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IMPORTANT NOTICES 

 

SINCE THIS BOOK DOES NOT ADDRESS A SPECIFIC AIRCRAFT BUT ADDRESS ANY 

CATEGORIES, ALL CONSIDERATIONS REPORTED MUST ALWAYS CROSS-CHECKED WITH 

RECOMMENDED AIRCRAFT FLIGHT MANUAL (AFM). THEREFORE THIS BOOK DOES NOT 

REPLACE YOUR AIRCRAFT FLIGHT MANUAL. YOU MUST ALWAYS REFER TO THE 

AIRCRAFT FLIGHT MANUAL OF THE AIRCRAFT YOU ARE FLYING AND USE THIS BOOK 

ONLY FOR AN OVERVIEW OF THE ICING PROBLEM AND FOR A BETTER UNDERSTANDING 

ON AFM CONTENTS. 

 

REGULATIONS AND STANDARD PROCEDURES LIKE HOLD-OVER TABLES, PILOT REPORT 

CODINGS, ANY AIRCRAFT ICING SEVERITY DEFINITIONS, ARE SUBJECT TO CONTINUOUS 

CHANGES AND UPGRADES. ALL DATA AND TABLES REPORTED IN THIS DOCUMENT MUST 

BE CONSIDERED AS EXAMPLES FOR INSTRUCTION PURPOSES. YOU MUST ALWAYS REFER 

TO OFFICIAL CURRENT DOCUMENTATION IN ACTUAL AIRCRAFT OPERATION.
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Aircraft icing 

 
It is quite unusual for an aircraft to collect so much ice as in the cover picture. 

 

Nevertheless remember that it is not necessary to have a lot of ice for an icing accident: even a 

small invisible layer of frost on a critical aircraft surface can be fatal. 
 

1. Meteorological factors 

 

In flight aircraft icing is caused by water droplets that exists at ambient temperature air below freezing 

temperatures (supercooled droplets) and that impinge on the aircraft surface. 

 

Therefore, two main conditions are required for aircraft icing to occur: 

 

1) Existence of water droplets 

2) Ambient temperature near or lower than 0 degree Celsius 

 

Water droplets can be found in clouds, but a cloud can consist of water droplets, ice crystals or both (mixed 

clouds). Only water droplet clouds or mixed clouds are an hazard for aircraft icing since ice crystals do not 

easily stick on aircraft surfaces. 

 

 

 

 

     
Fig. 1) Cumulus congestus    Fig.  2)  Cumuloninbus calvus precipitation    fig. 3)  Cumuloninbus capillatus incus 

 

Usually water droplet clouds are characterized by sharp-cut edges. In the figures above typical examples of 

ice crystal and liquid water clouds are reported: 

 

1)  A liquid water droplet cloud (a Cumulus congestus). This cloud is, of course, hazardous with respect to 

aircraft icing. The presence of water droplets is indicated by the presence of sharp edged cloud. 

 

2)  A cloud containing both ice crystals and water droplets (a Cumulonimbus calvus precipitation) . 

 
3)  A huge ice crystal cloud (a Cumulonimbus capillatus incus). 
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If air temperature is very low (lower than -40 °C) clouds are essentially ice crystal clouds. As temperature 

increases, encounters with liquid droplets become more likely. 

 

 

 

The formation of water droplets and clouds is related to the rain formation process. Two main processes can 

be highlighted: 

 

1) The classic melting process 

2) The warm rain process 

 

The basis of both phenomena is up-draft air. Since air rises in a colder environment, it will tend to become 

saturated and vapor will tend to transform into water drops through condensation onto small cloud 

condensation nuclei (CCN). Water drops will tend either to fall immediately (warm rain process), or to 

freeze and to fall as ice crystals or graupel and then to melt (cold rain) (Fig. 5) . 

 

These mechanisms are important because they explain why in the zone near the zero freezing level, it is 

easier to find supercooled water droplets. Therefore aircraft icing hazard is larger. 

 

 

 

 
 

 

Fig. 4) Frequency of ice crystal in clouds                                            
 
 

 

1)  A supercooled droplet must come into 

contact with a small particle, named ice 

nucleus, to freeze 

 

2)  At temperature higher than -12, -15 °°°°C few 

active nuclei exist and clouds are likely to be 

primarily composed of liquid droplets. 

 

3)  When temperature approaches -40 °°°°C, ice 

nuclei are no longer needed and droplets 

tend to freeze spontaneously. 

 

 

Two mechanisms can cause SLD formation: 

 

1) Thermal inversion 

 

2) Collision coalescence phenomenon 
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It is also important to remark that the 

droplets condensation phenomenon, 

characteristic of the warm rain 

process, can also lead to the formation 

of a particular dangerous class of 

supercooled droplets called 

Supercooled Large Droplets (SLD). 

SLD are water droplets having a 

diameter larger than usual. 

 

An other, more classic, mechanism for 

the formation of SLD is through the 

cold rain process in presence of a 

temperature inversion (Fig. 6). Water 

droplets formed from the melting at 

high altitude can fall through zone at 

temperature lower than zero and 

become supercooled. 

 

 
 

 
 
 

 
 

Fig. 5) Cold rain and warm rain formation process 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6) Thermal inversion 
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2 Ice accretion 
 

The environmental factors affecting icing are liquid water content, temperature and droplet size. 

 

Cloud liquid water content (LWC)  is the density of liquid water in a cloud expressed in grams of water per 

cubic meter (g/m
3
). LWC is important in determining how much water is available for icing. Usually values 

of 1.7 g/m
3 
 can be found in cumuliform clouds even if usually LWC values range from 0.3 g/m

3  
 to 0.6 g/m

3 

. 

 

Temperature affects both the severity and the type of icing. Most icing tends to occur at temperatures 

between 0 °C to -20 °C and the only physical cold limit is -40 °C because at this temperature droplets freeze 

even without icing nuclei. 

 

Droplet diameter is usually expressed in micron 

(µm) and the actual droplet diameter distribution 

is represented by an average value called median 

volumetric diameter (MVD). Usually cloud 

droplets have a diameter less than 50 microns. 

Nevertheless, sometimes, larger droplets from 50 

to 500 microns (called freezing drizzle or freezing 

rain) can be found. These large droplets are 

usually defined as Supercooled Large Droplets 

(SLD) and represent a significant icing hazard 

because no aircraft has been proved to  fly safely 

under these conditions. Droplets size affects the 

collection of water drops by the airframe: small 

droplets tend to impact the airfoil near the leading 

edge while larger droplets tend to impact further back. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

⇒ Water droplets diameter (MVD, 

usually expressed in micron [µµµµm]), 

aircraft velocity and geometry define 

the extension of aircraft surface were 

droplets impact. 
 

⇒ Air temperature, aircraft geometry, 

air liquid water content (LWC 

expressed as g/m
3
) define the amount 

and shape of the ice. 
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Figure 7) Droplet trajectories 

 
 

 
 

⇒ Larger droplets impinge on a 

larger area 

 
 
 

⇒ Smaller aircraft elements collects a 

larger amount of water 
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It is important to remark that smaller airfoils tend to collect a larger amount of ice than bigger airfoils, if 

non-dimensional ice shapes are compared (Fig. 8). This means that in the same conditions ice is more 

dangerous for small airfoil than for bigger airfoils. 

 

Ice shapes can be classified as: 

 

a) Rime Ice 

b) Glaze ice 

c) Mixed ice 

d)  Step/Ridge of ice  

e)  Frost  

 
 

Figure 8) Non-dimensional airfoil and ice shapes  

 
 

a) Rime ice is caused by supercooled droplets freezing immediately after impinging 

the aircraft surfaces. The milky white color and the opaque appearance are given by 

the air entrapped by water droplets 

 

b) Glaze is caused by supercooled water droplets flowing on aircraft surface (run-

back) and freezing at a location different from the impact area, It is transparent and 

the shape  is irregular, characterized by one or two horns generated by the run-back 

freezing 

 

c) Mixed ice is characterized by the presence of both glaze and rime ice 

0.01 C 0.01 C

a) b)  
Figure 9) ice accretion: a) rime, b) glaze 

 
 
 
 
 

⇒ Smaller airfoils collect, relatively 

to their size, a larger amount of ice 
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Rime ice grows as droplets rapidly freeze when they 

strike the aircraft surface. The rapid freezing traps air 

and forms brittle, opaque, and milky-textured ice. 

Rime ice usually accumulates at low temperature (T 

< -15 °C), low liquid water content and low droplet 

diameter. Usually rime ice shapes are streamlined 

(Fig. 9). 

 

Glaze ice is caused by water droplets flowing on 

aircraft surface (run-back) and freezing at a location 

different from the impact area. It is transparent and 

the shape is irregular, characterized by one or two 

horns generated by the run-back freezing. 
 

Step ice is a ridge of ice along the wing span. This 

type of ice can accumulate on wing with low power 

thermal ice protection systems. If there is enough 

power to avoid water freezing on the leading edge, 

but not enough for water evaporation, water can run-

back on the aircraft surface and freeze later on, 

beyond the protected area. An ice ridge can also form 

in SLD conditions. Since SLD are droplets with a 

very large diameter, they can accumulate on a wide airfoil area, even beyond the ice protected area. In 

particular, in case of pneumatic boot ice protection system, the boot activation can create a ridge of residual 

ice beyond the protected area. This ridge can act as a trigger for additional ice accumulation. 

 

Frost may form on the aircraft on the ground or in flight when descent is made from below freezing 

conditions into a layer of warm, moist air. In this condition aerodynamic performances may be affected and 

vision may be restricted as frost forms on windshield and canopy. 

