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Introduction

Antony Jameson >

NVIDIA.

i, A Revolutionized CFD in aeronautics

Solution to full potential equation,
efficient multkgrid methods, shock
capturing for transonic flows, control
theory for shape optimization

> A Lead developer of FLO and SYN code
used throughout the aerospace
iIndustry

A Over 400 scientific papers

A Multiple honorary awards

A Trademark: Fast codes
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Introduction

SD++ >

NVIDIA.

A 2D/3D compressible viscous flow solver

A Mixed grids of quadrilaterals and triangles in 2D and hexahedra,
prisms andetrahedrain 3D

A Arbitrary order of accuracy

A Solver can run on multiple CPUs
or GPUSC++CudaMPl)
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Introduction

Talk Overview

NVIDIA.

I Why are they useful?

A Part 2: Flux Reconstruction Method for tNevierStokes equations
I Algorithm detalls
i2Ké AlQa BPUB22R FTAO T2NJ

A Part 3: GPU Implementation Details
I SingleGPU: Efficient use of GPU memory hierarchy
I Multi-GPU : How to obtain good scalability

A Part 4: Performance analysis and Applications
I Performance on a single GPU
I Strong and weak scaling study
I HowGPUssnable previously intractable fluid flow simulations
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Unstructured HigHOrder Methods

Unstructured HigFOrder Methods =

NVIDIA.

A What doeshigh-order mean?

A Loworder methods:
I Order of accuracy is 1 or 2 (Error is of order orderh?)
I Robust and simple to implement
I Dissipative

A Highorder methods:
I Order of accuracy is > 2
I Not as mature as loverder methods
I More work per DOF
I Required for applications where accuracy requirement is high
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Unstructured HigHOrder Methods

Unstructured HigkOrder Methods
A Why do we need higlrder methods?

A

NVIDIA.

Error level for RANS simulations

Error

LowOrderMethod

Error level for acoustic wave
propagation

Cost
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Unstructured HigFOrder Methods

Unstructured HigkOrder Methods &

NVIDIA.

A Why is higkorder useful?

2nd ordeT (25,600 DOFs) 4th order (25,600 DOFs)
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Unstructured HigFOrder Methods
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Unstructured HigFOrder Methods

Unstructured HigkOrder Methods &

NVIDIA.

A Why is higkorder useful?
2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t=20 t=20

Patrice Castonguay and Antony Jameson | Aerospace Computing Lab | Stanford University 12



Unstructured HigFOrder Methods

Unstructured HigkOrder Methods &

NVIDIA.

A Why is higkorder useful?
2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t=40 t =40
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Unstructured HigFOrder Methods

Unstructured HigkOrder Methods &

NVIDIA.

A Why is higkorder useful?
2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t =60 t=60
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