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Thanks 16 a vast amoum of publicity
and continued emphasis by flight in-
structors, nearly all pilots are aware of
the dangers of carburetor ice. Aware-
ness doesn’t seem 10 be enough, how-
ever, because acadent statisucs con-
tinue to reflect a misunderstanding of
the operation of the carbureior heat
equipm.nt used 10 combat this serious
problem

Carburetor ice forms when outside
air of a suthaent moisture content en-
ters the Ventuni section of a normally
aspirated engine’s carburetor. The re-
sultant cooling due 10 vaporization and
the accelerated, lower pressure air at
the Venwrt tebe (a narrowed passage
in the throat of the carburetor) pro-
motes the formation of ice on the inter-
nal parts of the carburetor. Unless
something 1s done, the buildup of ice
will continue to the point that the en-
gine’s air supply 1s cut off, and the pi-
lot is faced with a forced landing

Flndl-l)'ps carburetors have the
Worst 1ang design because fuel is in-
jected ahead of the Venturi, and ice
forming downstream of the area of va-
porization tends 1o adhere at the worst
possible places for ice to accumu-
late- - the Venian uself and the throt-
tle’s buterfly

Pressure carburetors, though, inject
fuel the Ventun and
thus away from this refrigerated area,
lessening the likelihood of ang in this
type of system

Fuel-injected engines are free from
the problems of carburetor Jang since
they use a design that injects fuel di-
rectly imto the cvhinder head

The range of ambient
conducive 1o the formaton of carbure-
quiie wide. Ice can form
outside temperatures
range from 10°F 10 100°F, when dew

valve

downstream of

conditions
or we 1s

w henever alr

points range from 10° F 10 82°F and
whenever relative humidities are
greater than 20 percenmt

When the nght combinanon of vari-
ibles exists, the pronounced tempera-
ture thﬂp that occurs 1in the carbureror
(this can be as much as 70°F) will
Consult the accom-
panying icng probability chan o see
just how many combinations can exist
that could give rise to carburetor ce

\ pilot should suspect carburetor ice
whenever he experiences a sudden en-
gine roughness or vibration, an other-
wise unexplainable drop in rpm’s in a
fixed-puch propeller aircraft or a drop

cause e to form

VOB« ATRL 1980

in manifold pressure 1n a constant-
speed propeller aircraft. These are the
traditionally taught warning indica-
tions. There zre some other ways of
detecting the onset of carburetor “ce.

If the airplane 1< flying at a constant
alutude, then any drop in airspeed also
would signal a loss of power, and this
hint of trouble may precede any other
engine or instrument indications

The exhaust gas temperature gauge
a!'so may be useful in indicating ice
formation in the carburetor. A drop in
EGT from a mixture becoming pro-
gressively richer would mean that the
engine's air supply is being lessened.
possibly from the effects of ice forma-
ton. This is assuming a constant pow-
er sewung is being maintained.

A way to check for icing 1s 10 note
the manifold pressure or rpm’s, then
apply full heat for five secends or so. 1f
a rewurn to the cold position gives you
higher rpm’s or manifold pressure
than indicated before, you have en-
countered ice, and should continue o
intermittently use carburetor heat (or
follow the procedures in your aircraft
and engine operating manuals).

Special instruments 10 detect icing
conditions within the carburetor are
available as optional equipment on
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most airplanes. The Richier carbure-
tor-air-cemperature gauge is one of the
most popular. In this arrangement, a
temperature probe is instalied just be-
low the butterfly valve, and a gauge in
the cockpit gives an indication of icing
temperatures (yellow arc) and safe
temperatures (green arc). While this
does a fine job of showing the temper-
ature conditions within the carbureor,
the pilot still doesn’t know the mois-
ture content of the incoming air. If the
pilot uses partial carburetor heat to
maintain temperatures in the green, he
would be doing more harm than good,
since in cold temperatures (below
32°F) application of partial heat
would melt ice crystals that ordinarily
would harmlessly pass throug the en-
gine, actually causing ice t form while
the instrument still indicates a safe
temperature. To ensure that this
doesn’t happen, keep the carburetor
temperature at 32°C, or 90°F (needle
pegged to the right) when using carb
heat with this instrument.

