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introduction

Despite improvernents in equiprment and forecast technique, inflight icing is a contributing factor in
accidents and incidents each year, What are the reasons for these encounters, and what can you
as a pilot do to safely manage the risk associated with icing?

I this course you wil l2arn that water does not always freeze at 32° F. or 0° C, You'll discover
which ternperatures are most conducive to clear, rime, and mixed icing, and how water content
atd droplet size relates to icing severity, You may discover that the de-ice or anti-ice equiprnent an
woLr aircraft cannot always provide adeguate protection, Yo will find tools for evaluating icing
conditions before fight, and wou'll have the opportunity to understand and learn bhow to avoid o, if
recessary, recover from roll upset and tail stalls caused by structural ice,
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induction ice

Thete are two major types of icing:

induction and structural,

Induction icing consists of any ice accurmulation that blocks the venturi, air filter, ducting, and/or
fuel meteting device, Impact ice, a type of induction icing, can occur amywhere that termperatures
are near to, or colder than, the freezing point of 0% C. Impact ice can block the air filter and

tob the engine of air needed for combustion, even on a fuel injected engine, If you suspect impact
ice, activate alternate air or carburetor heat as directed by your POH,AFM,

Carburetor icing (ice that forms

To Engine

lce

Incoming Air

Fuel/Air

I i the carburetor) ocours
Mixture

when the drop in air pressure
inside the venturi causes rapid
cooling of roisture-laden air, or
due to vaporization of fuel,

The resulting ice accurnulation in
the carburetor intake tube can
greatly reduce engine
performance, In severe cases, it
Can reduce intake flow to the
point that the engine may stop.

Carb beat is both an anti-ice and a
de-ice systern, By pre-heating air
befare it enters the carburetaor
and preventing ice formation, it is
ah anti-ice systern, By melting ice
that has already accumulated
inside the carburetor, it is a de-ice
system, Remember, though, that
cath heat cannot eliminate a large

ice accurnulation.  In addition, use

of carb heat results in decreased performance since the warmer air is less dense,

Carburetor icing is a deceptive hazard, Unlike
impact ice, carburetor icing often occurs
when outside air ternperatures are well
above freezing.
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Application & Risk Management

w

& fuel injected engine does not prevent impact ice.

* If you suspect impact ice, activate carb heat or, for fuel injected engines, alternate air,
* Expect carb icing when relative burnidity i high and termperatures are between 20°F and

70°F. Indications of carb ice include rough running engine, and loss of RPM (fixed pitch
propelles ) or loss of manifold pressure (constant speed propeler).

In general, apply carb heat or alternate air immediately if you suspect carb icing,  Be
prepared for an initial additional decrease in engine performance as the ice melts and moves
through the syster,

Adeays follow specific manufacturer's recommendations.
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Structural Ice Formation

Understanding conditions conducive to iding allows you to evaluate weather data and make a safe
decision as to whether an planned flight should be made,

Myth. Water aways fesras gt 00 /370 £

Fact. Mnfsture carr axdst as a supercooled liguid until about -40° Celsius, the theoretical limit,
Contarninates in the atmosphere, howewer, set the practical limit to approximately -20°C,

For ice to form naturally in
the atmosphere, there
must be either very cold
ternperatures or ice nuclei
available to trigger the
freezing process, Liguid
cloud droplets can use
natural rmaterial such as
plant matter, bacteria, clay,
dust or other ice structure-
resernbling substances as
the catalyst for ice
formnation, without ice
nuclei, water tends to
remain in the liguid state
(supercooled droplets) --
even at termperatures
below freezing.

-0

. . Ternperature [=C)
An aircraft functions as a ek e
giant flying ice nucleus, Frequency of lcing PIREPS w5 Temnperature
and structural icing

occurs when supercooled hdodified frarn Palitovich
droplets come into contact
with a surface (ke your aircraft) at temperatures near or colder than 2 °C |

Did pou krraw? Ice nucei are not abundantly available in the atmosphere at temperatures
wearmer than -20%C, However, as the temperature decreases, more ice nuclel becorme available to
promote the freezing of cloud droplets, The limited presence of ice nuclei at ternperatures warmer
than -20°C, contributes to making supercooled droplets more likely at termperatures between -20°
C, and 0=,

