MOOSE: An Open Source
N Platform For Rapid Development
A of Multiphysics Simulation Tools

www.mooseframework.org

Derek Gaston

' J . Derek Gaston
| il - M

Idaho Nafionol® N S E @ I I I I r In:;:::: :?em

tcb{:{cm ' Technology



— | - |
- \lul_ Iafio National Loboratory |

The Core Team

< INL:
Cody Permann

David Andrs
John Peterson

Jason Miller
Andrew Slaughter

« MIT:
Derek Gaston

« Argonne National Laboratory
Dmitry Karpeyev

+ University of Texas, Austin
Roy



' —a
\m \daho Nationel Laboralary

MOOSE Minis Tomorrow

MS259/MS284
Parallel, Multiscale, Multiphysics Simulation Using MOOSE

Room 250 C



Outline

*MOOSE Overview
*Ease Of Use

* Parallel Capability
»Community

* Applications



MOOSE Overview
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Multiphysics Object Oriented Simulation Environment

- MOOSE is a finite-element, multiphysics
framework that simplifies the
development of numerical applications.

+ It provides a high-level interface to
sophisticated nonlinear solvers and
massively parallel computational
capability.

- Used to model thermomechanics,
neutronics, geomechanics, reactive
transport, microstructure, computational
fluid dynamics, and more every day!

- Open source and freely available at
mooseframework.org

- A complete platform for accelerating
computational science.
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Coupling

- Loose Coupling / Operator Split
Solve PDE1
Pass Data
Solve PDE2

Move To Next Timestep

Tight Coupling
. Solve PDE1
Pass Data
Solve PDE2
Pass Data
Return to 1 Until Convergence
Move To Next Timestep

Fully Coupled

Solve PDE1 and PDEZ2
simultaneously in one system

Move To Next Timestep

e --|--.-_
ationel Leboralory




G e n e r a l F’- n it e- E’ e m, ,H _. - o \iul dho Natonal Loborakey
+ 1D, 2D and 3D
User code agnostic of dimension
* Finite Element Based
Continuous and Discontinuous Galerkin (and Petrov Galerkin)
- Fully Coupled, Fully Implicit

* Unstructured Mesh
All shapes (Quads, Tris, Hexes, Tets, Pyramids, Wedges...)
Higher order geometry (curvilinear, etc.)
Reads and writes multiple formats

« Mesh Adaptivity

+ Hybrid Parallel
MPI + Threading
User code agnostic of parallelism
* High Order
User code agnostic of shape functions
p-Adaptivity
+ Built-in Postprocessing
Also interfaces with 3™ party pre/post processors

- And much more...
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Code Platform

+ Provides an object-oriented,
pluggable system for defining

all aspects of a simulation P hy 5 l C S

tool.
. Leverages multiple DOE and | SoMiMechme  Fud  ResctonBiffuson

university developed

scientific computational tools
~2 Million LOC! ‘ .

- Allows scientis;fs an{iI
engineers to efficiently -
develop state of the art 1 1 bMe S h
simulation capabilities.

| S ) Mesh . Finite Element Mathoa | trput / Dutput |
Maximize Science/$ * ] :

Solvers Interface
PETSc SNES Trilinos NOX



Application

Porosity

Velocity

Dirichlet

Flux

Vacuum

Heat

Fluid Flow Mechanics

Physics

Auxiliary Physics

Boundary Conditions
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Custom Interface
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Flexible Interfaces For Customization

- Actions - GeomSearch - Oversampling

- Auxiliary Kernels  + ICs  Postprocessors
+ Auxiliary Variables -+ Indicators - Preconditioners
- BCs - Kernels * Predictors

- Constraints - Markers - Splits

- Dampers - Materials - Timelntegrators
- DGKernels + Mesh - TimeSteppers

+ DiracKernels - MeshModfiers + Transfers

+ Executioners - MultiApps + UserObjects

- Functions - Qutputs - Variables
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Physics Modules

- MOOSE Ships with community developed physics modules to
accelerate development.

- Simple to extend and modify to fit your application.

- Some Examples:

Phase Field
+ Has become a whole framework by itself with its own training classes!

Tensor Mechanics

Heat Conduction

Multiphase flow through porous media (Richards Eq.)
Chemical Reactions

Navier Stokes

Contact



Methane saturation due to coal mining
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Physics Modules

- MOOSE Ships with community developed physics modules to
accelerate development.

- Simple to extend and modify to fit your application.

- Some Examples:
Phase Field

+ Has become a whole framework by itself with its own training classes!
Tensor Mechanics
Heat Conduction
Multiphase flow through porous media (Richards Eq.)
Chemical Reactions
Navier Stokes
Contact



Ease Of Use




Simplified Installation

« We provide installable
binaries for:

Mac OSX

- Ubuntu (14.x) / Mint 17
Ubuntu (12.x)
openSUSE 13.1

- Fedora Core 20
Fedora Core 21
Virtual Machine

Manual Installation
Instructions (Basic)

Linux Cluster




Graphical User Interface BN coto Notna oboron
(Peacock)




Parallel Capability
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Parallel Work Di

 User code agnostic of parallelism.
- MPI| used for coarse grained splitting.

