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Why Study Radioactive Aerosols?

—/

‘Evaluating the fate of these particles after their emission

Modelling is full of assumptions such as: spherical Reducin
particles; absence of collision and coalescence
mechanics; and the absence of electric fields.
Consolidating, cataloguing, and combining data and
techniques from various industries and disciplines may
lead to a new understanding of the microphysics of
radioactive aerosols in wall-bounded turbulent flow, and
allow for new large-scale correlations to be discovered.

and ap

of nuclear decommissioning
activities by allowing safe
exposure times, distances,

shielding to be predicted.

is one of the... key issues for these dismantling operations’

Dr. Thomas Gelain, Institut De Radioprotection Et De Stireté Nucléaire (IRSN)®

g the inherent risks Assisting the use of robotic

and Al technologies to solve
challenges faced by the
nuclear industry; for
example, identifying
radioactive ‘hot spots’
where human access may
be impossible.

propriate levels of

Fig. 1. In April 2022, the robot Lyra completed a survey of
a 140m long radioactive ventilation duct below a disused
laboratory at the Dounreay nuclear complex®.
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Objectives

Create a small-scale Lagrangian model of the transport, deposition mechanics, and coupled physics of
individual radioactive particles in wall-bounded turbulent flow.

Create a large-scale Eulerian model of the transport and deposition mechanics of a concentration of
radioactive particles undergoing wall-bounded turbulent flow.

. Apply reduced order modelling to the large-scale Eulerian model to decrease its’ computational cost.
. Validate approaches used to reduce computational cost across the stages of the project as modelling
takes place.
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Methodology

C ional Fluid Dy
Computational Fluid Dynamics (CFD) provides a virtual laboratory in which problems involving fluid flows
(e.g. aerosols transported through air) are solved using numerical analysis and data structures.
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Lagrangian Modelling!

In the Lagrangian approach, the equations of motion of each individual particle are solved by the addition of
du

all of the forces acting upon the particle, according to Newton’s 2" Law, ) F = m-
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Fig.2. Adapted from Gu et al. A. An example of a computational domain used to model wall-bounded turbulent flow.
B. The simulated distribution of particles in the x-y plane at t=0, 10, and 20s respectively3.

Methodology (Cont.)

Eulerian Modelling®
In the Eulerian approach, the particulate mass conservation equation is solved, as opposed to solving
equations of motion for individual particles. This can be expressed as the Aerosol General Dynamic Equation
(ADGE).

The Aerosol General Dynamic Equation?
The aerosol general dynamic equation describes the conservation of particulate mass and is given by
Rate of _ Transfer of Rate of
[{Change in dV} - ”{ n; into dV } i {Generation in dV}'
where n; is the concentration of all aerosol particle n of species i in volume dV.

Reduced Order Modelling?-1*

By reducing the degrees of freedom found within the original model, we can reduce the computational
complexity of mathematical models. In this way, an approximation to the original (‘full-order’) model is
created.

Numerous approaches have been used in other fields of study, such as in the modelling of coal and of
haemodynamics, which could be adapted to this context, such as using look up tables to store key values,
employing structured-tree models, and director theory.
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Fig.4. Adapted from Guichard and Belut. The computed local deposition
rate of the CuO aerosol, given as an example of the desired use of CFD to
identify the ‘hot spots’ of radioactive aerosol deposition?3.

Fig.3. A schematic representation of a balance law in
avolumedV 2,
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How Will | Study Radioactive Aerosols?

Objectives

* The phenomena to be studied are of a multi-scale nature. The
periods of time and dimensions of space to study within the
remit of this project range from seconds to hours, and the size of
models to be produced may vary from centimetres through
metres to kilometres of pipe networks.
Modelling the wide range of morphologies of radioactive
aerosols and their varying size, volume, surface area, and mass
distributions will prove challenging.

Radioactive aerosols are often modelled as spheres of
equivalent: surface area; volume; mass; or other parameters.
Determining which equivalent sphere models have been used in
comparing models to experimental evidence by whom, and why,
will be a key outcome of the literature review.

Literature Microscale
Review Modelling

Responsib

The nuclear industry operates on lon,
knowledge produced may be
Unintended applications of radioacti

Proposed Timeline of Research

Computational modelling of the cardiovascular system has been integrated into
products for the clinical market. The feasibility and likelihood of this project
leading to a commercial product or service is unknown at this stage of the project.
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g time scales; if the project is successful, the
in use or development for decades.

ive aerosol modelling may be used to cause
harm.
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