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Rock 'n' Roll Model:

Whether resuspension of a particle happens depends on the balance forces:

Forces of adhesion are currently not well understood, with current models only applying
in highly idealised cases. Capillary force equations have been shown to be inaccurate
above 60% RH.

• Instead of incorporating an assumed force distribution into the model, the adhesive
force distribution across surfaces and particles will be directly measured using colloidal
probe Atomic Force Microscopy (AFM).

• The project will aim to print surface substrates with controlled topology, morphology,
hydrophobicity, and surface energy, aimed at mimicking realistic surfaces.

• Surfaces to be modelled using 3D software such as Blender®.
• Complex techniques such as nano-lithography to be employed for even finer control.
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• AFM uses a tip on the end of a
cantilever to measure the force
distribution across a surface.

Figure 1 (Adapted from [3]): Schematic for a single particle in
the Rock 'n' Roll model. A particle of radius Rp rests on 2
asperities separated by distance a, and the forces of adhesion
are assumed to act at point Q. Torque imbalance arises about
the pivot point P.

• Implemented by Biasi et al in 2001 [2]
with a primary rate equation with
constant p:

• The macroscopic resuspension rate
was solved numerically by integrating
over time:

The Rock 'n' Roll model in its current form includes many assumptions that limit the
current predictive capability.These include (but are not limited to):

It's these assumptions the project aims to address using a variety of techniques.

• It considers three forces - adhesion
(FAdh), lift (FL) and drag (FD).

• The lift and drag forces cause
oscillatory motion about point P,
providing the torque needed for the
particle to either “rock” (oscillate) or
“roll” over.

• The cantilever will vertically deflect in
accordance with the force applied [4]:

• Particle will be securely adhered to
the end of a cantilever.

• Particles chosen will have a known
morphology such as salt, sugar and
sand granules.

• A significant source of aerosol particles encountered on a daily basis can be attributed
to this process, which poses a substantial health risk.

• Highly relevant and applicable across a range of disciplines:

The project aims to sequentially carry out these four stages and iterate the process,
modifying one variable per iteration.• There are many factors influence resuspension, including (but not limited to):

Chemical

(eg. smoke, soot,
fumes)

Agricultural

(eg. Pesticide spray,
soil dust)

Industrial

(eg. Metal, floor dust,
pollen, spores)

Nuclear

(eg. Radioactive waste
from power plants)
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Atomic Force Microscopy (AFM):

Custom 3D Printed Surfaces:

Wind Tunnel:
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Resuspension is when particles that are initially on
the ground become entrained into the air flow
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Particles are spherical and homogeneous; surfaces are smooth; only 2 or 3 asperities;
log-normal force distribution, φ(F'A); over the surface; particles reside in a monolayer.

Figure 2 (Adapted from [4]): Schematic of a colloidal prove
atomic force microscope.

Figure 3 (From [3]): Plot of resuspension amount against
relative humidity for 2 particle sizes. Curves represent the Rock
'n' Roll model, whereas points represent wind tunnel
experiment results.

Accuracy Ethics Policy Innovation

The main objective of this project is to increase the
accuracy of the model for resuspension, capturing a
greater variety of realistic resuspension scenarios.

1. Produce a range of surfaces with increasingly complex chemistry and topology
that mimic realistic surfaces

2. Measure adhesive force distributions between particles and these surfaces using
Atomic Force Microscopy

3. Implement the Rock 'n' Roll model using empirical force data, thereby reducing
the number of assumptions

4. Validate the Rock 'n' Roll model experimentally using a wind tunnel

This can be broken down into 4 stages:


