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Entrainment Processes

entrainment/disentrainment
with null total mass flux through bottom

entrainment or disentrainment
with net mass flux through bottom



Regime Maps
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Ordinary Bedload

𝜃 ≈ 0.1

𝜃 ≈ 0.2



Shields  1

Collisional Bedload
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Entrainment Processes

entrainment/disentrainment
with null total mass flux through bottom

entrainment or disentrainment
with net mass flux through bottom



Collisional BedLoad

See MOVIE

Collisional Bedload
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Collisional BedLoad 

Available analytical theories (among others)

Capart H. & Fraccarollo L., 2011,
Geophysical Research Letters

Berzi D. & Fraccarollo L., 2013,
Physics of Fluids

Collisional Bedload



Layer structure variables

Collisional Bedload



Collisional BedLoad

Capart H. & Fraccarollo L., 2011,
Geophysical Research Letters
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Main outcomes of the theory
Collisional Bedload
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Uniform & Unsteady  collisional bedload

MOVIE

Collisional Bedload



Uniform & Unsteady  collisional bedload

Collisional Bedload



Collisional Bedload: uniform unsteady
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Collisional Bedload: uniform unsteady
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Mathematical approach  

GRL 2011 theory 

Momentum equation in the y direction

Energy equation

Similarity assumption for the variables involved: velocity, concentration
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Collisional Bedload: uniform unsteady

Continuity equations



Results from the model

Collisional Bedload: uniform unsteady



Results from the model

Collisional Bedload: uniform unsteady



Comparison between model and experiment 

Collisional Bedload: uniform unsteady



Comparison between theory and experiment 

Collisional Bedload: uniform unsteady

𝑡𝑔 = geomorphic time scale

𝑡𝑔



TWO-PHASE MODELING OF GRANULAR SEDIMENT FOR SHEET FLOWS
José María González Ondina, PhD Thesis
Cornell University 2015

Collisional BedloadCollisional Bedload: uniform steady and unsteady

The thesis presents a description of sediment transport on two scale levels:

the large scale represents all physical processes that occur at length scales 

larger than the characteristic length scales of particles, where both phases can

be seen as continuous 

the small scale represents physical processes that occur at or below the length

scale of particles including collisions and turbulence created or dissipated by them.

This approach results in more equations to be solved when compared to previous 

models this work is based on Amoudry, Hsu and Liu (2004); Hsu, Jenkins

and Liu (2004). 



Collisional BedladCollisional Bedload: uniform steady



Collisional Bedload: uniform unsteady



Collisional Bedload: uniform unsteady



Where do these physical aspects apply?

In processes involving morphological evolution
under collisional bedload

An example:



Erosional Dam Break



Erosional Dam Break

tracking the front



General view

Erosional Dam Break



JFM 2002 JFM 2013



Erosional Dam Break

Shallow water model based on four equations (with relaxation) 



Erosional Dam Break

Shallow water model based on three equations (without relaxation)



Froude similarity: 𝑡0 =
ℎ0

𝑔
hydrodynamic time scale

𝑡𝑔 = geomorphic time scale

In the dam break flow, there is a  geomorphic deceleration entirely due to 
bulking of the current with bed material of zero momentum, but finite inertia. 
Recent papers on it: Tai & Kuo 2008; Lê & Pitman 2010; Iverson 2012, Iverson 
and Ouyang, AGU, RevGeophysics, 2015.

TIME SCALES

Erosional Dam Break

For 𝑡0 < 𝑡 shallow water assumptions apply

For 𝑡0 < 𝑡 < 𝑡𝑔 the adaptation model (4 eqs) applies

For 𝑡𝑔 < 𝑡 the non adaptive model (3 eqs) applies



𝑡𝑓 = frictional time scale

Other scales:

𝑡𝑠 = seepage time scale

𝑡0 < 𝑡𝑔 < 𝑡

𝑡𝑠 < 𝑡 < 𝑡𝑓

if

Then an analytical solution is available

Other scales

Fraccarollo and Capart, JFM, 2002
Spinewine and Capart, JFM, 2013

Erosional Dam Break



Erosional Dam Break



Theoretical and physical solutions

Erosional Dam Break
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