 

 

 Icing threat parameters 

Liquid Water Content (LWC)  from 0. to 3 g/m
3
 

Temperature from +4 °C ÷ +5 °C to  -40 °C 

Droplet diameter (MVD)  Usually from 0 to 50 micron, but also up to 300-400 microns 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10) Effect of de-icing boot activation in 

presence of ice formations beyond the commonly 

protected airfoil zones. 

ice shape

de-icing boot activation
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Rime ice Glaze ice (single horn) Glaze ice (double horns) 

   
Rime ice Glaze and mixed ice Run-back ice 

     

 

 

      

 

 

 

 

 

 
 

Figure 11) Ice shapes 
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3. Aerodynamics degradation 
 

The effects of ice on aircraft performances and flight characteristics depend largely on the aircraft design, 

and also on the shape, roughness and amount of ice itself. They generally result in decreased lift, increased 

drag, reduced stall angle, decreased thrust, altered stall characteristics and handling qualities. 

 

 

 

 

 

 

 

 

 

1) Ice causes: a reduction of lift, a reduction of stall angle, an increase in drag, a 

modification of longitudinal and lateral stability 

 

2) Even a small amount of roughness on airfoil leading edge can deteriorate stall 

characteristics 

 

3) Flow separation caused by ice can also cause a loss of effectiveness (or a 

command inversion) of control surfaces (ailerons and elevators) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 12) Aerodynamic performances degradation 
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4. Icing severity index 

 

 

It is important here to remark that the icing severity index used by pilots is different from the one used by 

meteorologists. Pilots use a classification based on the effect on the aircraft: 

 

 

 

 PILOTS DEFINITION 

Icing Category  

Trace Ice becomes perceptible and it can barely be seen. The rate of ice 

accumulation is slightly greater then the rate of sublimation. Trace ice is not 

hazardous even without use of deicing/anti-icing equipment, unless the 

conditions are encountered for an extended period of time (over 1 hour) 

Light The rate of accumulation of light icing may create a problem if flight is 

prolonged in this environment (over 1 hour). Occasional use of deicing/anti-

icing equipment removes or prevents its accumulation 

Moderate The rate of accumulation of moderate icing is such that even short 

encounters become potentially harzadous and the use of deicing/anti-icing 

equipment or a flight diversion is necessary. 

Severe The rate of accumulation is such that deicing/anti-icing equipment fails to 

reduce or control the accumulation. The only thing to do is conduct an 

immediate flight diversion. 

 

 

 

It is clear that this classification is aircraft-dependent. In the same area, a B747 can flight without registering 

any ice accumulation (trace),  while a small general aviation aircraft can register severe icing. Furthermore, 

this classification is different from the one used by meteorologists (reported in the table below): 

 

 
METEOROLOGICAL DEFINITION 

Icing Category LWC g/m
3
 

Trace < 0.1 

Light 0.11-0.6 

Moderate 0.61-1.2 

Severe >1.2 
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5) Ice detection 

 

Ice detector systems can be classified according to their use, the external shape, the working philosophy and 

the technology used. 

 

Classification based on the use 

 

 

Advisory  Send advisory signal to pilot, but the flight crew 

is responsible for monitoring the presence of ice 

 

Primary 

Automatic Ice protection system is automatically activated 

 Manual Crew activate ice protection system after ice 

detector signal. 

 

Classification based on external shape (Fig. 13, 14) 

 

 

Intrusive The sensing element is located outside the boundary 

layer and can modify the local flow 

Non-intrusive The sensing element is located inside the boundary 

layer and does not affect the aerodynamic flow 

 

 

 

 

 

 

 

 

 

 

 
             fig. 13)  Non intrusive ice detector            Fig. 14) Intrusive ice detector 
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Classification based on working philosophy 

 

Visual cues Visual detection of ice accretion on specific or non 

specific visual cues 

Detection of icing conditions (Fig. 15) Detection of the presence of ice but not of the amount 

Detection of ice accretion Detection of the ice thickness and/or of ice accretion 

rate 

Detection of aerodynamic disturbance Based on the identification of airflow degradation 

induced by ice 

Visualization of surface Based on system to visualize aircraft surface (infrared, 

...) 

 

 

Classification based on used technology 

Method Typical Technology Classification Status 

Differential Pressure 

Detection 

Pressure Array Detectors Detection of icing 

conditions 

Progressively 

abandoned 

Obstruction Ice 

Detection 

Light beam interruption; 

Beta beam interruption; 

Rotating disk 

Detection of icing 

conditions 

Progressively 

abandoned 

Vibrating Probe Ice 

Detection 

Piezoelectric; 

Magnetostrictive; Inductive  

Detection of ice 

condition, ice 

thickness and ice 

accretion rate 

The most used 

technology 

Latent Heat Ice 

Detection 

Periodic current pulse; 

Power Measurement 

Detection of icing 

conditions 

Progressively 

abandoned 

Microwave Ice 

Detection 

Resonant surface waveguide 

(dielectric) 

Detection of icing 

conditions 

In development 

Electromagnetic Ice 

Detection 

EM source (visible light, 

infrared, laser, nuclear beam) Visualization of 

surface 

In development 

Pulse Echo Ice 

Detection 

Piezoelectric transducers Detection of ice 

condition, ice 

thickness and ice 

accretion rate 

In development 

Remote sensing 

 

On board radar, ground 

radar, satellite 

Detection of icing 

condition in front of 

the aircraft (to avoid 

inadvertent icing 

encounter) 

In development 

 
Fig. 15) Tufts used for ground icing detection 
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Icing is usually detected by visual cues like ice accretion on the windscreen, windscreen wipers, wing leading 

edges and propeller spinners. Ice detectors can act as a trigger device for automatic or manual anti-icing 

system activation, but they are not installed on all aircraft.  

 

Some aircraft sensitive to cold soaked wing ground icing are equipped with tufts (Fig. 15) on critical wing 

surface whose freedom of movement helps the crew in the icing detection. They are usually installed near the 

wing root because ice in this area can easily detach during take-offs and be ingested in rear-mounted engines. 

 

It is difficult to judge the 

amount of ice accretion. 

Some aircraft are fitted 

with an ice evidence 

probe directly outside the 

cockpit, which is used to 

provide the pilot with a 

(visual) cue in order to 

asses how much ice is 

accreting. There has been 

significant recent 

research and development 

of electronic ice accretion 

detectors (i.e. detectors 

that indicate the amount 

and rate of ice accretion), 

but it may be some time 

before they are available 

on transport aircraft. 

 

If one of these cues is 

seen by the crew, they 

have to apply the evasive 

procedure as defined 

within the Aircraft Flight 

Manual. 

No aircraft has been proved to safely fly in condition 

beyond Appendix C (i.e. SLD, a condition characterized 

by mean droplet diameter larger than 50 micron). It is 

fundamental for the pilots to identify these conditions, 

due to the lack of ice detector systems. Nevertheless a 

number of visual cues have been identified: 

 

1) Unusually extensive ice accreted on the airframe in 

areas not normally observed to collect ice (i.e. side 

window) 

2) Accumulation of ice on the upper surface of the wing 

aft of the protected area. 

3) Accumulation of ice on the lower surface of the wing 

aft of the protected area. 

4) Accumulation of ice on the propeller spinner farther 

aft than normally observed. 

Accumulation of ice on engine nacelle farther aft than 

normally observed. 

5) Accumulation of ice on specific probes. 

6) Water splashing on windscreen at negative outside 

temperature. 

7) Visible rain at negative outside temperature. 
 



 

page  16 

6) Ice protection 
 

Ice protection systems are used to protect aircraft components from ice accumulation both in flight and on 

the ground. Ice protection systems can be classified in de-icing systems and anti-icing systems: 
 

1) De-icing systems remove ice from the contaminated surface. Therefore, de-icing systems are 

usually activated after icing conditions have been encountered. 

 

2) Anti-icing systems provide a protection from icing, and therefore are usually used just before or 

immediately after entering icing conditions. 

 

 

6.1) Ground-icing 
 

For general aviation 

aircraft, that usually 

take-off from not 

equipped airports, 

icing can be removed 

manually using a 

broom or a brush. 

(Use of  a scraper is 

discouraged because 

it may damage 

aircraft skins). It must 

be underlined that this 

practice is not 

effective in case of 

freezing rain or 

freezing precipitation. 

In fact, in these 

meteorological 

conditions, even if the 

icing contamination is 

mechanically removed, new contamination will accumulate on the aircraft and therefore take-off must 

not be attempted unless an ‘anti-icing’ procedure is performed. 

 

For large aircraft ground icing can be dealt by using freezing point depressant fluids, usually diluted 

with water.  

 

 

6.2) In-flight icing 
 

Whilst all forward facing surfaces may potentially accrete ice in flight, it is only practical to protect 

the most critical surfaces in order to minimize system power requirements. The areas requiring 

protection include the leading edges of the wings, the tailplane, the fin, engine air intakes, propellers, 

pitot-static heads, water drain masts, stall warning vanes, control surface horns and pilot windscreens. 

 

A wide range of ice protection systems has been developed, but the most widely used are pneumatic 

boots, thermal bleed air and thermal electrical systems. 

 

Pneumatic Boot De-icing - Pneumatic boot de-icing systems (Fig. 17) remove ice accumulations by 

alternately inflating and deflating tubes built into rubber mats bonded to the protected surfaces. 

 

 
Fig. 16) Example of ground de/anti-icing treatment 
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Inflation of the tubes shatters the ice accretion and the particles are then removed by aerodynamic 

forces. The system requires a small flow of engine bleed air which is pressure-regulated to typically 

18 - 20 psig for boot inflation. A vacuum source is used to suck the boot onto the airfoil surface when 

the system is not in use. This kind of system can be used only for de-icing. 

