:

‘1

N

L

ulations Qf
m_._& ‘ g ‘
Oceanic

] ohn R. Taylor - MIT
Ai lem S}uﬁanu Sarkar - UCS]D)

g



VIOHVATION

Objective I: Assess and improve parameterizations of the
bottom boundary layer in ocean models.

e Numerical ocean models
are very important to
accurate weather and
climate prediction.

e Ocean models cannot
resolve three-dimensional
turbulence in the bottom
boundary layer.

Velocity magnitude, MITgem
(Chris Hill personal communication)
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Data from: Johnson et al. JPO 24, 1994

1 Mixed
layer height

——— —

o The seafloor stress is
often estimated LO)y fitting
a logarithmic profile to
~ the observed velocity
profile.
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Data from: Johnson et al. JPO 24, 1994
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" Best fit 5-20m
u*=8.56 cm/s
*e Tw = Pous = 7.5 N/mz_

u*=4.83 cm/s
Tw = Pou’ = 2.4 N/m2
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overestimate in the
wall stress.
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dZoo,

f

Impose: Us,

Open Boundary:

Radiation Condition dP
+ Sponge layer GeOStrOphy: fUOO — d—y
\\ Free-stream Tempe?ature db
U&elocity Gradient % .
y4 7 RZ* - N go / f .
X J 0
~| 7 100
Periodic 1000
Y Ekman 5625
Spiral

db
Seafloor: Non-sloping, N go = ag—
hydrodynamically rough wall dz
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Veloeiny Creaclients
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Freletion Veloeiny Estirnies

_._u"ono

—6— Profile Method
—k— Modified-Profile Method

- ©- Profile Method (upper 1/2 ML)
- % - Modified-Profile Method (upper 1/2 ML)
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Quia=layer lnternal YYayes

w?® = N?cos*(0) + f*sin*(O)

Studies of turbulence-generated IWs @,

oGrid-generated Turbulence (Linden 1975, 42-55"
E&Hopfinger 1986, Dohan+Sutherland
2003,2005, etc.)

eShear Layers (Sutherland & Linden 1988, 45-60°
Sutherland et al. 1994, Basak & Sarkar 2006,
etc.)

oGravity Currents (Flynn & Sutherland 2004, | 47-64°
etc.)

eRough Topography BL (Aguilar & Sutherland o
2006, etc.) 40-46

eWakes (Bonneton et al. 1993, Gourlay et al.
2001, Spedding 2002, Diamessis et al. 2005,

etc.)

CE/5 Copyright John R. Taylor, 2008



VASCOUSHDECAVAVIOUE]

1. Start with the equations for the turbulent kinetic
energy and the perturbation potential energy.

2. Obtain an expression for the rate of change in wave
energy owing to viscous dissipation (neglecting wave-
wave interactions)

3. Given an initial wave amplitude and propagation
speed, what is the expected amplitude at a height z
following viscous dissipation.



Yigeous Pegay Wlgdel

Define wave energy, W=KE+PE

oW d*W 9 : :

5 V- (Wey) =v T 2v|k|*W  (linearized)
Neglect viscous diffusion, assume V - ¢, ~ 0

DW

— —92 y‘k|2W D /Dt is time derivative following ¢ .

In a stationary frame in terms of vertical velocity amplitude:

kg — VW ®
A2) = Ao gl eap| 2 (@ = 27102 [N < )
0

Given the initial amplitude, Aq(ky,w), we can predict A(kp,w, z)



Viseous Decay Wlodel
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—— LES - = = Viscous Decay Model
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Looicing Aredd,,,

o Consider a time-dependent outer layer flow (tides or
waves).

o How is the bottom boundary layer affected by lateral
density gradients?

o Study the stability of a directional shear in a stratified
fluid.

o Apply the internal wave model to other flows, e.g.
stratified wakes, topographic generation.



Pevelopment gi 2 CEE) Cods

o Developed in collaboration with Prof. Tom Bewley

o User selected combination of pseudo-spectral, finite
differences.

o Large Eddy Simulation model (LES) using dynamic
eddy-viscosity and /or scale-similar terms.

o Capable of considering an arbitrary number of
passive and / or active scalars

o Parallelized using MPI

o Source code available from:

numerical-renaissance.com/Diablo.html|



http://fccr.ucsd.edu/software.html
http://fccr.ucsd.edu/software.html
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