CHAPTER 6

ICING

INTRODUCTION


Aircraft icing is one of the major weather hazards to aviation.  In this chapter we'll discuss the effects of icing on aircraft, the atmospheric conditions that are favorable for aircraft icing, and the types and intensities of icing.

INFORMATION
EFFECTS OF AIRCRAFT ICING


Ice on the airframe decreases lift and increases weight.  Ice on the exterior, moveable surfaces of the aircraft, affects aircraft control surfaces.  Ice on rotors and propellers can result in extreme vibrations.  Ice in the air intake of an engine can rob the engine of air to support combustion; also, if ingested into the engine, ice can cause foreign object damage (FOD).  Other effects include loss of aircrew's vision, instrument failures, etc.

FORMATION OF AIRCRAFT ICING


Two basic conditions must be met for the formation of aircraft icing.  The free-air temperature on the aircraft surface must be < 0oC and super-cooled water droplets must be present.  Most in cloud icing occurs with temperatures between 0oC and -20oC.  Icing is rare in clouds with temperatures < -20oC because these clouds are almost completely composed of ice crystals.

TYPES OF AIRCRAFT ICING

Clear


 Clear icing is a glossy, clear or translucent ice.  Conditions that are favorable for the formation of clear ice include a high water content, large droplet size, and temperatures slightly below freezing (normally between 0oC and -8oC).  Clear ice is most frequently encountered in cumuliform clouds and freezing precipitation.

Rime.


Rime icing is a rough, milky, opaque ice.  It can form and accumulate at all temperatures < 0oC.  Rime ice is common in stable, stratiform clouds where temperatures are between 0oC and -15oC.  It can also be found in cumulus clouds where temperatures are < -15oC.

Mixed


Mixed icing is a mixture of clear and rime ice.  It is found most often in cumuliform clouds at temperatures between -9oC and -15oC.

Frost


Frost forms on exposed surfaces of parked aircraft when the temperature of the exposed surface is < 0oC (while the free-air temperature may be > 0oC).  It can also form on descending aircraft when the aircraft encounters very humid air.

AIRCRAFT ICING AND ASSOCIATED CLOUD TYPES

Stratiform Clouds

Icing with stratiform clouds is primarily encountered in mid- and low-level clouds, and
is confined to a layer between 3,000-4,000 ft thick.  The icing intensities generally range from a trace to light, with the maximum values occurring in the upper portions of the cloud where colder temperatures exist.  The main hazard lies in the great horizontal extent of some of these cloud decks.


Both rime and mixed icing may be found in stratiform clouds, with rime usually the case.  Icing is rare in high-level stratiform clouds (cirriform) because these are mostly composed of ice crystals.

Cumuliform Clouds


The zone of probable icing is smaller horizontally, but greater vertically than in stratiform clouds.


All types of icing can be encountered in cumuliform clouds.  The actual type depends on the stage of development and temperature of the cloud.

AIRCRAFT ICING INTENSITIES

Trace Icing


Icing first becomes observable.  It can be found at all temperatures from 0oC to -40oC.  It can occur at temperatures between 0oC and -7oC, with a dew-point depression of < 2oC and neutral or weak cold-air advection.  It can also occur at temperatures between -8oC and -15oC, with a dew-point depression of < 3oC and neutral or weak cold-air advection.  Trace icing is also found over areas with steady non-freezing precipitation in clouds not associated with frontal or orographic lifting.

Light Icing

The rate of accumulation of light icing requires the occasional use of deicing equipment.  It is generally found at temperatures between 0oC and -22oC in the cloud.  It is often found in clouds, not due to frontal or orographic lift, in areas without steady non-freezing precipitation (particularly in cumuliform clouds).  (NOTE:  The presence or absence of precipitation cannot be used as a determinant of icing intensity with clouds resulting from frontal or orographic lift).  Light icing is also found in clouds up to 300 nm ahead of a warm front.


