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“Aircraft Icing”

= Aircraft 1cing can be broken down 1nto 2

categories:
~ ® Induction System Icing
= Structural Icing

| ~ Structural Icing

 Icing In-Flight Icing



Some General Statistics

' 10.8 % of all weather accidents result from icing

3 leading factors:

= 51.2 % - Carburetor icing
= 4]1.4 % - In-Flight icing
1.l % - Ground Icing



: In-Flight Icing Statistics

~Cause of approximately 30 fatalities and 14
injuries per year in U.S.

1978 and 1989, contributed to 298
in Canada
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Moderate Mixed lcing

Sewvere Icing
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- Physical States (Phases)

Three physical states:
= Solid

BRRISE chan

ges consume/release

Wit nect



' Two Points to Remember

= [ce will always melt at 0 C, but liquid water
will not necessarily freeze at 0 C

Bvaporation, sublimation and deposition
not occur at any specific temperature



Warm Cloud Process

= Definition: Entire depth of cloud is above 0 C
m Fxpect to find only liquid droplets



Warm Cloud Process:
Formation of Cloud Droplet

/apour condenses onto

Typical cloud droplet
size ~10 to 20 microns

1 micron = 1/1000 mm



Warm Cloud Process:

Cloud Droplets to Rain
. Drops grow by

condensation up to 20
1crons
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Warm Cloud Process:
Summary

+ Clouds develop as air 1s lifted to saturation
CCN become activated

Cloud droplets grow by condensation up to
about 20 microns
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Cold Clouds

" Definition: Some or all of the cloud is at or
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= Liquid drops being
carried above the

Cold Clouds

Reality of Freezing Nuclel
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Cold Clouds

Some points...

' BN are functions of temperature
N become more important as T< -15C

BCCT < -15C can glaciate cloud from top
n (BUT DON’T EXPECT THIS)

Seand Liquid can co-exist in
gquilibrium

BBiGuic water is possible down to —40C
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rring Icing Conditions From
Precipitation Observations

now (SN)
Graupel/Snow Pellets (GS)
sreezing Rain (FZRA)
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nferring Icing Conditions
Snow: What you can infer —

Likelihood of icing in lowest layer
reduced

Liquid Cloud layers above the ice
are unlikely

BUT...Rimed snow suggests SLW
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nferring Icing Conditions
Snow: What you CANNOT infer

Only ice exists aloft
INo SLW exists aloft
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~ Inferring Icing Conditions
Graupel: What you can infer

. Formed when snowflakes
become heavily rimed

Significant SLW exists

D Te0c
g
Threat
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nferring Icing Conditions
Freezing Rain: What you can infer

‘Could be formed by classical or
on-classical mechanism

SEBkinoerous icing conditions

hkEly exist
T« 0%
IE N T 0%

lzing g
Threat Threal




Interring Icing Conditions
‘reezing Rain: What you CANNOT ir}fer

warm layer exists aloft

BFreezing rain layer 1s |
pelatively shallow

T« 0°C .

T:0°C T«0"C
lzing g

Threat Threat




Inferring Icing Conditions
Ice Pellets: What you can infer

= A layer of freezing rain or
drizzle exists at some level

T« 0°C T« 072

T 0%C T:0°C
lzing lzing

Threak Threat







nferring Icing Conditions

lﬂ'-.

. Freezmg Drizzle: What you can infer

rould be formed by classical or - -

on-classical mechanism ™

T«0"C
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Iing in Cloud: Probability
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cing in Cloud: What to Expect

)0 % of layered clouds have vertical extents of 3000 ft or less

90 % of icing encounters last 50 sm or less
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Mechanics of Icing
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- Total Air Temperature vs
Static Air Temperature

I TAT = SAT + Kinetic Effects

® Temperature at stagnation point will be higher
than SAT due to local pressure increase

BN lemperature can vary across wing surface
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Sewvere Icing

b

Moderate Mixed lcing
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Icing Types
Summary

~ General Observations:

= Clear 2 0Cto-10C

= Mixed 2 —-10to-15C

= Rime = -15Cto-20C

factor (Kinetic Heating) N



Dynamics of Icing

Collection Efficiency of an object

—»—Pp— Airflow streamlines
- ——-—- Droplet trajectory
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SLD

= Drop sizes much larger than 50 microns have been

found to exist
hese are called Supercooled Large Droplets (SLD)

Droplet Size

Possible Icing Conditions

Exceedence
Conditions

Certification
Range

Liguid Water
Content




Dynamics of Icing
Dangers of Ice Outside CAR 525-C
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Ice back bo rivet line
beswond boot protection

R
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‘Decreased Lift
Increased Drag
Decreased Stall Angle
teased Stall Speed

- Performance Penalties

Increased Vibration

Changes 1n Pressure
Distribution

Early Boundary Layer
Separation

Reduced
Controllability
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Pertormance Penalties

= Studies have shown
= Drag increase up to 40 % or more
m [ift decrease up to 30 % or more

tall speed increase of 15 to 20 %
= (Even with a very small coating of ice)

gREtopeller etficiency decrease of 19 %

incident during research:

G7/adrag inerease resulting from ice on unprotected surfaces,
lCNDOOS were cycled

L

L OnE
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- Wing Stall Comparison

Clean vs. Iced Wing
1.8

Clean

s Separated
Region

Lift Coefficient

0 5 10 15
AOA (degrees)
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Aileron Snatch Due To Ice

