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Overview

Validation and Verification (V&V) in the CFD community

V & V involves:

Physical modelling
Numerical discretization ⇒ Mesh adaptation
Uncertainty Quantification ⇒ Impact of input data lack of
knowledge on simulations

Gathering activities besides considered individually

Connex topics : Robust design, Metamodelling

A very broad framework

Overview of V&V for external aerodynamics

Two specific research topics

Goal oriented mesh adaptation
Uncertainty propagation based on sparse collocation methods
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NODESIM CFD (2006 - 2010)

NOn-DEterministic SIMulation for CFD - based design
methodologies

European Consortium with 19 partners

References at ONERA: Jacques PETER and Marc LAZAREFF

Peter & Resmini GdR MASCOT-NUM - Atelier Validation 32 / 43





Introduction Verification & Validation in aeronautics Goal oriented mesh adaptation Uncertainty Quantification Perspectives

UMRIDA (2013 - 2016)

Uncertainty Management for Robust Industrial Design in
Aeronautics

Consortium of 21 EU and 1 US partners

References at ONERA: Jacques PETER and Eric SAVIN

Monte Carlo & surrogates or Polynomial choas for joint
variying uncertain parameters
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Uncertainty quantification in CFD

Deterministic (exact) VS Stochastic (most probable)
aerodynamics

Most exploited uncertain inputs: AoA and Ma

Low stochastic dimension due to the high computational costs
of CFD simulations

Objectives

1 Increase the dimension of the stochastic problem (>2D).

2 Assess the efficiency of different methods.

3 Identify the effects on attached and detached flow on global
aerodynamic function.

4 Do some steps towards robust design
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Sources of uncertainties

Input data:

a Geometrical (surface imperfections, junctions, ice ... )
b Operational (fluctuations of streamflow velocity, incidence,

temperature ... )

Data

Wind-tunnels (ONERA, ETW ... )

Real flight conditions (e.g. for helicopters: hoovering, forward
flight, wind gust ...)

NB

The order of magnitude differs in the two cases. It is important to
know what one is looking for...
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Stochastic approximation

Methods

Intrusive: the deterministic code has to be modified

Non-intrusive: the deterministic code is seen as a black-box
by the stochastic approximation

1 Monte Carlo (MC)
2 (generalized) Polynomial Chaos (gPC/PC) [Wiener 1938], [Ghanem 1991]

3 Stochastic Collocation (SC) [Tatang 1995]

Stochastic Collocation

Interpolation method in multi-D: parallelization of decoupled
computations.
Collocate the equation R(x, ξ) = 0 in a nodal set ΞN = {ξk}

N

k=1.
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1 Monte Carlo (MC)
2 (generalized) Polynomial Chaos (gPC/PC) [Wiener 1938], [Ghanem 1991]

3 Stochastic Collocation (SC) [Tatang 1995]

⇒ flexibility of sampling method (MC) + regularity of the
solution.

Stochastic Collocation

Interpolation method in multi-D: parallelization of decoupled
computations.
Collocate the equation R(x, ξ) = 0 in a nodal set ΞN = {ξk}
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Adaptive quadrature sparse grid

Key point of SC

The complexity of SC is the choice of quadrature points!

1D: Clenshaw-Curtis (CC) & Fejér nested formulae

Λl ⊂ Λl+1, deg(Ql [f ]) = n(l)− 1 ∀f ∈ P
1
n(l)−1

But for f 6∈ P ([Trefethen 2008]), deg(QG

l
[f ]) ≈ deg(QCC

l
[f ])

Explicit formulae for nodes x and weight w .

Multi-D: Smolyak algorithm & HPC [Smolyak 1963]. But the
grid is isotropic, it assumes that the influence of each
parameter is equivalent.

Anisotropy: refine in the dimension where the Sobol’ indices
[Sobol’ 2001] are high.
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Perspectives

Goal oriented mesh adaptation

Application to RANS flows

Taylor analysis of dJ/dX

Extension to unstructured meshes

UQ

Assess other methods for CFD computations saving and
adaptive nested quadrature formulae

Polynomial Chaos method for aerodynamic applications

THANK YOU!

Questions?
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