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THEME 3: Physical Processes & Innovation in Modelling



Modelling
Chain

UPSCALING

DOWNSCALING

FLIAT

OpenFOAM

SPH     SWASH



TAKE HOME MESSAGES

1. Taking better account of more fundamental 

processes is a good basis for understanding 

and simulating the patterns of coastal sediment 

transport.

2. The FLIAT model developed under CREST 

provides a solid basis for hinterland flood risk 

calculations.



Physical Processes & Innovation in Modelling

Modelling wave-induced sheet flow (Qinghui)

Flood Impact Assessment Tool (FLIAT) (Samuel)

Modelling mixed sand-mud sediment transport (Sebastian)

Detailed wave-current-sediment interaction model (Mohamed)

Innovation in coupling of numerical models (Tomohiro)

Modelling near-bed turbulence (Samor)
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Modelling mixed sediments along the Belgian Coast
Juan Sebastian Escobar R. (KU Leuven)



A good basis for long term simulation of mixed (sand-mud) sediment 

transport is present in 2D coastal models, this is good news for 

management considerations that require large scale and long term 

simulation of complex scenarios in reasonable time.

Take home message



Modelling mixed sediments along the Belgian Coast

Hydrodynamics
Waves 
Mixed sediments
• Sand
• Mud

Zeebrugge

De Panne



Coastal turbidity 
maximum area 

(Satellite)

Coastal turbidity 
maximum area 

(Model)

Modelling mixed sediments along the Belgian Coast
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Detailed wave-current-sediment interaction model 
Mohamed Ouda (KU Leuven)



A Numerical Laboratory

MixtSedFOAM
3 phases: Air – Water - Sediment



Validation & test cases
Wave-induced scour under a submarine pipeline

 on display



Non-dilute suspended sediment transport

Validation & test cases



Wave-beach-seawall interaction
 THEME 4  &  on display
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Wave bottom dissipation by sheet flow
Qinghui Zhang (KU Leuven)



Wave bottom dissipation by sheet flow

Wave Boundary Layer

= where the wave bottom 
dissipation (= energy loss) 
takes place.



Wave propagation over sand

Ripples regime Sheet flow regime 

Carstens et al. (1969)

Dissipation by turbulence, particle-particle interaction (friction & collisions), particle-fluid interaction, etc.

Carstens M. R, Nielsen F. M. (1969). Bed forms generated in the laboratory under an oscillatory flow: analytical and experimental study.
Technical Report, U.S. Army Corps of Engineers, Coastal Engineering Research Center, Vicksburg. 

Carstens et al. (1969)



Multi-phase model: validation

Model: Ouda M. & Toorman E. (2019). Development of a new multiphase sediment transport model for free surface flows, International Journal of Multiphase Flow, 117.  
Measurements: Dohmen-Janssen,C.M. & Hanes D.M. (2002). Sheet flow dynamics under monochromatic non breaking waves .Journal of Geophysical Research, 107 (C10).

Wave height: 1.6m - Wave period: 6.5s

sand pit



Free surface: 

Sand bed: 

2cm

-2cm

0
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Modelling near-bottom turbulence
Samor Wongsordjo (KU Leuven)



Counteracting near-bottom gradient errors as 

improvement for coarse grid k-ε turbulence model

Turbulence modelling 

in 3D computational fluid dynamics 

with linear approximations 

and refined grids is incompatible

with standard bottom boundary 

conditions. 

An alternative boundary treatment 

procedure has been designed 

to overcome these limitations.

Velocity profile 
approximated with

5 layers



Erosion and turbulent entrainment of sediment in the LEGI wave flume (Grenoble, France)
ERASMUS exchange A. Lammens, 2015 (http://www.legi.grenoble-inp.fr/web/spip.php?article1033&lang=en)

Why is this important?

• Turbulence is the major energy dissipation mechanism: 

it slows down currents and reduces wave heights.

• Turbulence is a major controlling factor for suspending sediment particles and

for aggregation & break-up of cohesive sediment flocs.

• The bottom shear stress, the shearing force by water motion per unit area on 

the seabed - which governs erosion - is physically connected to flow and

turbulence as expressed by a friction law.

 Accurate modelling depends on an accurate solution procedure for

the bottom layer where the turbulence generation is initiated.



CREST FINAL CONFERENCE

Oostende, 26 September 2019

Innovation in coupling of numerical models
Tomohiro Suzuki (Flanders Hydraulics Research)



+ Fast computation
- Simple bathymetry 

- Slow computation
+ Detailed bathymetry

- Slow computation
+ Detailed bathymetry

Take home message: The road to efficient and accurate design of the optimised

coastal defence systems of tomorrow  Coupling numerical models enables 

complex modelling only where necessary: advantages of each model are 

preserved without suffering their individual downsides.
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Coupling Methods
Many methods have been developed in FHR/UGent.
One can choose a method according to one’s purpose.

Relaxation zone

ML-Piston

Inlet / Outlet



Note: this example represents a case which does not occur at the Belgian coast (which is better protected !)

Visualization of a very big wave in 3D
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Flood Impact Assessment Tool (FLIAT)
Samuel Van Ackere (U Gent)
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FLIAT

FLIAT is a product of Ghent University, Faculty of Science, 
Department of Geography

FLIAT

Flood Impact
Assessment Tool

The flood impact assessment tool is 
developed to calculate the socio-
economic impact due to floods. An 
analysis is made for the casualties 
and economic damage cased by 
floods.



OBJECT-RELATIONAL DATABASE

- Age of the buildings

- Type of building

- Number of inhabitants

- Infiltration

- Economic return value

- …

NACE code

- Location of doors

- Location of windows

- Degree of stability



INFORMING THE COMMUNITY WITH 3D WEBGIS



Building
84562

On top 
of

Gsm 
antenna
654321

node node

Elec.
cabin
321

Connected 
to

Elec. 
cabin
324

Connected 
to

Indirect impact assessment

Building doesn’t got electricity
So, the company can’t function

But the antenna can function
Although this antenna is mounted
on top of the building

FLIAT ARCHITECTURE



In samenwerking met

Met dank aan


