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meshes under strong nonlinearity and pronounced baroclinity
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Abstract Results: North Sea barotropic tides -

a) b) 60 200- L
Numerical modelling of coastal zone dynamics provides basis for solving a wide range of y ‘
hydrogeological, engineering and ecological problems. A novel three-dimensional - o= J
unstructured-mesh model 1s applied to simulate the dynamics of the density field and " = i, I
turbulence characteristics. The model is based on a finite-volume discretization and works on | S U o
mixed unstructured meshes composed of triangles and quads. Although triangular meshes are S s - . D — . v
most flexible geometrically, quads are more efficient numerically and do not support spurious Fig. 1 Fragments of the quads (Ief) and mixed (right) mesh used in numerical simulations. LN y
inertial modes of triangular cell-vertex discretization. Mixed meshes composed of triangles and Here we present results of simulations of M, tide in the e o e o e o loearions & dacint vecmgle s | @

. . . o« o o o North Sea. A ]arge amount of observations i1s available the domain where the mesh is refined; the transition zone is over its periphery. o, gpe I
quads combine benefits of both. In particular, triangular transitional zones can be used to join for this region helping fo validate fthe model ¥
quadrilateral meshes of differing resolution. The main aspects of this approach determining its f;’vf‘elg‘;fga“t‘l’l‘f ;ljrvtfl ZggnBzf;fc‘msI;‘; °§h;h§rzt Igizh‘j: Thhe tidal map of Mzhpresen(‘;ed Iiln Fig. 2 wes obtained on fe 3 Commarion O”:"obsemd »

: 14 » . . . . . the triangular mesh, and the simulations on the simulated amplitude (u er, cm) an
rellablllty are dlscussed' The results Of Several Slmulatlons ShOWIHg the performance Of the S;Epzsseieoi:gﬂlgglesrsrgfggs()% V;ﬂ:gegoa(')lt)défgr[l\ilz (;iﬁzz, quadrilateral and mixed meshes glve very close TGSUItS, Phasi j[(d((i)wn, gle;).dBlzfclI{)ptriangles), blu(e1
model with respect to modelling wetting and drying, internal waves, and tidal dynamics are meshes are derived from a regular mesh covering the ~ “ithout any tendency to instability or noise on the mixed e itorel o

area. The second mesh is made of quads, with a small mesh. Fig 3 shows the amplitudes and phases computed on respectively.
presented‘ number of triangles added at the coast (153339 vertices, different meshes against the observed ones. Some errors

2252 triangles and 148355 quads) with the cell size of seen in the results can be attributed to the uncertainty of
2500 m. The third grid is a mixed one. It is obtained from bottom topography and the fact that the bottom friction
the second mesh by nesting into it an area refined by a coefficient was taken constant over the whole domain. The

. the need to suppress the noise as well
factor of two through a layer of triangles (180055 RMS error does not exceed 25 cm for gll 106 stations for o e srll)lzller ARG
vertices, 5089 triangles and 173345 quads), as illustrated the triangular mesh and makes approximately 20 cm for

[ )
- o degrees of freedom.
Strate gY Of m ' x e d me S he S in Fig. 1. The third grid illustrates the idea of nesting. Our the rectangular and mixed meshes. Similar results hold also ¢

intention here is only to show that in all cases the for the stations located inside the dashed region in Fig. 2.

algorithm works stable and accurate.

Somewhat larger RMS error on the
triangular mesh can be attributed to

The advantage of mixed meshes 1s that quads are more efficient computationally. Indeed,
compared to triangular meshes with the same number of scalar degrees of freedom, they have

twice less elements and 1.5 times less edges. This leads to shorter cycles and a reduced RCSU"rs: LOCk EXChange exper'imen‘r 3

computational burden. Clearly, in close proximity to coasts one may need the versatility of

depth

-15

triangular meshes for geometrical reasons. Outside these areas, the triangular part may only be Lock exchange is simulated in a narrow 3D basin with no rotation. | o P R
. L. . . . . . Lock exchange definition: A vertical density front separates waters of different density initially. In the process of distance, km ]
needed to provide smooth transition between quadrilateral meshes of differing resolution. This adjustment the lighter water moves above the heavier water (Fig. 4). This configuration used a horizontal grid s AL
spacing of 2000 m and 40 layers on vertical. Its results agree well with results published in the literature. 17 20 23 26 28 31 34

1s very similar to the i1dea of nesting, and 1s perhaps of more value for modeling of large-scale
ocean circulation than for applications on the coastal scale.

