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NATTONAL TRANSPORTATION SAFETY BOARD
Washington, D. C. 20591

Adopted; January 19, 1972

CARBURETOR ICE IN GENERAL AVIATION
¥. INTRODUCTION

It is realized and acknowludged that nmuch of the material in this
report will be familiar te most pilets, Howevor, the Hatlonal
Transportation Safety Board believes that pilcts in general ean tenefis
from fresh expocure to this material, and that come carburetor icing
gecidents may be avoided throuh cucl: exposure
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II. DISCUSSTION

Awarcress of carburetor icing conditions sometimes reqQuires extrs
effort because of unigue combinations of weather, engine installation,
and engine operation. However, through famiiiarity with ceriain general
information, modified or supplemented ag necegsary for the particular
aircraf’ model being operated, the informed pilot should be able to
avoid ecarburetor icing iroubles.

It is important for pilots to know the three categoeries of carburcter
ice, and the munner in which cach is formed. These categories are im=-
pact ice, fuel ice, end throttle ice.

Imgact Tce

Impact ice is formed by the Impingement of moisture-ladern air at
temperatures between 15° Fooand 32° F. onto the elemmes of 'ho intuet lon
system which ar: at temperatures bolow approximat.:ly 327 P, Unier {hese
conditions ice builds up on such comronents as the 2lp scoeop, heat. valve,
carburctor sereen, throtile, and carbturctor metering elemonts,  Pilotn
should be particularly al.rt to such ieing whaen they are operating in
snow, sleetl, raln, or clouds. The ambicnt temperature st whiech lmpuet lees
can be expected to Luild up meat rapldly is about 257 F., when the supor-
cooled molsture is still‘jn a cemni=liguid state,

Sucerplibilily to impact jeo is frreatly reduced by an ivaucticon systen
Lthat has Loen designed to eliminate frec wator Ly notnz of irertia cerare
ution.

Fucl fee furms at and downgtream frem the peint at woiich el i
Introduned, when and i any entrainsé moisture reachss a froceiv: teny re
re a5 a recull of ecollingy of the mixture by el vapcrization, Thic
voeling wroeers takes place in the alreraf! inauct i-
nrexsvery Jor fuel vaporization is tuken from the curs s I
cosling the alr. Then, since cooler nir enn hold luso wasorp Vrner, thes
vXeess water s precipitated in the form of condencation.  Furtber v
zation cooling froezes the condensate. When any st Suel ns
adnprter elbow, 1ics in the path of the water ot @lme of Creeonline, oo
aceretion is initiated on that structura, 7 P

5 H
£
=
M

Toltiaeslt fandd

uo anti-icing acticn iz taken, the iee builaun X (ST
struction throttles the engine,
Vicible moisture In the air ic nob LEACLCUINrY r o uel icin cndy oalr

of hirh humiaity is reguired. This Tast, couplea with e Uy % Gerd
ieing ent gecur 4t hiegh arbiont to

serrlures,

sometimes diftficult for a pilzt Lo buliove unle e
Purl Gelne procoiz. "I4 ean cecur in no more Lhan Ve

in bright sunchine with no zign of rain.

a
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The usual range of ambient temperatures at which fuel icing may be
expected to occur is 4o° F. to 80° F., although the upper limit may
extend to as high as 100° F. A temperature of around 60° F. chould be
reparded ag the most suspeet, The minimum relative bunidity generally
necessury for fuel leing is 50 percent, with the icing hazard increasing
a: the humidity level Increases.

Fuel iee is not a problem in systems designed to inj=ct the fuel at
any leceatlon beyond which the pasrcage surfaces are mointained above
seezinge Thus, injeetieon of fuel dircetly into cach cylinaer cbviously
will preclude the peosibility of such feing.  In englues with cantrifupal
superchargers, the fucl iz intraduced ot or downciresm from the faece of
the impeller in a mancer that will ovoid srlashtack from tpe jmpeller
blndes so that fucl iee 15 not formed.

Throtele jee io formed al or near &
wator viapor in o Lthe Induetion air condo

Jored throttle wiemn

Zy 4w to the oxpune
rest ricticon imposad
Lot exeeea $° F.