Application & Risk Management

* If the aircraft surface is below freezing, ice can form even when the static air termnperature is
abiove 0°C,
* This situation can occur on descent from subfreezing temperatures,
* It can also occur where the local ternperature is reduced to below freezing due to
[y pressure areas and airflow acceleration,

* Structural icing is most likely when the static air ternperature is between +2° and -20°C and
liquid precipitation or clouds are present,

* Temperature, moisture content, and droplet size will determine the shape and structure of
the ice, The ice shape and structure in turn determine how it affects the aircraft's
aerodynaric and handling {control) gualities,
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Structural lcing Type

Structural Icing Type

Outside Air Temp. | Icing
Range Type
2*Cto-10°C Clear
-10° C to -15° C Mixed
15 Cto-20 ° C Rirne

There are three types of structural icing:  clear, rime,
and mixed. In most cases, the type of structural ice s
most dependent on the air termperature, However, the
keltood of clear ice increases with droplet size,

Clear ice typically forms when temperatures are around 2 ° C, to -10° <, and with the presence
of large water droplets freezing drizzle, or freezing rain, Clear ice is the most dangerous type of
structural ice not only because it is hard to see, but also becausze it can change the shape of

the airfoill, In addition, dear ice often forms well beyvond the ice-protected areas of the aircraft,

. Clear ke
MASA - swis Ressarch Cerder

The rore hazardows clear ice shapes, as in the two examples above, tend to form at
temperatures closer to 0°C, In warmer temperatures, supercooled water droplets first inmpact a
surface and then fliow aft before freezing, This process often forms “haorns” ar other shapes
that can substantially disrupt airflove over the wing.




Mixed ice, a combination of clear ice
and rime ice that has the waorst
characteristics of both, can form
rapicly when ice particles become
embedded in clear ice and build a
very rough accurnulation, Mixed ice
o is rnost likely to form at ternperatures
between -10° C to -15° C,

Wisderale kiced king

T D S ey o]

Rime ice forms when small droplets freeze immediately on contact with the aircraft
surface, It typically occurs with termperatures
betwee -15° C, and -20 * C, Rimeice has a
rmilky, opagque appearance resulting from air
trapped when it strikes the leading edge of an
airfoil and freezes, It is less dense, and usually
gasier to remove than clear ice, Rime ice tends
to form wedge-shaped accretions that do not
disturb airflow as much as clear ice.

Did you krow? Any type of structural icing can block the pitot tube and static ports and cause
the breakage of antennas on the aircraft, This can cause a pilot to lose or receive erroneous
indications from various instruments such as the airspeed indicator and altimeter and can cause
losz of communications and radio navigation capahilities,

Application 8 Risk Management
* To evaluate the risk of a structural icing encounter, remember that termperature,
moisture content, and droplet size determine the shape and structure of the ice,
* The ice shape and structure in turn determine how it affects the aerodynamic and
handling qualities of the aircraft,
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Structural lcing Intensity

For ice to accurmulate on an aircraft in flight, there must be sufficient oo water in the air,

wWater vapor, snowy, of ice will generally not stick to a flving airplane's external surfaces, The
problern comes from flying through liquid, which will be visible in the form of clouds or iguid
precipitation. Remember, though, that an aircraft on the ground can easily accumulate ice due to
the lack of airflow over aircraft surfaces,

There are four levels of intensity for structural icing, defined primarily by the rate of accurnulation,



Intensity |

[ Airframe Accumulation

Pilot Action

Trace

Ice becomes perceptible,
Rate of accumnulation of ice is
slightly greater than the rate

of loss due to sublirmation,

Unless encountered for one
hiour of rore, deicingf anti-
icing equiprnent andfor
hieading or altitude change
niot usually required,

The rate of accurnulation may
create a problern if flight
continues in this environment
for one howur ar more,

Deicing)fanti-icing required
occasionally to present
accurmulation andfor heading
ar altitude change required.

Moderate

The rate of accurnulation is
such that even short
encounters become
potentially hazardous,

Deicingf anti-icing required or
hieading or altitude change
required.

The rate of accurnulation is

such that deicing,fanti-icing

equiprnent fails to reduce or
control the hazard.