Fig. 4 Simulated temperature after 17 hours
of simulation.

. . . . . L
For many wave applications, the approach may work just fine. However, if nonlinear effects RQSUH.S ° In‘l‘er‘na| waves
are significant, or, in other words, the grid-scale Reynolds number 1s sufficiently high, . ,. _ Statement of boundary conditions on open boundaries  for
—— | msn  barotropic-baroclinic interaction is a challenging task for

transitional zones may be vulnerable to nOiSG, eSpeCially on the triangU.lar part For this reason, coastal applications. This experiment allows us to estimate the
oy e . . "o e s w e e effort for the implementation of coupled conditi
the reliability of mixed meshes depends on whether we are able to control the noise in the case for barotropic-baroclinic intoraction. The model arca is o
it is generated. That said, it should be clear that the transition we are dealing with here is much ., Parallelepiped with two open boundaries and an underwater sill
more gradual than the jump 1n resolution in traditional nesting, and fields are always consistent

in the center of the area. The horizontal spatial resolution varies
from 200 m to 18 m over the sill, and there are 20 sigma layers.

across the coupling zone 1f dissipation operators are properly adjusted (Danilov and Androsov,

2014).

On the open boundaries, semidiurnal tide with amplitude 1 cm
is imposed in antiphase. The initial temperature is characterized
we by colder water on the left side of the domain. The relaxation
boundary condition is used for temperature. An instability
develops close to open boundaries on a fully triangular mesh.
One layer quads near the open boundaries eliminates it (Flg 5). Fig. 6 Time evolution of internal waves over the underwater sill, in the case of
Figure 6 shows the generation of internal wave over a sharp sharp bathymetry.

Mod el » The Finite-Volume Ocean Model (FVOM) model solves three-dimensional e oper by, underwate sill
primitive equations for the momentum, continuity, density-constituents, . .
Results: Sylt-Reme Bight

and turbulence-characteristics equations.

— triangular mesh; middle — quad mesh;

In this experiment, the ability of model to properly simulate the dynamics in 0000 o i
. . . RV . complex areas with considerable drying and wetting under tidal motion is
> FVOM USCS a G-Coordlnate 1n the Vertlcal) lt 1S Coupled Wlth GOTM demonstrated. The Sylt-Rﬁmﬂ Bight 1s located in the North Sea between the Danish 25000 ol
_ . m . island Reme and the German island Sylt (Fig. 7). The main forcing is the M, tide with s
turbulence ClOsure SUb mOdel’ emp lOys the SmagorlnSky fO ulatlon fOr amplitude ~1m (Burchard and Bolding, 2002). Wind forcing and surface heat fluxes 20000 -
the horlzontal VlSCOSlty and 1S equlpped Wlth a Wettlng and dry1ng 2111‘969;1;glected. The turbulence closer model used k- model (GOTM, Burhard et al., 2 ; \ wﬁ& o
algorithm. In Fig. 8, vector plots of average on vertical currents velocities for three phases of the © T
o ] . tidal period are shown, during low water, full ebb, and full flood. 10000 oo
» FVOM uses a mOde-Spllttlng teChnlque to solve the momentum equatlons The residual currents is shown in Fig. 9. The main features of residual circulation is in Y syt , /r 1
. th 1 d t { t { . t 1 d . t 1 d t t t very good agreement with GETM model (Burchard and Bolding, 2002). Weak 5000 7 B
Wi WO 1SUNC 1mec S eps . EXternal and mternal mode time S eps O currents in the deep-water channels and intensification of the circulation in the shallow : L -
accommodate the faster and slower barotropic and baroclinic responses zones are the main features of residual currents in the Sylt-Romo Bight. Ebb- B .
? dominance in the northern part of the Lister Tief channel and flood dominance in the distance, m distance, m
re Spectively' southern part are also present in the residual circulation.
The wvertical structure (including wetting and drying features) of the flow and Fig. 7 Bathymetry (left panel) and mesh (left panel) for Sylt-Reme Bight . The points P1
turbulence characteristics are compared with GETM model and shown in Fig. 10 for and P2 show the locations where the temporal evolution of the water column is shown.

orizontal two points (see Fig. 7).
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Fig. 10 Velocity component and turbulence characteristics at point P1 (top panels) (see Fig. 7) and P2 (bottom panels).
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’ a) FVOM model; b) GETM model.
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