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USim: Advanced Fluid, Plasma and

X Electromagnetic Modeling on Unstructured
Meshes

Plasma

Accelerators
* Supports hydrodynamics, ﬂ

magnetohydrodynamics, Hall
magnetohydrodynamics, two-fluid
plasmas, Navier-Stokes and Maxwell's - = ™  Scram Jet Design

equations
* Includes multi-species, multi- _ -

temperature versions of fluid models <%

Plasma Liner
Experiment

Instabilities

Re-Entry Vehicles




. USim: Advanced Fluid, Plasma and
Electromagnetic Modeling on Unstructured
Meshes

DB: 8jetB-half_22.h5

The USim advantage: Plasma
Accelerators

* All physics models can be solved on
structured, body fitted and
unstructured meshes in multi-
dimensions

* Cartesian, Spherical and Cylindrical
coordinate systems
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Instabilities

* Examples and documentation
included

Plasma Liner
Experiment

* USimComposer allows simulation
setup, execution, and visualization in
one application

* Works for:

* single and multi-core systems

* Windows, MacOS and Linux
operating systems

Re-Entry Vehicles




x Packages oriented towards specific
problem areas

. USim
gél!gc')‘mcs HIG§ ENERGY
DENSITY PLASMAS




x USimBase: A great solution for
learning about fluid dynamics

« USimBase enables users to learn fluid
dynamics from a computational perspective

* Easy to use interfaces to classic fluid
dynamics problem enables exploration of
physics of classic fluid instabilities and shock
formation

* Single parameters allow switching of
dimensionality and fluid model

* Complete picture of the input file enables
users to learn how to use USim for more
complex problems

™ ‘ Multi-dimensional shocks
! i over simple geometries




& USim for Hypersonics: The only commercial
x solution for modeling hypersonic flight!

* USim for Hypersonics allows users to simulate
high mach number flows in engineering time

* Fluid algorithms for capturing the multi-species
dynamics needed for hypersonic flight

* All of the features of USim Base plus...
* Accelerated Navier-Stokes with anisotropic
coefficients
* Accelerated Reaction Chemistry
* Multi temperature compressible flow
* Multiple Species
* Real Gas Equation of State
* General Equation of State

U Simuyperso

Hypersonic flow with
accelerated Navier Stokes

and

Spacecraft
Re-Entry

chemistr

NICS




& USim for High Energy Density Plasmas:
x Extreme algorithms for extreme regimes!

* USim for HEDP enables the study of plasmas at
the extremes of temperature and pressure in
experimental geometries

Magnetic Reconnection

* Fluid algorithms for capturing electron and ion
dynamics, with advanced coupling to
electromagnetic fields

* All of the features of USim Base plus...
* Gas dynamic magnetohydrodynamics
* Separate densities, velocities and (anisotropic
temperatures for ion and electrons
* Full Maxwell’s equations
* General equation of state

USi

Plasma
Accelerators

HIGH ENERGY
DENSITY PLASMAS




x USimComposer: A Single Interface for Simulation
Design, Execution and Visualization

N New from Template
Available Templates Description

M NS|m§ase: Examples demonstrating the basic... Classic Kelvin Helmholtz Instability prolem, see
SRS S Frank et al., Ap) 460, 777 (1996)
Flow over a forward facing step
Kelvin Helmholtz Instability
MHD Ramp Flow
Rayleigh Taylor Instability
Sod Shock Tube
Unstable plasma z-pinch
v NSimHEDP: Examples demonstrating high en...
Dense Plasma Focus
CEM challenge
Magnetic nozzle example
Merging plasma jets
v NSimMF: Examples demonstrating multifluid ...
Flow over cylindrical rod
Supersonic cross flow over cylinder
Blunt body reenty

* Each USim package (Base, Hypersonics and HEDP) has a range of examples available
* USimComposer provides:

* Key parameter interface for simulation control

* Built-in validation of simulation design

* Visualization and analysis of simulation data




x USimComposer: A Single Interface for Simulation
Design, Execution and Visualization

Navigation e —————————————————————————————————————

_Runspace Files
A N O 3D ¥ | ViewlinputFile v Save And Process Setup
JUsers/krb3u/Documents/txcorp/Nau . -
tilusComposer1.0/runs/khinstability © khinstability.in
[ tiename _ size___last] Demonstration of the i i
- growth of a single Kelvin Helmholtz mode,

& khinstability.in 41Kb  Wec gasGamma |1.4 using periodic boundary conditions in the x-direction, and reflecting

o) khinstability.png 114Kb Wec walls in the y-direction. A finite width shear layer is used to ensure

=] khinstability.pre 7Kb Wec vFlow 0.5 results converge at finite resolution. Results can be compared with

) khinstabilityVars.py 9206 Wec those produced by the Athena code at

shearLayerWidth [0.05 http://trac.princeton.edu/Athena/

perturbAmp 0.01
perturbWidth 0.2
xLength 1.0
ylength 1.0
xZones 64
yZones 64

CFL 0.4

tFinal 5.0

nFrame 10

‘. ’
© Find/Replace © Results |

All Files
v Smart Grouping

Starting runspace setup.

Creating input file.

Preprocessing completed successfully.
Proceed to run window.

* Each USim package (Base, Hypersonics and HEDP) has a range of examples available
* USimComposer provides:

* Key parameter interface for simulation control

* Built-in validation of simulation design

* Visualization and analysis of simulation data




x USimComposer: A Single Interface for Simulation
Design, Execution and Visualization
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* Each USim package (Base, Hypersonics and HEDP) has a range of examples available
* USimComposer provides:

* Key parameter interface for simulation control

* Built-in validation of simulation design

* Visualization and analysis of simulation data
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Features of USIm

* Ability to simulate spacecraft radio communications
blackout in three-dimensions from first principles

* Ability to simulate arc plasma torches on
axisymmetric unstructured meshes
: Fast 3d
* Fast parallel parsing of 3D unstructured meshes
. . unstructured
using the open-standard Exodusll file format from meshes

Sandia National Labs x

* Supported meshing formats of Exodusll and Gmsh

Electrons (m3)
136420 |

6.80+18 \

(‘.

* Three-dimensional Poisson solvers that can handle
linear, non-linear and anisotropic coefficients

360417 |
1.9e+16 »
1.0e+15 |

* Two-equation turbulence models for unstructured
meshes

* Improved algorithms for
magnetohydrodynamics, species collisions, ablation
and user defined chemistry tables

¥
Plasma
torches

Radio blackout of

reentry vehicle




X Meshing Capabilities
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* USim users have a variety of meshing options: _ "fﬁégéct’urtefvcs'msoft

QU NEHER P 9090089 cadolu00 cx G

. fitted mesh n S 'w_'“ : USim reads
Structured and I?oc.ly fltte. eshes can be : (’— " meshes
generated by built in routines / . generated

. 331 by Trelis

* Meshes can be generated using the open- _ / — Yf,.om

source Gmsh tool and read into Usim * T - T csimsoft

* Meshes can be generated using
commercially available software such as
Trelis and Pointwise to export the
Exodusll format and read into USim USim utilizes

Exodusll
format meshes
and boundary

data
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