Severe

Irnmediate heading or altitude
change required,

when flying in clouds, remember that the greater the liquid water content of the cloud, the more
rapiclly ice accumulates on aircraft surfaces, Theoretically, the amount of water in the air is

rmeasured in mass of water per volume of air, gfm® and can also affect the ice shape. However,
droplet size is a major factor in determining icing intensity: large droplets can guickly lead to severe
icirg,

D you krrow? The most hazardous aspect of structural icing is its aerodynamic effects, Ice can:

* Alter the shape of an airfoil, causing the aircraft to stal at a significantly higher airspeed.
* Reduce the amount of ift that an airfol produces and increase drag.
* Block or limit control surfaces, making control inputs less effective,
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fcing Certification

For aircraft type certification with respect toice protection, an aircraft ranufacturer must meet
eithier the requirernents of 14 CFR 23,1419, or 14 CFR 25,1419, These rules require the
ranufacturer to demonstrate that the aircraft is "able to operate safely” while accurnulating ice
within two operational ervelopes:

Continuous maximum .
Intended to represent icing
FAA Certification El'WElﬂPﬂ typical to Strgtq5 Clouds with

armounts of liguid water
between 0.2-0.8 gfm* and
droplet sizes 15-40 microns in
diarmeter over a 17.4 nm
encounter,

Intermittent maximum :
Intended to represent icing
typical of isolated curmulus clouds
with arnounts of liquid water
ranging between 1.1-2.9 g/m*
and droplet sizes 15-50 microns
in diarneter over a 2.6 nm
encounter,

=
2

o=
=9
25

2.0
o
—

It is important to understand that an airplane equipped with some types of de-ice and, or anti-ice
systerns may still not be approved for flight into known icing conditions, For example, some have
partial installations of de-icing andfor anti-icing equiprnent that do not meet the certification or the
regulatory requirements for fight into icing conditions, In such cases, the AFM or other approved
rmaterial rust explain the operating procedures for approved use of the partial de-icing andfor anti-
icing equiprnent, It must also contain a clear statement that the aircraft is not approved for flight
into knowen icing conditions.,

Freezing drizzle and freezing rain are outside the FAL certification requiremnents,so remermnber that
even when an aircraft is approwved for flight into known icing, that does not includefreezing rain or
freezing drizzle, or conditions with a mixture of supercooled droplets and snow or ice particles,

10



Flash Certification
Thiz animation depicts icing certification limits based on the median volumetric diameter of the liquid
water droplets and liguid water content,
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Flash Experiment with Icing Type and Intensity
LIse this anirnation to see how liguid water content, termperature, and drop diameter influence the
type and intensity of structural icing.

FAA Certification Envelope

Contant

™
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=

Pid your krrow?  The icing envelopes developed in the 19405 by MACS (MASA's predecessor)
wwere intended to cover most naturally-occuring conditions, We have learned, however, that it is
possible to encounter clouds with that have significantly greater amounts of iguid water or larger
droplet sizes, and that cover larger areas, Several accidents in recent years are thought to have
occured after encounters with conditions that exceed the "standard” erwelopes,

11
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Supercooled Large Droplets (SLD)

Most icing encounters involve droplets about the size of a thin human hair -- defined in formal termns
as a "median volurnetric diarmeter” (MYD) between 15 and 50 microns), An aircraft certificated for
flight into known icing can handle flight in stratus-type clouds with droplet MYDs up to 40
micrometers, and flight in cumulus clouds with droplet MYDs up to SO micrometers,

Supercooled Large Droplets (SLDY can be up to 100 times larger, and their mass is so great that
they can strike wel behind the protected areas of an aircraft,  Despite icing certification limitations,
accidents and incidents in SLD conditions have been docurnented, especially following sustained
flight in freezing drizzle or freezing rain.

Larger droplets have greater inertia, and are less
imfluenced by the airflove around the aircraft, As a
result, larger droplets adhere to more of the
aircraft surface, and are mare likely to move behind
ice protected surfaces ("flowback™),

Droplet Size

To detect SLD, look for:

1. Wisible ice behind the active part of the de-
icing boots,

2. Granular dispersed ice crystals, or total
transiucent or opagque coverage of the
Lnheated portions of the front or side
i oes,

3. Unusually extensive coverage of ice, visible
ice fingers, or ice feathers on parts of the
airfrarne niot normally covered by ice.

12



Additional SLD cues when temperatures are near freezing:

1.
2y
cH

4,

visible rain with wery large water droplets,

Droplets splashing ar splattering on impact with the windshield, (Abter Dvosists covered by
fig certifcation envannes are 50 smal that they are wsualy belbw the Hweshold of

getact ity

Water droplets or rivulets streaming on heated or unheated windows, (Abte: Dvosists ar
siete are & dndication of Aigh faud water contant).