-

e
oo

by the throttle, This temperiture are noermally does

It pornture 5 oubove 37° F,, th pidet need not be
eed with throttle Jelny ac dong ns enly nlr pacses the threotPe, ueh

fusl Infeetden fnstal arion with the fusl Sniroawred downstmens

3 ‘. ERTNE B T

L the Lt

aothee watient Lomm

tare at e throttle, newaser, any dee

Whenn thiere 1o o@ fwelendr mi
L

st ion woeald be st Lrlbutabnle o owalop Promotie ermudat fve
Cet e thar YUl e opnd Lhieed e icu T A R N AR R T

canooreur atoaebiont tewmpooratures mueh hWopgber ST F. Throti.
elur In ocome faed ocyetems whisch nre Siyrocd 8o Lhnt tiar
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Surorchupicoeg ar
f

Yo Uiy e
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5
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1
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Iwo tyvical light-plane installations were tested, one with a
float-type carburetor, the other with a nprescure=Lype carburetor.
With the first, ceorious dcing cecurred up to carburctor air tep-
peratures of 62°, €3°, and 93° F., and the lower limits of relative
humidity of €0, €0, and 30 percent, for high-cruise, low-cruise, and
glide-power conditions, respectively. With the prassure-type car-
buretor instasllation, the results were serious ilcing between carbur-
etor alr temperalurss of 48° P. and 55° F. with relative humidity
from 93 percent to 100 percent at lowe-cruise power, and up Lo ap-
proximately 75° F. with relative humidity greater than 32 percent at
glide pover. No serious icing oceurred at the high-cruise power
ccnditicn.

Cartur2tor alr heaters in zmall aireraft are ucually of the exhauct

pipe culf type. The exhaust-heated air is directed inte ‘he cartaret or
air euel us desired, co that wilh full carburctor hent the normal air duct

15 ensem inlly elosad off at the curburetor heat valve locat ion,

L

L c-2 than
L u3. For exmople, the fuslfaie mixture
ature might be at 20° F., with no heat applied, which nermally would
not be ro conaucive to {oe-forming os if the tompuratare were Uroeught oun
Lo 3U% ¥y by means o tart cul heat, Pull heat, off cource, couli Le ox-
: Lo ralse the temperntare out of Lhe feing ranpo ond srelyve A Toact
With tla rmadlop o nrtaldutlons when flhere loono carbaretop air
cmpernture or fuceleulr mixturs ! 2rature instruesentad lon, the
tile shoula b Loouse full heat whonover nuy cnrpur- or hent is oaprdloa.
Wolh Lo Nigher outjus. engipes ana thoge 2 loying superchurgers, noro
dicersiionary wee of a1l Lhos' chould boonract feed bLecwuse of b overhen:
el pctoration hnzard. Tomperaturs inc rwnentar fon cneuld be installed 4o
“obeesiary referenec Leoassist Lho pllot In modulnt jug the GLproprinLe

wnount of heeat,

roneral

L

Sucoroive Use of Carbur ooy Hept

lotwithrtanding Y Ingortanee Sf wing carburctor hea' whoe
il pralnst ouwnads overuce cioald b reoer

wobulen on o the lower powerrs and bicher oy llndor fomperatioees b

eroult o whes enrburoter eal rices Dnductlon ale Lomornture. o,

the Tower power can b oriticnl in orde nooudion Somarana Deoroamiee, o

Tull enrburctor hoat nl bl

cadre eylinder ovoerhens !

sl Llphetentiont fompoernt v onn
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coorarely reguired,

tnmder bishercaorre o il

earburctor et oapnlicnt Do
s Vonthvory with ono Telngs
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From the above, it can readily be seen that inductrion temperature
instrumentation serves not only to assist the anti-icing effort, but also
to protect the engine from uverheat damage.

Appraisal of Carburetor Teing Fotential
Cognizanee of the prevailing humidity is basic to the important

awarenzss of the possible curburctor ieing hazard. Even though relative
humidity is iess than S0 percent at takeolf, cne cannot be completely
confident that he will not cnecuntsr a earburetor icing atmosphere some
time during his flight, Whensver the pilot has reason to suspect high or
marginal humidity, he should utilize the best means available to maintain
cognizance of prevailing hweidiny levels.

