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Motivation

There will not be sufficient experimental data by 
2040 to fully qualify components for next-generation 
fusion reactors!

Engineers must have scalable multiphysics simulation 
tools to enable them to substantively assess and de-risk 
complex component and reactor designs in silico.

We need multiphysics simulation tools capable of 
modelling a range of fusion use cases, spanning both 
time and frequency domains.

https://news.mit.edu/2021/MIT-CFS-major-advance-toward-fusion-energy-0908

Khodak A et al. 2018 Fusion Engineering and Design 
137 124-129

CHIMERA CSUT
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UKAEA Advanced Engineering Simulation Group

4

AURORA 
 Radiation transport + 

thermo-mechanics

Astrea / Hippo
OpenFOAM 

adaptor

Hephaestus
MFEM EM Library

Apollo
Electromagnetism

MFEM adaptor

Proteus
Turbulent Fluids

MHD

Achlys
Hydrogen ion 

transport

Part of UKAEA’s Computing Division - interdisciplinary 
group with ~20 people (and growing!)

● Number of open-source applications in the MOOSE 
ecosystem under development - available at 
https://github.com/aurora-multiphysics

● Coupling to a range of external tools (OpenFOAM, 
NekRS, OpenMC…)

● Aim to provide tools to enable engineers to run 
actionable simulations of fusion-relevant problems 
on complex geometries

https://github.com/aurora-multiphysics


| OFFICIAL  |   Platypus: An Open-Source Application for MFEM… in the MOOSE Framework |  A. I. Blair et al.  | MFEM Comm. Workshop  | 23 Oct 2024

What is MOOSE?
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● Open source parallel FE framework from INL

● Active, large user community 
(repository starred by >1.7k users on GitHub)

● Wide range of existing validated physics 
modules

● Simple user interface for problem definition 

● Demonstrated scalability on tens of thousands 
of CPU cores 
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LibMesh Limitations
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However - MOOSE’s underlying FE library libMesh has a number 
of limitations compared to MFEM:

● Limited support for H(curl) and H(div) conforming vector FE 
types (e.g. Dirichlet BCs for ND1 and RT FEs not supported)

● Performant preconditioners for EM diffusion problems in 
H(curl) (eg. HypreAMS) require additional fine-grid orientation 
information at setup not yet available from MOOSE

● No GPU support
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HIVE Digital Twin Development
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Some success writing (and wrapping) an MFEM EM solver library 
for use with MOOSE - Apollo/Hephaestus
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Platypus
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https://aurora-multiphysics.github.io/platypus/ 

https://aurora-multiphysics.github.io/platypus/
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Diffusion Example
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Platypus Native MOOSE

Diffusion Example – Mesh & FE Variables
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● MFEMProblem Problem type used to set 
up and solve FE problem using MFEM 
rather than libMesh

● MFEMVariable sets up an 
mfem::GridFunction; allows use of 
MFEM’s FE types and orders.
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Platypus Native MOOSE

Diffusion Example – Materials & Kernels
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● MFEMMaterial types add 
(piecewise) coefficients to the 
problem on mesh subdomains, 
representing material properties. 

● MFEMKernels add domain 
integrators to the weak form.
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Platypus Native MOOSE

Diffusion Example – Boundary Conditions
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● MFEMCoefficients can also be 
added directly as needed 

● MFEMBoundaryConditions 
either add boundary integrators to 
the weak form (for integrated 
BCs) or set essential BCs.
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Platypus Native MOOSE

Diffusion Example – Solver & Outputs
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● Available MFEM solvers –  
including from Hypre – can 
be set up and used directly

● Execution on CPU/GPU and 
MFEM assembly level 
controlled by the 
Executioner

● File export of results to 
mfem::DataCollections 
supported using MOOSE’s 
Outputs system.
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Diffusion Example – GPU Execution
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● Support for execution on GPU currently only for single variable steady state problems.
● Minimal overhead compared to native MFEM runs

Platypus

MFEM Example 1

1,349,545 DoFs
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Definite Maxwell Example
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Transient Example – Heat Conduction
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Upcoming – Mesh Updates
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● Support for mesh 
updates coming soon!

● Intended for AMR and 
transient mechanical 
problems

MFEM Example 2 run using Platypus 
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Upcoming – MOOSE/MFEM Transfers
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● MOOSE Transfers with MFEM 
problems in Platypus needed to 
facilitate interoperability with existing 
MOOSE modules.

● Handles the transfer of data from 
variables in one running MOOSE 
sub-app to another.

● libMesh to MFEM node orderings for 
GridFunctions/libMesh variables 
known from Apollo/Hephaestus.

https://mooseframework.inl.gov/syntax/MultiApps/
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Upcoming – Nonlinear Problems
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● Extension of Platypus’s 
EquationSystem to support 
mfem::NonlinearForm 
contributions to the weak form

● Exploration of using of Enzyme for 
AD is also planned

Von Mises Stresses on CHIMERA CSUT, A. Davis
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Summary

20

● We need new scalable tools to enable engineers to carry out actionable multiphysics 
simulations of reactor components in the fusion environment, to qualify and de-risk 
designs, where experimental data will be scant.

● We are developing Platypus to support this, enabling the solution of large-scale FE 
problems on CPU or GPU in the MOOSE FE framework using MFEM as the 
underlying FE backend.

● Initial support for solving single-variable steady or transient linear problems has been 
added – first formal release coming soon!

This work has been funded by the Fusion Futures Programme. As announced by the UK Government in October 2023, Fusion Futures aims to provide holistic support for the
development of the fusion sector.


