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𝑐:        Specific heat capacity
𝑑𝑓𝑖𝑛𝑎𝑙:  Final diameter of substrate

𝑑𝑚𝑎𝑥:   Maximum diameter of substrate
𝑑0: Initial diameter of substrate
ℎ: Heat transfer coefficient
𝑁𝑢: Nusselt number
𝑅𝑒: Reynolds number
𝑃𝑟: Prandtl number
𝑇: Time
𝑥: perpendicular dimension
𝑉: Velocity

NOMENCLATURE
𝛽𝑟𝑒𝑎𝑙: Real spread rate
𝛽𝑚𝑎𝑥: Maximum spread rate 
𝜌: Density
𝜹: Water thickness
𝜆: Thermal conductivity
𝜏: Droplet spreading time
μ: Viscosity
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RESULTS

The phenomenon will happen when the aircraft goes through 
a low-temperature cloud composed of moisture, the water 
supercooled droplets of the cloud may impact the aircraft 
surface, then it is possible that ice accretion happens by 
heat transfer and mass transfer phenomena.
• Reduce aerodynamic performance
• Flight performance affected
• Lower control efficiency

Nowadays with increasing use of aircrafts and airplanes a 
very small improvement of wings aerodynamic 
performance can save billions of dollars and also reduce 
a large amount of fossil fuel consumption and 
environment pollutants. 

1- Different scenarios 
of droplet - surface 
interaction

2- Spreading of a 
single droplet on a 
smooth surface

3- Neglecting horizontal thermal exchange phenomenon.
4- We consider the problem to be a 1-D unsteady heat 
transfer.

A better prediction of turbulent heat transfer and by taking 
into account the effect of surface roughness during droplet 
impact we can have:
• Have cleaner environment and save a lot of money. 
• Less aircraft accidents and provide safer flight.  
• increase the performance of aircraft and airplane.

Example of an 
experimental 
setup

Analyzing and 
justifying the 
experimental data 
in a physical way 
which makes sense 
and help to come 
up with some 
simple additional 
correlations
between the 
nondirectional 
parameters.

➢ There are still a large amount of differences between the 
experimental and numerical results of ice accretion.

➢ ice accretion demands to be studied in more details for 
having better predictions.

➢ Turbulence and surface roughness could have the 
potential for improving the predictions of heat transfer 
and phase change in this kind of flow. 

➢ Small improvement in prediction of the ice shape can 
have a huge amount of environmental and economical 
benefits.

Non dimensional parameter variation 

Typical freezing characteristics of the droplets

Correlation of improved heat transfer coefficient

Comparing experimental 
and numerical results
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