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Presentation of the PhD thesis, context and objective 

Predicting ice growth on aircraft is a fundamental problem for aeronautical applications. Ice accumulation 
can change the local shape of the wings or blades and cause losses in aerodynamic performance. Ice 
formation can also clog air intakes. The detachment of ice blocks due to aerodynamic and driving forces can 
damage parts of the aircraft. Thermal ice protection systems provide heat to the protected surface in order 
to prevent ice build-up or melt the ice layer. This can lead to the formation of a liquid film that can runback 
over the protected surface. One of the major difficulties is to estimate the amount of heat to be provided by 
the protection system to prevent the runback film from freezing downstream, beyond the protected area. The 
evolution of the running film, in particular its refreezing, is governed by a thermodynamic balance with the 
outer environment. In the case of an unheated surface, the heat transfer coefficient is often evaluated using 
an integral boundary layer solver. The evaporation rate is then deduced from the heat transfer coefficient 
using the Chilton-Colburn analogy. Morency et al. [1] showed that computing the evaporation rate using a 
Prandtl boundary layer solver and performing a stronger coupling with the ice accretion solver significantly 
improves the predicted surface temperatures. In addition, Bu et al. [2] proposed a tight coupling algorithm for 
heat transfer between the aerodynamic flow (using a RANS solver) and the heat conduction in the airfoil, 
also resulting in a significant improvement of the predicted surface temperatures. 

The goal of this doctoral project is to propose a robust numerical methodology to strongly couple heat and 
mass transfer phenomena in the boundary layer with the ice accretion solver and the heated airfoil solver.  

First, the literature relative to different methods to model and simulate heat and mass transfer over a heated 
liquid film will be reviewed. Second, a detailed analysis of the physics of heat and mass transfer over a heated 
evaporating liquid film will be performed. The analysis will be based on multispecies RANS simulations. 
These simulations will focus only on solving the aerodynamic flow field. The liquid film will be assumed fixed 
and its presence will be taken into account through a specific evaporative boundary condition. Particular 
points of interest will be the effect of the blowing velocity and the transport of steam in the boundary layer on 
the evaporation rate. An important expected outcome of this study will be a better understanding of this type 
of flow. Thirdly, based on the previous analysis, a method for performing a coupled simulation with the ice 
accretion solver and heat conduction solver of ONERA’s icing tool will be proposed. Here the complexity and 
computational cost of the airflow simulation may be reduced through the use of an in-house integral or Prandtl 
boundary layer solver combined with an inviscid flow solver. The method will be assessed by comparing the 
predicted surface temperatures to experimental data and to the simulation results obtained by Morency et al. 
[1] and Bu et al. [2]. 

This PhD thesis proposal is part of the TRACES Doctoral Network (TRAining the next generation of iCE 
researcherS), including several European partners. A double PhD will be awarded with Politecnico di Milano 
as a joint institution. The PhD candidate will be trained there on thermal ice protection systems. There is also 
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an industrial secondment for this thesis, at DASSAULT-AVIATION, where an industrial view of thermal Ice 
Protection Systems will be given. 

If you are interested in this PhD thesis position, please visit the following website: https://traces-project.eu/ 
for more information on the subject (DR6), on the particularity of the theses attached to the TRACES project 
and on the application procedures. 
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