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Résumé /Abstract

Les traînées de condensation sont des nuages de glace qui se forment dans le sillage des avions.
ivile.

Ce problème est rendu difficile par la multiplicité des échelles spatiales et temporelles et des phénomènes
physiques mis en jeu

envergures), mais ne se transforment potentiellement que beaucoup plus loin en des cirrus induits, dont
plusieurs centaines de kilomètres carrés agit négativement sur le bilan

radiatif terrestre.

sillage, aussi appelés tourbillons marginaux, modifient la répartition des panaches issu des moteurs et la
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cette phase de
mouvement naturel des tourbillons est de descendre, mais un sillage secondaire peut se créer dans leur

ronnements stratifiés de manière non
adiabatique. Le sillage est alors séparé en deux composantes distinctes et les panaches issus des moteurs

sursatur

développement des traînées de condensation. Les travaux se sont attachés à évaluer de manière exhaustive

downwash » naturel du sillage portant.

Un des résultats principaux et originaux de est de montrer

dernières et donc de leur impact radiatif et que des configurations de positionnement des jets propulsifs le
.
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Condensation trails are ice clouds that form in the wake of aircraft. Assessing their environmental impact
is at the heart of the current challenges facing commercial aeronautics. The problem is made all the more
difficult by the multiplicity of spatial and temporal scales and the presence ofnumerous physical
phenomena. These trails, which originate at the exit of aircraft engines, evolvevery rapidly while they
are still close to the aircraft (over distances of the order of a few wingspans), but only potentially
transform much further away into induced cirrus clouds whose extension over several hundred square
kilometers has a negative impact on the earth's radiation balance. In this context, this thesis focuses on
the effects of the aircraft's near field on contrails, i.e. the influenceof the aircraft's aerodynamic wake on
their properties. More specifically, the aim is to clarify how wake vortices, also known as tip vortices,
modify the distribution of engine plumes and the condensation of water vapour into ice, from their rolling
up to their destabilization far behind the aircraft. The thermal (or density) stratification of the
atmosphere plays a major role in this phase of wake evolution, and is an important parameter in the
study. In particular, the natural movement of vortices is downward, but a secondary wake can form in
their vicinity and then rise to flight altitude. The wake is then separated into two distinct components, and
engine plumes may find themselves caught in one or the other, depending on their initial position. In a
supersaturated zone (relative to the ice saturation of the atmosphere), this hasa strong influence on
condensation, and therefore on the radiative impact of the drag produced. A second parameter of the
study is the relative position of the engine jets. The aim is to gain a better understanding of how future
aircraft designs might benefit from engine positioning that is less conducive to thedevelopment of
contrails. In this respect, the study shows that the phenomenon of contrails being carried along by tip
vortices induces significant variations in the vertical spread of the latter andtherefore, here too, in their
radiative impact.
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