Waather radar returns showing precipitation.

Actions when encountering to SLD conditions:

Lapa

o

Disengage the autopiot, which can mask important cues ar abruptly disconnect and present
Lnusual attitudes or control conditions.

keep control inputs as smooth and small as possible,

Advise ATC and promptly exit the condition, Find an area above freezing, substantially
colder than the current ternperature, or clear of clouds,

Awoid rapid descents close to the ground,

wihen icing conditions exist, help other pilots by submitting a PIREP,

Flash Droplet Size
This animation shows the relative size of droplets used for icing certification, as compared with the
sighificantly larger supercooled large droplets,

Droplet Size

13
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Weather Forces that Produce Icing

Howy o you determing whether conditions along any part of your planned route are likely to
produce icing encounters? You need to know:

Where is ternperature and moisture content conducive to icing?

*» If the air is unstable or there are fronts or mountains that can lift it, the risk of inflight icing
can be high.

Where are the doud tops and bases, relative to both the freezing level and underlying terrain,

* This inforration will help you make a plan to minimnize risk of exposure to icing, and to exit
Lnexpected icing quickly.

O a broader level, understanding howe cloud formations, geography, seasons, and fronts affect
icing encounter will belp you manage these risks.

Cloud formations

Cloud type provides important information regarding the stability of the air mass and the type and
sewverity of the icing threat,

Stratus clouds develop into fairly uniform horizontal layers, They
typically contain lower arnounts of liquid water than curnulus clouds,
but can still contain significant amounts of liguid water, Thickness can
go to several thousands of feet; however, the vertical exent of an
icing layer in a stratus cloud usually does not exceed 3,000 feet,

! - M| Icing in stratiform clouds is wsually found in the higher termperature
S0 || mid-to lowe-level clouds belowe 15,000 feet AGL,

Greatest Icing Threat

B I"-:m-'u
| Cumulus clouds are formed when

armple moisture exists and the airmass
is unstable, Curmulus couds not
aszociated with convective activity
Lsually have limited horizontal extent (2-60m), but vertical
developrment can cause the range of icing to cover many thousands
of feet,

Greatest Ilcing Threat
Stratus Clauds

S 20000

oo
Curnulus clowds develop rapidly and often contain high arounts of ﬁ - i. Bt

liquid water and larger droplet sizes. Icing is most intense in the
Lpdrafts that have high liguid water content, which sometimes

Cumulus Clouds

support SLD,  Icing in curmulus clouds is usually found below 27,000
feet at termperatures between +2° and -20°C, Icing encounters in these clouds are wsually shart i
duration, but they may be severe in intensity.

14



Application & Risk Management

*  Joig #r status vy Immediately activate ice protection systems, Monitor closely, and
change altitude by at least 3,000 feet to avoid prolonged icing exposure,
> o gy cumols cowds If the termperature is conducive toicing, attermpt to maintain visual
separation from the clouds.
* Consider cues from geography of the intended route of flight:
* Icing risk can increase near large bodies of water, since moisture added to overlying
air masses increases water content,

* A flowing over a mountain range can produce serious icing hazards, especially  along

the windward side of a major range.

* Always consider routes or altitudes that lirmit wour risk
of an icing encounter, For example, remember that
mountainous terrain also limits escape options,

id your krrow? Icing is not imited to winter months,
In surnmer, air masses tend to be warmer and can contain

larger amounts of water vapor, Warmer surface ternps can
lzad to instability and stronger convective updrafts,

15
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Fronts

Areas near fronts can be conducive toicing due to moisture and enhanced lifting,

& warm front forms when warm air
gides gradually over a cooler air mass,

& cold front forms when colder air
undercuts warmer air, There are two

types of cold fronts,

In the vicinity of a warm front, stratus cloud formations hundreds of miles ahead of the front are

often apparent.

a layer of subfreezing air can produce freezing rain or freezing drizzle, The icing environment in a
warmn front could be 10,000 feet thick or more, although a 3,000 foot change of altitude wil
Lisually take you out of these conditions, Given their wide extent, lateral deviations are not
practical with warmn fronts,

During colder months, wwarm fronts can be very dangerous: warmmer air rising over

16



You shiould be aware of two types of cold fronts and their associated hazards,

Shallow cold fronts are typically
associated with the cold season.
Widespread stratus behind the front
can cover several states, but they
are capped by a termnperature
iversion and typically not very deep
- usually less than 5,000 feet,

Application & Risk Management

* Fly perpendicular to the
direction of frontal
movernent, andfor fiy behind
it

* Lse standard thunderstarm
avoidance techniques to avoid
classic cold front icing.

