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Overture is toolkit for solving partial di erential

structured, overlapping and hybrid grids.

Key features:

equations on

providesa high level C++ interface for rapid prototyping of PDE solvers.

built upon optimized C and fortran kernels.
providesa library of nite-di erence operatars: conservativeand non-conservative,

2nd, 4th, 6th and 8th order accurate approximations.
support for moving grids.
support for block structured adaptive meshre nement (AMR).
extensivegrid generationcapabilities.

CAD xup tools (for CAD from IGES les).

interactive graphicsand data basesupport (HDF).

PDE solversbuilt upon Overture include: (*new* for version22)
cgins: incompressibleNavier-Stoles with heat transfer.
cgcns: compressibleNavier-Stoles, reactive Euler equations.
cgmp: multi-physics solver.
cgmx: time domain Maxwell's equationssolver.
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Sample2D overlappinggrids
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Solutionscoupledby interpolation

Sample3D overlappinggrids




Samplehylrid grids

Componentsof an OverlappingGrid
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Overture supports a high-level C++ interface (but is built
mainly upon Fortran kernels):

Solveu; + auy + buy = (Uxx + Uyy)

/[ create a composite grid
getFromADataBaseFile(cg,"myGrid.hdf");
/I create a grid function
u=1.;
/I operators
u.setOperators(op);
float t=0, dt=.005, a=1., b=1., nu=.1;
for( int step=0; step<l100; step++ )
f
u+=dt*( -a*u.x()-b*u.y()+nu*(u.xx()+u.yy()) ); /I forward Euler
t+=dt;
u.interpolate();
u.applyBoundaryCondition(0,dirichlet,allBoundaries,0.);
u.finishBoundaryConditions();
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Current Projects with Overture
} Support for multi-physics problems, for example:

incompressible uid o w coupled to solid heat transfer

compressible uid o w coupled to solid mechanics
Electromagnetics:time dependent Maxwell's equations.
Parallel adaptive meshre nement and parallel overlappinggrid generation.
Parallel multigrid algarithms for overlappinggrids.
High speedreactive o w with moving grids and AMR (Don Schwendeman(RPI))
Compessiblemultiphase o ws (Don Schwendeman(RPI))
Compessiblemulti-material ows (Je Banks (SNL))
Compessibleaxisymmetric o w with swirl (Kyle Chand)
Compessible o w with ice formation (GraemelLeese,U. Camlridge).

Einstein eld equations(Philip Blakely, U. Camlridge)

B R e s

Flow on the surfaceof the eye (Kara Maki, U. Delaware).
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4 CAD to Meshto Solutionwith Overture )

Global triangulation
Cad xup

T

Overlapping grid

\ Incompressible o w. y

(" Multigrid solutionto Poisson'sequation,5.4 million grid points )
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New adaptive MG for overlappinggrids.

In compaison to Krylov solversmultigrid is an

Relative CPU

biCG-stab

o | order of magnitude faster and usesan order of
magnitude lessstorage
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Incompessibleo w computationswith cgins.
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A Parallel 4th-order accurate solver for the time-dep endent Maxwell equations

Scattering of a plane wave by a cylinder. Top: scattered eld Ex, Ey and H; for ka = 1=2.
Bottom: scattered eld Ex, Ey and H; for ka = 5=2

~

J




ST

9T

-

Performance of overlapping grid codes can approach that

of Cartesian grid codes.

CPU time distribution

100} Il Advance (Cartesian) H
Il Advance (curvilinear)

90l I Boundary Conditions ||
I Interpolation

80k [ Other ||

701

60 Cartesian grid Fortran kernel 1
50

40

Percentage of total CPU

30

20

10

Performance of the Maxwell solver (serial).

Two-dimensions,3.8 million grid-points.
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Block Structured Adaptive Mesh Re nement and Overlapping Grids

Re nement patchesare generatedin the parameter spaceof each

component grid (basegrid).

Re nement patchesare organizedin a hierarchy of re nement levels

Error estimatars determine wherere nement is needed.

AMR grid generation(Berger-Rigoutsosalgaithm) builds re nement patchesbased
on the error estimate.

re nement grids may interpolate from re nement grids of di erent basegrids.

The key issueis e ciency .
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CPU time distribution
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performance on two detonation problems.
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Moving Overlapping Grids

\ Moving valves (INS)

Falling cylinders (INS)

} Boundary tted component grids are usedto discretize each moving body.

} Grids move at eachtime step accarding to some governing equations.

} Overlapping connectivity information is updated by Ogen (interp olation points,
discretization points, unused points).

} Solution valuesat exposed points are interpolated at previous time levels.

} Issue: Detection and treatment of collisions { elastic/in-elastic collisions

} Issue: Bodiesthat get very close{ how should the grids interpolate

Rotating body (INS)
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Moving geometry and AMR

adaptivemeshre nement

moving grids”

A shock hitting a collection of cylinders (density).

moving grids

Falling cylinders in an incompressible o w
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Mo deling Deforming Geometry with Overlapping Grids

/

surfacedefams over time.
L~

Streamlines of a compressible o w around a deforming boundary.

The model for distributed parallel computing in Overture

}
}
}

Gridscan be distributed acrossone or more processoes.
Distributed parallel arrays usingP++ (K. Brislavn, B. Miller, D. Quinlan)

P++ usesMultiblock PARTI (A. SussmanG. Agrawal, J. Saltz) for block
structured communicationwith MPI (ghost bounday updates, copies
betweendi erent distributed arrays)

A special parallel overlappinggrid interpolation routine is usedfor overlapping
grid interpolation.
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Parallel scaling of the Maxwell solver

MX Parallel Speedup, cic5.order4, MCR Linux cluster
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Solving the Euler equations, parallel results

OverBlown Parallel Speedup, cic7e, MCR Linux cluster
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Figure 1: Left: the computation of a shack hitting a cylinder (density). Right:
parallel speedupfor this problem, keepingthe problem size xed (4 Million grid

\points), on a linux cluster (Xeon processes). )
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Figure2: Left: impulsivelystarted cylinderin an incompressible o w (vorticity). Right:
parallel speedupkeepingthe problem size xed (4 Million grid points), on a linux cluster
(Xeon processeos). The pressureequation is solvedwith algelraic multigrid (Hypre).
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Incompressible Navier-Stok es, parallel results
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Parallel Adaptive Mesh Re nement on Overlapping Grids

A shock hitting a sphere.
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Multi-Physicsand Multi-Material Applications

PhysicsDomain 1 (inside)

PhysicsDomain 2 (outside)

An overlappinggrid for a lattice of cylindersmodelinga photonic bad gap device
(Maxwell's equations)or a heat exchanger( uid- o w solid-heattransfer).
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Subassembly Grids for Pins with Wire Wraps

_ _ 37 Pin subassembly
fuel pin  uid channel wire wrap

overlappinggrid
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Subassembly Thermal-Hydraulics Flow )
ow
uid in channel heatedfuel pin
uid-solid conjugateheat transfer T-H ow, 7 pinswith wires