 Threading used for on-node parallelism.
Can utilize: TBB, OpenMP or straight

Pthreads

+ Largest runs on over 100,000 processors
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All Features Implicitly Parallel

Time = 0.00 s

= -
0.00 0.25 0.50 0.75 1.00



All Features Implicitly Parallel

Time =644s

S |
0.00 0.25 . 0.50 0.75 1.00




Community




MooseFramework.or:
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Recent Blog Posts

Coloring output in
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Active Developer Community

Commits per Month
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i
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Automated Contribdtor Feedback
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Pull Request Centric Workflow

Pull Request Legend:
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More Information on Build System

- A. Slaughter, D. Gaston, J. Peterson, C. Permann, D. Andrs, and J.
Miller. Continuous Integration for Concurrent MOOSE Framework and
Application Development on GitHub. In Workshop On Sustainable
Software for Science: Practice and Experiences 2 (WSSSPE?2),
Supercomputing 2014

« http://figshare.com/articles/

Continuous_Integration_for Concurrent. MOOSE_Framework_and_Ap
plication_Development_on_GitHub/1112585
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Condor s | AN o Mo oo
(Argonne National Laboratory)

Condor (SciDAC): Simulates the behavior of super-conducting
materials with inclusions (e.q., particles, columnar defects) with the
goal of finding the optimal inclusion geometries that result in the
highest efficiency of the superconductor.

The model is a coupled system of PDEs — complex variable
Ginzburg-Landau equation, over-damped Maxwell's equation,
Poisson's equation, and temperature diffusion equation

Chaotic vortices should relax to a vertical arrangement that has a
hexagonal lattice xy-crass-section (Abrikosov lattice).

Particular challenges result from the need to resolve complex
inclusion geometries and the imposition of quasi-periodic
boundary conditions in the direction of the current

The so-callea
Abrikosoy lallice”
which eamed ANL s
Dr Abrikosov his
Nabel Prize
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Vulture: Multi-scale simulation of nuclear
fuel cladding deformation and failure

Visco Plastic Self Consistent (VPSC) model,
which accounts for crystallographic
mechanisms, interactions between grains and
coupling between growth and creep (radiation
and thermal).

Improved models for clad deformation
required for PCI and safety assessments.

Atomistic simulation for defect behavior,
including mobility and interaction with
dislocations.

Vulture successfully integrated into Peregrine

(BISON) and constitutive models include
creep, growth and plastic deformation of Zr-4.

Collaborators:
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MAMBA-BDM | ) | |
(Michael Short (MIT) for CASL)

MAMBA-BDM: 2D — 3D application describing CRUD growth in
PWRs.

The CRUD model is treated as a chemical deposition process in
an environment of coupled variable concentration, surface heat
flux adjacent to clad, and a complex fractal-based flow geometry.
MAMBA-BDM operates on the micro-scale, and direclly

incorporates DFT-based atomistic-scale thermodynamic
information on phase stability into its models, which are
subsequently fed up to a related macro-scale framework
(MAMEA).

Determines oxide deposition and boron concentrations lo predict
and help avoid CIPS and CILC

Collaborators:
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(Andrea Jokisari (Michigan) for CASL)
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J00 0 =200 WPe oo mees

CALPHAD-
based

energy
description

Nucleation of
new hydrides
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® Hyrax: Multi-physics simulation of

zirconium hydride precipitation and
growth
* CALPHAD-based Phase Field model wnich
caplures realistic energelics and
thermodynamics of the a-Zr / 8-hydrirde
svstem
* Linear Elastic Solid Mechanics mode! with
partial crystal mishil relaxation to account
for elastic and plastic effects

Predictive modeling of
hytdride microstructure
evolution

* Classical Nucleation Theory-based expliclt
nucleation aigonthm to caplure hydnde
nucleation behavior

* Collaborators:




Redback
(CSIRO Australia)

Chingatacarmamnt (/)
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® Redback: Capability that solves coupled
thermo-mechanical-chemical system
describing plate tectonics and earthquake
onset with the eventual goal of predicting
earthquakes.
* CSIRO is the Australian national science
agency.
* They're considering basing most of their
scientific simulation capabilities on MOOSE.
* To date they have developed two applications
— Mining impact on ground water
— Redback: Earthquake simulator
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Poulet T, M, Veveakis. K Regenauer-Lieb, and D A. Yuen (2014 Thermo-poro-
mechanics of chemicatly active creeping faulls: 3. The nole of serpentinile in episodic

tremor and slip sequences. and transition to chaos. J. Geophys. Res. Solid Earth, 119,
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Redback
(CSIRO Australia)

i o >
® Redback: Capability that solves coupled
thermo-mechanical-chemical system
describing plate tectonics and earthquake
onset with the eventual goal of predicting
earthquakes.
* CSIRO is the Australian national science
agency
* Theyre considenng basing mosl of their
scientific simulation capabililies an MOOSE
* To date they have developed Iwo applications
Mining impact on ground waler
— Redback: Earthquake simulator
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Modeling of Coupled Diffusion and Mineral Precipitation in

Porous Media with MOOSE-based Simulator RAT
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Free Workshops

+ Three to four FREE workshops per year

* Next week: Berkeley!
mooseframework.org for more information

* Next one in late spring in Idaho
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