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Aircraft icing

In�ight airframe icing occurs 
when supercooled water freez-
es on impact with external sur-
face of an aircraft 

Aviation security problems be-
cause of the multiphase and 
thermal changes 

These �nally drive to adverse aerodynamics e�ects and degra-
dation of external systems such as pitot tubes and static vents,
 antennas, etc. 

Numerical model  
Fluid is treated as a set of ‘particles’ (mesoscopic scale) with proba-
bility distribution functions on their locations and velocities. LBM 
allows to simulate the evolution of these distributions.

Resolution of discretized Boltzmann equation for the particle distri-
butions in two main steps:

Advantages:
- Parallel evaluation, post-processing and data analysis
- Particularly suitable to model muliphase �ow
- Simulation of dynamic interface to the macroscopic scale 
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Objectives 

To better understand the impact and solidi�cation process of a 
water droplet by using the Lattice Boltzmann  Method which ap-
pears recently as a promising digital approach to simulate multi-
phase  �ows with phase change and complex boundary conditions.
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The implementation

Validated pseudo-potential model for multiphase �uid �ow 

Validated thermal model for phase change of a single component 

Basic 
LBM

Pseudo-potential 
model for multi-

phase �ows

Enthalpy-based 
model for phase 

change

Density �eld for a 
water droplet 
impact on a surface 
at constant 
temperature

Stephan problem: 
one dimensional 
melting process 

after 250 time steps 

after 1000 time steps after 2000 time steps 

adimensional temperature field

initial state

Solidi�cation process
First stage of frost formation 
Supercooled water droplet in a metastable equilibrium which im-
pacts with a surface and freezes 
Four stages on solidi�cation process: supercooled, recalescence, 
freezing and solid cooling

Key parameters 
- surface hydrophobicity
- surface temperature
- impact velocity
- droplet size
- droplet initial temperature 

Variables of interest 
- interface evolution 
- freezing time
- max.  spreading diameter 
- temperature �eld 
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Integrate codes to perform 
a 2D multiphase model 

with phase change 

Validate the model 
with experimental data

Generalize the  
code with MRT 
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