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Rocstar Simulation Suite Architecture
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Rocstar Multiphysics

Two or more 3D physical domains abut at
a common interface.

m The domains do not overlap

0 Th? geometry of the interface is a 2D
surfdce in space

The d /deform but the
" J05P0iin gy moveldeform but they A
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Rocstar Multiphysics

The two domains have differing physical
character and interact at the interface.
m Mass, momentum, energy and charge
are conserved in the Interactions across

the interface
Y

m Some physical quantities of interest
“lump” at’the interface (e.g. density). . 00
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Rocstar Multiphysics

The interface may have physics of its own.

] Trhe intﬁrface (fould be reactive with a combustion or
other chemical process

m The interface could propagate or move due to some
process

m  Goal: Simulate two or. more ghﬁ/ sical dotmalns which
interact across a moving, reacting inter

!
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Rocstar Multiphysics

Each domain is simulated numerically by
methods observing the respective physics.

®m Rocstar implement artitioned approach wherein each
domaiarl] IS ﬁmmateg Byp a d’eglrg:atedo go?ver
® Rocstar solvers are indeﬁend ntly developed and can
stan OIalone as simulation applications in their own
regar ' \") ,9
®m Rocstar uses staggered stepping (i.e. stepping is
centra ysyncﬁroﬂ?zeg) pping ( PpPIng 0 OQ,
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Rocstar Multiphysics

Partitioned and staggered: stepping and
Interactions are centrally synchronized

= Fluids domain steps and calculates
pressure loads the interface
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Rocstar Multiphysics

g

Partitioned and staggered: stepping and
Interactions are centrally synchronized

= Fluids domain steps and calculates
pressure loads on the interface

= The loads are then passed to the
structures domain
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Rocstar Multiphysics

Partitioned and staggered: stepping and
Interactions are centrally synchronized

m The structures domain steps and
calculates the deformation and
Interface velocities
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Rocstar Multiphysics

Displacement
Velocities

Partitioned and staggered: stepping and
Interactions are centrally synchronized

= The structures domain steps and

calculates the deformation and
interface velocities 9
VA"

m Interface motion sent to fluids domain (3

W L A
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Rocstar Multiphysics

>

Partitioned and staggered: stepping and
Interactions are centrally synchronized

= The process Is repeated to step the
simulation through time
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Rocstar Multiphysics

Each domain is decomposed into partitions

to be distributed among processors.

N Rogstar’s.solvers implement their own parallelism
and partitioning

® In general, the partitioning is disparate across the
cpo%ams P g P

® |n this exam |e, 72 qu|i1d g.artitions + 18 structures
partitions implies 72 physical processors

W S
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Rocstar Multiphysics
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The domains and shared interface are

discretized by each solver application.

N Rocstar’fc, solvers each have their ézwn mesh (i.e,
non-conformal between interface discretizations).

] acQ solver marches through time accordingto
the dom ( re

in-specific physics (i.e. time steps
ISparate). P Phy P . \f,) ,5)
m Getting the interface data tranpsfer right.is essential
%r acguracy an stablﬁ‘ty of tpue S|mglat|on. \\Qo O(:S‘f
| © 2012 lllinoisRocstar LLC See cover sheet for distribution restrictions. \\A'A?/'




14

Rocstar Multiphysics

The interface is reactive. It catches on fire,
Injects materials, and propagates (burns).

= Combustion depends on solutions and
geometry of other domains

m Both geometries change drastically
(propellant burns away completely!)
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Rocstar Multiphysics

Processor

] SN
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Each computer processor has one or more
partitions of one or more solver’s domain.
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Rocstar Multiphysics

Processor 0
e

Processor 1 q | e
e | neonnccn:
Processor 2 ﬂ | | Drococenr
e i_ P
Processor 3
—— Processor 71

P—4o ﬁﬁ o e ﬁ

Each computer processor has one or more
partitions of one or more solver’s domain.

m The geometry and data of each domain is spread
out among all the processors in the simulation.

m Not all processors have a piece of all domains '\‘; ,5)
m Not all processors have interface data VA
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Rocstar Multiphysics

Processor

(crDsover
)

CSM Solver

o

A simulation processor may have an
Instance of each solver, its domain, and

Interface.
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Processor

(crDsover
)

CSM Solver

.

2

There must be a control flow manager for
synchronous stepping, to handle some
jump conditions, unit conversions.
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Orchestrator

Processor

(crpsoher ) -

e

~
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e

A _ :
Accurate, conservative data mapping

across the interface and processor-
geometry mapping is required.

90
0 OQ*
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Rocstar Multiphysics

Processor

Orchestrator

Data Transfer and Mapping '

CSM Solver

o

To handle the burning, we need a

combustion solver capable of operating on
geometry and data from other solvers and
their domains.
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Rocstar Multiphysics

Orchestrator Data Transfer and Mapping '

Processor

CSM Solver

¥

We need sophisticated surface propagation
capabilities to handle the interface motion
due to burning.

90
0 0(:?
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Rocstar Multiphysics

Processor

Surface Propagation ’

Orchestrator

Data Transfer and Mapping '

CSM Solver

¥

Mesh modification will be required for
handling the extreme changes in geometry
due to burning and deformations.
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Rocstar Multiphysics

Orchestrator Data Transfer and Mapping '

Processor

Surface Propagation ’

Mesh Modification '

CSM Solver
— fomsimn—J~ [

Finally, all the pieces have to interact in an
efficient manner, sharing data, methods,
and working together to simulate the
complete system.
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24

Rocstar Process :
Orchestration

Fluid Dynamics

Surface Propagation

Combustion Mesh Modification

Integration
Interface

Solid Mechanics

Solution Transfer

The integration interface provides the
mechanisms by which applications can
publish and access methods and data. This

Is the “glue” of the Rocstar multiphysics
simulation.
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Rocstar Simulation Suite Architecture
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