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Overview of the talk

» Introduction to the Residual Distribution Framework

» Validation of RD-Schemes

» SELFE-WWMII a tightly coupled 3d-wave-current model on
unstructured meshes; 1st validation runs.

= Kassandra; An operational storm surge model for the Med.

» ROMS-WWMIlapplication.in the northern Adriatic.

= VValidation on unstructured WWW-IIl in France.

= Challenges, problems and dead ends when using unstructured
meshes. =

» Qutlook and future tasks

—

25.Juni 2012 | Z&P | Zanke & Partner | Dr.-Ing. Aron Roland | 2



Introduction to the Residual Distribution
Framework (RD)
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Numerical Diffusion and Dispersion
Characteristics
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Explicit RD — Schemes
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CFL=1.0
Numerical Scheme CRD-N CRD-LDA | CRD-LAX | CRD-UCV CRD-PSI CRD-FCT
Min.value 0.00 -0.14 -4.00 -0.12 0.00 0.00
Max. value 1.00 1.12 1.65 1.11 1.00 1.00
Min. after one rotation 0.00 -0.06 -0.36 -0.03 0.00 0.00
Max. after one rotation 0.49 0.61 1.44 0.55 0.52 1.00
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Implicit RD — Schemes
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Numerical Diffusion: Continental Shelf Test Case
Ardhuin & Herbers 2005

Tt

Wave spectrum at the boundary 13.88s period, 15° directional spreading, 60°
incoming wave angle. Grid resolution in cross-shore*d-'rrectiﬁﬁﬁis-%eeﬂm;v—;:;;_?
1000m and 500m for spectral space UQ-3' order schemes have been used.” ~

-
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Directional resolution 5°
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SELFE-WWMII a tightly coupled 3d-wave-current model on
unstructured meshes; 15t validation runs

Sediment/
Morphology

Non-hydrostatic

Hydraulics/hydrodynamics

Air-sea
exchange
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Validation SELFE-WWMII — Analytical Shoaling
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Validation SELFE-WWMII — Boers Setup Experiment
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Foland, A., Zhang ¥Y.J., Wang HY., Meng Y., Teng ¥-C, Maderich, V., Brovchenko, |, Dutour-5Sikiric, M. and Zanke,
L2012, A fully coupled 30 wave-current interaction model on unstructured grids, submitted to JGRE-0Oceans
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Validation SELFE-WWMII — HISWA Tank

depth([m]

0.100

0. 13CF:-
0.160—
0.190-
0.220—
0.250—
0.280—
0.310—
0.340
lJ.S?O}
0.400

8 e R — T ——_  _ |

Roland, A., Zhang Y.J., Wang H.V., Meng Y., Teng Y-C, Maderich, V., Brovchenko, I., Dutour-Sikiric, M. and Zanke,
U., 2012, A fully coupled 3D wave-current interaction model on unstructured grids, submitted to JGR-Oceans
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Validation SELFE-WWMII — HISWA Tank

Left: Model

Right: Observation
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Validation SELFE-WWMII

R i e

—

Roland, A., Zhang Y.J., Wang H.V, Meng Y Teng Y C Maderlch V Brovchenko Dutour S|k|r|c M. and Zanke
U., 2012, A fully coupled 3D wave-current interaction model on unstructured grids, submltted to JGR-Oceans
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Validation SELFE-WWMI|

Dauphinlsland
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U., 2012, A fully coupled 3D wave-current interaction model on unstructured grids, submitted to JGR-Oceans
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Validation SELFE-WWMI|
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Applications of the RD-Schemes in WWM or WW3

West France - Brest
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Applications of the RD-Schemes in WWM or WW3
West France - Brest

Significant wave height at 62069
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Applications of the RD-Schemes in WWM or WW3
West France - Brest
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Applications of the RD-Schemes in WWM or WW3

Hawail — U.S. West Coast - Coastal Reflection in WW3
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Kassandra — Operational Modeling of the Mediterranean
SHYFEM-WWMII
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Applications of the RD-Schemes in WWM or WW3
Kassandra — Operational Modeling of the Mediterranean SHYFEM-WWMII
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Ferrarin, C., Bajo, M., Roland, A., Umgiesser G., Tide-surge-wave modeling and forecasting in the _
Mediterranean Sea with focus on the Italian coast”, submitted Ocean Modelling.
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.
Challenges and dead ends when using
unstructured meshes

= When the waves approach coastal regions, the spatial and temporal time scales
in which the wave spectra changes become smaller and shorter. This needs to be
accommodated in the spatial and temporal discretization of the region of interest

as well.

» Unstructured mesh methods are with respect to this superior to structured grid
methods but the price to pay in their development seems to be enormous, at least

forme ke PSRk l
g - - - - — -__x - R ’_: - :‘ "‘- 7
P AT

JJhé;“QT@éﬁTS AT A~
= Splitting Errors for methods that aEpIy certaln King
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“u |terative One- step methods that*
large Eigen values.

= For both problems the reason are stlffig_gahaﬁmribUflons dg,e to sources and sinks or/and
=% 1arge- contribution-due @ shiffing in spectral space.
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.

Numerical schemes
Operator Splitting Methods Ill (Fractional Step Method + Explicit Sources)

= Operator Splitting Methods (OSM) e.g. WWIIl or WWM

= 15t Step — Spectral part

ON" 0 . _|CAL,
WJFE(CQN):O;[N (t0) = NO] on [0, At] CFL, == 5 <1
N 2 (e N) =0 N" =N 0, At CFL, == <1
ot +50‘ (Ca )_ ’|: (t=0) — (t:At):| on [ ' ] Ao
= 2nd Step — Geographical space
ON~ 0 e " [y e o
= +8X(CXN )+5(CYN J=0[ N7 o= N7y | on [0,A1]
- CFL, =2k 4
= 3rd Step — Integration of the source terms -
ON" - o
ot - S(N**),tot;[N (t=0) — N (t:At):| on [O’At]
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Splitting Error between advection
and strong local sources
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Splitting Error

Advection in Geographical and spectral space

“Bathymetry (left) and Computational mgﬁh(rié'Hf).
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Advection in Geographical and spectral space

Splitting Error
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Splitting Error
Advection in Geographical and spectral space
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CFL numbers for instance in tidal basin’s
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One-step methods have their problems too ...
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Building Blocks for a new Approach on unstructured
Meshes for multidimensional stiff nonlinear PDE’s

Some mathematician say that:

~Stiff ODEs are evil®

| may add that

" -_54

, Stiff PDEs are Worse“

If something is-wrong we next to solve it honestly ..
otherW|se it will bounce back to us and eat much more
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Golden Beach - Taiwan
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Golden Beach, Homel, Taiwan
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Outlook

» Future Research
= Development of a fully implicit WWM-III and WW-III
= Morphodynamic modelling of the coastal zone
» Long Term Morphodynamics
= \Wave-Current Interactions
= Nonlinear propagation and EWAE

» Ongoing research
= Modelling of storm surges, inundation and surface currents.
» Optimization and validation of new numerical schemes.

= High resolution modelling of Lagoons and tidal inlets with a focus on
wave-current interactions in 3d.
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