ARP’'s optical probe uses a photo
cell in the neck of the carburetor 1o de-
tect carburetor ice. The presence of ice
will interrupt the light beam 1t ema-
nates, and in the cockpit a red light
will illuminate. While thiz shows us
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ATC-810 Low-Cost
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And we guarantee you'll be amazec

our low-cost ATC-810 Twir
). trainer
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ang gear wa
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restart sequences
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ANALOG TRAINING COMPU TERS

what we really want 1o know —that ice
is in fact present—the warning cou d
come too late because i1t has been
shown that ce can form and shut
down an engine in less than a hall-
minute under the right circumstances
The Shivers electrical probe consists
of wiring that wraps around the but-
terfly valve uself and gives a cockpit
indication when ice grounds it out

Regardless of how you come by the

Sus;nlln'n that carburetlor 1ce may be
forming, the proper pro edure 1s 10 ap-
ply full carburetor heat immedictely
This is the only way to be certain of
melting the ice, and vou will have the
assurance that the temperature wil' be
high enough to prevs” he ireltng
and refreezing of subfreezing air inside
the carburetor. !t's important 10 apply
heat as soon ‘e hecause 1Ce can
S_SOQ i

form rapdly enough to freeze the car-
buretor heat valve in the off position,
thus assuring an engine failure
What's more, since carburetor heat
comes from a heat exchanger m wanted
on the exhaust system, il 1S (1!‘;4;“1:'!\{
on the u:mmue-(“ U;-t':,ﬁuvn of the en-
gine. If the engine 15 allowed to quit,
no heat will be available to help at-
tempt a restart :

Once heat has been applied, expect
iderable engine roughness his 1s
use the engine 1S Ngesung tt

melted ice. Accompanying this will be
a drop in rpm’s o1 manifold pressure,
airspeed and perhaps altitude. All of
these things may frighten you ini
i A B
turine the carburetor heat control to
position but you sh
(!u'. temptanon l}\i\ ‘ivlli""»v cen
would cause an engine stoppage
}),\:'.x.n‘.\ melted ice refroze
After the roughness abates, you will
notice a rise in rpms or manifold pres-
surce I'hen yvou can return the carbu
retor heat control to the off posiuon
I'here should be an mh‘.ﬁp.!m:. rise in
power, indicating that the ice has been
cleared. If this doesn’t happen, p
heat back on :l'l‘. wa 4again
Since the applicat {1}
a highter, less dense

engine

ver semng
it. When the

e \ ver
power and

on witt
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INTRODUCTION

PURPOSE.

The Federal Aviation Administration (FAA) Technical Center's propulsion effort {is
centered on the safety and reliability aspects of propulsion systems for both
turbine and piston engines. The detailed planning and objectives of the FAA
Technical Center's propulsion program is documented in an Engineering and Develop-
ment Program Plan —— Propulsion Safety Report, FAA-ED-18-5A, April, 1981. Air-
craft piston engine safety and reliebility is highlighted as an area of concern,
particularly induction system problems associated with carburetor icing, induction
system moisture ingestion, and carburetor antideicing. The detailed objective of
this plan is to establish test cell engine operation during carburetor ice produc-
ing conditions, optically observe real-time carburetor icing operating conditions,
and determine sensitivity of existing “off-the-shelf” carburetor ice detection
equipment.

BACKGROUND.

Accident/incident data involving conditions conducive o carburetor/induction
system icing as a cause/factor is available from the FAA computer system located

in Kansas City, Missouri which contains both FAA and National Transportation Safety
Board (NTSB) data. A review of this data reveals a substantial number of occur-
rences where carburetor icing was the "most probable cause” of general aviation
engine failure while in flight. The term “most probable cause” 1is used due to l“&‘
difficulty in substantiating the insidious culprit which generally dissipates prior
to examination of engine conditions.

Presently, on the aviation instrument market are items which propose to afford the |
pilot a warning when conditions conducive to carburetor icing are present. A L
problem which appeared in several accounts of carburetor icing incidents while
using these available instruments was the fact that accuracy and sensitivity may be
questionable.

The NTSB, FAA, Military, Foreign Aviation Agencies, and various pilot organizations
have files full of technical reports and published articles dealing with carburetor
icing accidents/incidents. The topic has been well researched and published,
providing lcing probability curves (figure 1) for pilot education to preclude a
dangerous situatiocn. Various individuals have directed their efforts toward
developing cockpit instrumentation capable of warning the pilot of actual 1ice
formation, or at least alerting them to the fact that carburetor conditions are
conducive to ice ‘ormation (depending on atmospheric properties). Other individ-
uals have pursued carburetor modification which will limit engine power loss
during carburetor icing and prevent engine s.oppage.

A review of various reports on carburetor icing reveal that pilots may be lured in—/
to a false sense of security while using carburetor ice detectors/warning devices.
Reports have been published in monthly periodicals by individuals indicating that
these off-the-shelf instruments may not have the accuracy and sensitivity required

to provide adequate carburetor protection. When one reads the literature on
available instruments, they may be led to believe that the FAA Supplemental™

F Type Certification (STC) has certified the instrument as an accurate reliable

cure-all to icing problems.
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TABLE 2.

