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Numerical wave modeling
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 MIKE 21 WAVE MODELLING 

 

 

 

Application Areas 
A major application area of MIKE 21 BW is 
determination and assessment of wave dynamics 
in ports and harbours and in coastal areas. The 
disturbance inside harbour basins is one of the 
most important factors when engineers are to 
select construction sites and determine the 
optimum harbour layout in relation to predefined 
criteria for acceptable wave disturbance, ship 
movements, mooring arrangements and handling 
down-time. 

2DH Boussinesq Wave Model 
Applications of the 2DH model include:  

x determination of wave disturbance caused by 
wind-waves and swell 

x analysis of low-frequency oscillations 
(seiching and harbour resonance) caused by 
forcing of e.g. short-wave induced long waves 

 

 
Simulation of wave penetration, Frederikshavn harbour,  

Denmark

 
Simulation of wave propagation and agitation in a harbour area for an extreme wave event. The breaking waves (surface 

rollers) are shown in white 

 

x wave transformation in coastal areas where 
reflection and/or diffraction are important 
phenomena 

x surf zone calculations including wave-induced 
circulation and run-up/run-down 

x simulation of propagation and transformation 
of transients such as ship-generated waves and 
tsunamis 

The assessment of low-frequency motions in 
existing as well as new harbours is often 
performed by a combination of simulations with 
synthetic white-noise spectra and simulations with 
natural wave spectra. The purpose of the former 
type of simulation is to investigate the potential 
for seiching/resonance and identify the natural 
frequencies. This is particularly useful for 
comparisons of alternative layouts. 
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Figure14 shows that are used by SINTEF for STWAVE is represented by the simulation 

results. The same conditions applied as MIKE21BW. In the red line, it can be calculated the 

significant wave height.  
 

 
 

Figure 14: The result of the condition in STWAVE from SINTEF 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[SINTEF]

[DHI]

Spectral Wave Model 
- large scalea  
- phase averaged

Boussinesq Wave Model 
- large scale 
- phase resolved

Numerical Wave Tank 
- near field 
- flow resolving 

- CFD (Computational Fluid 
Dynamics), solving Navier-
Stokes equations



Numerical Wave Tank
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Wave Input
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Solitary Waves 
- 1st-order 
- 3rd-order 

Regular Waves 
- shallow water 
- intermediate water 
- deep water 

- 2nd-order Stokes 
- 5th-order Stokes 

- shallow water cnoidal 
- 1st-order cnoidal 
- 5th-order cnoidal 

Wavemaker 
- Piston 
- Flap 

Irregular Waves 
- 1st-order irregular 
- 1st-order focussed 
- 2nd-order irregular 
- 2nd-order focussed 

spectra 
- PM 
- JONSWAP 
- Torsethaugen



Wave interaction with combined submerged and 
floating breakwater
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Wave interaction with combined submerged and 
floating breakwater
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Bølge interaksjon med porøs konstruksjoner
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Bølge interaksjon med moloer
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Breaking wave forces: Setup
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d =3.80 m

33.0 m
54.0 m

23.0 m 10.0 m
2.30 m

• Experiments: GWK (Irschik et al. 2002)  

• H=1.30 m 

• T=4.0 s 

• D=0.7 m 

• 15 million cells  



Breaking wave forces
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Breaking wave forces: Comparison
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Comparison of Impact Forces
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Figure 6: Calculated wave forces for HA = 1.44 m for di↵erent wave impact scenarios
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Figure 7: Calculated wave forces for HB = 1.30 m for di↵erent wave impact scenarios
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cylinder locations: 41 2 3 5
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Floating objects in waves
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Landslide events generating extreme waves



Sediment Transport

• Bed: Interface between Water and Solid

• level set function: Implicit Topology Technique

• Van Rijn: Bedload and Suspended Load

• external velocity gradient from sediment concentration gradient
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5.1.5 Discussion

A study of local pier scour under waves has been performed using the sediment

transport module of REEF3D. The numerical model accurately predicts the general

evolution of scour (geometry and location) and the deposition location when compared

to the experiment and theoretical erosion and deposition pattern given in [81]. Very

small di↵erence is noted in maximum scour depth values predicted by the numerical

model when compared to the experimental results. The bed elevation changes contour

is slightly mollified. Since the location and magnitude of scour and deposition are

the most important parameters in the field of marine civil engineering, the results

obtained through the numerical simulation are considered satisfactory. There is a

slight variation in time development but the overall trend of accelerated erosion in

the beginning with decreasing rate of erosion with time matches the experimental time

development well. Numerical as well as experimental result show that the equilibrium

scour depth is reached at the same time.

Figure 5.8: Pier: 3D Model result under waves showing free surface and topography
(REEF3D)

The numerical model is also able to represent the complex free surface and topology

using the level set method. Figure 5.8 shows the bed elevation changes in combi-

nation with representation of the complex free surface with waves in a very realistic

manner using a three dimensional plot of the numerical model result after 8 hours

of simulation. The study also shows that the de-coupled approach for simulation of

hydrodynamic and sediment transport processes is a reasonable assumption.
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hole accurately. Slight di↵erence in scouring pattern downstream of the abutment is

noticed in the numerical model which shows an extended scour hole compared to the

experimental result which shows a uniform circular scour hole. This is because in the

experiments the bed topography outside the actual scour hole is not measured. It is

noticed that the improved resolution of the mesh improves the result as finer meshes

result in better discretization.

Figure 4.19: Abutment: 3D Model result under constant discharge showing free sur-
face and topography (REEF3D)

The performance of the k-! turbulence model is found to be better than k-✏ model.

This is due to the fact that the shear velocity based bed shear stress formulation is

used in the study that uses turbulent viscosity to predict the bed shear stress. Both

the models share the theoretical rationale of two-equation eddy-viscosity models, but

turbulent viscosity can be slightly over predicted in k-✏ model compared to k- model

which results in higher bed shear stress and hence, more erosion. A better perfor-

mance of the k-! model near the wall has been reported [28] earlier which is seconded

by the current study. The time discretization study reveals that higher order time

discretization results in better numerical solutions. It is found out that both the
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Pipeline Scour Current
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Pipeline Scour
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Seawall scour
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Large scale wave modeling with natural 
topography
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Prosedyre: 
-  Points P(x,y,z)  
- Inverse Distance or Kriging Interpolation 
- Level Set Function for topography 



Large scale wave modeling with natural 
topography
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Large scale wave modeling with natural 
topography
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Large scale wave modelling with natural 
topography
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Large scale wave modelling with natural 
topography
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Masters thesis opportunity

Wave transmission across a submerged bar+ floating 
breakwater
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Masters thesis opportunity

Sediment transport under waves and current
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Masters thesis opportunity

Multi scale wave modelling for the E39 project
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Masters thesis opportunity

Numerical modelling of floating objects and mooring