Flow Separation Bubble
Ice wess Separated Region
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- Uncontrolled Roll

357




4 Balance Of Forces
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SN

Flow \

Ice

Separation Bubble
s Separated Region

Angle of Attack
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- Lowering Flaps
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¢ WING STALL
% Wing Buffet

Wing drop

Stall Recognition

»* TAIL STALL

* Lightening of the
controls

“ Dramatic nose drop

* Often after flap
extension

*High end of the
D extension 41
lfange



Recovery Techniques

- WING STALL s« TATL, STALL

% PUSH FORWARD on * PULL BACK on the
the yoke yoke

* Reduce power

* Retract flaps to
previous setting
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Flight Planning
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Checking the Weather
Remember the Physics of Icing

Climatology

= 53 % - near mountainous
terrain

14 % - near large bodies of
‘water

NEOW VOUT terrain!
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~ Checking the Weather
Get the “BIG” Picture

' Review Surface Analysis
" [Low Pressure Areas (Cyclones)
® Fronts (Warm/Cold/Occluded)

. Observe winds, look for areas of lift

(Bronts, Terrain,Convergence,etc..)

BNEview the Upper Air Charts

45



* Check surface and upper
air stations for airflow

= Warm Conveyor Belt
Cold Conveyor Belt

(Wwarm & moist flow over

Max jc@uitiaeni
NWANRW quadrant
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Whecking the Weather

Fron

Warm Fronts =
= 1:200

= [cing up to +300 nm ahead of
surface front

cing in clouds and freezing




» Checking the Weather

= Horecast Information
= Graphical Area Forecasts (GFA)
= Terminal Area Forecasts (TAF)

MAKE SURE
EVERYTHING
AGREES!

S METARs IF IT DOESN'T,
UNDERSTAND WHY

L
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Aviation Digital Data Service (ADDS

Site Map Hews

R Al NS search

FYI1/Help

Search ADDS

Advisories
SIGMET/AIRMET

Forecasts
Convection
Turbulence
Icing
Winds/Temps

Satellite

METARs | TAFs | PIREPs | AIR/SIGMETs | Radar |

» Current/Forecast Icing Potential
(CIP/FIP)
[ CIP Performance Statistics ]
[ FIP Performance Statistics ]

18,000 feet

ToPS 15,800 feet

& 0600 UTC CIP 12,800 feet

0
Prog Charts k-l
TAFs © 0800 UTC CIP-SLD N iR
Observations OorooutcrP a
PIREPs 0800 UTCFIP 6,000 feet
METARS 0800 UTC FIP
Radar BRSES 3,000 feet

O 1200 UTCFIP
1500 UTCFIP

Satellite
Java Tools
Flight Path Tool
AIRISIGMETs
Convection
TAFs
METARs
PIREPs
Related Information
Experimental ADDS
AWC Home
Flight Folder
Aviation Links
Contact Us
FAQ
ADDS Feedback
Site Information

Conposite

+ See more detailed CIP/FIP plots in the Java Flight Path Tool

» Freezing level graphics:

0-hour  3-hour  6-hour 12-hour

9-hour

» Current Icing advisories: o Pilot reports of Icing:
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Turbulence
METARS

Icing  Convection
TAFs PIREPs

WindsTemps Progs JavaTools
SIGMETIARMET  Satellite Radar

Page loaded: 06:11UTC

ent/Forecast Icing Potential

http://adds.aviationweather.noaa.gov/

The CIP iz an automatically—generated product that supplernents AIRMET= and SIGMETs by identifyving areas of
current icing gctentiql, but it does NCT substitute for the intensity and forecast information contained in
ARMETa and SIGMETa. It i authorized for operaticnal uze by meteorclogiata and dizpatchers.

Icing potential at FL150
Andalysis valid 0600 UTC Wed 17 Nov 2004
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~ Checking the Weather
F What you NEED to know

xtent of cloud coverage
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Filing the Flight Plan

A Few Things to Remember

'ALWAYS HAVE AN OUT FOR EVERY PHASE
OF THE FLIGHT!
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~ Monitoring the Weather
Don’t make it your last priority!
n change in weather may warrant the
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In-Flight Strategies

If Ice 1s Encountered

= Start working to get out
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In-Flight Strategies

If Ice 1s Encountered

1 Remember:

= 90 % of 1cing encounters are 50 sm or less

® O out of 10 times a change of 3000 ft will take you
out of 1cing conditions

-e mindful of MEA

® Be cautious of cloud tops
BUSE a sate airspeed to maneuver

SN EEp bank angles to a minimum
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[Lake Effect Snow
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[Lake Effect Snow

Ingredients

n Open body of water
Cold arctic air flowing over relatively warm water
& Typically occurs when a polar vortex slides south

maRBactors affecting amount of LES:
maWater surface to 850 mb temperature difference

BNow shear (ideally < 0-30 deg sfc-700mb)

B one Hetch
L ;\;

56



[Lake Effect Snow

How 1t Forms

Heat and Moisture

Frictional
Convergence

@©The COMET Program



[Lake Effect Snow
The Impact

\ Zero-Zero conditions almost instantly

Severe 1cing (particularly near water)

jeneral

y quite localized
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[Lake Effect Snow
The Impact

- -~
Snow Totals (cm) of '
Lake Effect Storm J -

16-19 December 1983

Lake Ontario

90

Lake Erie
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EIOW

[Lake Effect Snow

Satellite Imagery

EFFECT
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www.aerosatety.ca
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