white line
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COMPUTATIONAL CHALLENEGES FOR
SIMULATING TURBULENT WINDS WITH LES

urface layer mechanics & drag:

&= ¢ WNaves, what scales support the wind stress as U varies? Saaas
cNtical layers ST

— flow\separation e

e Statistical, meNsured, phase-resolved waves? T

Non-equilibrium conditio

e Remotely generated swell,
e Mis-aligned winds and waves

e Unstable to stable strqﬂfication
Coupling:

e Heterogeneous SST and currents

e Finite depth water

| Flat surféce

th measured drag?
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FiG. 3. Drag coefficients obtained from three measurement levels (squares, diamonds,
circles) = (4.0, 6.0, 10.0) m during CBLAST (Edson et al. 2006): C, is referenced to a 10-m
height and neutral conditions. The TOGA COARE 3.0 parameterization is indicated by the
dashed line. Note the negative values of C, and increase in variability at low winds.
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Figure 2. The relationship between drag coefficient and wind speed for various wave ages. The solid
lines are for wave ages of 0.2 and 1.0 and the fully rough limit u,, zy/va > 2.3. The dotted lines are lines
of constant significant height; the values indicated in meters. The corresponding roughness lengths are

shown on the right-hand ordinate. (From Donelan et al., 1995).






CHANGE IN WIND SPEED DOWNSTREAM OF AN SST JUMP:
SPATIALLY EVOLVING BOUNDARY LAYERS
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Normalized U/U, contours in xz-plane, Wave age C /U, = 4.2
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GLOBAL CLIMATOLOGY OF INVERSE WAVE AGE
U, cos(¢)/C, AVERAGED OVER 1958 - 2001
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Fii. 5. Contours of the ¥ component of the horizontal wind field for cases with moving and stationary surface waves. The nondi-
mensional field shown is /U (top) Wind following waves; (middle) wind opposing waves; and (bottom) stationary bumps. For each
case the geostrophic wind (U, V) = (5, 0) m s ! and the wave slope ak = 0.1 where the wave amplitude a = 1.6 m. In the top and
middle panels the wave phase speed ¢ = 125 m s7'. The color bar changes between the top and middle panels. Note the supergeo-
strophic winds near the surface in the top panel.
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VERTICAL VELOCITY MOMENTS OVER 3D WAVES WITH
SURFACE HEATING

Turbulent transport
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HIGH RESOLUTION AIR-SEA INTERACTION (HIiRES)
SURFACE WINDS ~15 m/s
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. Next generatlon LES model of the marlne PBL w1th a
p‘hased resolved spectrum (o] § surface waves >\ = O(Sm) -
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» Use emplrlcal anﬁ measured 2D wave flelds as surface

boundary conattlons in LES e Sy
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See 3D an|mat|on on my web page - -
https://drive. google com/file/d/0B44 2BA1 czYIVUZSYkU2d1 h3VUOIV|ew

' Image courtesy, Tiomir Hristov:
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