* Do not rely solely on weather
radar - cells not yet visible on
radar can produce substantial
icirg.

* pAlong a shallowe cold front,

The classic cold front is characterized by extensive
curnulus cloud developrment which often straddles the
front and is typically associated with the warm season,

Intense lifting by the front wsually limits the cloud
developrment to narrow bands of clouds tens of miles
wide near the surface location of the front, These
corwective douds can develop inta full blown
thunderstorms with heavy precipitation, turbulence, hai,
and high levels of supercooled liguid water,

change altitude by at least 3,000 feet if you encounter icing.

N you krow? The risk of having a severe icing encounter in freezing rain or freezing drizzle is

highier in the vicinity of a warmn or occluded front, which can occur when a warmn air mass is trapped

between two colder air masses, Occluded fronts may combine the characteristics of both warm
atd cold fronts, In either case, warmer air rising over a layer of subfreezing air may result in the
farmation of freezing rain or freezing drizzle.

17
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Preflight Planning

Personal Minimums

This chapter provides tips on developing a plan to avoid icing, as well as a strategy to exit an
uUnexpected icing encounter,

First, you rmust be farniliar with your aircraft, its systemns, and understand its capabilities and
lirnitations, Youw also need to know your own personal limitations, For tips on desveloping your
indivicual persanal minimmums, download the article and worksheet below,

Refated Madia for Hhis Section

. | Developing Personal Minimums
“«d | Developing Personal Minimums.pdf (1,15 ME)

Weather Resources
Second, you need weather information to develop a fight plan that will minirnize risk of an icing
encounter, It should include:

* Alternate routes and altitudes, as well as alternate airports,
* Consideration of MEAs, MOCAs, etc,
* Escape routes (Le., know how to exit icing at any point on your route),

Be farmiliar with current and forecast weather along your intended and alternate routes, In addition
to getting a standard weather briefing from flight service or DUATS, check resources such as
wewwy, aviatioreather.goy, and ADDS to supplerment and prepare for the briefing,  For example:

Aviation Weather Center Area Forecast

The area Forecast is the primary source of cloud type (curulus or stratus) and height infarmation
for the en route part of the flight.

From the area forecast, you can determine location of fronts and *‘ e -
where there is lkely to be visible moisture in the form of clouds or :
precipitation.

o

The synopsis includes location and movernent of pressure systems,
fronts, and other weather patterns over a large area.

The tisk of an icing encounter is greatest near relatively cold, moist air
when there is a front or other source of lifting (rmountains).

18



; '1. i iﬁ'—flﬁﬁ
‘*“-»; my
55

Lviation Weather Center AIRMETS and SIGMETS

Icing is directly forecast in AIRMET ZULL, SIGMETS, & Center Weather
&dvisories, Remermber that icing is assurmed in Corvective Sigmet
Areas.

Aviation Weather Center Current Icing Potential (CIP) and Forecast Icing Potential (FIP)

The CIP display shows expected potential for icing, but does not \_.fet shiowe SE"."EI’It'g." Th|5 tn:u:ul Cat

give you icing potential information for particular altitudes and :
geographic locations, but should be used as a supplerment to
woLr official weather briefing.

Both composite and constant altitude displays are available, Try
the composite display first to see if your flight takes yvou through
a geographic location where there is a potential for ice. Then
Lise the constant altitude display to see if there is an acceptable -
altitude range with a lower icing potential, s MOESE

The CIP also provides constant altitude and composite displays of £
the expected current potential for Supercooled Large Droplets,  [eeie oe el Tl il

M—I.m l:r\q p-n:rﬁ-n |r |:IID rLJW:l

i you krow? vou should not rely exclusively upon on AIRMET: and SIGMETs to effectively
assess the risk of icing. If the forecast conditions are not expected to affect an area of at least
2,000 sguare miles, an AIRMET or SIGMET may not be issued, AIRMETs and SIGMETs are not
always issued for local oocurrences,

