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• Icing is one of the most serious hazards for aircraft. Icing 
comes from the freezing of cloud droplets, or supercooled
droplets which remain in liquid state even at temperatures far 
below freezing, when they are struck by the aircraft during 
the flight. 

• Cloud droplets may freeze instantaneously and form rime ice 
on unprotected surfaces or run downstream and freeze later 
forming glaze ice structure. 

• Icing is most severe when the ambient temperature is near 
0oC but may be encountered at temperatures as low as -40oC
and as high as 10oC.
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• When and where will ice form?
– Ice can form on every exposed frontal surface of the airplane at 0oC 

or colder temperatures when liquid water is present, i.e. when flying
through clouds.

– Wings, tail surfaces, control surfaces, propeller, windshield, 
antennas, vents, intakes, cowlings, flight sensors, ...
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Wing icing
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Propeller icing
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Pitot tube icing
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• Why is ice bad?
– Ice disturbs airflow, increases drag, decreases lift. 

– Stall speed increases, stall a.o.a. decreases considerably.

– Tail stall is more severe than wing stall.

– Pitch and roll behavior unpredictable, possibly uncontrollable. 
Recovery from stall or spin may be impossible. 

– May cause engine stoppage by icing the carburetor or blocking
engine’s air inlet (induction icing). 

– Windscreen icing may restrict or even block forward vision, especially
during landing.

– Increases weight.
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Aerodynamic effects of icing
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Tail stall
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• Drag may increase by 40% on unprotected wing surfaces,

• Lift may decrease by 30%,

• Propeller efficiency may reduce by 20%.

Aerodynamic effects of icing
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Factors effecting icing
Parameter Short-hand Symbol

Ambient temperature Ta [oC or oF]

Freestream velocity V∞ [m/s or knots]

Altitude h [ft]

Liquid water content LWC ρa [g/m3]

Relative humidity RH RH

Droplet size                    

(median volume diameter)
MVD dp [μm]

Total icing (exposure) time texp [s]

Horizontal extent HE HE [nm]

Angle of attack α

Shape and size c
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• The stratiform clouds (continuous icing conditions) with 
horizontal extents up to 200 miles, altitudes 5 000 ft, liquid 
water content ranging from 0.1 g/m3 to 0.9 g/m3 and droplet 
diameters varying from 5 to 50 microns, 

• The cumuliform clouds (intermittent icing conditions) with 
vertical extents of 10 000 ft, horizontal extent of about 6
miles, liquid water content ranging from 0.1 g/m3 to 1.7 g/m3

and sometimes as high as 3.9 g/m3 or more, and droplet 
diameters similar to the case of stratiform clouds.

• Icing can be serious when the cloud has a high liquid water 
content.

Cloud types
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Stratiform cloud

• Gray, low cloud base,

• Sheet like,

• Usually associated with low
pressure systems,

• Little or no turbulence,

• Can be associated with fog
and rain.
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Cumulus cloud

• Convective currents,

• Flat bases,

• Dome shaped tops,

• Rain not likely,

• Turbulence possible.
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Towering Cumulus cloud

• Unstable air,

• Extensive vertical
development,

• Cauliflower-shaped tops,

• Severe turbulence,

• Rain possible.
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Icing risk
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• Rime ice
– Low Ta and LWC, milky, opaque appearance with shapes roughly

following the contours of the surface. Can be easily removed by de-
icing or prevented by anti-icing systems.

• Glaze ice
– Higher Ta and LWC, transparent appearance, irregular shapes

(horns, scallops, lobster tails, etc.). Denser, harder, transparent and
generally hard to break.

• Mixed ice.

Kinds of ice
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Rime and Glaze Ice
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Rime Ice
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Glaze Ice
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Mixed Ice
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Icing related accidents
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Accident Statistics

24Serkan ÖZGEN



• If certification with ice protection provisions is desired, the airplane 
must be able to safely operate in the continuous maximum and 
intermittent maximum icing conditions of Appendix C. To establish that 
the airplane can operate within the continuous maximum and 
intermittent maximum conditions of Appendix C:
(a) An analysis must be performed to establish that the ice protection 
for the various components of the airplane is adequate, taking into 
account the various airplane operational configurations; and
(b) To verify the ice protection analysis, to check for icing anomalies, 
and to demonstrate that the ice protection system and its components 
are effective, the airplane or its components must be flight tested in the 
various operational configurations, in measured natural atmospheric 
icing conditions and, as found necessary, by one or more of the 
following means:

Certification
FAR § 25.1419 and Appendix C, O and D

25Serkan ÖZGEN



1. Laboratory dry air or simulated icing tests, or a 
combination of both, of the components or models of 
the components.

2. Flight dry air tests of the ice protection system as a 
whole, or of its individual components.

3. Flight tests of the airplane or its components in 
measured simulated icing conditions.

Certification
FAR § 25.1419 and Appendix C, O and P
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Icing test methods
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Flight tests in natural icing conditions

Flight testing in a simulated cloud 

produced by an icing tanker

Ground testing in 

icing wind tunnelsFlight testing with simulated ice shapes



1. LEWICE – NASA Lewis Research Center/USA,

2. CANICE – Bombardier Aerospace and Ecole 
Polytechnique de Montreal/Canada, 

3. FENSAP-ICE – Newmerical Technologies/USA

4. CIRA/Italy, ONERA/France and TAI/Turkey also have in-
house icing codes.

Icing Software
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