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Growing Interest in Simulating
Horizontal Eddy Motions:

» Navigation (unpredictable flow direction)

 Structural Stability (scour , resonance)

* Dredging Operations (flow direction , mixing waste material)

* Biochemical Processes (upwelling - mixing nutrients - algae)

» Sediment Transport (variability bed stress and vertical transport)

* Harbour Design for low-cost Maintenance ( e.g. mud transport )
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Horizontal Large Eddy Simulations (HLES) ?

Choice:
» Simulating Quasi-2D turbulence or

* Turbulence Closure for Quasi 2D ?

HLES preferred:
» Subgrid-scale (SGS) model for Quasi-2D turbulence and

 model for 3D turbulence
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The Role of the Free Surface ( inviscid flow )

Wave Propagation

Vertical Strain
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W8NS Tyrbulence in Shallow Water evolving from
Counter-Rotating Vortice
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Co-Rotating Vortices can Merge
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Demonstration of Dominance of Poisson Equation for £

Counter-rotating Vortices

il C initialized by:
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Rigid Walls, Free Slip , mnviscid 9



Spectral - Energy Fluxes

T Energy Source

E(k)

Upscalin _
2_ Downscaling (2P)

—>

O(H")
Loss by Bed Friction

(Short-Cut Cascade) 0
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The Shallow-Water Equations
Depth-Averaged and 3D

%+Q-Vg+gvgzvvzg+z

T = V-dv}3D)£1+V-dv(SGS)£1
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Shear-stress spectrum G,
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Design Criteria :

« Drainage of Energy to Subgrid Scales
 Energy loss through Short-Cut Cascade
 Truncation Wavenumber - Numerical Method
 No Mean-Flow Contributions to SGS model®"

() Smagorinsky closure responds to mean flow even without turbulence

) but not the Dynamic Model (Germano et al., 1991) and its novel variants
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Recursive High-Pass Filter:

Filter time t; ; time step At

R(SGS)

% itr@(SGS)t: 9 /(5GS) é*
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Loss by bed friction (3D - turbulence generation) yields
“Leaky” Spectral-Energy Cascade (homogenous turb.):

-1/, (SGS) (2D)

'Zbed>_5
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Loss by bed friction (3D - turbulence generation) yields
“Leaky” Spectral-Energy Cascade:
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Checking the Design Criteria :

 Drainage of Energy to Subgrid Scales

e Truncation Wavenumber - Numerical Method
e No Mean-Flow Contributions to SGS model
* Energy loss through Short-Cut Cascade

0 @) (3) 4)
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Bed friction reducing SGS viscosity
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Conclusions:

« 3D Turbulence remains Completely Subgrid

« SGS Model dedicated to Shallow Flows (bed friction)
« Applicable to 2Dh as well as to 3D (shallow flow eq’s)
 Modest Role provided Ax/H < O(2)

« Modest Role for very Large Eddies L/H > O(100)

 Performs well in Test Cases (see next examples)

See also our papers in Shallow Flows Symp. , Delft , June 2003
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Boundary Conditions

Perturbations:
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> U,=320 mm/s

—>» U,=140 mm/s
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§ 2 Shallow-Water Mlxmg Layer
exp’s: Uijttewaal & Booij (2000)

Grid 4 *17 mm”® dAJﬁ ~30]
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Subgrid-scale eddy viscosity

Turbulence properties

Spectra

Grid 4040 mm?
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Simulation: Frequency Spectra Spanwise v-component

+ — mid stream, plate tip
——©6— x=00m
| —8— x=20m
> x=5.8 m
—X%— x=11.m
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