 

Thermal (Bleed Air) Ice Protection - This type of system (Fig. 18) uses engine bleed air to heat the 

water droplet impingement region of the airfoil surface to prevent the droplets freezing (anti-icing, 

running wet), or to evaporate the droplets (anti-icing, evaporative) or to debond accreted ice (de-

icing). Usually a pressure and temperature controlled supply of engine bleed air is ducted to the 

areas requiring protection and is distributed along the leading edge of the protected surface via a 

perforated "piccolo" tube. The air is then ducted in a chordwise direction by nozzles and/or areas of 

double skin before being vented overboard. 

 

Electrothermal Ice Protection - Electrothermal systems (Fig. 19) use electrical heater elements 

embedded in the protected surface  to either prevent impinging water droplets from freezing (anti-

icing) or debond existing ice accretions (de-icing). The heaters may be constructed from wire 

conductors woven into an external mat, conductive composite material or a sprayed metallic coating 

applied directly to the protected surface. 
 

Other ice protection systems are not very used. Fluid ice protection systems (Fig. 20) can be used 

both as de-icing and anti-icing but they are usually installed only on small aircraft. All the 

other systems, (PIIP, EIDI [Fig. 21], EEDI [Fig. 22]), have not been installed on commercial 

aircraft in the west sofar. 
 

The following methods are currently used for protection of specific areas : 

 

 Turbo-jet Propeller-driven aircraft 

Airfoil leading edges Engine bleed air, Pneumatic 

boots, Porous fluids panel 

Pneumatic boots, Porous fluids 

panel 

Engine air intakes Engine bleed air, Pneumatics 

boots, Electrical heater mats 

Engine bleed air, Pneumatics 

boots, Electrical heater mats 

Propellers  Electrical heater mats, fluid 

systems 

Windscreens Electrical heaters Electrical heaters 

Pitot-static systems Electrical heaters Electrical heaters 

Probes and drain masts Electrical heaters Electrical heaters 

Control surface horns Electrical heater mats Electrical heater mats 
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Fig. 17) Pneumatic boot de-icing 

 

 

Fig. 18) Thermal (Bleed Air) Ice Protection 
 

 
 

 
Fig. 19) Electrothermal Ice Protection 

 

 
Fig. 20) Fluid ice protection 
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fig. 21) EIDI: Electro-Impulse De-icing 

 

 
Fig. 22) EEDI : Electro-Expulsive De-icing 
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7) Aircraft operation: effect of ice on aircraft 
  

Icing can affect aircraft performances and handling characteristics in different ways depending on the 

location, amount and kind of ice accretion. Therefore, it is difficult to classify all possible effects of ice on 

aircraft, although the following most common phenomena can be highlighted: 

 

7.1) Wing stall 

7.2) Icing contaminated tail stall (ICTS) 

7.3) Icing contaminated roll upset 

7.4) Ground icing 

7.5) Engine and induction icing 

7.6) Carburetor icing 

7.7) Propeller icing 

7.8) Instrument icing 

7.9) Windshield 

  

 

7.1) Wing stall 
 

7.1.1) Description 

 

Ice accretion on a wing has four main effects: decrease in lift, decrease in stall angle of attack, 

increase in drag, increase in weight,. Increase in weight can reduce the capabilities of escaping for 

small aircraft, but usually it is not a problem for commercial aircraft.  

Of course, the main critical effect is the decrease in lift. Even a small amount of ice on the wing 

leading edge can modify the wing lift-angle of attack curve. The main effect is a decrease in lift, a 

decrease in maximum lift coefficient and a decrease in stall angle.  

 

While ice can accrete on many airplane surfaces, discussion will focus on the wing. There is an 

infinite variety of shapes, thickness and textures of  ice that  can accrete at various locations on the 

airfoil.  Each ice  shape  essentially produces a new airfoil  with  unique lift, drag, stall angle, and 

pitching moment characteristics that are different from the host airfoil, and from other ice shapes. 

 

7.1.2) Avoidance 

 

1. SPEED  Monitor speed and maintain increased margin 

from stall speed 

2. ANGLE OF ATTACK  Some aircraft are equipped with an angle of 

attack button that is automatically  selected on 

when ice protection is on or that can be 

manually selected by pilots and that decrease 

the angle of attack at which stall warning is 

activated. 
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7.1.3) Recovery  

 

1. SPEED AND ANGLE OF 

ATTACK 

 As for a classical wing stall angle of attack 

must be reduced and speed must be increased. 

2. AILERON  Ice accretion can be asymmetric or ice 

shedding can be asymmetric, usually wing stall 

can be asymmetric. In this condition the wing 

stall could be associated to severe aircraft roll. 

 

7.2) Icing Contaminated Tail Stall (ICTS) 
 

7.2.1) Description 

 

For most conventional airplane, the aircraft center of gravity (C.G.) is located in front of the wing 

aerodynamic center. Therefore wing lift and aircraft weight, generate a pitching down moment that 

is counteracted by the tailplane force. The first point to take into account when talking about tail-

plane stall is that the angle of attack of a tail surface is different from the airplane angle of attack 

and that can generally be expressed as 
: 

 

αh = αairplane - εh + ih 
 

where αh  is the horizontal plane 

angle of attack, αairplane is the 

airplane angle of attack, εh is the 

tail-plan angle of attack variation 

caused by the main wing 

downwash, ih is the incidence 

angle of the horizontal plane. 

The downwash is a function of 

airplane angle of attack, of the 

wing flap deflection and, for propeller aircraft, of propeller downwash:  
 

εh = f(αairplane+ ε0 + ∆εflaps) 

 

Where ε0 is the propeller contribution and  

∆εflaps is the flaps contribution. If flaps are 

lowered, the pitching down moment is 

increased because of the increased wing 

camber. The flaps downwash assists 

horizontal tail in developing the required 

down-load, and pilot will trim the aircraft 

by increasing or decreasing tail angle of 

attack depending on the aircraft model and 

on the particular airspeed. If tail-plane is 

contaminated by icing, the stall 

characteristics are degraded and this 

maneuver may increase the tail-plane angle 

of attack beyond tail-plane ice contaminated 

stall angle of attack. 

 

Tail lift
Weight

Wing lift

Pitching moment

C.G.

Tail local flow

 
Fig. 23) Conventional aircraft force balance 

 

Flaps up

Wing down-wash

Tail angle of attack

Airplane angle of

attack

Wing down-wash

Tail angle of attack

Airplane angle of

attack

Flaps down

 
Fig. 24) Flaps downwash 
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Once the tail-plane is stalled, the tail-plane downward force is reduced and the aircraft will pith 

nose down. Considering that this phenomenon may tipically happen during approach, the low 

altitude could annul the effects of any recovery action.  

 

In order to clarify the phenomenon, we can refer to the figure 25 where the tail plane lift 

coefficient versus the angle of attack for a clean and a contaminated tail plane is shown.  

 

When an aircraft is flying, flaps up the tailplane should be able, contaminated or not, to provide 

adequate download to balance the 

aircraft (Point A on the curve). 

However, when the flaps are lowered, 

the increased downwash (∆εflaps) will 

set the tail lift at point B if the tailplane 

is clear of ice, and at point C if the 

tailplane is contaminated. When flaps 

are lowered additional negative lift is 

required by the tail, so the aircraft can 

be easily trimmed if the tailplane is 

clean (point B), but it cannot be 

trimmed in case of contaminated 

tailplane because the tail is stalled and 

the tail lift (point C) is even lower than 

the lift generated in the raised flap 

configuration (point A). The result is 

the sudden nose-down aircraft attitude. 

 

7.2.2) Identification 

 

    1) Yoke movement similar to pilot induced oscillation can also be registered 

2) Control column buffet and not airframe buffet (caused by instationarity of separated 

aerodynamic forces) 

3)  

a) Unpowered elevator: Yoke suddenly full forward 

b) Powered elevator: an aircraft pitchdown tendency that is increased as the yoke is 

pulled (i.e. elevator commands inversion) 

 

 

7.2.3) Avoidance 

 

1. FLAP  Limit flap extension during flight in icing 

conditions. 

2. AUTOPILOT  Don’t use autopilot in severe icing conditions 

because it will automatically correct anomalies 

that otherwise could be used as signals of ICTS 

identification. 

3. LANDING  Land at reduced flap setting if allowed by the 

AFM 

4. ICE PROTECTION  Use ice protection systems as AFM suggests. 

 

 

 

 

 

 

 

α
tailplane

∆ε
flap

Lift coefficient tail

Clean airfoil

Iced airfoil

(A) Flaps- up
(clean and iced airfoil)

(B) Flaps down  (clean airfoil)

 (C)Flaps- down    (iced airfoil)

 
 

Fig. 25) Clean and iced tail plane lift coefficient 
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7.2.4) Recovery 

 

1. FLAP  Immediately raise flap 

2. YOKE  Immediately pull the yoke as required to 

recover the aircraft. 

3. POWER  Judicious use of power (additional power can 

worse the conditions since for some aircraft 

high engine power settings could adversely 

affect ICTS) 

4. LANDING  Land at reduced flap setting if allowed by 

AFM. 

 

 

It is extremely important not to confuse tail plane stall with wing stall since recovery actions are 

exactly opposite. In tail plane stall, the flaps must be decreased and the yoke must be pulled full 

aft, in wing stall and roll upset, yoke must be pushed forward. 

 

Cross wind in landing should be avoided because ice can accumulate not only on the horizontal tail 

but also on the vertical tail by causing a reduction of the directional control effectiveness. 