19
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Weather...continued

Aviation Weather Center PIREPS

Rernember that the severity of an icing encounter depends in part on
the aircraft, Slower aircraft take longer to transit icing areas, and are
exposed to potential hazards for longer periods of time, The pilat of a
piston single might encounter moderate ar greater icing, while the
twin turboprop aircraft might report light icing, & regional jet might
accumulate very little ice. Be sure and consider the type of aircraft in
the report, Be sure to report conditions of icing and non-icing
conditions,

Aviation Weather Center Winds/ Temperatures Aloft

While checking winds aloft for fuel burn, examine termperatures aloft,
Since inflight icing is most lkely to ocour between +2° and -20°C, youl
- | weill generally weant to khow at which altitudes you will find air
temperatures outside this range,

Check the TAFs and METARS available from the Aviation Weather Center

e —— One way to exit icing conditions is to descend below the cloud
; i bases, Consult TAFs for airports along your route to obtain
e A cloud base and surface precipitation forecasts, so you

g Wi | can determine possible exit strategies, The TAF and METAR
T i | 1804 tonls are & great way to get a quick, graphical depiction
of conditions along the route for many airports,

:lJ'I."H ASU0A M A0 P00 .
e

iy

LUse METAR: to confirrn and pinpoint actual surface location conditions, as well as to identify reports
of freezing precipitation, or frozen precipitation such as ice pellets at the surface which indicate
freezing precipitation aloft), WARATAY Some automated stations have limited precipitation
reporting capabilities, or do not report precipitation at all, Mone are capable of reporting freezing
drizzle without hurman belp,

id your krrow? There is currently no validated technology for rermotely observing icing from the
ground ot space, Pilots are the anly ones whio can make direct observations of icing, The absence
of a PIREP confirming icing conditions is not proof of the lack of icing, You should not rely entirely
on PIREPs to identify known icing conditions, Likewise, heating several reports of light rime icing is
riot a guarantee that your aircraft will experience the same type and intensity of icing.

20



Additional Resources

For additional tips on weather, download the document below, or click here for an online wersion of
the General Aviation Piot's Weather Decsion-Making Guide,

Refated Media for this Section

. | General Aviation Pilot's Weather Decision-Making Guide
dal| ah Weather Decision-Making Aug0s. pdf (934,06 KEB)

Preflight Inspection

Flight into icing is neither safe nor legal unless the aircraft's ice protection system is functioning
properly, Properly check all components prior to fight in accordance with Airplane Flight Manoal o
Filat's Cperating Handbook specifications,

21
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Roll Upset

Most pilots have experience with recovering from asrodynamic stalls with clean wings, but
the aircraft may stall very differently with ice on the wings, Aggressive actions may be needed to

break an ice-induced wing stall,

Another hazard of structural icing is roll upset, an uncommanded rall phenomenon associated with
severe inflight icing, Roll upset can result from severe icing conditions, and occur without the usual
syrnptorns of ice accurnulation or aerodynarnic stall,

wWing stalls typically ocour following a speed reduction or premature flap retraction,

Recovery from Uncommanded Roll or ¥Wing Stall:

1. Immediately reduce the angle of attack, lower the nose (Be prepared for more aggressive
pitch and greater loss of altitude than during training for clean wing stalls)

2. Add power
Tail Stall

Another hazard of structural icing is the
tailplane {empennage) stall. Sharp-
edged surfaces are more susceptible to
collecting ice than large blunt surfaces.
For this reason, the tailplane

may accurnulate ice before the wings,
and may accurnulate ice faster,

Because you cannot readiy see the

tail, vou may be unaware of the situation
until the stall occurs, Few pilots have any
experience recovering from tail stalls,

Tailplane Stall Symptoms

Tail stalls usually occur during an approach
when flaps are at full extension andfor
the aircraft is being flown near the upper
speed limit for flap extension. There may
be few or no symptoms prior to flap
extension. Syrmptoms include:

Flow

Ice
Separation Bubble

v Separated Region
Angle of Attack

& tailplane stall ocours when, as with the wing, the
ctitical angle of attack is exceeded. Since the
horizontal stabilizer counters the natural nose down
tendency caused by the center of lift of the main
wing, the airplane will react by pitching down,
sometimes uncontrallably, when the tailplane is stalled,
Application of flaps can aggravate or initiate the stall,
The pilot should wse caution when applying flaps
during an approach if there is the possibility of icing on
the tailplane.

