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Antony Jameson

ÅRevolutionized CFD in aeronautics

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

ÅLead developer of FLO and SYN codes 
used throughout the aerospace 
industry

ÅOver 400 scientific papers

ÅMultiple honorary awards

ÅTrademark: Fast codes
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SD++

Å2D/3D compressible viscous flow solver

ÅMixed grids of quadrilaterals and triangles in 2D and hexahedra, 
prisms and tetrahedrain 3D

ÅArbitrary order of accuracy

ÅSolver can run on multiple CPUs

or GPUs(C++/Cuda/MPI)
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Talk Overview
ÅPart 1: Unstructured High-Order Methods
ïWhy are they useful?

ÅPart 2: Flux Reconstruction Method for the Navier-Stokes equations
ïAlgorithm details
ï²Ƙȅ ƛǘΩǎ ŀ ƎƻƻŘ Ŧƛǘ ŦƻǊ GPUs

ÅPart 3: GPU Implementation Details
ïSingle-GPU: Efficient use of GPU memory hierarchy
ïMulti-GPU : How to obtain good scalability

ÅPart 4: Performance analysis and Applications
ïPerformance on a single GPU
ïStrong and weak scaling study
ïHow GPUsenable  previously intractable fluid flow simulations
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Unstructured High-Order Methods

ÅWhat does high-order mean?

ÅLow-order methods:

ïOrder of accuracy is 1 or 2 (Error is of order h or order h2)

ïRobust and simple to implement

ïDissipative

ÅHigh-order methods:

ïOrder of accuracy is > 2

ïNot as mature as low-order methods

ïMore work per DOF

ïRequired for applications where accuracy requirement is high
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Unstructured High-Order Methods

ÅWhy do we need high-order methods?
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High-Order Method

Error level for RANS simulations

Error level for acoustic wave 
propagation
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 0 t = 0

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 1 t = 1

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 2 t = 2

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 3 t = 3

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 4 t = 4

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 5 t = 5

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 20 t = 20

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 40 t = 40

Unstructured High-Order Methods

ÅWhy is high-order useful?
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2nd order (25,600 DOFs) 4th order (25,600 DOFs)

t = 60 t = 60

Unstructured High-Order Methods

ÅWhy is high-order useful?
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