 

Remember that since in tail 

icing condition a reduced 

flap setting is required, an 

higher velocity and, as a 

consequence, a longer 

landing field could be 

required too. Nevertheless 

note that an excessive 

increase in speed could also 

be favorable to ICTS. 

 

7.3) Icing contaminated 

roll upset 
 

7.3.1) Description 

 

Roll upset may be caused by 

airflow separation 

(aerodynamic stall) inducing 

self deflection of the 

ailerons, loss, or degradation of roll handling characteristics. It is a little known and infrequently 

occurring  flight hazard potentially affecting airplanes  of all sizes.  Roll  upset can result from 

severe icing conditions without the usual symptoms of ice or perceived aerodynamic stall. 

 

In some conditions ice accretion on the wing leading edge may form a separation bubble; with the 

increase of the angle of attack such bubble could extend backward up to the aileron. In this 

condition an aileron hinge moment reversal could cause the aileron to deflect towards the 

separation bubble (Aileron “snatch”) in aircraft with unpowered control. A loss of aileron 

effectiveness could be registered in aircraft with powered control. 

 

Aileron  "snatch" is a descriptive term that  results  from an unbalance of aerodynamic forces, at an 

AOA that may be less than that of the wing stall, that tends  to deflect  the ailerons away from their 

neutral position. On unpowered controls, it is felt as a change in control  wheel force. Instead of 

requiring the force to deflect the  aileron, it  requires the force  to return the aileron  to  the  neutral 

 

 
 

Fig. 26) Pitch-down nose attitude after tail plane stall 
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position. Aileron instability  sensed  as  an oscillation, vibration or buffet in the control wheel  is 

another tactile cue showing that the flow field over the ailerons is disturbed. When  reduction or 

loss of aileron control due  to  ice  is experienced, it may or may not be accompanied by  

abnormally light control forces.  If the airplane is displaced in  roll attitude, for instance, caused by 

partial stall due to ice, the  pilot's efforts to correct the attitude by aileron deflection are defeated 

by the lack of their effectiveness. 

 

7.3.2) Avoidance 

 

Typically, roll upset is caused by a ridge of ice forming near the aircraft leading edge. This ridge 

can form in SLD conditions (large droplet diameter). These droplets, having a larger inertia, can 

impact after the area protected by ice protection systems. In particular, if the aircraft is flying with 

flap extended in SLD, an ice ridge can form on the aircraft upper surface. 

  

 

 

1. SLD  The first rule is to avoid exposure to SLD 

icing conditions 

2. WEATHER FORECAST  Get informed about the PIREPs and the 

forecast: where potential  icing  conditions  

are  located in relation to the planned  route. 

About 25% of the cases of SLD are found  

in  stratiform  clouds colder than 0 °C at all 

levels,  with  a  layer of wind shear at the 

cloud top. There need not  be  a  warm 

melting layer above. 

3. AIR TEMPERATURE  Maintain  awareness  of outside 

temperature.  Know  the   freezing level (0 

°C SAT).  Be especially alert for severe   ice  

formation at a TAT near 0 °C or warmer 

(when the  SAT   is 0 °C or colder).  Many 

icing events have been reported at   these 

temperatures 

4. AUTOPILOT  In severe icing conditions disengage  the  

autopilot and hand fly the  airplane. The 

autopilot  may hide important handling cues, 

or may self  disconnect  and  present  

unusual  attitudes or  control  conditions. 

5. HOLDING  Avoid holding in icing condition with flaps 

down; the flight with low angle of attack 

could cause an ice ridge formation on the 

upper wing. If flaps have been lower during 

flight in icing condition don't retract them: 

the associated increase in angle of attack 

could cause flow separation on the 

contaminated wing. 

 

All turbopropop with unpowered controls have been screened by FAA and cues to identify SLD 

have been provided. 
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Visual cues for SLD identification 

 

1) Unusual ice accretion on areas where ice is not normally observed (e.g. lateral window, 

fig. 27) 

 

2) Accumulation of ice aft of the protected area 

 

3) Accumulation of ice on propeller spinner or on engine nacelle farther aft than normally 

observed 

 

4) Water splashing on windscreen at negative outside temperature 

 

5)  Visible rain at negative outside temperature 

        
 

Figure 27 ) Ice accretion on lateral cockpit window (visual cue for SLD) 
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7.3.3) Recovery 

 

1. ANGLE OF ATTACK  The angle of attack must be lowered. It can be 

lowered either by lowering the aircraft nose 

and increasing airspeed either by extending 

flaps. Flaps extension is not recommended 

because the effect is not immediate and may 

cause further pitch excursions. Flap extension 

may also have a detrimental effect on tail stall. 

Lowering the nose is the preferred technique 

because it results in an instantaneous airspeed 

gain even if it will cause a loss of altitude. 

2. ATTITUDE  If in a turn, the wings should be rolled level 

3. POWER  Set the appropriate power and monitor the 

airspeed and angle of attack 

4. FLAPS  If flaps are extended, do not retract them unless 

it can   be  determined  that the upper surface of 

the airfoil  is clear of ice since retracting the 

flaps will increase  the AOA at a given 

airspeed. 

5. ICE PROTECTION SYSTEM  Verify that the wing  ice protection system is 

functioning normally and symmetrically trough 

visual observation of each wing. If there is a 

malfunction follow the manufacturer's 

instructions. 

6. FLIGHT PLAN  Change heading, altitude, or both to find an 

area warmer   than  freezing, or substantially 

colder than  the  current   ambient  temperature,  

or  clear  of  clouds.   In  colder   temperatures,  

ice  adhering to the  airfoil  may  not  be   

completely  shed.  It may be hazardous  to  

make  a  rapid   descent  close  to  the  ground  

to  avoid  severe   icing   conditions. 

7. ATC  Advise ATC and promptly exit the condition 

using control inputs as smooth and as small as 

possible 

8. PIREPS  When severe icing conditions exist, reporting  

may assist other crews in  maintaining 

vigilance. Submit  a  pilot   report  (PIREP) of 

the observed icing conditions.   It  is   

important not to understate the conditions or 

effects. 

 

7.4) Ground icing 
 

The generally accepted principle of operation in adverse weather conditions is the “clean wing 

concept”. JAR-OPS 1.345 states that take-offs shall not be commenced “unless the external surfaces 

are clear of any deposit which might adversely affect the performance and/or controllability of the 

airplane except as permitted in the AFM”. Manufacturers procedures in the AFM also state that aircraft 

must be clear of ice before take-off. In particular it is the responsibility of the pilot in command to 

verify that frost, ice or snow contamination is not adhering to any aircraft critical surface before take-

off. 
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Ground engine contamination can be caused by snow or freezing precipitation and is dependent on 

ambient and aircraft surface temperature, relative humidity, wind speed and direction. 

 

Where fuel tanks are coated by the wings of the 

aircraft, the temperature of the fuel greatly 

affects the temperature of the wing surface above 

and below these tanks. After a long flight, the 

temperature of an aircraft may be considerably 

lower than ambient temperature and therefore 

clear ice may form on wing areas above fuel 

tanks. This clear ice formation, that is very 

difficult to detect, could break loose at rotation or 

during flight causing engine damage essentially 

on rear mounted engine aircraft. 

 

To avoid the cold soaked phenomenon, skin temperature should be increased. Skin temperature can be 

increased by refueling with warm fuel or using hot freezing point depressant fluids or both. 

 

In any case, ice or frost formation on upper or lower wing surface must be removed prior to take-off. 

The exception is that take-off may take place with frost adhering to the wing underside, provided it is 

conducted in accordance with the aircraft manufacturer’s instructions. 

 

A general aviation aircraft may be de-iced with any suitable method. Parking the aircraft in a heated 

hangar for an appropriate amount of time to let all contamination melt is a common de-icing procedure 

for smaller aircraft. Using wing covers or other temporary shelters will often reduce the amount of 

contamination and the time required for deicing and anti-icing the aircraft, especially when the aircraft 

must be stored outside. Some types of contamination such as light, and dry snow can be removed with 

a sharp broom. Very light frost can be rubbed off using a rope sawed across the contaminated area. 

 

One of the most common procedures in commercial operations involves using solutions of water and 

freezing point depressant fluids. Heating these fluids increases their de-icing effectiveness. However, 

in the anti-icing process, unheated fluids are more effective because the thickness of the fluid is 

greater. High pressure spraying equipment is often used to add physical energy to the thermal energy of 

FPD fluids.  

 

Several types of ice protection fluids have been developed: Type I used mainly for de-icing, Type II 

and IV with longer hold-over times used mainly as anti-icing. However, as Type IV fluids do not flow 

as conventional Type II fluids, make sure that enough fluid is used to give uniform coverage. In 

addition to Type I, II and IV fluids, Type III fluids have been developed for aircraft with low rotation 

speeds. Type III fluids have shorter hold-over times and a better flow off characteristics than Type I 

fluids and longer hold-over time than Type I fluids. Type III fluids are not commercially available at 

the moment. 

 

COLD FUEL

PRECIPITATION

HUMIDITY

FROST

ICE

 
Fig. 28) Cold soaked wing 
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In the two step application, anti-icing fluid is applied before the first step deicing fluid freezes and 

becomes ineffective. The concentration of the anti-icing fluid mixture for the second step is based upon 

OAT and weather conditions, to provide the desired hold-over time. This two-step process provides the 

maximum possible anti-icing capability. Do follow icing fluids manufacturers indications because 

some anti-icing fluids are not compatible with all de-icing fluids in the two steps procedure. 

