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Problem Context

Figure: Comparison of bubble size
dynamics. Figure: Waste water aeration.

Seek to aerate waste water by introducing bubbles of air into
the water.

Efficiency of treatment process is determined by mass
transfer.
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Motivation for Using Microbubbles

We seek to keep the gas in the system (for mass transfer) as long
as possible when surface area to volume ratio is high — we do not
want bubbles to burst at the surface.

However:

Bubbles too large means a gas loss due to bubble rise.

Bubble too small means the bubbles do not rise and the gas
is only distributed at the bottom of the tank.
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What We Seek to Achieve

Overall Aim

To efficiently transfer mass from the gas phase in the bubbles to
the liquid water phase.

We seek to do this, initially, by modelling and understanding
the behaviour and the dynamics of a single bubble.
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What to Consider?

We have a system of ODEs that govern the behaviour of a single
bubble.
The relevant mechanisms we are considering are:

Radius change

Position change (vertically)

Mass transfer
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Non - Dimensional Model Equations

Rayleigh - Plesset
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First Results

0 100 200 300 400 500 600
time

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

st
a
te

Figure: Stable bubble radius. Red line is relative distance from surface in
z and blue line is the relative bubble radius.
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Some Problems

Characteristic Values

R̄ = 5µm, v̄ = u∞ = 5.5× 10−3ms−1, ρ̄ = ρ`

We have two (at least) time scales in our system
e.g. ĝ ∼ O(1); γ̂ ∼ O(105)
This makes it difficult to capture the dynamics of the system.

We assume constant mass transfer.

Bubble oscillations (Minnaert frequency) are sensitive and
make the numerical scheme unstable.

Assume Ideal Gas Law holds.

Assume Stokes’ Law holds
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Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Future Research

Fundamental Studies:

Incorporate impurities in both the gas and the liquid.

Include thermal effects on the dynamics of the bubble — i.e.
heat transfer.

Consider the phase and flow as anisotropic.

Integrate this model with other groups’ population
balance/coalescence/fragmentation models.

Applications:

Waste water treatment.

Cleaning processes — e.g. medical devices.

Food processing.



Context Our Approach Future Work

Research Outline
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