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Motivation and goals
• Manage estuaries and benthic habitats

• Underwater landslides

• Carbon cycle modeling

• Deep sea hydrocarbon exploration

Population balance
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Flocculation statistics
300 runs with Np = 50 particles to vary cohesiveness, Stokes number, 

particle diameter, volume fraction, particle density and settling velocity
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Validation:
Apply recalibrated models to different sediment concentrations

𝑁𝑝

𝑁𝑓,𝑚𝑖𝑛
= 8.5𝑎1𝑆𝑡

0.65𝐶𝑜0.58𝐷𝑝
−2.9𝜙0.39𝜌𝑠

−0.49 𝑊 + 1 −0.38

𝑏 = −0.7𝑎2𝑆𝑡
0.36𝐶𝑜−0.017𝐷𝑝

−0.36𝜙0.75𝜌𝑠
−0.11 𝑊 + 1 −1.4

Fitting simulation results to find 𝑁𝑓,𝑚𝑖𝑛 and 𝑏

Yields good prediction within

±30% bound for a1 = a2 = 1

𝑏 = −0.3𝑎2𝑆𝑡
0.38𝐶𝑜−0.0022𝐷𝑝

−0.61𝜙0.67𝜌𝑠
−0.033 𝑊 + 1 −1.4

for 𝑆𝑡 ≤ 0.7

and

for  𝑆𝑡 > 0.7

Application to experimental data:

• Recalibrate a1 = 500 and a2 = 35

• Comparison to models by Winterwerp (1998)

and modified model by Kuprenas et  al. (2018)
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𝐼𝑝
d𝛚𝑝 ,𝑖

d𝑡
= 𝐓𝑐 ,𝑖  

𝐓𝑐,𝑖… Torque due to contact and lubrication

Computational model

𝐅𝑑,𝑖… Hydrodynamic forces

𝐅𝑔,𝑖… Buoyancy

𝐅𝑐,𝑖… Particle interaction (contact, lubrication, cohesion)

[Biegert et al., 2017]

[Vowinckel et al., 2019a,b]

breakage aggregation

→ Smooth forcing throughout the flocculation process

Aggregation/breakup of two particles in the stagnation point

𝑚𝑝

d𝐮𝑝,𝑖

d𝑡
= 𝐅𝑑,𝑖 + 𝐅𝑔,𝑖 + 𝐅𝑐,𝑖

• One-way coupled point

particles in Taylor-Green 

vortices

[Zhao et al., 2020]

• 2D, steady, periodic

• Particle motion

Excellent agreement with experimental  
data, especially during transient stages

Modelled by

Population Balance 

Equations
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