* Abhnormal elevator authaority, wvibrations, and orfeffectiveness,
* Sudden uncommanded nose down pitch
» Autopilot performing excessive pitch trimming.
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Recovery from Tail Stall

To recover from a tail stal, you must take actions that are almost completely opposite from those
required to recover from a wing stall.  If flaps are extended and you experience lightening of the
cottrals, difficulty trirnmitg, or buffet in the contral colurnn, immediately retract the flaps and
rnairntain or reduce thrust -- in other words, undo what you just did.

* pull yoke back (opposite to action for a wing stall recovery), This reduces angle of attack of
the tailplane and moves it away from the critical angle.

* Retract flaps,

* Maintain or reduce thrust,

Additional Resources

*» Advisory Circular 91-512, - Effect of Icihg on Aircraft Control and Airplane Deice and Anti-ice
Systemns Appendi 1-Roll Upset and Appendix 2 Taiplane Stall (POE)
» mASA's Ground and Inflight Icing Courses

Refated Madia for Hhis Section

. Course Motes - Icing
“«d | Course Maotes - Icing.pdf (2,11 ME)
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Chapter 1 - Induction Ice

Induction icing consists of any ice accumulation that blocks the venturd, air filter, ducting, and,/or
fuel meteting device, Impact ice, a type of induction ice, can occur anywhere that temperatures
are near or colder than the freezing point of 07 C. Impact ice can block the air filter and rob the
engine of air needed for combustion, even on a fuel injected engine, If you suspect impact ice,
activate alternate air or carburetor heat as directed by your POH,AFM,

Carburetor icing occurs when ice forms within an engine's carburetor, Rapid cooling of air caused by
the drop in air pressure inside the venturi and also due to the vaporization of fuel can induce
freezing and ice accurmulation within the carburetor intake tube, If you suspect carburetor ice,
imrmediately apply alternate air or carb heat and leave it on uatil all ice has been removed. Be
prepared for an initial further decrease in engine performance after carb heat is applied. Ahways
followy specific manufacturer recommendations,

Chapter 2 - Structural Ice

Moisture can exist as a supercooled liquid until about -40° Celsius, the theoretical limit, Contaminates
i the atmosphere, howeyer, set the practical limit to approginately -20°C, For ice to form naturally
i the atmosphere, either very cold termperatures must exist or ice nucke must be available to
trigger the freezing process. Structural icing is rmost likely when the static air temperature is
between +2° and -20°C and liquid precipitation or clouds are present,

Chapter 3 - Type
There are three types of structural icing:

Clear ice typically forms when temperatures are around 2 °C, to -10° C, and water droplets are
large, or freezing drizzle or freezing rain is present, Clear ice is the most dangerous type of ice since
it is hard to see, can change the shape of the airfol, and often forms wel beyond the ice-
protected areas of the aircraft,

Rime ice forms if the droplets are small and freeze irmmediately when contacting the aircraft
surface, typically when temperatures are between -15° C, to -20 ° C. Rime ice has a milky, opague
appearance,

Mixed ice is a combination of clear ice and rime ice. with the worst characteristics of both, It can
formn rapidly when ice particles become emmbedded in dear ice, building a wery rough accurmulation,
It i rost likely to form at temperatures between -10° C to -15° C,
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Chapter 4 - Intensity

There are three levels of intensity for structural icing, based primarily on the rate of accurnulation,
The greater the liquid water content of the cloud, the more rapidly ice accumulates on aircraft
surfaces, Theoretically, the amount of water in the air is measured in mass of water per volurme of
air, gfm® and can also affect the ice shape. However, droplet size is a major factor in determing the
level of icing intensity, Large droplets can guickly lead to severe icing,

Chapter 5 - Certification

with regard to ice protection, an aircraft manufacturer must dermonstrate that the aircraft is "able
to operate safely” while accumulating ice within two operational envelopes,  Sordinous maxinmeis
intended to represent icing typical to stratus clouds with arounts of iquid water between 0.2-0.8
gfm® and droplet sizes 15-40 microns in diameter over a 17.4 nm encounter, Srtermmttert manmm
is intended to represent icing typical to isolated cumulus clouds with amounts of liguid water
ranging between 1.1-2.9 g/m?® and droplet sizes 15-50 microns in diameter over a 2.6 nm
encounter,