Light icing can occur at temperatures between 0oC and -7oC, with a dew-point depression of < 2oC and strong cold-air advection.  It can occur at temperatures between -8oC and -15oC, with a dew-point depression < 3oC and strong cold-air advection.

Moderate Icing

The rate of accumulation of moderate icing requires the continuous use of deicing equipment.  It is generally found at temperatures between 0oC and -15oC.  Moderate icing is often found in clouds up to 100 nm behind a cold front.  It occurs in areas of freezing drizzle, below or in clouds, and is often found in clouds associated with deep vertical lows.

Severe Icing

The rate of accumulation of severe icing is too rapid for deicing equipment to handle.  Severe icing is associated with areas of freezing rain.  It can occur with all thunderstorms.

FORECASTING ICING USING SKEW-T

Icing Type


By using the plotted curve (T), types of icing can be determined by intersecting them with the isotherms.  In cumuliform clouds, clear icing will occur between 0( and -9(C, mixed icing will occur between -9( and -15(C and rime icing will occur between -15( and -40(C, although below -22( the chances of icing significantly decrease.  In stratiform clouds, rime icing will be the predominate type at all temperatures.

Icing Intensity


Intensity of icing can be determined by using the dew-point depression (Td).  If the Td is 3( to (2(, icing intensity will be light.  If the Td is between 2( and 0(C, the intensity will be moderate.  In freezing drizzle, icing intensity will be moderate; in freezing rain, it will be severe.  


Table 6-1 and 6-2 show general rules of thumb to help you determine whether or not to forecast icing conditions.  They are empirically derived and therefore not 100 percent accurate.  These rules are modified based on observations, experience or local rules of thumbs.

Table 6-1.  Type of Icing and Intensity
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Table 6-2.  Type of Icing Flow Chart
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Figure 6-1. Type of Icing and Intensity on the Skew-T

SUMMARY


Accurate forecasts of the occurrence and type of precipitation, and of the type, location, altitude, thickness, amount, and temperature of clouds must be available before complete, accurate aircraft icing forecasts can be made.  Please complete the review exercise and discuss any problems or clarifications with the instructor.

REVIEW EXERCISE 6

1. A pilot reports that he encountered frost icing on descent into your station at 6,000 ft MSL.  You have determined that the freezing level is 9,000 ft MSL.  What is the most likely cause of icing being found at 6,000 ft MSL?

2.
What type of icing is found in cumuliform clouds?  Stratiform clouds?

3.
An aircraft is descending through stratiform clouds 200 nm ahead of a warm front.  What type and intensity of icing would you forecast for the aircraft?

4.
Match the intensity of icing in column "A" with the condition that best describes where you would encounter the intensity in column "B".



Column A






Column B

_____ 1.
In clouds up to 100 nm behind a cold front.
a.
Trace


_____ 2.
In areas without steady non-freezing

b.
Light



precipitation in clouds not associated with 
c.
Moderate



frontal or orographic lifting.


d.
Severe

_____ 3.
Found at all temps. 0oC to -40oC.

_____ 4.
In freezing rain.  

_____ 5.
With all thunderstorms.

_____ 6.
In freezing drizzle.

_____ 7.
Over deep vertical lows.

_____ 8.
Up to 300 nm ahead of a warm front.

_____ 9.
Found at temps. 0oC to -7oC, with a dew-point



depression < 2oC and weak cold-air advection.

_____ 10.
In clouds NOT due to orographic or frontal lift in 



areas with no precipitation.

5.
Icing normally found with stratiform cloudiness is generally __________ to _________ ft thick and found in ______________ and _____________ level clouds.

6.
An aircraft is descending through cumuliform clouds 80 nm behind a cold front.  The temperature at flight level is -7(C.  What type and intensity of icing would you forecast?

7. Using the Skew-T diagram, forecast the intensity and type of icing for:

5,000 feet_______________________

9,000 feet_______________________

12,000 feet______________________

17,000 feet______________________
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