 

The hold-over time starts at the beginning of the last anti-icing treatment and in order to perform a safe 

take-off the aircraft must have reached rotation speed before the hold-over time expires. This means 

that the total time required to perform the last anti-icing treatment, the time to taxi from the 

deicing/anti-icing facility to the runway, the holding time at the runway and the time required for the 

actual take-off run should be less than the hold-over time. At congested airports, this can easily lead to 

exceeding the hold-over time before the take-off is accomplished and therefore forcing the crew to 

return to the deicing/anti-icing facility. This will cause a considerable delay, and often a new departure 

slot time will be required. 

 

Two different strategiescan be used to protect the aircraft from ice on the 

ground: 

 

Deicing is a ground procedure in which frost, ice or snow is removed from 

the aircraft in order to provide clean surfaces.  

 

Anti-icing is a ground procedure that provides some protection against the 

formation or refreezing of frost or ice for a limited period of time, called 

“hold-over time”. Hold-over time is a function of variables such as 

ambient temperature, airframe temperature, wind conditions, fluid type 

and thickness and the kind and rate of precipitation, which adds moisture 

and dilutes the fluid. Hold-over time tables only give an estimated time of 

protection under average weather conditions. 

Deicing and anti-icing using freezing point depressant fluids can be 

performed in one or two steps. 

 

One-step deicing/anti-icing: the fluid used to de-ice the aircraft remains on 

the aircraft surfaces to provide limited anti-icing capability. 

 

Two step deicing/anti-icing: the first step (deicing) is used to remove all 

frozen contaminants from all surfaces and components and is followed by a 

second step (anti-icing) as a separate fluid application. 
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When the hold-over time has been exceeded FAR121 operators have the option to go back for a new 

anti-icing treatment or to carry out a pre-takeoff contamination check, to ensure that certain critical 

surfaces are clear of ice, snow or frost. The pre take-off check must be carried out by pilot or qualified 

ground personnel. It implies a visual inspection of the aircraft plus a hand-on tactile inspection of the 

most critical surfaces such as wing leading edge and upper wing surfaces. If it has been determined 

from this check that the anti-icing fluid is still providing protection, takeoff must be accomplished 

within 5 minutes. If this check determines that the anti-icing fluid has lost its effectiveness, takeoff 

should not take place and the deicing/anti-icing treatment should be repeated. The ultimate 

responsibility of commencing the take-off after a deicing/anti-icing treatment lies with the pilot-in-

command. 

 

Pilots should also take into 

account that de/anti-icing 

fluids form a film on the wing 

surface and therefore have a 

detrimental effect on aircraft 

performances (the effect 

depend on the type and 

concentration of the fluids and 

on the aircraft model) even if 

the aircraft is free of ice. 

 

Effects of de/anti-icing fluids on take-off 

performances: 

 

1) Increased rotation speeds/increased field length. 

2) Increased control (elevator) pressures on takeoff. 

3) Increased stall speeds/reduced stall margins. 

4) Lift loss at climbout/increased pitch attitude. 

5) Increased drag during acceleration/increased field 

length. 

6) Increased drag during climb. 
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Ground ice procedures 
 

One step procedure Two step procedure 
• Type I/hot water mixture 

 

Usually 50/50 since for Type I fluids provides the 

lowest freezing point (about 50 °C). (Only for de-

icing) 

 

• Type II/hot water mixture 

 

Fluid concentration depends on external temperature 

(the lower the temperature, the higher the fluid 

concentration) and on desired holdover time 

(obtained from approved hold-over tables) 

First step 
• Hot water 

• (Type I or II fluid)/hot water mixture 

 

Generally, concentration depends on external 

temperature (the lower the temperature, the higher 

fluid concentration) 

 Second step 
 

• within 3 minutes cold fluid mixture application 

 

Fluid concentration depends on external temperature 

(the lower the temperature, the higher the fluid 

concentration) and on desired holdover time 

(obtained from approved hold-over tables) 

Ground ice decision flow 

 1. Load and refuel 

the aircraft 

 

2a. If aircraft is contaminated and 

ice conditions exist: de-ice and anti-

ice; start time for holdover from the 

beginning of the anti-ice procedure  

 2b. if aircraft is 

contaminated and ice 

condition do not 

exists: 

de-ice 

3a. Taxi for take off (If allowed by 

airport facility, anti-ice/de-ice 

should be performed at the 

beginning of the run-way)  

 

 

 

 

TAKE-OFF 

4a. If Holdover time is about to 

expire or whenever in doubt: 

Perform pre-takeoff contamination 

check 

 

 

 

5a. If the aircraft is contaminated 

go to 2a, if holdover time has been 

depassed but aircraft is not 

contaminated take-off within 5 

minutes otherwise go to 2a 

  

TAKE-OFF   
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7.5) Engine and induction icing 

  

Usually aircraft have cooling air inlets, or carburetor components or other elements where air is 

accelerated with respect to the external air and consequently is cooled (Engine air intakes, ram air 

scoops, carburetor, cooling systems... ). This means that air can reach the freezing temperature even if 

the outside temperature is above zero, at the same time moisture can condense and therefore ice can 

accumulate on these components.  

 

In particular, carburetor icing is a very important phenomenon for piston engine aircraft. Usually an 

ice protection system is installed on carburetors using engine exhausts as heat source. Pilots are 

provided with carburetor charts to decide when to activate the carburetor ice protection system. These 

charts show diagrams where temperature is plotted versus dew-point spotting conditions favorable to 

carburetor icing (See next point for additional details). 

 

If ice accumulates on air intake lip, the air flow can be distorted causing a decrease in engine 

performances. In addition, ice can be shed from the lip and be ingested into the engine causing engine 

flame out. For this reason air intake lips are usually equipped with an ice protection system. 

 

Fuel icing is not very common; it can be caused by the freezing of the fuel itself, but usually this 

phenomenon is avoided since fuel is normally mixed with appropriate freezing point depressant 

fluids. Fuel freezing can also be the result of water, held in suspension in the fuel, precipitating and 

freezing in the induction piping, especially in the elbows formed by bends.  

  

 

7.6) Carburetor icing 

 

7.6.1) Description 

 

Carburetor icing is an important example of induction icing. It is caused by a sudden temperature 

drop due to fuel vaporization and pressure reduction at the carburetor venturi. The temperature can 

drop in the range of 20-30 °C. This results in the atmospheric moisture turning into ice which 

gradually blocks the venturi (Fig. 29). This upsets the fuel/air ratio causing a progressive smooth 

loss of power and can slowly ‘strangle’ the engine. Carburetor icing can occur even on warm days, 

particularly if they are humid. It can be so severe that unless proper actions is taken the engine may 

stop (especially at lower power setting). If there is a failure due to carburetor icing, the engine may 

be difficult to re-start and even if it does, the delay could be critical. Experience has shown that 

carburetor icing can occur during descent power at ambient temperature over 25 °C and humidity 

as low as 30%. During cruise carburetor icing can occur at ambient temperature of 20 °C and 

humidity of 60%. 
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7.6.2) Identification 

 

Carburetor icing is not restricted to cold days, and can occur in warm days if the humidity is high 

and especially at lower power settings. Carburetor icing can occur even in clear air. Usually to 

identify potential risks of carburetor icing ‘Carburetor icing chart’ may be used (Fig. 30). This 

chart provides carburetor icing risks as a function of temperature and dewpoint. 

 

If the dew point is not available, the following signals can be used: low visibility, wet ground, In 

cloud layers or just below cloud base, in precipitation, in clear air where clouds or fog have just 

been dispersed, in clouds or fog where 100% humidity can be assumed. 

 

 

 

 

 

 

 

 

 

 

 
             Fig. 29) Carburetor icing                             Fig. 30) Carburetor chart 

 

1) With a fixed pitch propeller a slight reduction in rpm and airspeed can be sign of 

carburetor icing onset. Note that since reduction can be smooth, the usual reaction is 

to open throttle to compensate the loss, but this procedure may hide the problem. As 

ice accumulation increases, rough running, vibration, loss in speed and engine 

stoppage may follow. 

 

2) With a constant speed propeller the loss of power will not be followed by an rpm 

reduction. In this case the main sign is a drop in manifold pressure. 
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7.6.3) Avoidance 

 

1. START-UP  During start up and taxing, carburetor heat 

should be in the cold position 

2. ENGINE RUN-UP  During engine run-up the carburetor anti-ice 

must be checked. Hot air selection should be 

associated to a significative decrease in 

power (75-100 rpm or 3-5” of manifold 

pressure). Power must be regained when 

cold air is again selected. If power will be 

greater than before selecting hot air means 

that ice was present and has been melted. 

3. TAKE-OFF  It is suggested to put carburetor heat ON for 

5 seconds immediately before take-off. The 

take-off can be performed only if the pilot is 

sure that there is no ice and carburetor heat 

is set to OFF. 

4. CLIMB and CRUISE  During climb and cruise, carburetor heat 

must be selected on if conditions are 

conductive to icing (visible moisture, chart, 

...). Monitor appropriate instrument and 

make a carburetor check every 10 minutes. 

5. DESCENT and APPROACH  Descent and approach are critical situation 

because performed at low engine power. 

Maintain FULL heat for long periods and 

frequently increase power to cruise regime 

and warm the engine. 

6. BASE LEG and FINAL 

APPROACH 

 On base leg and final approach, the HOT 

position should be selected. The carburetor 

heat should be returned to cold at about 

200/300 ft from final. In any case during go-

around or touch and go, carburetor must be 

set to COLD. 

