hans. bur char d@ o- war nenuende. de

Baltic Sea Research Institute Warneniinde, Germany

Baltic Sea Research Inst_i_tute
Warneminde Seminar of the Leibniz Institute of Atmospheric Physicshiingsborn, Germany, June 24, 2004 — p. 1/32



Contents

« Some theory of statistical turbulence modelling
« Mixing vs. stratification

» General Ocean turbulence Model (GOTM)

» Turbulence observations in the ocean

« Example: SIPS in Liverpool Bay
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» General Estuarine Transport Model (GETM)

« Example: Inflox events in Arkona Sea

J] Seminar of the Leibniz Institute of Atmospheric PhysicshKingsborn, Germany, June 24, 2004 — p. 2/32



Basic approaches

« Statistical turbulence modelling: Convert NSE
to Friedmann-Keller series, cut-off where suitable
and parameterise unknown terms.

« Empirical turbulence modelling: Close
equations on lowest order and parameterise
relevant processes.
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NSE — Reynolds equation
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Reynolds Stress Equation
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Algebraic SMCs

* Empirical closures of pressure-strain correlators.

* Neglect or simplification of advective and diffusive fluxes
of second-moments.

* Neglect of rotational terms in the second-moment
equations.

* Boundary layer assumption (neglect of horizontal gradient
and non-hydrostatic effects).

* ... and many more detaills ...
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Algebraic SMCs

(i) = —140,u, (WT) = —v,0.T

]{2 / / k2
vy = ¢, ozN)?, U, = cu(on,ozN)?.
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Stability Functions
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Exact TKE-Equation
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This TKE equation will be modelled as it is given
above, the only parameterisations needed are for the

. for which usually the
down-gradient approximation is used.

Seminar of the Leibniz Institute of Atmospheric PhysicshKingsborn, Germany, June 24, 2004 — p. 9/32



Dissipation equation
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Mellor-Yamada model
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Length scale equations (cont’d)

Other approaches are using equationsdet = /k
(k-w model),k /e, k? /e, ..., so why not using the
generalised approach oft&<" equation ?
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This works without correction term only fon > 0.

J] Seminar of the Leibniz Institute of Atmospheric PhysicshKingsborn, Germany, June 24, 2004 —p. 12/32



Total equilibrium ( £-¢)

Cu C2e — Ci¢

/
CM Coe — C3¢
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Kato-Phillips experiment
Wind-induced mixed-layer depth (MLD)

MLD for Canuto et al. version A

A
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2 GOTM (General Ocean Turbulence Model) - Miciosoft Internet Explorer
Flle Edit Yiew Favrltes Toals Help
Phack = 7 = @ 1 | DSearch Hravorites Thedia F e ST >

b GOTM is a one-dimensional numerical model developed and supported by a core team of ocean
| AIm _ modellers. GOTM aims at simulating accurately vertical exchange processes in the marine environment
| Theldea | where mixing is known to play a key role. GOTM is freely available under the GPL (Gnu Public
| Key featu res| License).

Fortran code) If vou are interested in using GOTM, you can download:
| Test cases
 Forging

How to run? | , .
Ii Kxamples: Test cases - Ouiputs

Software: Fortran source

What's New |

b 3 Documentation: Summary - Z0I3 report - 1999 report
Fublications |

| E-mail list : You are warmly invited to join the G(O'TM mailing list and send any comments/questions to the GOTM
 FAQ developers or become a GOTM coniribulor, The GOTM developers are grateful 1o their sponsors.

User Group |
| Hotlinks |

| Who's Who?|
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Microstructure observations
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Microstructure observations
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Liverpool Bay
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Liverpool Bay
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Liverpool Bay

Simulated Temperature (degrees C)
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Liverpool Bay

U-component (m/s) Simulated U-component (m/s)

0.70

£ 0.50

Decimal Day Numb
Simulated V-component (

0.00

1871 1872 187,

Decimal Day Numbers Decimal Day Numbers

Baltic Sea Research Inst_i_tute
Warneminde Seminar of the Leibniz Institute of Atmospheric PhysicshKingsborn, Germany, June 24, 2004 —p. 21/32




Liverpool Bay

Epsilon (Log10 W/m3) with Density contours (kg/m3)
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Lago Maggiore, ltaly
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* Three dimensional, hydrostatic, free surface, baroclinic
* Mode-splitting, Arakawa-C grid

* Horizontal coord.: Cartesian, spherical or orthogonal

* \ertical coord.: Sigma, z-levels or generalised

* Turbulence closures from GOTM:t p: / / ww. got m net )

* Various advection schemes for momentum and tracers
» Stable drying and flooding algorithm

* Fully parallelised (domain decomposition)

* Public Domalin I(t t p: / / ww. bol di ng- bur char d. com get m)
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Arkona Sea
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Arkona Sea

Model bathymetry
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Arkona Sea
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Arkona Sea

Salinity north of Kriegers Flak Current velocity north of Kriegers Flak
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Arkona Sea

Salinity north of Kriegers Flak Current velocity north of Kriegers Flak
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Offshore Constructions
Additional mixing by Offshore Wind Farms ?
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Conclusions

Quantitative numerical simulations of buoyancy
effects in the coastal zone require models with certain
properties such as

» Higher turbulence closures
» Surface and bottom following coordinates

o Positive definite and monotone advection
schemes

Advantageous are highly flexible vertical and
horizontal coordinates.
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