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Profil et compétences recherchées  
The candidate must have a strong background on fluid mechanics, a master and/or engineering degree in 
this topic. 

Présentation du projet doctoral, contexte et objectif 
The design of aeronautical systems is increasingly driven by computational fluid dynamics (CFD) and in 
particular quick and simplified models to take into account the effect of turbulence. In particular, Reynolds-
Averaged-Navier-Stokes (RANS) equations are considered as “high-fidelity” models in industrial design 
offices. Yet, the prediction associated with such models is uncertain, due to both discretization (mesh, spatio-
temporal schemes) and modeling (not all spatio-temporal scales are explicitly considered anymore but 
modeled) issues. On the other side, wind-tunnel testing provides reference data, which can be seen as a 
“truth”; yet, it may also be subject to uncertainties, but different types: measurement, geometry, quality of 
surfaces (roughness), inhomogeneity of generated flow, etc. Combining RANS model predictions and 
experimental data in a rigorous way should both help assess modeling and experimental uncertainties, which 
is the scope of the present subject. 

To assess RANS uncertainties, different possibilities exist. A first approach consists in considering several 
RANS models and analyzing the dispersion in the prediction of a variable of interest, but this does not 
necessarily guarantee to correctly estimate the uncertainty on this variable of interest (it is for example the 
case when all models considered overestimate or underestimate the exact value of the variable of interest). 
Another common approach to quantifying uncertainties is based on varying the turbulence model constants. 
The values of these parameters have been calibrated in configurations and conditions generally different 
from the case of the application considered. It is therefore natural to think that these parameters are not 
universal and may vary from case-to-case. One way to estimate uncertainties related to turbulence model 
constants is based on chaos polynomials. In this method, the parameters of the models are no longer 
considered as constants, but as random variables. In the end, this methodology provides a probability density 
associated with a quantity of interest. Such an approach may however seem too "rigid", since, if only the 
constants of the RANS model are varied, the procedure for quantifying uncertainties remains completely 
constrained by the structure of the model. Thus, in the approaches just described, we fear that the estimation 
of the uncertainties on the variables of interest considered are not necessarily representative of the real 
differences that could exist between the RANS predictions and the reference values (as evaluated by 
experiences, DNS …). 

The objective of this thesis is to develop methods for uncertainty quantification of RANS models i) which 
make it possible to question, at least to a certain extent, the structure of the models considered and ii) by 
varying these models in proportions which are representative of the real differences between the RANS 
predictions and the values of the quantities of interest. Regarding point ii), it is proposed to use data 
assimilation to identify model variations/corrections that effectively account for the discrepancies between 
RANS predictions and reference data. The achievement of objective i) will be favored by the fact that data 
assimilation makes it possible to identify volumetric and detailed corrections, i.e. is not necessarily confined 
to the calibration of constants. Once these model corrections have been identified, they can be propagated 
by linear or non-linear approaches for a “realistic” quantification of uncertainties of quantities of interest. 
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