
AC 2::>-113 

DATE 10/22/81 

ADVISORY CIRCULAR 
DEPART)JE:,..T Ol' TRA�SPORTATIO� 

Federal Aviation Administration 
Washington, D.C. 

Subject: PII.01' ffiOC.AlJI'IOL'iS AND mx:m:UAfS 'ID BE 'mKEN IN ffiEVENTL'JG 
AIRCRAFT ROCIPRCX:ATING �INE INIXJC'i'ICX� SYSTEM .AND FUEL &'YSTEM 
ICING ffiOBI.EM.S 

1. RJRPCEE. 'lllis circular i;rovides information partaining to aircraft en]ine
ioouction system iciRJ arrl the use of fuel crlditives to reduce the hazards of
aircraft operation that may result from the pr:esence of water arrl ice in aviation
gasoline aoo aircraft fuel systems.

2. CANCEUATICN. 'nlis Advisory Circular cancels AC 60-9 aoo 20-92.

3. RELATED READING MATERIAL.

a. Advisory Circular AC 20-24.A,, 4/1/67, QJalification of Fuels, Lubricants,
aoo Additives. 

b. Advisory Circular AC 20-298, 1/18/72, Use of Aircraft Fuel Anti-Icing
Additives. 

c. Advisory Circular 20-73, 4/21/71, Aircraft Ice Protection.

d. National Research Council of Canada, Medlanical Engineeri?Y3 report IR-536,
Aircraft Carburetor Icing Studies, July 1�70. 

e. Investigation of Icing Characteristics of Typical Light Airplane Engine
Irrluction Systems, �CA 'IN N::>. 1790, February 1949. 

f. Icin:J - Protection Requirements for Reciprocating Engine Irrluction
Systems, N\CA Technical Report No. 982, June 1949.

g. Various Aircraft Owners Han:1books, provided by the manufacturers.

h. Carburetor Ice in General Aviation, Nl'SB Spacial Rep:>rt AA..C::-72-1.
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4. PACKGROUND/l:>ISCUSSIOO. Reciprocating engine 1c1ng oorrlitions are a constant
source of concern in aircraft q,erations since they can result in loss of p::>wer
arrl, if rot eliminated, eventual engine malfunction or failure. The different
types of icing conditions are characterized as air_irrluction syst� icing�
aircraft fuel system icing. Because of a substantial rurrber of aircraft accidents 
attributed to incidents involving such icing, it is imµ,rtant for a pilot t.o know 
the kinds of ice formation enoountered, arrl the manner in W'lich each is formed. 

s. rnouc:rroo SYSTEM IC�. Induction system icing may be d1aracterized as
Irrpact Ice, Throttle Ice, arrl Fuel Vaporization Ice. Any one, or a o:mbination of
the three kinds of irrluction icing, can cause a serious loss of p::>wer by
restricting the flow of the fuel/air mixture to the en;;ine arrl by interference
with the proper fuel/air ratio. Because irrluction icing accidents can be
prevented by the pilot in virtually all cases, improved pilot awareness,
attention, arrl <rlherence to reccmnended l,X'ocedures smuld reduce accidents of this
type.

a. Irrpact Ice - Imp;ict ice is formed by noisture-laden air at temperatures
below freezing, striking arrl freezing en elements of the irrluction system W1ich 
are at temperatures of 32 ° F. or below. Uo:ler these con:i i tions, ice may b..lild up 
on sudl cnnponents as the air scoops, heat or alternate air valves, intake 
screens, aoo protrusions in the carburetor. Pilots smuld be p;irticularly alert 
for such icing when flying in snow, sleet, rain, or clouds, expecially W'len they 
see ice forming on the wiooshield or leadin:;i edge of the wings. The ambient 
temperature at which bnpact ice can be expected to b.lild nest rapidly is about 
25 ° F. , when the supercooled noisture in the air is still in a semiliguid state. 
This type of icing affects an engine with fuel injection, as well as carbureted 
eno ines. It is usually preferable to u.c::e carburetor heat or alternate air as an 
ice prevention means, rather than as a de icier, because fast forming ice \;,,."lich is 
not inmediately recognized by the pilot may significantly lCMer the cl10Ul'lt of heat 
available fran the carburet.or heating system. Additionally, to prevent p:,wer loss 
from impact ice, it may be necessary to turn to carburetor heat or alternate air 
before the selector valve is frozen fast by the accumulation of ice around it. 
When icing conditions are present, it is wise to guard against a serious buildup 
before deicing capability is lost. The use of p:irtial heat for ice µ:-evention 
without some instrumentation to gauge its ef feet may be "WOrse than n:::>ne at all 
under the circumstances. Impact icing is mlikely mder extremely cold 
conditions, because the relative humidity is usually lCM in cold air aoo because 
such noisture as is present usually consists of ice crystals which pass through 
the air system harmlessly. The use of p;irtial heat when the temperature is below 
32 ° F. may, for example, raise the mixture temperature up to the danger range, 
whereas, full carburetor heat wOUld bring it well above any danger of icing. 

