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What is ice nucleation?
Changing equilibrium 

condition and achievement 
of driving force

Nucleation

Growth of the nuclei into 
ice crystals

The process of ice nucleation occurs when 
small ice crystal embryos form on membrane 

that act as nucleation sites. These facilitate the 
aligning of water molecules, which promotes 

freezing. 
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Why nucleation is important?

anti-icing strategy: avoid (delay) ice nucleation



Ice nucleation 
thermodynamics

1. Newtonian cooling curve, heat capacity (first order)

2. Nucleation event (sudden release of latent heat of 
fusion) (Least Understood)

3. Phase change (constant temperature)

4. Newtonian cooling curve, heat capacity (first order)



Methodology – Experiment Settings



Methodology 
– Experiment 

Settings



Results & 
Discussion 

(high-speed 
imaging)



Results & 
Discussion 

(high-speed 
thermography)



t = 0ms t = 9ms t = 17ms t = 26ms t = 34ms t = 43ms

t = 52ms t = 60ms t = 68ms t = 76ms t = 85ms t = 93ms

Results & Discussion (high-speed thermography)



Results & 
Discussion 

(high-speed 
thermography)

0 0.05 0.1 0.15 0.2 0.25 0.3

time(s)

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

av
er

ag
e 

te
m

pe
ra

tu
re

(°
C

)

Nucleation Event



Results & 
Discussion 

(rotor blade)



Conclusion

First ever

high-definition (1024 X 768 pixels)

at maximum zoom capacity (4x zoom)

high-speed (120 Hz)

thermography 

of ice nucleation event.

Our work decoded the thermal profile of nucleation event 
(so far perceived to be a step change).
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