When the aircraft is
humidity level awarcness is somewhal less essential.

Dueersticnal Indirntors or Carburetor Ioo

Carturctor ice should be concidered irmediately as the possivle cause
of a power "7s55. With a fixed viteh vropeller installation, a power loss
vbviously is Indicanted by an engire speed reduction. When Lhere is a mani-
fold pressure gage provided, a reduction in manifold pressure would shoW up
along with Lhe o spendd rduction,  With a constant speed propeiler
installaticn, heowever, only ‘he manifold pressure would be decreased.

Anotber way on leed eunrburetor eondition might be first noted !s throuch
developmont of a olighy noscdown aititude. Upcn trim adjustment to lovel
flipht, an enpgine speed reduction might then be noted, again assuming a
Fixed pitelh rropeller.

Finally, un cnrburctor might cause engine roughiness althousrh in
com: caser roughners wisl net chow up until the engine is close to complete
stopprre.

Suscenl ibility Lo dedrge

The susceptitilily Lo carburcior ice varies greatly among the varjious
alreralt models.  Fur oexampl:, an engine installstion employing a Tloat-typ.:
cartiurctor wia havice the ruel introduced upsirean Trom the throttle valve,
woula be the most suzeent ible Lo carburotor icing troubles. AL the opposite
ond would be an Jostel3olon with direct cylinder fuel injecticn, which
would forestall the ponerally moct troublesome fuzl-type icing; however,

Phe dndustion syotoon with fhic might still be subjeet to impact leing and
Lhroothi: icing.

It there fendly oocrible to decign an engine dinstallad jon Lhat would
ot ne cubjeet Lo ersnueior iring. Inopractice, however, this ideal is not
at'niru, for oneoor owoes rodrons of a raclical nature. Censequently, it
be sl dnewne ot e nsioc ilons to remain alert Lo Lhe possibility of

e s e e 3 A i A it J..i

:quipped with induction temperature instrumentation,



-6 -

carburetor icing, and take preventive action as appropriate for tzs equiprmernt
ana ceonditions.

Recognizing the fact that some installations require less czrburet-r
ice concern ihan others, the procedural rules listed at the end ¢ this
section can only be generally applicable in guarding against ecarcvuret.

ice troubles.

I |

Prevention Procedures

To preveat accideznts due to carbureter icing, there should t: routinc
use of carburetor heat under certain operational conditicns, pluz aware:ess
and appralsal at other times of possible icing ecnditions in <he “wdue*:ar
systeom, and *he consequent reed for carburetor heat as appropriziz.

Carburzinar ieing troubles can be avoided hy practicing the T2llowing
proceduraesct

1. Pericdically check carburstor heat systems and con-»:lz
for proper condition and operation.

2. wart engine with carburetor heat control in the "ez1d"
pesiticn, to avoid possible damage to the carbursicr haa .

cystenm.

3. As preflipht tom, chock rarburetor heal avaiiatlll-yv by

o o

noting neac "on" pov » drop.

Lo When thz relotive huzidity 13 above 50 pereent
rumblen . temperaturs 1oobzlow 0% F., use carn
immad lately bLefore -aksoff. 1In gorersl, carbtu
sucvad ot Le used during oozl becsuse of o
wmat er «aLry when intake air ig unfilierea |

cr caruestor hent "on” rusition.

4

e Coriiuwr teilsofl without earburcior ceat unless oxt oo
cartt v or leing eonditiors are procent, when ca :
neat muyv Lo ouzed 18 arproved by aireraf! nanidacturo-. nn:
when covdilions are cuek thal thers will still o
vewar Tor tokeoff without ircurryliy ongmine overboo Domwygso.

in alert after takeof{f for indicalionz of
espzeinlly when the relative humidity s

ctt, or wren vicd

ible meisture {5 prosent,

cmental brevruamentation, cuek o eg oa corours rop Iz

gacz, partial ecarburetor hoas A
L ISAry avin zafe Ltemperaturos Lo Ioira-.
Wi hout Dnter-

Pan i
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If ecarburetor ice is suspected of causing a power loss,
immediately apply full heat. Do nct disturb throttie
initially, since throttle movemsrt may kill engine if heavy
ieing i1z present. Wateh for further power loss to indieste
effect of carburetor heat, then rise in power a~ ice melis.

