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Fundamental Physical Guidelines for Frost Protection
Frost formation - the growth of ice films from water vapor on cold solid surfaces - is a
widespread natural phenomenon of far-reaching importance for engineering and society. Frost
formation can significantly reduce the optical transparency of glass and the thermal efficiency
of heat exchangers, cause damage to concrete and electric power lines, and endanger the
flight stability of aircraft. Nonetheless, the fundamental understanding of the frost formation
process is still insufficient, and so far there are no clear physical guidelines for its inhibition.

Therefore, this Social Cooperation Program fuses theory, simulations, and experiments to
elucidate the physical mechanism of the non-equilibrium frosting phenomenon from a new
hierarchical perspective - from microscopic molecular interactions at the solid/water interface
to the macroscopic development of ice films. Through this approach, we aim to clarify the
basics of the frosting phenomenon and to establish fundamental guidelines to solve the
above-mentioned serious social problems.

Simulations of H2O/ice phase transitions in 
water films near solid surfaces

10
8
6
4
2
0

-2

-
yi

e
ld

 [
co

u
n

ts
/

C
]

6.4006.3906.3806.370
15N ion energy [MeV]

86420-2-4
depth [nm]

FWHM = (6.4 ±1.5) keV

-Al2O3/NiAl(110)

LEED

Depth (nm)

H
 d

en
si

ty
 

Temperature (K)

QM
S 

ion
 cu

rre
nt

 m
/e

=1
8 

[a
.u

.]

800700600500400300200100
temperature [K]

TDS:
 
10 L
H2O

100          200          300           400

H
2O

 d
es

or
pt

io
n 

si
gn

al
 

H
2 O

 coverage TDS

NRA

ice multilayer

molecularly 
adsorbed H2O

-4    -2     0     2     4     6    8

NRA

DT

ion

beam

electron

beam

In-surface 
OH at defects

In-Surface OHSurface Al3+

ad-OH (above surface Al)

H

H

O2-

Molecular H2O/ice interactions at structurally well-defined Al2O3 surfaces

Examples of frost formation
https://www.daikinaircon.com/shopoffice/products/sugodanzeas/p2.html
https://www.daikinaircon.com/kanreichi/specialreport/index.html
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