TABLE 3.
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weather conditions - Table 29

vhase of tlight - Table 3

by region - Table 4

by rating - Tables 5 and 6
by alitcraft model - Table 7
by month of year- Figures 4 and 5

by pllot hours {(private and commercial) - Figures 6 and 7

CONDITION

Low Ceiling

Fog

Freezing Temperature
Heavy Freezing Rain
Heavy Snow

Light Freezing Rain
Light Snow

iLight Rain

Weather Not a Factor
Thunderstorm

Wind

Unknown

Other

Total

PHASE OF FLIGHT

Approach

Climb to Cruise
Cruise

Descent

Taxiing

Landing

Takeof f

Touch and go
Simulated Forced Landing
Practice Maneuver
Unknown

Total
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PHASE OF FLIGHT DURING CARBURETOR ICING ACCIDENTS/INCIDENTS
(1976~1980)
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TABLE 6.

INCLDENTS 1976~1980
CERTLFICATION KATING 1976
STUDENT No Rating 9
PRIVATE ASEL 25
PRIVATE ASE ASES 0
PRIVATE ASMEL 1
PRIVATE RH ASEL 0
PRIVATE UNKNOWN 0
COMMERCIAL ASEL 9
COMMERCIAL ASEL ACES 1
COMMERCIAL ASMEL 0
COMMERCIAL ASMEL ASES 2
COMMERCIAL RH ASMEL 0
COMMERCIAL RH 0
COMMERCIAL ASMEL ASES C
COMMERCIAL RH ASEL 0
COMMERCIAL G RH ASMEL 0
COMMERCIAL G ASEL 0
COMMERCIAL G ASEL ASES 0
COMMERCIAL UNKNOWN )
CERTIFLED FLIGHT ASEL 0

INSTRUCTOR (CFI)
CF1 ASMEL 0
CF1 ASMEL ASES 0
CF1 UNKNOWN 0
CF1 G RH ASMEL 0
AIRLINE TRANSPORT ASEL 1
AIRLINE TRANSPORT ASMEL 2
AIRLINE TRANSPORT ASMEL ASMES 2
AIRLINE TRANSPORT ASMEL ASES 0
AIRLINE TRANSPORT RH ASMEL 0
AIRLINE TRANSPORT UNKNOWN 0
ALRLINE TRANSPORT ASMEL 0
FLIGHT INSTRUCTOR ASMEL 0
UNKNOWN 0
RATING ABBREVIATIONS
ASEL - Aircraft Single Engine Land
ASES - Aircraft Single Engine Sea
AMEL - Aircraft Multi-Engine Land
AMES - Aircraft Multi-Engine Sea
ASMEL - Adrcraft Single Multi-Engine Land
ASMES - Adrcraft Single Multi-Engine Sea
RH - Rotorcraft
G -~ Glider

10
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1978

13
28
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detecti
airflow

2. At low power settings ot prolonged periods of time at reduced power settin,
adequate heat may not be available to overcome impact of ice accumulation.

3. Application of carburetor heat will momentarily cause an increase In engine

: roughness which entices Cthe uninitiated pilot to turn of f heat. Roughness is

N caused by water ingestion as ice melts, plus the application of heat causes enrich-
ment of fuel-air mixture.

4. Performance degradation may not be caused by ice formation.

5. Performance degradacion does not appear at {nitiation of 1ice formation, but

4
¥ rather after an accumulation has developed.

\ 6. When carburetor temperature is well below freezing, there are times when the
\ application of heat will make icing conditions worse, however, pilot doesn't always
._know when these conditions exist.

OPT1ONAL INSTRUMENTATION. In addition to the standard cockpit {nstrumentation

required by FAR's, there are optional {nstruments available on the market shelf

which have been approved by the FAA on a no-hazard basis with the {ssuance of STCs

‘v‘ " for installation in type certificated aircraft. Such instruments are approved as

y optional equipneng"onkyﬂan4>fllght operations should not be predicated on their

v \\\__—;:::s;__jﬂx;apvfﬁiii is not extended to other specific engines of the approved models

@ which other previously approved modifications are incorporated unless it is

determined that the {nterrelationship between changes/modifications vill introduce

no adverse effect upon the airworthiness of that englnie. Appendices C and D are
examples of typical STC approvals.

Two of f-the-shelf instruments which are commonly {nstalled as carburetor ice
detection/warning devices were evaluated within this report. For the purpose of
this report these {nstruments are listed as Test Probe | and Test Probe 2.