 

 

 

7.6.4) Recovery 

 

 

Always use full heat (use partial heat only if the aircraft is equipped with an air intake internal air 

temperature gauge and in accordance with aircraft flight manual). Partial heat may cause melting 

of ice particles that could refreeze in other locations of the induction system. The reduced heat 

setting may be not enough to prevent freezing. 

Hot air should be selected if: 

 

1) A drop in rpm or manifold pressure is experienced 

2) If icing conditions are suspected 

3) When high probability of carburetor icing are inferred from the 

carburetor chart 
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Hot air will reduce engine power. This means that if carburetor ice is present and hot air is 

selected, the situation may initially appear worse due to the increase in the engine rough running. 

This situation may last for about 15 seconds. It is important in this period to resist the temptation 

to return to cold air. 

 

7.7) Propeller icing 

 

Aircraft propellers are usually protected with anti-icing electro-thermal systems. 

Nevertheless a propeller may accrete ice if: 

 

1) The ice-protection system is not working 

2) There is a very severe icing encounter 

3) At high altitude with very cold temperature. 

 

1) Ice protection system is not working 

Ice accretion on the propeller causes higher engine power requirement for a given airspeed. However, 

it is very difficult to understand whether the propeller ice protection system is not working unless the 

aircraft is equipped with a specific instrumentation. A sign could be the shedding of ice from the 

propeller that may impact on the fuselage. 

 

2) Severe icing encounter 

To economize electrical power, usually propellers are de-iced cyclically. If the icing encounter is very 

severe, ice can accumulate into the inter cycle time. The sign is again ice shedding and impacting on 

the fuselage. Short out of balance vibration could also be registered. 

 

3) At high altitude with very cold temperature. 

Propellers are usually protected only up to 25-30% of the radius. The reason is that the high velocity 

of the tip could avoid ice formation and that centrifugal force could easily cause ice shedding. At high 

altitude, because of the very low temperatures, ice can accumulate also on the tip. Asymmetrical ice 

shedding is present causing considerable vibrations. This condition is usually not severe and is of 

short duration. 

 

7.8) Instrument icing 

 

7.8.1) Antenna icing 

 

Antennas usually protrude outside the aircraft skin and are shaped like small wings with very little 

thickness. Since wings with low thickness are very good ice collectors, antennas tend to 

accumulate ice very easily. For this reasons antennas are usually equipped with a deicing or anti-

icing protection system. 

 

If ice accumulates on an antenna, the first effect is the distortion of the radio signal. When ice 

accretion becomes important, since it modifies the aerodynamic shape of the antenna, it will begin 

to vibrate. Vibration can cause distraction to the pilots, but more important it may break the 

antenna. This would cause a break-up of communication in an already difficult situation. Then 

antenna wreckage can also impact and damage other parts of the aircraft. 

 

7.8.2) Pitot icing 

 

Pitots are very sensible to icing because even a very light icing condition can cause the obstruction 

of the pitot air entry hole. An obstruction of pitot entry can cause a bad airspeed indication and can 

cause a big confusion to pilots, especially if they are not aware of the malfunctioning. Pitots are 

usually equipped with an electrical ice protection system that must be always on.  
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Often aircraft have also icing protection on the pitot static ports. Other aircraft have an alternative 

static port inside the aircraft, protected from ice, to be used during flight in icing conditions. 

 

7.8.3) EPR icing 

 

Usually jet engines are equipped with compressor inlet pressure probes. These inlets are used in 

conjunction with the exhaust pressure to determine engine thrust settings to display in the cockpit 

as an Engine Pressure Ratio (EPR). If EPR probes are iced, for a system failure or for aircrew 

neglecting ice protection system activation, EPR may indicate larger thrusts than that effectively 

produced by engine. This may push the pilots to decrease thrust causing a thrust deficit and 

eventually a fatal accident. 

 

If used in conjunction with N1, EPR can be used to detect the presence of icing: a double check of 

N1 and EPR is a very good method to spot the existence of icing conditions. 

 

7.8.4) Stall warning vanes 

 

Many aircraft are equipped with a vane shaped like an airfoil wich rotates freely around the 

horizontal axis to measure the aircraft angle of attack. This sensor can easily accumulate ice and so 

make the angle of attack indications false. For this reason, it is usually electrically heated. 

 

 

9.1) Windshield 

 

While icing on the windshield has a relatively small effect on aircraft performance and 

instrumentation, usually windshields are equipped with ice protection systems to allow visibility to 

pilots in case of icing encounters. On high performance aircraft, where windshields must also bear 

pressurization and bird strikes, the heating element is often a layer of conductive film through which 

electric current runs to heat the windshield. On smaller aircraft, other systems like the ones based on 

freezing point depressant fluids, or hot air jet may be used. 

 

Windshield ice protection system may be not operative or not sufficient to cope with severe icing 

conditions. 
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8. Aircraft operation 

 

Flight phases: 

 

8.1) Weather analysis; 

8.2) Pre-flight; 

8.3) Taxing; 

8.4) Take-off; 

8.5) Climb-out; 

8.6) Cruise; 

8.7) Descent; 

8.8) Approach and landing. 
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8.1) Weather analysis 

 

Get a weather briefing: 

 

2. METAR/TREND, TAF  Collect Metar/Trend and Taf  of all the airports 

of interest included the ones along the planned 

route: this information might be essential in 

deciding whether the flight should be re-planned 

via another route; 

3. SIGMETs, AIRMETs  Collect Sigmets and Airmets: This will alert the 

crew of  areas of forecast or reported moderate 

and severe icing; 

4. PIREPs  Collect all the PIREPs  available: this is surely 

the best source of information; however make 

appropriate considerations for the type of aircraft 

that filled the PIREP; 

5. WEATHER CHART  Collect the Significant weather chart: this is an 

invaluable means that might assist the crew in 

forecasting possible areas of icing conditions or 

precipitation; 

6.  SNOTAMs, RUNWAY STATE 

MESSAGEs, FREEZING 

LEVELS 

 

 Collect all the SNOTAMs, RUNWAY 

CONDITON STATE MESSAGEs and 

FREEZING LEVELS  available: this 

information will complete the picture and will 

assist in developing any alternative or 

contingency plan. 
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8.2) Pre-flight 

 

NOTE: THIS PHASE INCLUDES THE CONSIDERATIONS THAT USUALLY ARE MADE BEFORE ENGINE 

START 

 

1. WALKAROUND  Make an accurate walkaround: in particular, take 

a close look at all the aerodynamic and control 

surfaces, ports, probes, airscoops, airintakes, 

powerplants, land gear assembly; 

2. DE/ANTI-ICING  Co-ordinate for a DE/ANTI-ICING treatment if 

required. If the treatment is performed, report on 

the technical documentation of the aircraft the 

relevant data: that is the type of fluid, the 

dilution percentage and when the treatment was 

initiated. Also compute the hold over time; 

3.  PITOT/STATIC, WINDSHIELD 

HEAT SYSTEM 

 Switch on, well in advance, all the pitot/static 

heater and the windshield heat systems; 

4. TAKE-OFF DATA  Compute the TAKE-OFF DATA  in accordance 

with the type of operations the crew will 

perform; 

5. FLIGHT CONTROL CHECK  Make an accurate FLIGHT CONTROL CHECK; 

this includes: flight controls maximum 

deflection, trims maximum deflection, flaps/slats 

full travel; 

6.  ICE PROTECTION SYSTEM 

CHECK 

 

 Make an accurate ICE PROTECTION SYSTEM 

TEST if required by the manufacturers 

operations or adverse weather considerations. 
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8.3) Taxing 
NOTE: THIS PHASE INCLUDES THE CONSIDERATIONS THAT USUALLY ARE MADE  AFTER ENGINE 

START. 

 

 

1. ENGINE PARAMETERS  Allow ENGINE PARAMETERS TO 

STABILIZE in normal range at idle before 

increasing engine thrust; 

2. APU  LEAVE THE APU ON, if your aircraft is 

equipped with one, UNTIL AFTER TAKE-OFF; 

3. CHECK BRAKE EFFICIENCY    CHECK BRAKE EFFICIENCY  SEVERAL 

TIMES; 

4. FLIGHT CONTROL CHECK  MAKE A COMPLETE FLIGHT CONTROL 

CHECK. This should be completed after the 

de/anti-ice treatment; the check should at least 

include: flight controls maximum deflection, 

trims maximum deflection, flaps/slats full travel; 

5. ANTI-ICE   If required, TAXI WITH THE ENGINE and 

AIRFOIL ANTI-ICE  ON;  strictly follow 

manufacturer’s indications for the use and 

effectiveness of such systems;  

6. FUEL TEMPERATURE   MAKE SURE THAT FUEL TEMPERATURE 

IS ABOVE 0°C BEFORE TAKE-OFF; strictly 

follow manufacturer’s indications for the use of 

fuel heat systems;  

7.  CARBURETOR SYSTEM 

               (if applicable) 
 VERIFY THE FUNCTION OF THE 

CARBURETOR HEAT SYSTEM and strictly 

follow the manufacturer’s indications for the use 

of such a system; 

8. DE/ANTI ICE TREATMENT  PERFORM THE DE/ANTI-ICE TREATMENT 

if required; follow the flight manual procedure in 

order to configure the aircraft properly and make 

sure to record in the technical log book the type 

of fluid used, its percentage, the time the last 

anti-icing treatment has initiated,  and the 

applicable hold-over time; 

9. TAKE-OFF DATA  VERIFY THE CORRECTNESS OF THE 

CALCULATED TAKE-OFF  DATA; 

10. TAXI  TAXI WITH CAUTION; consider the 

taxiway/runway state, its friction coefficient and 

the possible aircraft surfaces contamination due 

to ice/snow/slush spray caused by the landing 

gear; 

11. VISUAL, TACTILE CHECK   IN CASE OF DOUBT OR IN CASE OF 

EXPIRED HOLD-OVER TIMES. DO NOT 

HESITATE TO REQUEST OR PERFORM BY 

YOURSELF A VISUAL/TACTILE CHECK OR 

TO CARRY OUT A FURTHER DE/ANTI-

ICING TREATMENT.  
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8.4) Take-off   

NOTE: THIS PHASE INCLUDES THE CONSIDERATIONS THAT ARE USUALLY MADE  BELOW  1500  FEET. 

