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Individual Component Modelling
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e Engineering simulations currently tend
to focus on individual components

o The example on the right
demonstrates a Hypervapotron

o Thermo-mechanical analysis

e Used to investigate potential failure
mechanisms

Vonmises Stress
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e Individual component analysis has shortcomings

o Reliance on accurate boundary conditions to define the operating conditions
e What is stopping us from scaling up to larger scale integrated models?
o HPC Resource? ¥

m \We have access to the hardware required

o Availability of scalable numerical analysis tools? &

m Scalable finite element tools exist

o Suitable analysis ready geometry?
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Available Geometry

e Don’t you have well maintained CAD
of your reactors?
o Yes!
o But CAD has different purposes

m Detailed drawings to hand over to
manufacturers

m Visualisation for presentational purposes
m Simulation and analysis
e The available CAD is not analysis ready
o Too detailed
o Overlapping
o Not meshable
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What makes CAD Analysis Ready?
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e Analysis ready geometry is ...

o Detailed but not too detailed

m ‘| thought you said HPC enables large
scale sims?”

o Suitably imprinted and merged
o Tractable by meshing software
o Has no/ limited overlaps

m To avoid losing particles in Monte Carlo
particles transport codes
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Imprinting and Merging

e Simulating every screw, bolt and piece of blu-tac is currently infeasible
o Would require an currently infeasible level of fidelity
o We must make some approximations

e Shared surfaces between components are bonded together

e Mesh elements must conform across component boundaries
o Ensure field values are continuous across components
o We achieve this by “imprinting” and “merging”
o Forcing volumes to share like topology

e \We use Coreform Cubit [1] for this task
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Imprinting and Merging
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o J

Geometry composed of two cuboids stacked on top of each other.
Not yet imprinted, no shared topology.
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Imprinting and Merging
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Geometry composed of two cuboids stacked on top of each other.
Not yet imprinted, no shared topology.
The resulting mesh is not conforming, field values will not
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Imprinting and Merging
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Geometry after imprinting/ merging shares topology.
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Imprinting and Merging
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Geometry after imprinting/ merging shares topology.
Mesh is conformal.
Unfortunately not easy for all geometry...
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Simulation Ready Tokamak Model .
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e To get to an analysis ready geometry of a tokamak
o a) De-feature high fidelity CAD

o b) Up-feature lower fidelity CAD
e \We go with option b

o We did not have access to the original CAD files

m Only JT visualisation

o De-featuring the full CAD would be extremely time consuming

o No guarantee the end result is non-overlapping and meshable
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Starting Point

e MAST-U geometry previously used
for neutronics analysis

o (Good starting point, no overlaps
e Lots of floating geometry

o Gravity not necessary for
neutronics simulations

o Need to model the missing parts
and implement them
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Implementing Parts
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Final CAD Model Details Ui
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e The final MAST-U model contains
o 3938 volumes

o ~8000 imprinted and merged
surfaces

e Total mass = 96,214 kg
o Real MAST-U = 100,000 kg

o Neutronics model mass =
32,502 kg

o Significantly closer to the real
device!
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e To determine the necessary mesh
resolution we carried out a mesh
convergence study

oo
O
1

o Used a de-featured version of the
mesh

~J
o1
|

~J
o
1

o Resolve the maximum values of Von
Mises stress

o Globally refine all parts of the mesh

®)!
-
1

e Using the globally refined mesh, we identify

Maximum von Mises Stress [MPa]
@)
&)

. o
areas of high stress 29 II ® Global Refinement
o Use local refinement in these regions 50 A 3 m Local Refinement
: .. —-—== Power Law
o Produce a mesh with efficient DOF , , , , , | ,
usage 00 05 10 15 20 25 3.0

_ Degrees of Freedom 1e8
o Reduces computational burden
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Mesh Quality
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Final Mesh
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e The mesh was generated using
Coreform Cubit

e The final mesh contains
o 3938 volumes

o 127 million finite elements

m 1st order tetrahedra

e Preliminary neutronics analysis
shows no lost particles

o No overlaps
e 3 material blocks

o Steel, copper and graphite
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Simulation Environment

e QOur chosen simulation tool of
choose is MOOSE [2]

o CPP based finite element
framework

o Bundled with numerous validated
physics modules

o Scalable

m Shown to scale up to 32,000
cores [2]
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Gravitational Simulations
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e Steady state solve with model
displacing due to its own weight

e Maximum displacement of = 1 mm
o Unfortunately there is a lack of real
world data
o Approximate measurements of the
deflection in the real tokamak are
In the region of 2-3 mm

e 14 Sapphire Rapids nodes

o 336 MPI Tasks
m 12 MPI tasks per socket to
optimise for memory bandwidth
o Solve time : 3297.71 s / 55 minutes

S displacement magnitude (m =
j0-02+00 0.0005 1.0e-03

L —— 1
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Von-Mises Stress
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density of stress [MPa™!]

* gravity

lﬂ_lﬂ T - el
= atmosph. pressure .

von Mises (MPa)
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Vacuum Conditions O i
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max principal stress (MPa)
0.0e+00 2 4 6 8

von Mises stress (MPa)
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Frequency Domain Simulations
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Takeaways + Future Work
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e CAD is a big blocker
o Model preparation took up the majority of the time required to do this work
o The HPC resource and software capability is there

e \Where do we go from here?
o These results are unlikely to be used to make any design decisions for MAST -
U
e Now that we have a model, we can use it to show off our multi-physics

framework

o We can dive into other physics

m Neutronics

e Feed irradiation induced material damage models in the solid mechanics simulations?
m Electromagnetics
m Transient simulations
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