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• Internal waves with “trapped” cores
• Development of “solibores” over the shelf
• Dispersion and mixing effects: mathematical models



Open question : Waves breaking on a beach :

velocity field under the waves ?
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Velocity field evolution during run up
(PIV method)







Run up of internal waves
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The Sea of Japan, 26.08.2006, the total depth is 16.5 м, the undisturbed depth of thermoclyne is 25 m.
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Lock exchange problem for two-layer fluid

Run up over “dry” bottom

Run up over “wet” bottom
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Run up of “solibores” over “dry” and “wet” bottom



Features of  waves with “trapped cores” to be modelled:
• nonhomogeneous velocity distribution  at the wave front

• some particles move faster then the wave front

• mixing and entrainment at the interfaces

• dispersion effects

“Solibore” formation
(transition of  a wave bore into  the gravity flow)



Mathematical model of three-layer flow



Mixing layers and hydraulic jumps in stratified flows

а) lee jump; б) downslope mixing layer; в) gravity current; г) 
upstream turbulent bore



Mathematical model of spilling breakers                         in 
homogeneous fluid
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Shallow water equations with surface turbulent layer
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a) hydrostatic model;

b) dispersive model;

c) hyperbolic model.



Turbulent bores in homogeneous fluid

Bold points:   experiment by V. Bukreev (Fr = 2.9),

Thick lines:    hydrostatic model of breaking waves.



Nonstationary surface wave configuration, consisting of the two turbulent bores moving with 
different velocities: 1, 2 – the free surface and the lower boudary of the turbulent layers

(yellow line: nonstationary calculation by the hydrostatic model)

Turbulent bores development



Conclusions

Laboratory experiments
Common features of the transition from an undular bore to the spilling 
breaker in homogeneous and stratified fluids:

• “trapped core” formation
• particles move faster the wave front 
• entrainment and turbulent mixing

Mathematical models
• Two-layer scheme of flow with turbulent mixing layer gives the 

adequate description of the spilling breaker structure 
• The shallow water equations taken into account the mixing and 

dispersion effects give the criterion of transition from smooth waves to 
breaking waves 


