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ABSTRACT

Historically, experiments have been the main source of knowledge since the dawn of scientific
pursuit. The invention of computers lead to a raise in computational methods that are widely
used in modern engineering to reduce time and costs during the design phase of a complex
system, often as an alternative to experiments when our confidence in the models is very high.
Another use for computational methods is the capability of solving complex equations which
otherwise would remain unsolved or would require a considerable amount of human resources
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[Golemba, 1994]. Since the beginnings of the computational era, experiments and simulations
have been used alongside one another to uncover deep physical laws and to understand nature.
As our knowledge of the world is never perfect and so far we cannot account for all its different
multi-scale details, uncertainties must play a role in the understanding process.

The study of the aerothermal environment surrounding a vehicle during atmospheric entry is
extremely complex, as such, experiments and models are put to the test to avoid critical mission
failure. In this context, the reliability of our predictions as well as the quality of our models must be
assessed. The von Karman Institute (VKI) uses a state-of-the-art Inductively-Coupled Plasma (ICP)
torch [Bottin et al., 1999] to collect relevant data to study flow-material interaction phenomena for
relevant spacecraft reentry conditions. Depending on the material to be characterized, different
testing techniques can be used to assess different aspects of their performance. We focus our
interest in reusable materials for which the heat load is partially re-radiated back to the atmosphere.
One of the key factors in choosing them is the specified reaction recombination efficiency which
measures how much of a chemical species is recombined at the wall compared to its net difussion
flux to the wall. The characterization of these surface properties is done in an indirect manner by
using several measurement techniques and numerical rebuilding. Uncertainties affecting each part
of the rebuilding process must be accounted for, from the measurement errors, to the methodology
used to measure, to the model used to perform the rebuilding.

In this work, we address the answer to the following questions: Can the estimation of the
recombination efficiency parameter be improved through different experimental methodologies?
When doing so, can the Bayesian framework be extended to include new parameters and give
accurate posteriors? Is the calibration useful in other testing conditions?

State-of-the-art uncertainty quantification techniques are applied to catalytic thermal protection
system characterization using plasma wind tunnel experiments [Viladegut, 2017]. Different
testing methodologies are discussed based on their resulting posterior distributions allowing
for recommendations regarding the testing. To assess whether or not the calibration of the
recombination efficiency parameter can be extrapolated to other testing conditions, a hypothesis
testing analysis is also included. The computation of the Bayes factor relates the comparison
between two different marginal likelihoods or evidences attached to two alternative hypotheses.
The results from this analysis determine the suitability of one hypothesis or the other opening up
the discussion about model selection and the influence of the experimental conditions for optimal
testing.

From this work, conclusions indicate that a more complex testing methodology must be put in
place to obtain more accurate posterior distributions for the recombination efficiency parameter.
Choosing two materials of very different catalytic behavior (fully catalytic versus non-catalytic)
and having the catalytic behavior of the material we want to characterize somewhere in the middle,
gives us a much better estimation of the parameter of interest. Using the calibrated parameter
for different testing conditions proves problematic as indicated by the Bayes factor, inviting us to
rethink the rebuilding methodology.

In general, this contribution offers a deeper insight to the experiments performed in this
domain and how to improve our model upon experimental evidence.
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