In case ecarburetor ice persists after a period of full heat.,
gradually move throttle to full open pesition and elimb
aircraft at maximum rete available in order to cbtain great-
est amount of carburetor heat. TIf cyuipped with mixture
contrel, adjust for learnest racticable mixture, (approach
this remedy with caution - although carburetor ice generally
serves to enrich mixture,-the reverss can be true; if the
engine is lost through excessive leaning, an airstart might
be impossivle with an iced indueh.ion system).

Avcid clouds as much as possible,

In .evercly iced conditions, and when -quipped with mixiuare
control, backfiring the enginc can sometimes be «ifective
in diclodging inducticn system dewe. Wilh carburetor leat
control "off," lean engine while st full threritle (ovzerve ,
caution noin in No. 9, above).

Consider that carburetor icing can occur wilh ambiert
temperature ag hirh as 100° F. ag hwsicity as low ag 50
percert. Remain ecpecially aloet @ carburclor feidng
poszi ities with a conivination of waebjont Lemperature
below Yty F. oand relative humid ity ubove B0 porcent,.
However, the poseibility of carbur tor lee decroases in
the range telow 32° F. This s becauss of () lesseed
humidity oo the temperature dec e, and (L) aloarcound
15° P, any entrained moisture toeom o lew cryctals which
page through the induction rsystern hizpml-eosly, 16 chould
e rememiored Lhal if the inbak. :lr aces cuntaln thoene
ice crycunls, carburetor hen'. mio ntually cause carpur-
etor icing by melting Lo epysind radcing tie nolcturoe
dader air to the earbur-tor ledny v omperature rangn:, :

"S

Prior to eclosed-throtils Ferrat o, nuel e for o doesecnt,
apply full hLeat and leave (1 Phre soieat Ahivont Tow oo guene.s,
Periodically, opun thro:tle auris- zioadod ob oed thratt o
operation go that encurh v e et will Lo produe.d e
prevent. feing. Be proparca Looren Ve espoureclop bend i
mo=uround is initinued.
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14, Return coatrol to "eold" position immediately aftex
landing.. If carburetor heat should be Turther reguired, -
Observe ground operation preceution iu {4), abeve.

IITI. CONCLUSTONS AND FTNDINGS

The National Transportation Safety Board, from its study cf -he
carburetor ice protlenm area in general avwatlon, has concluded thats:

1. Many accidents induced by carturetor ice contirne el ocoa-
despife the Tact that the means of preventing car*;:etor
ice are available Lo use at the pilot's d scretion.

2. The incidence of carburetor icing can and chould t= reduced
by further pilot education.

3. Distritution of an Advisory Circular on carbureor ice must
be made to all pilots “n ordar to reduce significarnsly
carburetor ice invoivement in a’.craft acoidents. This
broad coverage is required tecause, even though orly
small percentage of all pilots can be expected to ,
serious trouble with carburetor ice, thers iz no war of
prredicling vhich particular cnes thess will be. *

IV, RECOMMNDATIONS

In view of these findings, the safety Beard recommends that:

1. The Federal Aviation Administretion prepars an Aldvizor
Circular cn the prevention of carburetor i:_ng in rzzipro-
eating engines used on general aviation alreraf+.

2. Thz FAA rail this publicaiion to all general avigtiin
pilots, flight instructors, una fligkt schools.

BY THE NATIONAL TRANSPORTATION SAFETY EOARD:

{/s/  JOHN H, REED Chairman
/s/  DSCAR M, LAUREL “enber
/s/  FRANCIS M. 7?-10;\D:‘C-f$ vember
/s/  LOUIS M. THAYER vember
/s/  ISABEL A. BURGESS Yember

January 19, 1972
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