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Venturing into Space requires large amounts of energy to reach orbital and
interplanetary velocities. All this amount of energy is dissipated when space ve-
hicles enter dense planetary atmospheres. The bulk of this energy is exchanged
during the entry phase by converting the kinetic energy of the vehicle into ther-
mal energy in the surrounding atmosphere, generating a heated plasma several
times hotter than the surface of our Sun. Aerospace engineers rely either on
catalytic or ablative materials to protect the spacecraft from the intense heat.

The characterization of ablation phenomena plays an important role in the
development of theoretical models that can predict material degradation and
recession of Thermal Protection Systems (TPS), both important aspects in the
design of such aerospace systems. Experiments and models are often used to
understand the physics of ablation and improve our predictive capabilities. On
the experimental side, the stochastic nature of the data must be accurately de-
scribed and modeled to produce reliable experimental data on which to base
our analyses. On the modeling side, many different sources of uncertainties in
the form of model parameters can affect the predictions considerably. Objec-
tively characterizing and quantifying such uncertainties is important to make
comparisons to experimentally observed quantities useful, providing a more con-
sistent/quantifiable way of defining new research directions rather than informed
guesses.

Overall, the process of inferring ablation parameters from experimental data
poses many questions concerning our experimental capabilities as well as the as-
sumptions in our models. In particular, the carbon nitridation reaction Cs +N →
CN+ 0.34eV on a solid (s) carbon surface is still hard to predict accurately at
temperatures above 1000 K. The models found in the aerothermodynamics lit-
erature are derived empirically by fitting experimental data [2, 4, 7, 9, 5] which
span several orders of magnitude and show great scatter. In many cases, not all
aspects of the experimental facilities are completely understood. This issue adds
important uncertainties to the inference process both in terms of experimental
data and relevant physical processes considered to play a role under different
experimental conditions. In this regard, severe lack of knowledge greatly affects
our abilities to build predictive models.

Over the years, we have been continuously improving our tools and theoret-
ical background on rigorous uncertainty quantification methods to tackle such
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challenging problem. In this work, we survey the evolution of our ablation re-
search through three main developments: First, we show how we introduce para-
metric and experimental uncertainties in the calibration of a carbon nitridation
model from plasma wind tunnel data [1]. Second, we incorporate model-form
uncertainties by entertaining several different models that pertain to the gas
and the gas-surface interface and assess their comparison with the experimental
data in a stochastic framework [8]. Lastly, we discuss our recent development in
merging the experimental data from molecular beam [3] and plasma wind tunnel
to obtain a more comprehensive and detailed picture of nitridation reactions [6]
while fully characterizing uncertainties in both cases.
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1. del Val, A., Le Mâıtre, O.P., Congedo, P.M., Magin, T.E.: Stochastic calibration of
a carbon nitridation model from plasma wind tunnel experiments using a Bayesian
formulation. Carbon 200, 199–214 (2022)

2. Goldstein, H.W.: The reaction of active nitrogen with graphite. The Journal of
Physical Chemistry 68(1), 39–42 (1964). https://doi.org/10.1021/j100783a007

3. Murray, V.J., Recio, P., Caracciolo, A., Miossec, C., Balucani, N., Casavecchia, P.,
Minton, T.K.: Oxidation and nitridation of vitreous carbon at high temperatures.
Carbon 167, 388–402 (2020)

4. Park, C., Bogdanoff, D.: Shock-tube measurements of nitridation coefficients of solid
carbon. Journal of Thermophysics and Heat Transfer 20(3) (2006)

5. Park, C., Bogdanoff, D.W.: Shock-tube measurement of nitridation coefficient of
solid carbon. Journal of Thermophysics and Heat Transfer 20(3), 487–492 (2006).
https://doi.org/10.2514/1.15743

6. Prata, K.S., Schwartzentruber, T.E., Minton, T.K.: Air–Carbon Ablation Model
for Hypersonic Flight from Molecular-Beam Data. AIAA Journal 60(2), 627–640
(2022)

7. Suzuki, T., Fujita, K., Sakai, T.: Graphite nitridation in lower surface temperature
regime. Journal of Thermophysics and Heat Transfer 24(1) (2010)

8. del Val, A.: Bayesian calibration and assessment of gas-surface interaction models
and experiments in atmospheric entry plasmas. Ph.D. thesis, IPP/VKI (2021)
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