A airplane equipped with some types of deice andf or anti-ice systems may not be approved for
flight into known icing conditions. also, it is possible to encounter clouds that have significanthy
greater amounts of liguid water, larger droplet sizes, and cover larger areas than used for
certification purposes, Several accidents in recent years are presumed to have occured after
encounters with conditions that exceed these envelopes,

Chapter 6 - Supercooled Large Droplets

Most icing encounters involve droplets of a median volurmetric diameter (MYD) between 15 and S0
rmicrons (about the size of a thin human hair), &nicing-cettificated aircraft iz certificated for flight in
stratus-type clouds with MYDs up to 40 micrometers and for cumulus-type clouds with MYDs up to
S0 ricroreters, Supercooled Large Droplets (SLD) can be up to 100 times larger, The mass of
these large droplets is so great that they can strike wel aft of the protected regions of an ice
protected aircraft. These droplets are, by definition, larger than those for which any aircraft is
certificated, and accidents and incidents have occurred following sustained flight in freezing drizzle
or freezing rain,

Chapter 7 - Weather Forces that Produce Icing

To determine if conditions along any portion of the planned route of fight are likely to produce
serious icing encounters, know where the temperature range and the moisture content of the air is
conducive toicing, If the air is unstable or there are fronts or mountains that can it it, the risk of
inflight: icing can be high,

If you encounter icing in stratiformn clouds, immediately activate the ice protection systern, Monitor
the situation. Change your altitude by at least 3,000 feet as fight at a constant altitude may result
in prolonged icing exposure,

If the termperature is prime for icing conditions and you can maintain visual separation, navigate
laterally around curnulus clouds,

The geography near the intended route of fight provides important cues toicing threat.,
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Chapter 8 - Fronts

The areas near fronts can be conducive to icing due to the enhanced lifting and moisture that may
be present. In the vicinity of a warmn front, stratus cloud formations hundreds of miles ahead of the
front are often apparent, During colder ronths, warmn fronts can be very dangerous, Warrer air
tising over a layer of subfreezing air may result in the formation of freezing rain or freezing drizele,

Shallowe cold fronts are typically associated with the cold season, Widespread stratus behind the
front can cover several states, but they are capped by a ternperature inversion and typically not
wery desp - usually less than 5,000 feet, The classic cold front is characterized by extensive cumlus
cloud developrient which often straddles the front and is typically associated with the warm
season. Intense lifting by the front wsually imits the cloud developrnent to narrow bands of clouds
tens of miles wide near the surface location of the front, These corwective clouds can develop into
full blovwen thunderstorms with heavy precipitation, turbulence, hail, and high levels of supercooled
liquid weater,

Chapter 9 - Preflight Brief

Be farmiliar with current and forecast weather along your route and along your alternate routes,
Slways obtain a standard weather briefing frorm flight service or DUATS, but utilize other resources
such as wewew aviatiorweeather.gov, and ADDS to supplerment and prepare for the brief, Checks
should also include Area Forecasts, AIRMETS, SIGMETS, and CIR/FIP products,

Chapter 10 - Briefing Continued

Check PIREPS, winds aloft, as wel as METARs and TAFs for your routes, Build or revise a flight plan
that will minirmize the risk you wil have a serious icing encounter, Have alternate routes and
altitudes, as well as alternate airports, Consider MEAs, MOCAs, et in your planning and have an
escape route, Know how you would exit icing.

Flight into icing is neither safe nor legal unless the aircraft's ice protection systermn is functioning
properly. Propetly check all cormponents prior to fight in accordance with airplane Flight Manual or
Filot's Cperating Handbook specifications,

Chapter 11 - Roll Upset 8 Tail Stall

wWing stalls typicaly ocowr following a speed reduction or premature flap retraction. To recover from
a rall upset or wing stal, immediately reduce the angle of attack and add power,

Tail stalls usually occur during an approach when flaps ar at full extension and/or the aircraft is being
flowen near the upper speed limit for flap extension. There may be few or no symptoms prior to flap
extension, but they can include abnorrmal elevator authority, wibrations, and orfeffectiveness,
sudden uncormrmanded nose down pitch andfor autopilot performing excessive pitch trirnming.

To recover from a tail stall, wou rmust take actions that are almost completely opposite from those
required to recover from a wing stal,  If flaps are extended and you experience lightening of the
controls, difficulty trimmming, or buffet in the contral colurmn, immediately retract the flaps and
mairtain or reduce thrust, Undo what you just did, Pull yoke back, retract flaps, and rmaintain or
reduce thrust,
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