Test Probe 1. The Test Probe 1 system is completely independent of
temperature or pressure changes which do not affect detector operation except to
melt away frost/ice accumulation. By means of a transistorized electrical circuit,
a warning light mounted on the cockpit {nstrument panel, 1is actuated during block~-
age of light rays by frost/ice accumulation between the radiation source and the
probe sensor, both of which are located inside the carburetox.

The panel mountea waraing light also incorporates a sensistivity coatrol
which may be adjusted on the ground or in flight to regulate light activation. An
optional warning horn may bhe included with system installation.

As discussed in the Test Probc 1 SYSTEM TESTS portion of this report, 18
. separate test runs were performed in the static sea level engine test cell using
e Test Probe 1. Data compiled during test operations, whizh totaled 30.85 hours of
engine operation, lead to the conclusion that the instrument is a useful cockpit
item. There are some shoctcomings inherent in Test Probe 1 system design/probe
location as described in detailed in the ENGINE TEST SEQUENCE portion of this

report; however, the following summarizes overall shortcomings:

|. System operation is sensitive to aircraft voltage fluctuation.

20

3.

However
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Figure 3: Typical Short Plumes

April 11,1974 2:2Spm

during the midday hours plumes normally
In this instance, with the air tempera

at 68°F. and the relative humidity less than 30%,

Amos plumes dissipated within 200 feet of the tops

the towers

Especially
evaporate quick
'l"{"
the

of

Figure 7: Cooling Tower and Stack Plumes
Above Natural Fog

May 7, 1974 7:00 a.m

The pluine from one Mutchell (A) and the
stack plumes from Mit B) and a nearby plant
(C) rise thousands of feet above a deep layer of
natural fog. The winds were light, the tenmiperature
28°F. and the rela humidity 78 at plume

itude

AL1TUGC

Figure 5: Extr
February 15, )

The photogra
feet and perse
easterly winds
at the height o

Figure 4: Estended Plumes
April 16, 1974 7:55a.m

The plumes from the Amos towers rose 10 a maximum height of
5.000 feet in this case and persisted for six miles. The air tempera-
ture at plume height was 28°F. and the humidity 55%

Figure 8: Plumes Merging
with Natural Cloud

Layer
January 29, 1974 S:30a.m
The trio of plumes from

Amos rise 2,500 feet above
ground and blend with the
existing cloud layer. The tem-
perature was 32°F. and the
atmosphere saturated at the
cloud level

Figure 9: Tower Plume Ris-

ing Thiough a

Natural Cloud

Deck
January 25, 1974 12:46 p.m
The converse of Figure &, in

Amos plumies

~tely through the
cloud deck at ap
3,500 feet

'
which the

break compi
natural

proxumately




e An plumes nising almost vertically o 3 2(%

I'he atmosphere was very stable with

emperature was 23°F and the relative humidity 90

e Ji

Figure 6: Plume Rising Above Natural F«

May 28, 1974 7.04 am

I'he single p fr one Amos unit rise of natural fog which

shr | ¢ The winds were v hig atively dry (359% ) at
¢ Of the towe op

Figure 11: Shadowing Effect of Tower Plumes
February 15, 1974 1:15p.m

Figure 10: Isolated Cloud Formed From Tower Moisture

Apnil 16, 1974 210 pnm

The tower p 3 AT gNt) evaporate g K t! five warm
Iry air nea ow S2°F., RH 13 = ble mois
t rise and { s anew cloud K.O 1hove where
the a \ 14°%}§
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Simple Detector
Shows Forrming
of Ice in Venturi

by Allred R Puccinelli

STATISTICS CONCERNING AIRCRAFT ac

cdents caused by er e falures gue 10

s ‘burelor icing are olten misieaging (art
Ice 1orms 1in a very Jerhanded mannet It
A come on very rapidly. cause ils some
t"*" ) 1he AA N B team of 2ccigent i / ”
veshiga jele 3ng 1epc 1he
g8 ca
Many FAA 5 ¥ »ports are marked
eng ra D Inknown Causes
Accent an be caused by water in the
fuel 1ank and hines or lalure ol the engine
en 4 > 1€ iamong other
caus b1 these can be readily (denuhed
duning a Jent if yaton Carb ice

Carb Ice Detector probe is installed in the
venturi area at thie point where ice first be-
gins to form in the carburetor —after the

main nozzle and before the throttle valve

AA
a
As mos! pilots know irt ¢ 3
¢ enhey
wart '
¥ Hu
Mou. ’J’o AERO
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PREVENTING INDUCTION ICING

