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Why Develop Methods based on DGM

to Compute Euler’s linearized equations 2

FEM faces difficulties to solve Linearized Euler’s equations

FDM faces difficulties with complex geometries and boudary conditions

DGM Advantages and Disavantages:

High Flexiblility
Complex Geometries Harder to program (OOP required)
Variational Formulation CPU and RAM Expensive |

Adapted to Parallel Computation
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Physical Modeling and Mathematical formulation

Linearized Euler’s Equations

uy
p = o
ao p1/po

Symetric Friedrich System
hp+Adipg+Bp=0
Matrix A; 9; is symetric

Variational formulation

A;n; is diagonalizable

{Soh e Wh(wp) | Vb, € W¥(wp) 5 L(p, ¥p) = 0} Ain; = [Aing] T + [Aing]”

Fully Upwind
Scheme
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Perfectly Matched Layers
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Part One
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() Easy to Build (and Program)

() Higher Order High Order Lagrangian Elements

() Quadratures for Num Integrations

@ Ortogonal Basis
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Infinite 2D Dud with constant cross section

- 3.00 m -
Rigid or Lined Wall

; D
S = >
B ®
z Q S
' S
Rigid or Lined Wall
Air
A=0.10m —30 periods for 3m length ag = 340 Hsh
f =3.4kHz Approximated po = 1.23 kg.m_S
n =70 — Non Reflecting condition
works perfectly po = 101 325 Pa

Analytical Solution for Rigid Wall No Flow p(gj, y) — Sin(QTrft 3 .CL‘)
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30 intervals

O AR RN ORI S
PR OAVAYAY vy o ROV T e
SRR A KA SN AAIRS

AR
CPU (s) deg Olg\\AﬂQ f“““” MWWVV
TN I el R A A AL AAAARARAARADARRNNANRARI

28.43

<
\ 4

N

<IN

LY, U
O | G

@)

O

G

—

w

———

S o ¥ = o
4 o1 o v A=Al = o o o

o

7602

@
o
-
o

68.61 10136

( CPU are obtained on a Dual Apple G5 21GHz ) =






Mesh Refinement / Element Order
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Optimal hp DGM CAA Orders f = 2kHz
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Optimal hp DGM CAA Results f =2kHz
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Optimal hp DGM CAA Validations
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Optimal hp DGM CAA f = 3kHz
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Part Two
High Performance Computing

HPC = High Performance Computing ONERA




Simulations for 3D geometries
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gt
500 000 Tetraedra Mesh 4 GBytes

First Idea for 3D Simulation:
HPC or HCC

Formal Calculation

Vectorization

Massively Parallel Computation (MPI+OMP)

20 ONERA



High Performance Computing
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open mpi 1.0.1
Message Passing Interface

ParMetis: Parallel Graph Partitioning
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Falcon CAA HPC Computation
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Falcon CAA HPC Computation
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HPC Optimal hp DGM

Mesh for Computation Mesh for Visualization

72 Tetra with P5 approx ONERA

with solution




Part Three
\daptation Principles
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DGM
DGM is able to solve most CAA problems (and many others)

DGM is expensive (especially for lower order elements)

hp DGM

hp DGM mixes element orders and results a much less expensive cost
With hp DGM, CFD and CAA computations are handled on same mesh

Introduction of the doppler effect when determining local orders

HPC DGM

Computation on clusters make big configurations possible

(hp + HPC) DGM

Balance of the Processes to optimize cluster efficiency
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