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!! Static EquilibriumStatic Equilibrium
!! Hydrodynamic Forces and TorqueHydrodynamic Forces and Torque

!! Adhesion Forces for Bumpy ParticlesAdhesion Forces for Bumpy Particles
!! Electrostatic ForcesElectrostatic Forces
!! Capillary ForcesCapillary Forces

!! Rolling and Sliding RemovalRolling and Sliding Removal

!! Critical Detachment Shear VelocityCritical Detachment Shear Velocity
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Schematics of a Schematics of a 
Bumpy Particle Bumpy Particle 
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Diameter  Neutral 
Fraction  

Average Absolute 
Number of Charges 

d (µm)  f(0)  

5  0.0606  5.29 

10  0.0428  7.46 

15  0.0349  9.17 

20  0.03  10.55 

BoltzmannBoltzmann Charge DistributionCharge Distribution
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Diameter  Number of Charges 

d (µm)  Diffusion  Field  Combined 

5  407  4340 4747 

10  874  17361 18235

15  1365  39062  40427 

20  1870  69444  71314 

Diffusion and Field ChargingDiffusion and Field Charging
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q=20 q=20 µµC/gC/g
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q=20 q=20 µµC/gC/g
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Rolling detachment is the dominant mechanism   Rolling detachment is the dominant mechanism   
for bumpy particle removal in turbulent flows.for bumpy particle removal in turbulent flows.

Drag and hydrodynamic torque are dominant for Drag and hydrodynamic torque are dominant for 
particle detachment from the wall.particle detachment from the wall.

Electrical forces contribute significantly to Electrical forces contribute significantly to 
particle particle adhesion.adhesion.

increasing the number of bumps reduces the increasing the number of bumps reduces the 
adhesion force.adhesion force.

Patch charge model presents a more realistic Patch charge model presents a more realistic 
picture picture of surface charge distribution.of surface charge distribution.
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