The air taxi pilot was on an IFR flight

plar fron Bellingham

Roseburg to

Wast mgton He carnied one passenger in

the Piper PA-28-181 Archer. Weather
was 400 scattered, 1,100 broken, five in
fe Approaching Bellingham, the pilot

mitiated an ADF approach, which afford

d the lowest minimums. He missed the
APProag I ind was cleared for & ocond
one. On this attenrpt, ed three

notches of flaps and he kept 2000 rpm

Lhree miles short of the field, the engine
started cutting out, then quit. He applied
irburetor heat, but it was too late. The

plane crashed into the trees well short of
""l “r\‘"“.]‘
In looking into the accident, National

ransportation Satety Board field inves

tigators questioned local thight instructors

and discovered that many were telling
their students that carburetor heat 1s un
necessary it 2,000

The
use of carb heat after the engine quit was
advocated. NTSB also turned up the fact

that at least one GADO

rpm s kept up to

during reduced throttle Japerations

vate pilot checkrides for not using car
buretor heat on the flight

Mlots should understand the difterent
types of icing that can affect engine opera
tion and how to prevent them. Despite
the tact that the dangers of icing and the
hazards

some

prevention of those have been
for apparently
nut all pilots are comprehending the cure

TAA says

was a total ot 360 general aviation

documented time
During a five-vear period
there
accidents involving induction King as a
Forty fatalities, 160
injured people and 47 aircraft destroyed
and 314 others substantially damaged

probable cause/factor

all because of induction icing which can

in Montana, has
been failing many students on their pri

be prevented. In addition, FAA suspects
that some acaidents blamed on undeter
mined could have ben
And contra -y

to popular belief, most carb ice accident

engine failure

caused by induction icing
occur during cruise or chimb. In virtua
all cases induction icing accidents can be

attributed to the pilot

Impact induction ice, which can affect
an engine with injection-type pressure
carburetors as well as ones with float

bowl carburetors, forms when moisture

laden air, at temperatures below freezing
strikes air scoops, heat or alternate air
valves, intake screens and protrustons in
the carburetor. Flving in snow, sleet. rair
or clouds s conducive to the formation of

this type of icing
Fu we torms at and downstream from

the point where fuel is mixed with the

incoming air. It occurs when the mosture

in the air is cooled by the

y;‘—(‘!\,ﬂ
the fuel. If ice 1s allowed to build up in the
walls of the
throttle the
the air is not necessary ' cause fuel icing

-

which can occur at temperatures from 32

induction passages, it can

engine

ble moisture in

to 100° F, and with a relative humidity of
-\l\ F\.-h‘v“g or more. It should be n ted
however, that the likelibood of
creases S the temper t re
decreases(down to 32° | ind as the
humidity increases. Fue t
likely to occur with temperature W
70° F and relative humidity abx ~
percent

Throttle ice 1s tormed at or

tially closed throttle, as in a cruise power

setting In engines with float-tyvpe
carburetors, throttle icing usually occurs
along with fue! icing. compound the
problem

All three types of icing can cause s of

because the flow of the fuel-air
mixture to the engine is restricted. Car
buretor heat or alternate air should be
used when icing conditions are present to
prevent ice buildup. Fast-forming ice may

reduce the amount of Y\p,]r{ available _and
use of partia Reat may be worse than

“l YWer,

“Tolusing itakball—

=T aircraft with smaller engines, with
no carburetor air or mixtu.e temperature
instrumentation, full carburetor
should be applied as necessary. Carb heat

heat

should be shut off for full power opera
tions such as takeoffs gnd emergen
b -
Arounds
riously

Leaving the heat on cou
the

available and could damage the engine

reduce amount of power

Just as vou should automatically apply
carburetor heat before throttling back for
descent turr
oft carb heat when applying full power

vou should automatically
for a go-around or a touch-and-go. Carb
heat should be on the pretakeoff checklist
to test its effectiveness - the power should
drop on runup when carb heat is applied
If the relative humidity is above 50 per
cent and the temperature is below 70° |
apply carburetor heat immediately before

takeoft a8 e i

may have accumulated
Don’t leave it on

loss is obszrved

during taxi

It a

;“u'.\\‘_((
power apply fi
heat or alternate air before disturbing t}
throttle. If the ice remains
throttle to
duce as much heat as possible

gradually .d

Vance tull power rate tu pre

9 Induction
Icing - Pilot precautions and procedures
contains full details. This publication is

FAA adwvisory circulor 6

waitlable free by writing to Department
of Transportation Publications 3Sectior
FTAD 4431 Washington, D (

20590