FOR PISTON ENGINE SUCH PHASE WILL LAST UNTIL TAKE-OFF POWER IS APPLIED. 

 

 

1. WEATHER RADAR  SWITCH ON THE WEATHER RADAR AND 

ASSESS THE SITUATION; 

2. ICE PROTECTION SYSTEM  ARM OR MAKE SURE THE AIRCRAFT ICE 

PROTECTION SYSTEMS ARE ON; 

3. TAKE-OFF SPEED  IF APPLICABLE, CONSIDER INCREASED 

TAKE-OFF SPEEDS; 

4. ENGINE IGNITION  PLACE THE ENGINE IGNITION ON; 

5. STATIC TAKE-OFF  PERFORM A STATIC TAKE-OFF; the aircraft 

manual will provide specific indications; 

6. ENGINE PERFORMANCES  CHECK ENGINE PERFORMANCE and 

MINIMUM ENGINE SPEED DURING THE 

TAKE-OFF ROLL; 

7.  CARBURETOR HEAT SYSTEM 

                     (if applicable) 
 TAKE OFF WITH THE CARBURETOR HEAT 

SYSTEM OFF; 

8. LANDING GEAR  CONSIDER RECYCLING THE LANDING 

GEAR. 
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8.5) Climb-out 

 
NOTE: THIS PHASE INCLUDES THE CONSIDERATIONS THAT ARE USUALLY MADE  ABOVE  1500  FEET. 

FOR PISTON ENGINE SUCH PHASE WILL BEGIN WHEN CLIMB POWER IS APPLIED. 

 

1. WEATHER RADAR  IF NECESSARY SWITCH ON THE  

WEATHER RADAR AND ASSESS THE 

SITUATION; 

2. ICE PROTECTION SYSTEM  MAKE SURE THE AIRCRAFT ICE 

PROTECTION SYSTEMS ARE ON OR 

SWITCH THEM ON; 

3.  PROPELLER SPEED 

          (if applicable) 

 IF REQUIRED, INCREASE MINIMUM 

PROPELLER  SPEED; 

4. MANEUVERING SPEEDS  IF APPLICABLE, CONSIDER INCREASED 

MANEUVERING SPEEDS; 

5.  CARBURETOR HEAT 

           (if applicable) 

 USE THE CARBURETOR HEAT SYSTEM 

FOLLOWING MANUFACTURER’S 

INDICATIONS; 

6. ICE ACCRETION  MONITOR ICE ACCRETION: use a flashlight 

if necessary; 

7. ENGINE IGNITION  PLACE THE ENGINE IGNITION 

ACCORDING TO MANUFACTURER 

SUGGESTIONS; 

8. VERTICAL PROFILE  MONITOR VERTICAL PROFILE 

ACCORDING TO AIRCRAFT CLIMB 

CAPABILITY; 

9. AIRCRAFT PERFORMANCE  MONITOR AIRCRAFT PERFORMANCE 

AND ICE PROTECTION SYSTEMS 

EFFECTIVENESS; 

10. FLIGHT PLAN  IF NECESSARY, IMMEDIATELY LEAVE 

THE AREA; 

11. AUTOPILOT  AUTOPILOT SHOULD NOT BE USED IN 

SEVERE ICING CONDITIONS. 
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8.6) Cruise 

 

 

1. WEATHER RADAR  IF NECESSARY, SWITCH ON THE  

WEATHER RADAR AND ASSESS THE 

SITUATION; 

2. ICE PROTECTION SYSTEM  IF REQUIRED, MAKE SURE THE AIRCRAFT 

ICE PROTECTION SYSTEMS ARE ON OR 

SWITCH THEM ON; 

3.  MINIMUM PROPELLER 

SPEED 
                    (if applicable) 

 IF REQUIRED, INCREASE MINIMUM 

PROPELLER  SPEED; 

4. MINIMUM ICING SPEED  IF APPLICABLE, CONSIDER MINIMUM 

ICING SPEED; 

5.  CARBURETOR HEAT 

SYSTEM 
                     (if applicable) 

 USE THE CARBURETOR HEAT SYSTEM 

FOLLOWING MANUFACTURER 

INDICATIONS; 

6. ICE ACCRETION  MONITOR ICE ACCRETION: use a flashlight 

if necessary; 

7. ENGINE IGNITION  PLACE THE ENGINE IGNITION 

ACCORDING TO MANUFACTURER 

SUGGESTIONS; 

8. ICE PROTECTION SYSTEM  MONITOR AIRCRAFT PERFORMANCE 

AND ICE PROTECTION SYSTEMS 

EFFECTIVENESS; 

9.  AIRCRAFT 

PERFORMANCES 

 BE PERFORMANCE MINDED; 

10. FLIGHT PLAN  IF NECESSARY, IMMEDIATELY LEAVE 

THE AREA; 

11. AUTOPILOT  AUTOPILOT SHOULD NOT BE USED IN 

SEVERE ICING CONDITIONS. 
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8.7) Descent 

 

1. WEATHER RADAR  IF NECESSARY SWITCH ON THE  

WEATHER RADAR AND ASSESS THE 

SITUATION; 

2. ICE PROTECTION SYSTEM  MAKE SURE THE AIRCRAFT ICE 

PROTECTION SYSTEMS ARE ON OR 

SWITCH THEM ON; 

3.  PROPELLER SPEED 
             (if applicable) 

 IF REQUIRED INCREASE MINIMUM 

PROPELLER  SPEED; 

4. MINIMUM ICING SPEED  IF APPLICABLE CONSIDER MINIMUM 

ICING SPEED; 

5.  CARBURETOR ICING 
              (if applicable) 

 USE THE CARBURETOR HEAT SYSTEM 

FOLLOWING MANUFACTURER’S 

INDICATIONS; 

6. ICE ACCRETION  MONITOR ICE ACCRETION: use a flashlight 

if necessary; 

7. ENGINE IGNITION  PLACE THE ENGINE IGNITION 

ACCORDING TO MANUFACTURER 

SUGGESTIONS; 

8. ICE PROTECTION SYSTEM  MONITOR AIRCRAFT PERFORMANCE 

AND ICE PROTECTION SYSTEMS 

EFFECTIVENESS; 

9. FLIGHT PLAN  IF NECESSARY, IMMEDIATELY LEAVE 

THE AREA; 

10. AUTOPILOT  AUTOPILOT SHOULD NOT BE USED IN 

SEVERE ICING CONDITIONS; 

11. HOLDING  AVOID HOLDING FOR PROLONGED 

TIMES; AVOID HOLDING IN ICING 

CONDITIONS WITH FLAPS DOWN, BUT, IF 

FLAPS ARE EXTENDED, DO NOT 

RETRACT THEM UNLESS IT CAN BE 

DETERMINED THAT WINGS ARE CLEAR 

OF ICE; 

12. WEATHER INFORMATION  ASSESS THE LANDING AIRPORT 

WEATHER INFORMATION; 

13. APU  IF REQUIRED, SWITCH THE APU ON. 
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8.8) Approach and landing 

 

1. WEATHER RADAR  IF NECESSARY, SWITCH ON THE  

WEATHER RADAR AND ASSESS THE GO 

AROUND TRACK; 

2. ICE PROTECTION SYSTEM  MONITOR ICE PROTECTION SYSTEMS 

EFFECTIVENESS ; 

3. LANDING  ASSESS AIRCRAFT LANDING 

PERFORMANCE; 

4. ICE PROTECTION SYSTEM  IF NECESSARY, MAKE SURE THE 

AIRCRAFT ICE PROTECTION SYSTEMS 

ARE ON; 

5. APU  IF REQUIRED LAND WITH THE  APU ON;  

6.  MINIMUM PROPELLER 

SPEED 

 IF REQUIRED INCREASE MINIMUM 

PROPELLER  SPEED; 

7. MINIMUM ICING SPEED  IF APPLICABLE CONSIDER MINIMUM 

ICING SPEED; 

8. ENGINE IGNITION  PLACE THE ENGINE IGNITION 

ACCORDING TO MANUFACTURER 

SUGGESTIONS; 

9.  CARBURETOR HEAT 

SYSTEM 
                     (if applicable) 

 LAND WITH THE CARBURETOR HEAT 

SYSTEM OFF. 
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9) Glossary 
 

AIRMET    In-flight weather advisories issued only to amend the area forecast 

concerning weather phenomena of operational interest to all aircraft and 

potentially hazardous to aircraft having limited capabilities.  AIRMET 

advisories cover moderate icing, moderate turbulence, sustained winds of 30 

knot or more widespread areas of ceiling less than 1000 feet and/or visibility 

less than 3 miles and extensive mountain obscuration. 

ANTIICING   A precautionary procedure that provides protection against the formation of 

frost or ice and accumulation of snow on treated surfaces of the aircraft for a 

limited period of time. 

AC    Advisory Circular. 

ACJ    Advisory Circular Joint aviation authorities. 

AD    Airworthiness Directive. 

AEA    Association of European Airlines. 

AFM    Aircraft Flight Manual. 

AGL    Above Ground Level. 

AOA    Angle of Attack. 