b. Throttle Ice - Throttle ice is usually formed at or near a partially
closed throttle, typical of an off-idle or cruise p:,wer setting. This occurs W1en 
water vapor in the air condenses aoo freezes because of the cooling restriction 
caused by the carburetor venturi aoo the throttle butterfly valve. The rate of 
ice accretion within arrl imnediately cbmstream fran the carburetor venturi arrl 
throttle butterfly valve is a function of the arrount of entrained ITOisture in the 
air. If this icing condition is allowed to continue, the ice may build up mtil 
it effectively throttles the engine. Visible ITOisture in the air is not necessary 
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for this type icing, rometimes making it difficult for the pilot to believe unless 
he is fully aware of this icing effect. The effect of throttle icing is a pro­
gressive decline in the p:::>wer delivered by the engine. With a fixed pitch 
propeller this is evidenced cy a loss in engine RP�1 ard a less of altitude or 
airspeed tmless the throttle is slowly a::"lvanced. With a constant speed propeller, 
there will oormally te oo dlange in RPN but the same decrease in airplane 
performance will occur. A decrease in manifold p::-essure or exhaust gas 
temperature will occur before any ooticeable decrease in engine ard airplane 
performance. If these indications are rot ooted by the pilot arrl oo corrective 
action is taken, the decline in engine p::>wer will i:robably continue p::-ogressively 
until it becomes necessary to retrim to maintain altitude: aoo engine roughness 
will occur probably followed cy backfiring. Beyorrl this stage, insufficient 
power may be available to maintain flight; arrl canplete stoppage may occur, 
especially if the throttle is noved abruptly. 

c. Fuel Vaporization Ice - This icing rorxlition usually occurs in ronjunction
with throttle icing. It is nost prevelant with oonventional float type 
carburetors, ard to a lesser degree with .E)['essure carburetors i,,hen the air/fuel 
mixture reaches a freezing temperature as a result of the ax>ling of the mixture 
during the expansion f'['OC'eSS that takes place tetween the carburetor an::! engine 
manifold. This does rot present a problem on systems t«lich inject fuel at a 
location teyorxl which the passages are kept warm by erg ine heat. Thus the 
injection of fuel directly into each cylirxler, or air heated by a superd'larger, 
generally precludes such icing. Vaporization icing may occur at temperatures fran 
32 ° F. to as high as 100 ° F. with a relative humidity of 50 percent or above. 
Relative humidity relates the actual water vapor pr-esent to that which could be 
present. Therefore. temtierature laroely determines the rraximum amount of W:iter 
vapor air can told. Since aviation \.lleather reports rormally inclooe air 
temperature and de�int temi;:erature, it is p:::>ssible to relate the temperature -
dewpoint spread to relative humidity. As the spread beccmes less, relative 
humidity increases arrl tecomes 100% when temperature arrl dewpoint are the same. 
In general, when the temperature-dewpoint spread reaches 20 ° F. or less, you have 
a relative humidity of 50% or higher ard are in p:::>tential icing rorrlitions. 

6. FUEL SYSTEM ICTIKi. Ice formation in the aircraft fuel system results from the
presence of water m the fuel system. This water may be undissolved or dissolved.
One roooition of undissolved water is entrained water W'lich consists of mirute
water r;articles suspeooed in the fuel. This rray occ.ur as a result of mechanical
agitation •Of free water or oonversion of dissolved water through temperature
reduction. Entrained water will settle out in time under static corxlitions arrl
may or may not be drained durirx;J rormal servicing, deperxling on the rate at which
it is ronverted to free water. In general, it is rot likely that all entrained
water can ever be separated fran fuel t11der field roooitions. The settli03 rate
deperxls on a series of factors including temperature, quiescence ard droplet size.

a. The droplet size will vary depeooiOj upon the medlanics of formation.
Usually, the r;articles are so small as to re invisible to the naked ete, but in 
extreme cases, can cause slight haziness in the fuel. Water in solution cannot be 
rerroved except by deyhdration or by converting it through temperature roouction to 
entrained, then to free water. 
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