AOM    Aircraft Operating Manual. 

ANPAC   Associazione Nazionale Piloti Aviazione Civile. 

APU    Auxiliary Power Unit. 

ATC    Air Traffic Control. 

ATR    Avion de Transport regional. 

Bridging   The formation of an arch of ice over a pneumatic boot on an airfoil surface. 

CCN    Cloud Condensation Nuclei. 

CCR    Certification Check Requirement. 

Cd    Drag coefficient. 

C.G.    Center of Gravity. 

Cl    Lift coefficient. 

Clαααα    Lift coefficient versus angle of attack slope. 

ClMAX    Maximum lift coefficient. 

Ch    Hinge moment coefficient. 

Cm    Pitch moment coefficient. 

CHE    Cloud Horizontal Extent. 

CIRA    Centro Italiano Ricerche Aerospaziali. 

Clear (Glaze) ice  A clear, translucent ice formed by relatively slow freezing of supercooled 

large droplets. 

Convective SIGMET  Weather warnings that is potentially hazardous for all aircraft, including 

severe icing. 

Cp    Pressure coefficient. 

CRT    Cathode Ray Tube. 

CSIRO King  Commonwealth Scientific and Industrial Research Organization: instrument 

used for liquid water content measurement. 

CVR    Cockpit Voice Recorder. 

DEICING    A procedure through which frost, ice, or snow is removed from the aircraft 

in order to provide clean surfaces. 

DEICING/ANTICING  A combination of the two procedures. It can be performed in one or two 

steps. 

DGAC   Direction General de l’Aviation Civil. 

DTW Runway 3R  Runway identification: Runway 03 right at Detroit airport. 

E    Total impingement or collection efficiency for an airfoil or a body, 

dimensionless. 

EEDI    Electro-Expulsive De-icing. 
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EGT (TGT)   Exhaust Gas Temperature. 

EIDI    Electro-Impulse De-icing. 

EPR    Engine Pressure Ratio (PT7/PT2). 

EURICE   EUropean Research on aircraft Ice CErtification. 

F     Force. 

FAA    Federal Aviation Administration. 

FAR    Federal Aviation Requirement. 

FDR    Flight Data Recorder. 

FPD    Freezing point Depressant Fluids. 

FP    Freezing point. 

Freezing level  The lowest altitude in the atmosphere, over a given location, at which the air 

temperature is 32 Fahrenheit (O Celsius). 

FSS     They provide weather information, location of frontal systems, available 

PIREPs, cloud cover, recorded temperature and wind. 

FSSP    Forward Scattering Spectrometer Probe: instrument used for droplet diameter 

measurement. 

h     Projected height of a body. 

HOLDOVER TIME Time The estimated time deicing or anti-icing fluid will prevent the formation of 

frost or ice and the accumulation of snow on the treated surfaces of an 

aircraft. Holdover time begins when the final application of deicing/anti-

icing fluid commences, and it expires when the deicing/anti-icing fluid 

applied to the aircraft loses its effectiveness. 

IAS    Indicated Air Speed. 

ICAO   International Civil Aviation Organization. 

ICN    Ice condensation nuclei. 

ICTS    Ice Contaminated Tailplane Stall. 

IFR    Instrument Flight Rules. 

IGV    Inlet Guide Vanes. 

ILS    Instrument Landing System. 

IMC    Instrument Meteorological Conditions. 

ISO    International Organization for Standardization. 

JAA    Joint Aviation Authorities. 

JAR    Joint Aviation Requirements. 

J-W (Johnson-Williams)  Johnson-Williams: instrument used for liquid water content measurement 

KIAS    Knots Indicated Air Speed. 

LFD    LeFt wing Down. 

LWC    Liquid Water Content: the total mass of water contained in all the liquid 

cloud droplets within a unit volume of cloud. 

MEA (MSEA)  Minimum safe En route Altitude. Minimum altitude required  during flight. 

MED    Median Volumetric Diameter: the droplet diameter which divides the total 

water volume present in the droplet distribution in half. The values are 

calculated on an assumed droplet distribution. 

MEL    Minimum Equipment List. 

METAR   Routine meteorological observations about airports. Usually they are issued 

every 30 or 60 minutes. 

Mixed cloud  A subfreezing cloud composed of snow and/or ice particles as well as liquid 

drop. 

Mh    Hinge moment. 

MSL    Mean sea level. 

MVD    Median Volumetric Diameter: the droplet diameter which divides the total 

water volume present in the droplet distribution in half. The values are 

obtained by actual drop size measurement. 

NACA   National Advisory Committee for Aeronautics. 

NASA   National Aeronautics and Space Administration. 
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NPA    Notice of proposed amendment. 

NTSB   National transportation Safety Board. 

N1    Low stage compressor rotation speed. 

OAP    Optical Array Probe: instrument used for droplet diameter measurement 

OAT    Outside Air Temperature. 

PDPA   Phase Doppler Particle Analyzer: instrument used foe droplet diameter 

measurement. 

PIIP    Pneumatic Impulse De-icing. 

PIREP    Given the location of icing forecast, the best means to determine icing 

conditions are PIlot REPorts. Required elements for PIREPs are message 

type, location, time, flight level, type of aircraft and weather element 

encountered. This system is very effective, but it is mainly used in USA 

while it is not used in Europe. 
PT2    Compressor inlet total pressure. 

PT7    Engine exhaust gas total pressure. 

RAT    Ram Air Temperature. 

Rime ice   A rough, milky, opaque ice formed by the instantaneous freezing of 

supercooled droplets as they strike the aircraft. 

RWD    Right wing down. 

rpm    Revolution per minute. 

SAE    Society of Automotive Engineers. 

SAT    Standard Air Temperature. 

SID    Standard Instrument Departure. 

SIGMET   A weather advisory concerning weather relevant to the safety of aircraft. 

SIGMET advisories cover severe and extreme turbulence, severe icing, and 

widespread dust or sandstorm that reduce visibility to less than 3 miles. 

SLD    Supercooled Large Droplet. 

SNOWTAM   Indication on runway contamination. 

SPECI    Special meteorological observation reports. 

SSW    Snow/Slush, standing Water tables. Tables used to correct take-off data in 

case of contaminated runway. 

Stagnation point  The point on a surface where the local free stream velocity is zero 

TAF     Meteorological forecastings over airports. 

TAT    Total Air Temperature. 

TGT (EGT)   Turbine Gas Temperature. 

T.O.T.   Turbine Outlet Temperature. 

TREND    A section included in a METAR or a SPECI providing information on the 

evolution of meteorological conditions. 

VR    Take-Off dotation speed. 

V1    Take -Off decision speed. 

 

Clouds classification 

 

Clouds can be classified in vertical, low, medium and high: 

 

Cb    Cumuloninbus is of great vertical extent; it can extend from 2000 m to 

10000 m above the ground; it is common in the afternoon in spring and 

summer and it is associated with hail showers and thunder. (Vertical 

clouds). 

Cu     Cumulus  is flat based with a rounded top (Low altitude clouds). 

St     Stratus is layered, are usually very low and associated with weak drizzle, 

rain or snow (Low altitude clouds). 

Sc     Stratocumulus has a rounded top clouds forming a layer (Low altitude 

clouds). 
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As     Altostratus is a semi-transparent or opaque layer (Medium altitude cloud). 

Ns     Nimbostratus is an overall sheet of gray cloud producing continuous rain or 

snow (The base tend to be at 2000 -25000m) (Medium altitude cloud). 

Ac     Altocumulus is in tufts with rounded and slightly bulging upper parts 

(Medium altitude cloud). 

Ci     Cirrus is shaped as filament or hooks (High altitude cloud). 

Cs     Cirrostratus is in a layer (High altitude cloud). 

CC     Cirrocumulus is composed of very small elements (High altitude cloud). 

 

Precipitation 

 

SN     Snow at the surface occurs when no melting layers are encountered by 

crystals falling to the ground.  Cloud is mainly a crystal clod, therefore icing 

conditions, especially for moderate or severe ice are less likely. 

SG     Snow grain form when ice crystals aloft become rimed as they fall through 

SLW. In this case a mixed phase exists aloft and aircraft icing is likely. 

GS     Graupel or snow pellets Ice crystals become heavily rimed while falling 

trough SLW. In this condition it is likely that a significant amount of liquid 

water exists aloft. 

FZDZ    Freezing drizzle is associated with both the warm rain or the collision-

coalescence process although it is more usually caused by a collision-

coalescence process. 

FZRA    Freezing rain is associated with both the warm rain or the collision-

coalescence process although it ts more usually caused by a warm rain 

process. 

PL     Icing pellets, usually associated with the warm layer process, are caused by 

re-freezing of  precipitating and melted ice crystals. 

RA     Rain. 

DZ     Drizzle. 

  

Symbols 

 

 

m
.

    Rate of water. 

α    Incidence. 

δ     Deflection of the moving surface of an airfoil. 

εεεε     Downwash. 

ih     Horizontal plane angle. 

 

Units 

 

 

°°°°C    Celsius. 

cm    Centimeter. 

°°°°F    Fahrenheit. 

ft    Foot. 

g     Gram. 

lb    Pound. 

hP    Hecto Pascal. 

hp    Horse power. 

in    Inch. 

Kg    Kilogram. 

Kmh    Kilometer per hour. 
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Kt    Knots. 

Kw    KiloWatts. 

m    Meter. 

mm    Millimeter. 

Nm    Nautical miles. 

psig    Pound per square inch gauge (pressure). 

s     Second. 

shp    Shaft horse power. 

w    Watt. 

µµµµm    Micron: one millionth of meter. 

 

 

 


